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FOREWORD

2 6" December 2004 marks the day that Thailand was adversely stricken by the
world’s most devastating Tsunami earthquake, causing considerable damages to life, property
as well as natural resources and the environment in six Andaman coastal provinces, namely,
Ranong, Phang-nga, Phuket, Krabi, Trang and Satun.

All agencies under the supervision of the Ministry of Natural Resources and Environment
have been working hand in hand with other governmental agencies, private sectors, NGOs and
civil organizations, following the Tsunami tragedy up to the present period. They have searched
for survivors and assisted Tsunami victims and tourists as well as in expedited the rehabilitation
of natural resources and the environment with a view to making these as rich and abundant
as before.

This report “2 Years After Tsunami : Restoration of Thailand’s Natural Resources and
Environment” demonstrates the resiliency of natural resources and the environment. This report
has been researched by the Office of Natural Resources and Environmental Policy and Planning,
aimed at presenting the results of the follow—up and exploration of the resiliency of natural
resources and the environment during the past two years. This is the outcome of strong efforts
made by agencies under the Ministry of Natural Resources and Environment in providing help,
rehabilitation, restoration and development of natural resources and the environment. In this
regard, the Office of Natural Resources and Environmental Policy and Planning would like to
convey its heartfelt gratitude to all relevant agencies for their kind contribution of information
and recommendations in order to make this report holistically comprehensive.

The Office of Natural Resources and Environmental Policy and Planning hopes that this
report will be of great benefit as an database on assessment of the resiliency of coastal natural
resources after the Tsunami. Such resiliency is attributed to the work of concerned authorities
as well as the result of natural processes. This evaluation unveils crucial lessons for developing
and reviving natural resources and the environment in order to provide happiness and a good
quality of life for the local people affected by this natural disaster.

The Office of Natural Resources and Environmental Policy and Planning

2 Years After Tsunomi:
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1.1 26 December 2004: The Day of the World’s
Greatest Catastrophe

On 26 December 2004 at 09:38 am., Thailand was
hit by a disastrous Tsunami that struck the Andaman
coast, affecting six southern provinces, namely Ranong,
Phang—-nga, Phuket, Krabi, Trang and Satun. The 9.15
Richter scale earthquake, originated under the sea
northwest of Sumatra Island, Indonesia, at 07:58 am.
(Thailand time), caused the Tsunami around the Asia
coastline. It is ranked the 5" largest earthquake of the
world record 100 year. The hypocenter of the earthquake
was at 3.298°N, 95.778°E, at a depth of 30 kilometers,
approximately 580 kilometers from Phuket Province and
1,260 kilometers from Bangkok. Prior to the approach of
the Tsunami wave, a rapid 100-1,000 meter recession
of the sea level from the shoreline was observed,
followed by a succession of waves as high as 10
meters. The waves continued until the sea returned to
normal level. In Thailand, the sea returned to normalcy
at 12:00 noon.

Besides Thailand, neighboring countries were
affected by the submarine earthquake and the Tsunami.
These included Ache lIslands in Indonesia, Malaysia, Sri
Lanka, India, Maldives, Myanmar, and Somalia in Africa.
The Tsunami, considered as the most devastating
catastrophe in world history, killed over 200,000 people
living along the coastline of the Indian Ocean from Asia
to Africa.

Chapter 1

INTTRODUCTION

Aftershocks recorded following the Tsunami on
26 December 2004

After 26 December 2004, earthquake occurrences
were reported in Indonesia and in the Indian Ocean.

YT 28 March 2005: An 8.3-Richter scale
earthquake was recorded near Nias Island along the
coast of Sumatra Island.

Y 24 July 2005: A 7.3-Richter scale earthquake
was recorded at Nicobar Islands in the Indian Ocean.

W 27 May 2006: An earthquake occurred near

Yogyakarta City in Indonesia with a magnitude of 7.1
on the Richter scale, resulting in 5,800 deaths.

w 17 July 2006: A 7.7-Richter scale offshore
earthquake south of Java lIsland caused a Tsunami
that killed more than 600 people.

1.2 Damage and Casualties

The 26 December 2004 Tsunami
tremendous devastation in the coastal areas, resulting in
significant numbers of deaths and injuries. In Thailand,
the Tsunami struck the coast of Ranong, Phang-nga,
Phuket, Krabi, Trang and Satun. The hardest hits were

caused

at the area of Patong Beach in Phuket Province, Takua
Pa District in Phang—nga Province, and Phi Phi Island in
Krabi Province. Damaged property included houses,
schools, hotels and resorts, national parks and
infrastructures. There were also severe damages to
agriculture, livestock, fisheries, education, natural
resources and the environment and mental health.

2 Years After Tsunomi: 9

Restoration of Thailand's Natural Resources and Environment



U N

12 @mumsniawidama

pAudNEFuATIWaoaN 1 eilansiaTininssuas
W9 QLﬁm nsedl w3 Uazaga Wotufl 26 Fudnan wa.
2547 1u raliiAnaudemeluiufissilmsauazudion
soilosrasussinalneatislnavaiy Tasanicoe19de
VIUBIEIAE1010D9 é’owi’ﬂglﬁm grnanziath 4amia
W91 wazinsAid Saniansed ﬁﬂﬁﬁﬁjl,ﬁﬂﬁ'iml,l,awm%
WWudwunin iaanuismedensndduy As thuiseu
Tsousnuazianin gnenuuvesd WATRDIUATIBNTANY
ARDAIUANMNLTEMIBAIUINEATNTIN UAdRT dIsne 19
Ans1 AMNRENIETRININEINTEIINEALALRILINE DN

FINNITNINA (ﬂT’ﬂ)“I] ANIRFA b

¥ anadevedadiin dfauiuiniiy 8,457 au
LLa:ﬁvagmLﬁﬂ%’imﬁomﬂwﬂLLa:ﬁﬂaﬁiﬂaﬂs:Lwﬁlﬂﬁaﬂndﬂ

<

¥
a o

37 Werh FwusIeaY 5395 An Tuswauduldsunis
asaiglduiuyanafiiedingin 4,495 AN UazIaNs
gugudn 900 Aw (mm:ﬁlﬁuﬁw‘liﬁ'qmumou:ﬂu FINIn
Wean wazgawlion fomdagiing uenendidiiigams

U 2,817 AU (Toya o Yuft 5 fusneu w.A. 2548 Aud

flaenuans1suieannAaudnEiud nsutlaefunazussmn
§157130UfE)

¥ anaduvadaniwiiu ldun thuSeu Tsousy
$qudn TsaSeu 01A15 uazRenaad1ef19g 209vUIBaU

NBNT 5?“ﬁdﬂ’]ﬂ'ﬁﬁ’m’ﬁq1ﬂ PIULYNTIR B1ANIEUNUTEEIA

p1A1TAIAIYTE MU dEwu aud vindisulie 158
Uszae nszdouan Uade gunsafszae veth szuusih
vt wazunavihia aasasuanwgiviaizusenia
WRZRIUENEITUE

1 2 U &
AUMSHUAUNSWENNSBSSULAIAADINAOU

¥ anudsmeseninenssssunauasdvuandan
INNTRITIUUIWENTTY 174 d07dl wuddssuudosas
13.22 l#Sumansenundaifovionin wasdsennnusasas
26.44 lFSuwansznuidniiaaftunane wuidennsenin
$puaz 60.34 Lildsuwansznuvialisutiosnin dwnSuunas
naimeialdsunansenuyssinadasas 5 lusnusiidnintia
wenuazlndgaiug 1w wih Tann wazwzgu viady
waTAEIUIUTBENIN NSWEINTBNYSTIANALESURANTENY
f9 thoeau Wdsuansdeneyssaa 1,900 15 Tudondn
Wounr Uszaaw 100 15 Tudondnszuee wazdn 10 15 Tu
é’owimglﬁm sauANLR s ETeAuY sz 2,010 15
anfufithosiaunenualufosuaity 1.13 dwls §msy
niwenshunaznsidsslonditu Fruinsasldiuainy
Bovelasduds vewandnuaziuiinlianrsorunld
Uselomils wenannil wuaaEsMEN BN IR La
Toun nsfamizeels n1swWisuudasiosdn Yanusith
i'mﬁy’qmsLﬂ&‘ﬂuamwmn’iﬁ’mgfmﬁmmma5'1\1 nstuiiou
ananadaluunsshirfunazdldiu nsiiniunaiuas
muﬂmmm 53 Uit U 16 §9nn wazn1sianz ety
antviande ide sezuaz é‘aﬁgnaiuwummm

1.3 Awddlnaa

wﬁ’mmumﬂ%’gﬁy’ad'aunma drudioedu Aalansu
p9ANsIONTY uazmeYszeisy landnmasiagioinie
yssmmndtuiindaiamenisal senisdniiunistismie
uazAumisendinuatiidedin suzifddudediuinie
vssmmndaug WensUsuwasuidinaniinoee sy
Aldgudslyuaduingfund eliUszasuiyseausis




Introduction

= a o ' 1o & A 1% a
FUA 1 UNUNLEASFUA YT UAUTY 3e aUAB AU

Figure 1 Villages under the impacts of Tsunami

nun: i:uuyu‘ij’ﬂgaﬁﬂﬂ'ﬂmuﬂﬂmﬂu.a:Lquw%'wmﬂiﬁ‘sw'mﬁtmzﬁau’mﬁﬂu, 2549.
Source: GIS database of the Office of Natural Resources and Enviromental Policy and Planning, 2006.
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Y Casualties There were 8,457 injuries and
5,395 deaths from 37 nations, including Thai. Some
2,817 people were declared missing. Of the casualties,
4,495 deaths have been confirmed and 900 are still
under investigation. The bodies have been retained in
Bang Maruan and Mai Kao Cemeteries. (Information as
of 5 September 2005, provided by the Tsunami Disaster
Prevention Center, Department of Disaster Prevention
and Mitigation).

w Damaged property included houses, hotels,
shops, schools, government infrastructures and buildings,
including national park offices and buildings, village halls,
bridges, roads, ports and piers. Also severely damaged
were fishing boats, fish cages, shrimp ponds, fishing tools,
wells, village water supply systems and freshwater
sources. The landscapes of beaches and public parks
were also destroyed.

¢ Damages to natural resources and

environment A survey of 174 coral reef stations
showed that 13.22 % were found to be severely damaged,
while 26.44 % were slightly to moderately affected.
Approximately 60.34 % of the remaining coral reefs are
not damaged or very slightly damaged. Only some 5 %
of seagrass beds were affected. Meanwhile, very few rare
marine species, such as turtles, dolphins and dugongs,
died or were injured. Mangrove forests were damaged
and destroyed, including 1,900 rai of mangrove forests
in Phang—nga Province, 100 rai in Ranong and 10 rai
in Phuket or a 2,010 rai out of a total of 1.13 million
rai of mangrove areas along the Andaman coast. Damage
to soil resources and land use is evidenced by the
impact on agricultural land use, as seen in the loss of
productivity and irreversible damage to agriculture.
Physical coastline damage is also shown in terms of
coastal erosion, changes in waterways and estuaries,
including coastal geomorphologic transformation, salt
water intrusion into groundwater, some 53 occurrences
of landslides and sinkholes in 16 provinces, and
pollution from stagnant water, wastewater and solid
waste in various areas.

1.3 Relief Efforts

Immediate relief for affected areas have been
provided by central and local government agencies
together with the private sectors, national and local NGOs,
community and the public. Relief efforts were carried

Introduction

out not only to save lives and search for survivors and
dead bodies but also to improve the people’s livelihood,
help communities to deal with their losses, and build
a safe, happy and peaceful life by maintaining the
healthy and wealthy of natural resources and the
environment as stable sources of food and occupations.

Agencies under the Ministry of Natural Resources
and Environment, in cooperation with other government
the private sectors, NGOs and
communities, initiated relief operations from the day the
Tsunami happened. Many operations are still being
carried out up to now. The activities covered search

agencies, local

and locate missing persons, take care of the survivor
and injured person, provide clean water supply through
the installation of mobile water supply systems, cleaning
and rehabilitation of shallow and artesian wells, and
repair public facilities such as school water supply
systems. There was also cooperation in the investigation
of pollution, surveys of damage to natural resources and
the environments (including coral reefs, seagrass beds,
rare marine species, particularly sea turtles, dolphins and
dugongs), and rehabilitation of corals and sea fans.
Government agencies worked together with local
communities in cleaning up affected beaches, replanting
beach and mangrove forests, studying and researching
the restoration and development of natural resources and
the environment to provide basic information needed for
long—term operations and in the designation of affected
areas as environmentally protected areas under the
Enhancement and Conservation of National Environmental
Quality Act of 1992. In addition, the cooperation and
support of all relevant agencies and organizations
and relief operations have been carried out for the
renovation of infrastructures and residential buildings,
land allocation, soil treatment in agriculture, promotion
of vocational education, public health and finance,
navigational safety, and early warning system.

The other important relief is that Thailand has
also received support and assistance in the form of
specialists, tools and equipment, rehabilitation and
research projects on natural resources and the
environment, warning systems, etc. These assistances
were provided by international organizations, such as
IUCN, GTZ and GEF, government organizations from
different countries, international NGOs from Germany,
France, U.S.A, Denmark, Sweden, and China, and United

Nations agencies, including UNEP and FAO, etc.
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2.1 Mangrove Forests

Mangrove Forests: Important and Precious
Natural Resource

Mangrove forests feature a complicated coastal
ecology. Providing a buffer between terrestrial ecology
and marine ecology, mangrove forests hold sediments and
filter waste generated by inland. In addition, they also
maintain land and sand mass that does not flow to
seashores and riverbanks. Mangrove forests also contain
land surface moisture and enhance activities of micro—
organisms. Considered as oxygen generators, mangrove
forests serve as buffers against waves, strong winds and
monsoons. Possessing abundant biological diversity, these
forests are valuable resources for study and research.
They also serve as attractive sightseeing destinations.

Mangrove forests provide a nursery for young
animals as well as a habitat, breeding and spawning
ground and a hiding place for both aquatic and land
animals. Local communities make use of mangrove forests
through fishing, collecting firewood and picking herbs.
With their role and benefits provided to human, indeed,
mangrove forests provide significant support to the way
of life of rural folks.

Chapter 2

RESILIENT CONDITION OF

NATURAL RESOUREES

2.1.1 Status of mangrove forests before the Tsunami

w Ranong Province has approximately 170,335
rai of mangrove forests, 71,600 rai of which are in national
mangrove forest reserves at Khlong Hua Kiew—Khlong Kau

Sui and Khlong Hin Kong-Khlong Muang Kluang.

24 Phang-nga Province has approximately
262,737 rai of mangrove forests. The largest is located
in the Tambons of Bang Toey, Tak Daed, Ko Panyee,
Tham Nam Pud and Thai Chang in Muang District,
covering roughly 91,250 rai. Second in size is the forest
at Tambon Khlong Kian in Takua Tung District, covering
some 8,125 rai.

¥ Phuket Province has approximately 11,250 rai
of mangrove forests, most of which are found in Tambon
Pa Klok, Thalang District, covering roughly 4,375 rai, and
in the Tambons of Mai Kao and Thep Kasat Tree, covering
some 3,125 rai.

Y Krabi Province has approximately 219,338 rai

of mangrove forests. Most of these are in Tambon Ko
Klang in Ko Lanta District, and the Tambons of Pela, Huay
Nam Kao, and South of Khlong Tom in Khlong Tom
District, and the Tambons of Khlong Kanan, Pakasai and
Taling Chan in Nue Khlong District, covering roughly
66,250 rai.

® Trang Province has approximately 223,677 rai
of mangrove forests. Most of these, covering roughly
101,875 rai, are in the Tambons of Tung Krabue and Tung
Kai in Yan Ta Kao District; the Tambons of Lipang, Ban
Na, Suso, Tung Yao, Tung Praya, and Ko Sukorn in Palian
District; and the Tambons of Hat Sumran, Ba Wee and
Tasae in Hat Sumran Sub-district.

2 Years After Tsunomi: 1 7
Resforation of Thailand's Natural Resources and Environment
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Y Satun Province has approximately 245,822

rai of mangrove forests. Most of these, covering 65,850
rai, are found in the Tambons of Pak Nam, Laem Son,
Kampaeng in La Ngu District, and in Tung Wa District.
Some 63,131 rai of mangrove forests are found in the
districts of La Ngu, Tha Phrae and Muang.

2.1.2 Impacts of the Tsunami

As a result of the Tsunami, sand had been carried
over long distances and covered mangrove forests,
while strong waves caused erosion and deepened and
widened water channels in mangrove areas. Because
water flow was diverted; seawater became more muddy
and, in some areas, dark and smelly. Mud and soil
surface was eroded and water in the forests became
saline. Giant waves destroyed the forests in Ranong,
Phang-nga, Phuket, Krabi, Trang and Satun Provinces,
totaling an area of some 2,010 rai out of 1.13 million
rai. Details are presented below.

¥ Ranong Province The waves bent and broke

mangrove trunks causing severe damages to a large
number of trees. About 100 rai of mangrove forests in
Sook Sumran Sub-district and Kaper District were
damaged.

w Phang-nga Province Mangrove forests
suffered severe damages due to the thick piles of sand
deposits and saltiness of seawater, directly destroying
their ecological system. Most of the damaged areas
were found in Takua Pa, Nang Yon, Bang Wan, and
Lum Kaen, covering approximately 1,900 rai.

7 Phuket Province About 10 rai of mangrove

forests in the villages of Tha Chatchai, Nai Thon, Pa
Lai, and Panwa in Mudong Channel were hit by the
Tsunami. Bent and broken trunks were much in
evidence.

Y Krabi Province There are minor damage to

mangrove forests in the province.

Resilient Condition of Natural Resources

w Trang Province There are minor damage in
the 20 rai-mangrove forests in Tambon Tha Kham (Palian
District), Tambons Ko Libong and Bang Sak, (Kantang
District), and Tambon Maifad (Sikau District).

3 Satun Province Around 12 rai of mangrove
forests in Tarutao National Park were affected. Brine and
mineral salts accumulated in the soil in flooded areas.
Large piles of sand also caused long-term impacts on
the condition of the mangrove and its ecological system.
Evidences of destruction included broken tree trunks and
a large number of dead trees. There were minor losses
at Tambon Ko Sarai In Muang District, Tambon Sakorn
in Tha Phae District and Tambon La Ngu in La Ngu
District.

2.1.3 Recovery of mangrove forests

Conditions in Tsunami-affected mangrove forests
are summarized below, taking into consideration various
indicators of rehabilitation, such as survival rate of
mangrove forests plantation.

w Ranong Province At Sook Sumran Sub-
district and Kaper District, the Mangrove Forestry
Resource Development Institute No. 9 joined with local
volunteers, communities and private agencies in planting
big leaf-mangrove forests to replace fallen and dead trees
in some 10 rai of Tsunami-affected mangrove forests.
A survey conducted in July 2006 reported an 80 to 90%
survival rate for replanted forests. Consequently, the
recovery of the ecological system of mangrove forests
in Ranong Province was considered good. At Mangrove
Forest Research Development Institute No.1, a walkway
through the forest was provided to promote eco—tourism.

2 Years After Tsunomi: 1 9
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However, some parts of the forests could not be
reforested because of the large amounts of waste and
debris. When these decompose, reforestation will
commence.

w Phang-nga Province The Provincial Electricity

Authority and local people took part in reforesting 200
rai of forests in Takua Pa District. Reforestation was also
implemented in other areas, including 600 rai of forests
in the villages of Taplamoo and Tha Dindaeng in Tambon
Lum Kaen. The survival rate of most replanted forests
was high. Some 80 to 90% have recovered well.
Constant follow—up, monitoring and care are being
implemented. Most of the selected plant species were
big leaf and small leaf mangrove trees and leguminous
plants with a good recovery rate.

3¢ Phuket Province At Mangrove Forest
Research Development Institute No. 2, a walkway through
the forest had been constructed to promote eco—tourism.
Reforestation in some small areas of destroyed forests
will be carried out once piles of waste and debris have
been cleared.

¥ Krabi Province Reforestation was carried out
in 12 rai of mangrove forests at Tambon Sala Dan.
However, the recovery rate was modest because of the
large amounts of waste and debris remaining in the area.
Reforestation of the rest of the damaged areas is also

proving difficult.

Resilient Condition of Natural Resources

T Trang Province Some 3,000 mangrove
forests were planted at Phang Ka Beach, Tambon Ko
Libong in Kantang District, covering a 500 rai area to
replace 20 rai of destroyed forests and to expand
mangrove ecological areas in Trang. In Chang Lang
Village, Tambon Maifad, 22,000 Rhizophora and
Avicennia trees were planted. In Yong Star Village,
Tambon Tha Kham, a walkway was constructed through
the forest to promote eco-tourism.

3¢ Satun Province Some 12 rai of damaged
forests at Tarutao National Park will be replanted once
large amounts of waste and debris have been cleared
or have decomposed. The surveying in February 2006
revealed that adjacent mangrove forests were healthy. In
other areas, minor damages were reported and these
areas have been completely reforested. A walkway was
built through the forest to promote eco—tourism and to
increase incomes for the local people.

2.2 Beach Forests

Beach forests are sparse evergreen forests. Plant
species grown in the area include xerophytes (drought—
resistant) and halophytes (brine-resistant). The forest soil
is mostly sandy one, containing scant minerals and unable
to hold water for long periods. Major plants found include
the sea pine (Casuarina equisetifolia), Combretaceae
(Terminalia catappa), Hibiscus tiliaceus, Calaphyllum
inophyllum, Cerbera odollum, Derris indica and Pandanus
odorum; and several types of grasses that cover the
ground. Plants found at the foot of the hills and along
hillsides include Manikara hexandra, Diospyros ferrea,
Fragrans (Sindora siamensis), cacti and various spiny
plants, such as Capparis micracantha, Caesalpinia digyna
Rottler and Zizyphus oenoplia.

2 Years After Tsunomi: 2 1
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Figure 3 Project on Mangroves for the Future at
Thailand’s Andaman Sea Coastal Area, Hin Luk Deiw

Village, Tambon Mai Khao, Phuket Province.

The scenic environment and beautiful forest
scenery along seashores have been destroyed and have
been utilized to promote commercial tourism. As a
consequence, only a few beach forests remain in good
condition and these can be found in national parks, such
as Tarutao National Park, Mu Ko Ang Thong National Park,
Hat Noppharat Thara—Mu Ko Phi Phi National Park and
Ko Chang National Park.

Resilient Condition of Natural Resources

2.2.1 Status of beach forests before the Tsunami

There were over 9,000 rai of beach forests along
the Andaman coast. The main plant specie found along
the coast was Cassuarina equisetifolia, Barringtonia
asiatica and Derris indica. Before the Tsunami, a study
of the ecology of beach forests in each coastal province
was done, as shown in Table 1

2.2.2 Impacts of Tsunami

Tsunami destroyed some 3,344 rai of beach
forests. Most of the damage was reported at Laem Son
National Park (covering 2,162 rai), followed by Khao
Lampi—Hat Thai Muang National Park (covering 532 rai).
Giant waves caused powerful surges of seawater that
eroded tree bases, breaking and destroying their trunks.
Moreover, their leaves turned yellowish and started to fall.

w Ranong Province Rows of sea pines in Sook
Sumran Sub-—district eroded the soil and sand collected
at tree bases and roots, leading to problems of yellowing
leaves, large amounts of fallen leaves and lacerations on
tree trunks. Damage was considered medium. In forests
next to sea pines, the falling of leaves caused by
seawater from Tsunami was reported. Epiphytes started
to shed leaves and barks, while others began to perish.
Also recorded was the destruction of beach forests in
Tambon Muang Kluang, Kaper District in Laem Son
National Park.

Extent of Destruction

2,066 rai of beach forests and various grasses, such as Goat’s foot creeper or beach

morning glory (lpomoea pes—caprae (L.) Sweet. Convolvulacea) and sea pursane

(Sesuvium portulacastrum), were found along the area, showing the connection

between the forest and the low/high tide.

Table 1 Beach forest areas along the Andaman Coast
Province
Ranong Over 2,000 rai
Phang-nga Some 5,300 rai
Phuket Some 3.13 rai
Krabi
Trang Some 1,105 rai
Satun No data available.

Source: Department of Marine and Coastal Resources, 2005.

2 Years After Tsunomi: 2 3
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w Phang—gna Province Losses were reported
in Thai Muang, Takua Pa and Ko Yao Districts. Some
532 rai of beach forests in Khao Lampi—Hat Thai Muang
National Park were damaged. Around 100 pines fell within
approximately 10 kilometers along Khao Lak Beach-Laem
Pakarang (Coral Reef Point) due to erosion at the base
and the action of roots. The roots were off the ground.
At Laem Pakarang—Nam Khem Village, coastal pines were
damaged within 30 kilometers along the beach due also
to erosion. No less than 10,000 pines were expected to
fall. As for Khao Lak—-Lam Ru National Park to Khokhao
Island, it was revealed that the forests behind the line
sea pines shed their leaves and started to bend.

¥ Phuket Province Destroyed beach forests
were found in Tambons Wichit and Chalong, Muang
District, where pines in the tidal zone were eroded at
tree bases. Roots and wounds on tree trunks were seen.
Leaves turned brownish and started to fall. As for the
forest behind them, there were fallen leaves and sap
leaked from the trees. The inundated seawater had an
impact mostly on Dipterocarpaceae. At Tambons Mai Kao,
Sakoo and Choeng Thale in Thalang District, modest
changes were observed. Directly affected were fields of
coastal shrubs composed of two key plants, namely,
Scaevola taccada and Common Seashore Screwpine
(Pandanus odoratissimus). Beach forests at Tambon
Kamala and Muang Patong Municipality, Katu District,

suffered modest damage.

Resilient Condition of Natural Resources

¥ Krabi Province Beach forests in Nua Khlong
District, Ko Lanta District and Tambon Sai Thai, Muang
District, were eroded by seawater. Nine months after
the Tsunami, the leaves of the trees changed to yellow
and the trees themselves wilted.

24 Trang Province The effects of flooded
seawater were reported, including erosion at the base
and death of pines at Palian, Kantang Districts and Hat
Sumran Sub-district.

Y Satun Province Deteriorated beach forests
were found in Tambon Tung Bulang, Tung Wa District.
Nine months after the Tsunami, trees started to wilt,
leaves turned yellow, and some trees fell.

2.2.3 Recovery of beach forests

Various government agencies allocated some 30
million Baht to rehabilitate 1,444 rai of beach forests in
Phang-nga, Trang and Satun Provinces and to restore the
forests abundant resources as of December 2005. The
Department of Marine and Coastal Resources replaced
plants along the coast as well as improved the physical
conditions of beaches at Laem Pakarang, Takua Pa
District in Phang—nga Province and Ko Kwang Village,
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Muang District in Krabi Province. It also propagated one

million sprouts of beach forest trees for distribution to
agencies, organizations and the general public to further
support the rehabilitation of mangrove forests.

The survival rate of replanted forests in
Tsunami-affected areas is summarized below.

¥ Ranong Province Over 1,200 rai of beach

forests were reforested in Laem Son National Park,
Tambon Muang Kluang. Follow—up of their ecological
recovery is being carried out by concerned agencies.

w Phang—-gna Province Reforestation was
carried out in the Tambons of Tung Dab, Ko Phra Thong
and Kura as well as in Khao Lampi—-Hat Thai Muang
National Park, Khao Lak—Lam Ru National Park and Khao
Lak Beach—-Laem Pakarang, Ko Yao District. The total area
covered was over 1,500 rai. The Department of Marine
and Coastal Resources was a lead agency in replanting
such plants as Cassuarina equisetifolia, Barringtonia
asiatica and Derris indica. A follow—up survey conducted
in August 2006 reported that 70% of the forests
replanted at Khao Lampi—Hat Thai Muang National Park
survived. At Khao Lak Beach-Laem Pakarang and Laem
Pakarang—Nam Khem Village in Bang Muang District,
some 85 to 88% of forests replanted survived.
Additional plants were replanted to ensure complete
recovery of beach forest ecology.

3 Krabi Province Most of the damage beach

forests were left to recover naturally. The local people
and government agencies in Tambon Sai Thai, Muang

Resilient Condition of Natural Resources

District cooperated in protecting and maintaining their
local beaches. An opinion survey of a local community
in Tambon Sai Thai revealed that the community are
satisfied with the almost complete ecological recovery
of the forests. Damaged forests in other areas, such as
Yao Beach and Lanta Island, the recovery of beach forest
ecology is now being monitored by concerned agencies.

7 Phuket Province Beach forests at Sirinat
National Park have been reforested and are bouncing
back to their original state. A community survey
conducted by the Office of Natural Resources and
Environmental Policy and Planning on June 2006,
supported by opinions expressed by local communities,
shows that beach forests in Tambon Mai Kao in Thalang
District and Tambon Kamala in Katu District have become
abundant again.

24 Trang Province Most of the Tsunami-—
affected beach forests have been replanted, including
approximately 200 rai in Hat Chao Mai National Park,
50 rai in Tambon Ko Libong and 150 rai in Tambons Hat
Sumran and Tasae. The survival rate of the replanted
forests is about 80%. However, Klang Na Village, Moo 3
in Tambon Ko Sukorn has yet to be reforested.

¥ Satun Province Some 200 rai of destroyed
beach forests in Tambon Tung Bulang, Tung Wa District
have been replanted. A survey by the Office of Natural
Resources and Environmental Policy and Planning in
August 2006 showed an 80% survival rate of replanted
forests.
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2.3 Swamp Tea Forests

Swamp tea forest is regarded as coastal ecology
found in estuarine habitats next to the seashore. Its
group of plants comprises densely grouped milkwoods
and sedges. Bog forests are sparse woods where white
milkwoods grow widely. The ground plant is bulrush.
Since the ground contains acid, the biological diversity
of plants in such forest condition is relatively low.

2.3.1 Status of swamp tea forests ecology before
the Tsunami

Before the Tsunami, studies on the ecology of
swamp tea forests in the Tsunami—affected provinces
were limited, with most focusing on Phang—-nga and
Krabi. The study area in total was not extensive. Among
the plants found in this habitat was a sparse wood of
Milkwood (Melaleuca cajuputi) with sedge (Lepironia
articalata) and Umbrella plant (Cyperus alternifolius) as
ground wood.

2.3.2 Impacts of the Tsunami

A = .
3¢ Ranong Province Damages were found in

bog forests at Thale Nok Village, Prapas and Saikao
Beaches. Trees were broken and bent. There were piles
of debris.

7 Phang-nga Province At Khao Lak and Kao

Khokhao Villages, Tambon Kura, Kura Buri District, 40%
of the forests were damaged. Some 18.30% of
secondary woods were affected and in over 90% of
ground woods leaf color changed to brown. Large trees,
secondary trees and ground woods were reported bent
and damaged at respective averages of 23.90, 21.70 and
21.70%. Swamp tea forests at the Tambons of Kuk Kak,
Bang Muang, Thai Muang and Lam Kaen were destroyed.

72 Phuket Province There was minor forest loss
at Tambon Kamala, Muang District.

J< Krabi Province Up to 10.4% of the reported
destruction was a case of leaves turning brownish
because of seawater flooding. Over 90% of secondary
woods were damaged. In Phra Nang Bay over the
leaves of 90% of all ground woods became brown.

Resilient Condition of Natural Resources

2.3.3 Recovery of swamp tea forests

Swamp tea forests proved to be naturally resilient
as seen in Phang—nga Province, including forests in the
Tambons of Kura and Thai Muang where the condition
was normal. In Phuket Province the milkwood bog forest
at Kamala Beach also demonstrated natural resilience.
The forests are expected to regain their normal condition.
Tsunami-affected forests at Phra Nang Bay, Krabi
Province have naturally regained their normal condition.

2.4 Seagrass Beds

Seagrass ecology is essential as seagrass beds
are considered as a primary coastal producer, spawning
area, shelter for young aquatic animals, and a food source
for a great number of marine animals, particularly the
dugong, a rare and endangered species. There are 12
types of seagrasses found in Thailand namely, Enhalus
acoroides, Thalassia hemprichii, Halophila beccarii,
Halophila decipiens, Halophila minor, Halophila ovalis,
Halodule pinifolia, Halodule uninervis, Cymodocea serrulata,
Cymodocea rotundata, Ruppia maritime and Syringodium
isoetifolium.

2.4.1 Status of seagrass beds before the Tsunami

The Andaman coasts abound with seagrass beds.
However, in Ranong, Phang—nga, Phuket, Krabi, Trang,
and Satun that cover approximately 36,027 rai or 72%
of all seagrass beds in the Andaman sea. Details of
seagrass beds in each province are as follows.

A - .
3¢ Ranong Province Seagrass beds in Ranong

cover over 771 rai, including six types of grasses namely,
Enhalus acoroides, Halophila beccarii, Halophila ovalis,
Halophila decipiens, Cymodocea serrulate and Halodule
uninervis. The largest seagrass bed was found at Chang
Island.

¥ Phang-nga Province There are over 11,875

rai of seagrass beds with ten types of grasses namely,
Cymodocea serrulate, Cymodocea rotundata, Enhalus
acoroides, Halodule pinifolia, Haladule uninervis, Halophila
beccarii, Halophila decipiens, Halophila ovalis,
Syringodium isoetifolium and Thalassia hemprichii. The
largest seagrass bed was found at Chong Lad Village,
Laem Hat, Ko Yao Yai and Chong Khao Phra Thong

Islands, Nok Na Village and Kura Buri.

2 Years After Tsunomi: 2 9
Resforation of Thailand's Natural Resources and Environment



Y
AWM INUFIVOINSTHEINTFITUIA

o -

2.4.1 damumuimaosninzlanaulnassunuanaaui

wilanziadumiuiuituiiiifiaugansaysaise
UARIVIEMELA NaAB TN TRz DY Waen niim n3ed A%9
wazaga Juvawmdmeiaiuiisiiodulszanm 49,608 13
nioUszannudesar 72 vavunasndimeiaiesuaisy lag
amumwmamma’omﬁwmLaTuLLﬁia:%w‘Tﬂaqﬂ\lﬁﬁoﬁ

Y endnszuay Junssngimeiasanuinnin 771

15 wundimeia 6 via ldud nawswn wghluwie wgh
Tunznga welunznznu AETLIRUUAIBAUIN LAY
narznluuay ImﬂﬁﬁuﬁLmdomﬁm:Lan"iwﬁqmayju%nm
1NEgg

Yo damdaween dunasvgmezianinndn 11,875 15
wunai el 10 i Ldwn mﬁw:mg’uﬂmwmu nan
AUl NaNBLWN ATy vdhwslnluway
welluwie wdhlusengeaou ndhlunznge nahluau uas
vz Tasfiiuiiundsdmeianisiigaaguiion
TUTBIAIN WAANIA 1NNTEN WAL TDILNIE NI NS
fhuuenu uasAIzyd

¥ dendagiia Aunawmdimeiasiuninnii 6,250
15 wundhnzia 6 e WWun dhsrdulaisay wdn
sewipy vz luuey ndghlunengaou vdhlunenga
LATNINBE LA Tmﬂﬁﬁuﬁl,mz\iamjﬁmLan"iwﬁqﬂagju%nm
fhutheasnuasinuuslse

Yo Fendansed funaendimeiasin 13,125 14
wunameie 7 wia L@ mﬁwmfléy’uﬂmﬂwmu el
BrIRUUR BN NEBrwn Nz lulay nelunznga
NN luEY LaTENBLNAD ﬁﬁuﬁuwdamﬁm:mn%nﬁqm
2EUTIUNNEATUDEULAZE1IUNY

Y endanse Junssndneiasiuainnia 17,500
15 wundihmzia 9 oila Wud ndhsewrdudatsnuin veh
BrTUUAENY MENBEW NahTs ey ndhszluay
naluwie vadrlunznga ndrlusu wasvdzzwei
ﬁﬁuﬁLmz\iomﬁﬂmLan’ﬁwﬁqﬂayj‘u%l,’amlmzmamLLa:qmmu
uriemn A lva

¥ Jendaaga Hundemdmziasndszinm 87 15
NUNTNLLR 5 Bila Loun mﬁw:mﬁuﬂmwu AUNBLN
vihozinluuey v luwis uasvdnlunznge Suiiunas
mﬁw:Lan"i'mﬁqmag'u%nmﬁmmﬁumﬂ Tunay U
fuvesly uaziumensigen

3 2 U &nd
AUMSHUAUNSWENNSBSSULAIAADINAOU

2.4.2 wWans:nunazAWidama

NINNTWEINININTLALALBI8ENE1T99 Wud1Adu
FurldananssnussLvadnamelalssNIuiosas 5 199
me\i\maj'mzLaﬁy’mumawwﬁiomLaé’umﬁuwhﬁy’u ez
Lma'amﬁmzLaﬁgnﬁﬂmﬂmnmiﬁmLmzﬁnﬂizmm%aﬂaz
1,50 PouiE29 ANNLREmBAand Nz Iainas LY
Toun ns@nzevesluvdn MauaNTeIREnauns sy
VNG VULUINTINEIR LLazgnﬁunaﬁwm:nauﬁuﬁﬂﬁﬁu
AIURNTINDDNTLAULALLAANITIUNIBIAL NS LA

¥ daninssuas 2 nmIa1adlaiudl 13 unnaw
W.A. 2548 WUnTNTIaUSIMEILINAReaT LA Hdne
STRITS T NIATN 1/135;1’7{ 2 fUINWNAN Bnansies Hsuaw
WWuvne¥ouas 30 LB INAALNBUNTIETLON WASWLLNARY
v mziauinuwwnlndiesiigniasannnisiamizaes
nzia

¥ FaniaWesn AInn1sdrsaiawiaunngnan w.a.
2548 WUURRIVDINZLAUIIULNIEDIALATAIAYIUIIGN-
ATYT AMUmnilazBINIENIENDY MUALNNZNIENGY 81N8
ATY3 %aLﬁuagﬂﬁ1ﬁ%'UﬂaﬁuLﬁﬂmﬂgaﬁﬁaﬂa: 50-80 law
Lﬁﬂmnﬁ’umwﬂgnﬂﬁuﬁuwﬁﬁﬂﬁﬁmﬂ Mivaznauneivas
unawdmziaiiogindidse dwnsnninju-tneasslunes
sualannass sunenziane uazenlaziilauazunas
MATBINNEENN BnaiLe IisuanuRemessudnetios
Uszauiosay 5-20

7 dandagiin ainnsdhsadiatudl 30 Sunas
WA, 2547 wundmzlausauuannssuazusnulndiaee
Wemeszanu 80 14 Lﬁaomnmjm:LamaLLanﬁ’ﬂm:
Wntiey wazuinatiuviidaslosuazitulinaansnia
gualdzrndeviedszana 100 15 lssandinznaunany
Wanuundmziaualininiin

¥ dwmdanszd ann1sdadiafiounnaiay w.a.
2548 WUAMNLABNIBDILAAINAIINELA UL I
%aﬁﬁaﬁtmdomﬁﬁmLaﬂszmm 1,050 15 Taswuinunas
naimeiaiisessaugninatsainmsiaisnziosas 20 du
fndafinsiuonzasnznauazidaamulundi



Resilient Condition of Natural Resources

3¢ Phuket Province There are more than 6,250

rai of seagrass beds with six types of grasses namely,
Cymodocea rotundata, Halodule pinifolia, Halodule
uninervis, Halophila decipiens, Halophila ovalis and
Thalassia hemprichii. Large seagrass beds were found
at Pa Klok and Bang Rong Villages.

¥ Krabi Province There are 13,125 rai of seagrass

beds with seven types grasses namely, Cymodocea
serrulate, Cymodocea rotundata, Enhalus acoroides,
Haladule uninervis, Halophila ovalis, Syringodium
isoetifolium and Thalassia hemprichii. Large seagrass
beds were found at Sriboya Island and Nang Bay.

w Trang Province There are over 17,500 rai of

seagrass beds with nine types of grasses namely,
Cymodocea serrulate, Cymodocea rotundata, Enhalus
acoroides, Halodule pinifolia, Haladule uninervis, Halophila
beccarii, Halophila ovalis, Syringodium isoetifolium and
Thalassia hemprichii. Large seagrass beds were found
at Ta Libong Island and Hat Chao Mai National Park.

Y Satun There are around 87 rai of seagrass

beds with five types of grasses namely, Cymodocea
rotundata, Enhalus acoroides, Haladule uninervis,
Halophila beccarii and Halophila ovalis. Large seagrass
beds were found in the villages of Bakun Goey, Klang,
Tan Yong Po and Hat Saikao.

2.42  Impacts of the Tsunami

A survey by the Department of Marine and Coastal
Resources found that 1.50% of seagrasses in the survey
areas were wiped out. There are different level of
damages, such as tears on grass leaves and covers of
sand and land sediments on the grasses, reducing their
oxygen and causing them to rot. The Tsunami affected
5% of all seagrass beds along the Andaman coasts.

w Ranong Province A survey on 13 January
2005 revealed that sand deposits damaged 30% of
seagrasses along both sides of the river mouth at Bang
Bane Village, Moo 2, Tambon Muang Kluang, Kaper
District. Seagrass beds adjacent to watercourses were
also destroyed by the erosion.

w Phang-gna Province There were damaged

seagrass beds along the coast between Kard Island and
Tung Nang Dum Beach to Kura Buri the north of Phra
Thong Island in Tambon Phra Thong (Kura Buri District),
Tha Noon to mouth of Nai Yong Cannel, Tambon Kok
Kloy (Takua Tung District) and Loh Palai Bay and Hat
peninsula of Ko Yao Beach (Ko Yao District). Furthermore,
a survey conducted in January 2005 in Kura Buri District
reported that of which 50 to 80% was affected, was
the most seriously affected area because sand deposits
covered seagrass beds nearby. Only 5 to 20% of
seagrass beds in Takua Tung District and Ko Yao District
were affected too.

7 Phuket Province A survey on 30 December
2004 reported that less than 5% of some 80 rai of
seagrasses in Laem Sai and adjacent areas were eroded.
In the villages of Tha Chatchai and Pak Khlong Yid in
Tambon Mai Kao, roughly 100 rai of seagrasses were
damaged as only small amounts of sand sediments
covered the grasses.

¥ Krabi Province Damage to seagrass beds
was reported at Cham Island. A survey in January 2005
found that 20% of seagrasses contained traces of the
erosion underneath. The rest showed piles of fine
sediments on top of grass leaves. Overall seagrass beds
in Cham Island covered 1,050 rai.

2 Years After Tsunomi: 3 l
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w Trang Province Ta Libong Island (east of
Laem Chuhoi) in Kantang District has 938 rai of
seagrass beds. A survey in January 2005 showed that
5% of the grasses died following the Tsunami. The
leaves were bruised and therefore rotted. However, the
grass roots remained on the ground.

¥¢ Satun Province There is no report of damaged
seagrass beds.

2.4.3 Recovery of seagrass beds

The damaged seagrass beds naturally recovered
from the Tsunami. Their condition can be summed up
as follows.

The Department of Marine and Coastal Resources
studied and monitored seagrass beds destroyed by the
Tsunami. It was revealed that the ecology of seagrass
beds in all areas hit by the Tsunami could survive and
regain their original state rapidly and naturally within a
year without replanting. This recovery was possible if there
was no external threat factor.

The rate of recovery was confirmed by local
communities. They expressed satisfaction over this
development.

2.5 Coral Reefs and Sea Fans

Coral reefs account for some of the most critical
and crucial seashore ecologies, providing nurseries,
food, shelter and habitats for a variety of marine animals
and plants. They also promote rich biodiversity. Coral
reef ecology not only protects and strengthens

Resilient Condition of Natural Resources

seashores but makes for abundant fishing sites as well
as breathtaking marine destinations.

Coral reefs grow gradually. Some corals grow
barely from two to five centimeters annually so coral reefs
that we see nowadays have taken many thousands of
years to grow.

Reefs worldwide fall under three categories:

7 Barrier Reef is an offshore reef. An example
is the Great Barrier Reef in Australia. The area of reef
covers many hundreds of miles. It is not found in Thailand.

Y7 Atoll is a reef island on which piles of corals
have been piled up vertically and have become islands.
Some examples are the Maldives and Sipadan Island.
There are no atolls in Thailand and Malaysia.

3¢ Fringing Reef is a reef that laces the sea
coast and is found in the shallow water zone of an island.
This is found widely in Thailand.

2.5.1 Status of coral reefs before the Tsunami

Coral reefs found in the Gulf of Thailand and the
Andaman Sea covered approximately 153 square
kilometers, of which 80 square kilometers were in the
Andaman Sea.

® Ranong Province: Among the Andaman
coastal provinces, Ranong accounted for the smallest area
of coral reefs since its islands were scattered next to
the coast within a range of 5 to 10 kilometers offshore.
The where coral reefs were found islands, from north
to south, namely Son, Sin Hai, Ta Krut, Chang, Phayam,
Kam, Lan, and Kang Kao, are entirely in shallow water

2 Years After Tsunomi: 3 3
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and the corals, branching out from their apparent
colony, can be observed underneath the crystal clear
water. Although there were dozens of islands dispersed
along the coast, the expansion of the reefs was
relatively passive, with only 2.57 square kilometers of
shallow water coral reef fringing in the east of the
islands.

In Chang lIsland, the growth of corals was
marginal because the sea floor was mostly mud.
However, west of Chang Islands — inspite of the
presence of mud sediments — the corals were able to
culture faster as the area was exposed to the southwest
monsoon. Nevertheless, the corals did not create big
reefs. Corals developed more in the shape of shallow
water reefs, mostly along the east shores of the islands
from Phayam and Kam to Kang Kao Islands. Coral
diversity was low, most of which was shallow water
corals that were tolerant to sediment particles and
currents. Some examples were the Mountain coral or
Finger coral (Porites spp.), Brain coral (Oulophyllia
crispa), Ring coral (Favia spp.), Larger star coral (Favites
spp.). Anemone-like coral (Goniopora spp.) and Table
coral (Acropora spp.). As a whole, the coral reefs at
Kang Kao Island were in good condition, whereas those
at Luk Kam Auk and Kam Nui Islands were not. The
condition of reefs in other areas was acceptable.

w Phang-nga Province Phang-nga abounded

with islands and coral reefs that measured up to some
25.60 square kilometers in total. These are the largest
reefs in Thailand. The reefs, seen both in shallow water
and offshore, were comparatively narrow, not more than
ten meters in width and three to five meters in depth.
Most were tolerant to high concentration of suspended
sediments, especially, the Mountain coral (Porites spp.),
Anemone-like coral (Goniopora spp.), Shallow groove
brain coral (Australomussa rowleyensis) and Disc coral
(Turbinaria spp.). Their conditions were moderate to poor.

As for deep sea coral reefs, Surin and Similan Islands
(the most sizable and vital archipelago in Thailand),
nurtured a high biodiversity of corals and possessed
environments that were perfectly suitable for the growth
of the Staghorn coral (Acropora spp.) and Bottlebrush
coral. The newly found coral specie — Acropora kosurini
Wallace, 1994, has also been discovered here. Although
the most significant development of coral reefs was
reported from these two islands, the survey conducted

Resilient Condition of Natural Resources

in 2008 indicated that the general condition of the reefs
was medium to poor. The wide variety of corals in the
area comprised the Large brain coral (Symphyllia spp.),
Big star coral (Diploastrea heliopora), Disc coral (Turbinaria
spp.), Spiny encrusting coral (Echinophyllia spp.), Mountain
coral (Porites spp.), Pectinia sp., Pavona decussates,
Acropora humilis, Table coral (A. hyacinthus and A.
clathrata), Ring coral (Favia spp.) as well as the Larger
star coral (Favites spp.).

3 Phuket Province Phuket Island and its
satellite islands, covering some 16.63 square kilometers,
had varied coastal features. The coral reefs found were
distinctly different and could be grouped into five
categories, according to the Department of Fisheries.

® Coral reefs along the eastern and
southeastern coasts of Phuket Island and islands nearby.

e Coral reefs along the lower western coast
of Phuket Island and nearby southern islands such as
Naihan Bay, Kata Bay, Kaew Island, Hay Island, Aew
Island, and Mai Thon Island.

® Coral reefs along the upper western coast
of Phuket Island at Patong Bay, Kamala Bay, Bang Thao
Bay, and Naiyang Beach.

® Deep water coral reefs on Raja Island.

® Coral reefs along areas exposed to the
southwestern monsoon.

Coral reefs in Phuket nestled well along the
western coast of Phuket Island, especially, those at the
rims of bays and the southern coasts of satellite islands.
Areas that had an abundance of corals were the coasts
at Tambons Rawai and Wichit such as Bon, Hay, Lone,
Aew, Ta Pao Yai and Ta Pao Noi Islands. The corals
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mostly found were the Mountain coral (Porites spp.),
Staghorn coral (Acropora formosa), Acropora humilis,
Acropora spp. — corymbose form, Ring coral (Favia spp.),
Montipora crassituberculata and M. aequituberculata.

¢ Krabi Province Most of the coral reefs were

scattered all over islands. A small group was found in
mainland coasts. The total extent of coral reefs reached
13.50 square kilometers, including Phi Phi, Damhok and
Damkwan Islands. Most of the corals were the Mountain
coral (Porites spp.), Large brain coral (Symphyllia spp.),
Shallow groove brain coral (Platygyra sp.), Ring coral
(Favia spp.), Flower coral (Pavona spp.), Blue coral
(Heliopora coerulea), Disc coral (Turbinaria spp.), Table
coral (Acropora clathrata), Montipora spp. and Wrinkle
coral (Synaraea rus), etc. Their living condition was
moderate although poor conditions were found along
islands with mangroves, for instance, Pu, Pluang, Lanta
Yai Islands, islets in Phang-nga bay and many mainland
coasts. Coral reefs in good condition were found at Yoong
and Bida Nai Islands. On the contrary, those in Pa Hu
Siah, Hong, Ngang, Damhok and Ngai Islands were in
poor condition.

¥ Trang Province Coral reefs branched out to
an approximate distance of 4.50 square kilometers in total,
hemming the Mook, Kradan, Ta Libong, Waen and Churk
Islands. Most of the corals found were the Table coral
(Acropora clathrata), Larger star coral (Favites spp.), Large
brain coral (Symphyllia spp.), Mountain coral (Porites spp.),
Shallow groove brain coral (Platygyra sp.), Disc coral
(Turbinaria spp.), Big star coral (Diploastrea heliopora) and
Flower coral (Goniopora spp.). The reefs were in good
to moderate condition.

¢ Satun Province Coral reefs covered some

15.80 square kilometers, blanketing the islands of
Ardang—-Rawi and Tarutao. The condition was mostly
moderate. The corals commonly found were the
Mountain coral (Porites spp.), Staghorn coral (Acropora
spp.), Montipora spp. and Wrinkle coral (Synaraea rus).

Resilient Condition of Natural Resources

2.5.2 Impacts of the Tsunami

Based on investigations led by the Department
of Marine and Coastal Resources from December 2004
to February 2005, coral reefs along the Andaman coast in
six provinces, approximately 80 square kilometers in total,
were destroyed by the Tsunami strike in different ways.

A A
3¢ Ranong Province Most of the coral reefs

were damaged severely, with some of these breaking,
capsizing, falling and being covered with sand
sediments, along Kam, Lan, Kang Kao and Phayam
Islands. Up to 50 to 90% of reefs located northeast
of Kam Yai Island and 80% of reefs southeast and
northeast of Kam Nui Island were destroyed. Some 95
to 99% of reefs northeast and southeast of Lan Island
were affected. On the contrary, there was comparatively
low damage to 20 to 25% of reefs at Phayam Island.

w Phang—-gna Province The coral reefs were
damaged in different, insignificant ways. Most of the
destruction was in the upper coast of the province,
including Surin and Similan Islands. Damages in the both
Islands were similar in the sense that most of the
Tsunami-hit reefs were found in straits or water
channels between islands, as in Chong Kad Bay (which
is located between North and South Surin Islands), areas
between South Surin and Torinda Island and the water
channel between Ba Ngu Island (Kao Island) and Similan
(Paed
destinations, such as Christmas Point and the Hideaway
(Kao Island), Stonehenge and the Great Wall of China
(Si Island), 60 to 70% of the reefs were destroyed. In
addition, 30 to 50% of the reefs at Kong Hin Lueng
and Kong Hin Ta Chai were broken. Some 10% of reefs

Island Island). Around tourist and diving

at Kong Hin Ri Se Lew were damaged. Low to medium
destruction of reefs caused by sand slides occurred in
steep areas, making the reefs slide down, break or turn
over and be covered by sand.

77 Phuket Province Most of the reefs were

minimally damaged and in some areas no damage was
reported. At the outer rim of south Patong Bay, medium
damage to about 30 to 50% of the reefs was observed.
Most of the losses were attributed to strong pressure by
heavy wrecks on the reefs. There was minor destruction
in reefs at tourist and diving sites, namely, Naiyang
Beach, Kata Noi Bay, Karon Bay, Waew, Pu, Hay, Mai
Thon, Kaew Yai, Raja Yai and Raja Noi Islands. In these
places, marine activities and diving were held as usual.
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3¢ Krabi Province The Tsunami had minor or
no impact at all on coral reefs along many islands, most
of which were in shallow water, as for example, Ngang,
Hong, Damkwan, Ma and Ngai Islands. However, reefs
north and south of Damhok Island, on which the water
channel between Damhok and Damkwan lIslands was
situated, were damaged. Some 30 to 40% of the reefs
overturned. At the same time, the damage to reefs at
Leam Hang Nak (Hang Nak Point), in an unprotected
coast in shallow water, was rather tremendous due to
the Tsunami and pressure from heavy objects. As for
offshore islands, the aftermath was quite considerable at
Pai Island, Loh La Na Bay (Phi Phi Don Island) and Viking
Cave (Phi Phi Lae Island). Between Rok Nai and Rok
Islands, the Tsunami hit the strait causing corals to
overturn and break and steep sand ground to slide. Some
30 to 50% of these were destroyed. Reefs along tourist
attractions and diving sites, such as Bida Nok, Bida Nai,
Maya Bay, Damhok, Damkwan, Ngai, Hin Muang, Hin
Daeng and Rok lIslands, were in a condition that allowed
tourist activities and diving to take place as normal.

w Trang Province There was negligible
damage (and in some cases none) to most of the coral
reefs. The most severely hit areas were Mook and
Takiang Islands (Bulaoboat) where 20 to 30% of the
corals were broken. 5% of reefs along Kradan, Libong,
Liang Nue and Liang Tai Islands, most of which were

shallow water, suffered insignificant damage.

Resilient Condition of Natural Resources

J¢ Satun Province Most of the coral reefs were
slightly damaged; some were left intact. The hardest hit
areas were located at Kata and Ardang—Rawi Islands,
where 60% and 70% of the reefs were affected. In
general, the damage did not severely affect tourism and
diving.

2.5.3 Recovery of coral reefs

The Tsunami-affected coral reefs have become
to revive up to a certain degree as a result of
rehabilitation activities run by government agencies,
private groups, communities and NGOs. Taking into
consideration the number of areas that provide shelter
to living corals and the number of settlements for young
corals as indicators, the resilient condition of
Tsunami—affected corals can be summarized, based on
surveys conducted in major tourist sites in each

province, as follows.

w Ranong Province Broken coral reefs are
being restored. The Department of Marine and Coastal
Resources has launched a project to sink synthetic coral
reefs in order to increase the number of diving spots
at Kam Nui Island. The project is also aimed at installing
and repairing parking floats along coral reefs in order
to reduce negative impacts from overuse of natural
resources.

2 Years After Tsunomi: 3 9
Resforation of Thailand's Natural Resources and Environment
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3 Phang—nga Province A survey conducted at

Surin Island in March 2006 showed that corals survived
in approximately 50% of the subject areas. Furthermore,
young corals were also observed perched on dead corals.
Some dead corals were taken over by blue green algae
or cyanobacteria. It was also reported that the ecology
of reefs in many areas has been rehabilitated, such as
Chak Bay, Leam Mae Yai (Mae Yai Point), Mai Ngam
Bay (the north of Surin Island), Suthep Bay, Tao Bay (the
south of Surin Island). The reefs at Pakkard Bay, the south
of Surin Island improved fairly little; meanwhile, those at
Chong Kad are deteriorating and have least recovered.

A survey in October 2005 indicated that the
recovered of coral reefs at Similan Islands and north of
Paed Island was very passive and only 15% of living
corals was recorded. At Beacon Reef, the condition of
coral was retrieved well and roughly 50% of living
corals were found. An examination of general conditions
on Similan Island in April 2006 showed that loose coral
braches and pieces which were glued back have already
attached to the ground, while some are still concealed
by sand. At Kurk Bay, reefs are in poor condition and
have yet to re—grow.

The Department of Marine and Coastal Resources
has established an underwater world at Mu Ko Similan
National Park. This is now open. It has also installed
and fixed parking floats. Academics and volunteers have
joined hands in rehabilitating the ecology of coral reefs
and sea fans that were damaged by the Tsunami.

72 Phuket Province The worst Tsunami-hit reef

in Phuket Province was at the rim of southern Patong
Bay. The reef could not be made more resilient because
its original state had been in decline. Other reefs were

Resilient Condition of Natural Resources

found with minor damages. The Department of Marine
and Coastal Resources has constructed additional
underwater highlights at Raja Yai Island which are already
open.

3 Krabi Province Reefs at Pai Island resumed
comparatively low rates of growth. Most of the dead
corals are hidden by red algae or rhodophytes. The
condition of the reefs is moderate. It was observed that
rehabilitation on Tsunami-hit corals, involving the
turning up of capsized corals and re—attaching broken
pieces, could provide more chances for the corals to
live than those that were not restored. Constraints in
terms of location and personnel narrowed the kind of
assistance provided in some areas. The latest survey
in 2006 revealed that the size of an area covered by
living corals was different from that measured right after
the Tsunami, suggesting that coral ecology in this area
has not improved much.

It was also found that the reefs at Loh La Na
Bay, Phi Phi Islands showed no signs of resilience but
were in a state of deterioration. At the same time, at
Maya and Yong Ha Sem Beach, no area was blanketed
by living corals. On the contrary, the condition of reefs
at Rok Nai and Rok Nok Islands was improved and at
a water channel in front of Chao Mae Bay (a diving
spot), is moderately rich. Similar to other provinces, the
Department of Marine and Coastal Resources has
erected additional underwater magnets at Hat
Noppharat Thara—Mu Ko Phi Phi National Park which
are now ready for use.

w Trang Province The reefs were slightly
damaged by the Tsunami and it is anticipated that their
ecology should become to recover bit by bit. The
Department of Marine and Coastal Resources has built
additional underwater facilities that are now ready for
tourists, in order to decrease the negative impact from
using natural coral reefs.

¥ Satun Province A survey conducted in May
2006 revealed that the ecology of coral reefs at Kata
Island was slightly restored. At Ta Loh Ar lang Bay and
Ardang Island, the resilience of reefs is fairly high, but
the volume of fish catch was relatively low. The
Department of Marine and Coastal Resources has
started to build additional underwater attractions in order
to reduce negative effects stemming from the use of
natural coral resources.

2 Years After Tsunomi: 4 l
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2.5.4 Case study on the rehabilitation of corals
and sea fans

The case study on the rehabilitation of coral
reefs and sea fans proved that human beings can help
to a certain extent in increasing the chances of survival
of the Tsunami-hit corals reefs and sea fans.
Nevertheless, some constraints, including the size of
areas needing assistance, budget and personnel,
restricted the pace of rehabilitation. corals and sea fans
relied mostly on their own natural recovery which took
time.

1) Rehabilitation of coral reefs at Pai Island,
Krabi Province

Many coral reefs located in shallow water close
to the Andaman coast were destroyed by the Tsunami.
Shallow water reefs along Pai Island were exposed to
the destructive force too.

The survey reported that groups of massive corals,
sub—massive corals and table corals southwest of the
Island were overturned, while many Staghorn corals or
Table corals were broken in the southeast. A group of
researchers on marine diversity from Ramkamhaeng
University and volunteer divers from the Whale Shark
Conservation Club joined hand in rehabilitating coral
reefs in the area by turning up capsized corals and
attaching broken and cracked corals on the sandy
ground to concrete blocks. Alterations of the reefs were
monitored to evaluate their resilience and to provide a
basis for drawing up a management plan for the coral
reefs in the future.

Work on the capsized corals was carried out on
12 February 2005, including those bearing living tissues

underneath or those that were covered by sand and
had no access to light. Overturned corals containing
more than 25% of living tissues were rescued and
evacuated to areas without living corals or to hard rocks,
so as to enable the recovered corals to adhere to the
hard ground and to continue growing.

Follow—up work on changes to the overturned
corals and their resilience was conducted on 30 April
2005. The work revealed that in some 40% of the 39
pieces of capsized corals that were not turned upright,
surface tissues were dead and only 16.67% showed
signs of tissue re—growth. On the other hand, of some
68 colonies of reversed corals, only 5% showed tissue
death while up to 54% showed tissue survival, as
shown in Figure 6

In the recovery work for cracked Staghorn corals
or Table corals at Pai Island, Krabi Province, on 13
February 2005, broken pieces of corals spotted on the
sand or covered by sand with poor chances of survival
were collected and attached by plastic cable to the
remains of strong corals in surrounding areas. The
attachment left some space among the re—grown corals,
allowing them not to scramble for space. It was not
known whether the cracked corals were from the same
colony or from different colonies. In total, 335 cracked
corals were cultured.

On 1 May 2005 changes to the attached corals
and their development were monitored. It was disclosed
that after three months, there was a relatively high rate
of survival and the resilience of the broken corals was
noted. 95% of the corals were alive and 66% contained
more tissues in terms of length and number of
branches, as shown in Figure 7

2 Years After Tsunomi: 4 5
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Source: Thammasak Yemin 2006.

Figure 6 Changes to living coral tissues

after rehabilitation by turning the corals upright

2) Rehabilitation of sea fans on Similan
Islands

A group of researchers and volunteers working on
the rehabilitation of coral ecology was able to save sea
fans on Similan Islands. Tsunami—-damaged sea fans were
stretched using holders to increase their opportunity to
survive. The holders used were mainly made of cement
and other materials such as wedges, rocks and long iron
bars. After three months, a survey of their recovery was
conducted, showing the following results.

® 164 sea fans were brought up, cemented
to rocks and sunk back to their original place. Others
were glued using instant underwater cement. Three
months later, a remaining 54 (36%) of the sea fans was
found, of which 43 fans (73%) were able to survive.
Cement was used to ensure permanent adhesion. It was
reported that the small sea fans became more resilient
than the big ones probably due to the effect of
chemicals on cement. The small fans were able to
cultivate tissues to protect themselves and to survive
better as a consequence.

® 40 sea fans were stretched and tied to
a substrate. After three months, 33 (83%) of the
stretched ones were left, of which 32 fans (97%)
re—grew. Cables were used for temporary fastening.
Although the cable line supported a high survival rate,
it was highly possible that the cables became loose
and were blown off by the force of the current. Tying
a live sea fans with a dead one could be fatal due to
the tiny algae blanketing the dead sea fans as well as
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Figure 7 Changes to living coral tissues

after adhesion of coral branches

due to the possibiity that the two different types of
corals will fight.

® 54 sea fans were secured to crevices
by wooden wedges. After three months, only 18 (23%)
of the wedged sea fans were intact, of which 12 fans
(67%) were alive. Wedges were used because they
were simple and were time—saving. Nonetheless, the loss
of sea fan colony was comparatively high because
wedging was not firm enough to tolerate the current.

® 182 sea fans were surrounded by rocks
or other objects to enable them to stretch. Three months
later, 137 (75%) of engulfed sea fans were found, of
which 115 fans (84%) survived. Supporting stones were
used because they were convenient and they allowed
the sea fans to survive at a relatively high rate. At the
same time, it was highly possible for them to come off
in large numbers, especially in the case of massive sea
fans. Besides, the removal of underwater rocks inevitably
disturbed the attachment process for a variety of corals
and encrusted living animals.

® 473 sea fans were fastened onto iron
bars, 2 to 3 feet long by cables. After three months,
184 (39%) of the fastened fans remained, of which 142
sea fans (77%) were alive. It was observed that iron
bars could damage the sea fans and easily get rusty.
Some sea fans toppled from the bars due to their large
size and the violent current. However, the use of
supporting iron bars was recommended when sea fans
were on sand without firm stands.
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To sum up, this research showed that cementing
is the best measure but it should be done soon after
sea fans have lost their stands. Small colonies sea fans
(20-80 centimeters) should be given priority. Big colonies
should be divided into small ones for convenience in
operation. Then, the sea fans should be dispersed to
prevent them from fighting for food.

Apart from death due to rehabilitation measures,
death can also be caused by natural reasons. It was
found that sea fans which survived the Tsunami died
in large numbers later as the sea fans that died
because of the Tsunami had released destructive
chemicals to seawater, damaging living sea fans in
surrounding areas.

2.6 Rare Marine Species

2.6.1 Status of rare marine species before the
Tsunami

Rare marine species constitute a small population
of endangered species that are rarely seen in nature, such
as sea turtles, dolphins and whales, dugongs, scaly giant
clams and spiny lobsters. The status of sea turtles,
dolphins and whales, and dugongs in Thailand is
summarized as follows:

A N
3¢ Sea Turtles There are four species of sea

turtles found in Thailand namely, hawksbill turtle, green
turtle, Olive Ridley sea turtle, leatherback turtle and
loggerhead turtle. Compared with other sea turtles, Olive
Ridley turtles are mostly found in the Andaman Sea.
There is no evidence of egg-laying sites for loggerhead
turtles in Thailand to where they might wander for food.
The sea turtle population is very small, especially along
the coast of the Andaman Sea, although there used
to be important egg-laying sites for sea turtles in Thai
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Muang Beach in Phang—nga Province, along the beach
in Phuket Province and on islands on the Andaman Sea.
However, egg-laying sites were recently found on
Huyong lIsland (Similan Islands) for green turtles, for
green and hawkbill turtles on Surin Islands, and for
green and Olive Ridley turtles on Phra Thong Island in
Phang—nga Province. At present sea turtles have an
estimated population of 100 to 200 (only for the parent
stock). The reduced population is due to decreasing
number of egg-laying sites, disturbance of egg-laying
activities, and coastal development, including
construction of hotels and resorts, accidental catching

of sea turtles by fishing gears, and destruction of eggs.

A

3¢ Dolphins and Whales A survey of dolphins
and whales was started in 1993. So far approximately
23 species have been identified, using samples that came
ashore, skeletons and other surveys. Some of the species
found and their locations are as follows:

® A school of 20 to 30 bottle-nosed
dolphins, 10 spinner dolphins and 20 to 30 finless
porpoises were found in Phang—nga Bay.

® A usual habitat for some 40 to 50 bottle—
nosed and Indo—Pacific humpbacked dolphins is Palian
Bay, Trang Province.

w Dugongs The current dugong population is
200. Some 150 were found in the Andaman Sea, from
Ranong to Satun. Up to 123 dugongs were found in Mook
and Ta Libong Islands in Trang Province in 2000. The
main cause of death among the dugong population is
getting caught accidentally by fishing gears.

2.6.2 Impacts of Tsunami

The 3 to 10 meter Tsunami wave severely hit the
coast of the Andaman Sea, posing serious impacts on
marine life, especially rare marine species, such as sea
turtles, dugongs and dolphins.

¢ More than 37 sea turtles were washed
ashore, reaching the reservoir of the Taplamoo Naval
Base of the Third Royal Thai Fleet, Taplamoo District,
Phang—-nga Province. Most of the sea turtles were
slightly injured and were released into the sea after
receiving primary care. A few had cracks in their shells.
These were repaired and cured at the Phuket Marine
Biological Center under the Department of Marine and
Coastal Resources.
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¥ A male dugong, over 40 years of age and
measuring 2.75 meters in length and weighing 310
kilograms, was washed ashore and reached an area
between the road and mangrove forest in Taplamoo
District, Phang—nga Province. The Navy moved it to the
large earthen reservoir in Taplamoo Naval Base in Phang—
nga Province. The Phuket Marine Biological Center, in
cooperation with the Third Fleet Royal Thai Fleet, was
able to save the dugong and returned it to the sea, in
an area fronting the Taplamoo Naval Base on 28
December 2004. It could have been recorded as the first
dugong survivor from the Tsunami wave that rose as
high as the top of towering pine trees. However, it was
later found dead on 19 January 2005 and investigated
by the Phuket Marine Biological Center.

¥ One female Indo—Pacific humpbacked dolphin
was swept ashore by the Tsunami, reaching the
freshwater reservoir of the old quarry at Laem Pakarang
in Phang—-nga Province. Teams from the Department of
Marine and Coastal Resources, Third Royal Thai Fleet,
Tambon Administrative Organization, and the District
Office joined Thai and foreign volunteers in a two—day
operation to rescue the dolphin which was released to
the sea on 4 January 2005.

2.6.3 Recovery of rare marine species

Due to the small number of widely dispersed rare
marine species and the limited budget and availability
of human resources, the survey could not cover the
concerned area in its entirety. Therefore, the information
gathered was roughly estimated using data existing at
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the time. After the Tsunami, the Department of Marine
and Coastal Resources ran surveys in Trang Province
to assess the impact on the largest population of
dugongs in Thai waters. Aerial surveys with Microlight
Aviation were done on 20-27 February 2005 in Ta
Libong and Mook Islands.

The survey results revealed that the maximum
number of dugongs found per day was 126, including
17 mother dugongs and their calves. Thirteen Indo—Pacific
humpbacked dolphins and 21 sea turtles were also found,
proving that the area was still abundant and that rare
marine species continue to live in the same feeding
ground that was first identified in 1997. Seagrasses, the
dugongs’ only source of food, were in a very good
condition. In conclusion, the seagrass beds and rare
marine species were slightly affected by the Tsunami.

Another survey was conducted in March 2006 by
the Department of Marine and Coastal Resources
through the Phuket Marine Biological Center. The survey
area was the southern coast of Ranong Province down
District,
Phang—-nga Province. The survey recorded the presence

to Tung Nang Dum Village, Kura Buri
of a dugong looking for food in an area next to the
mouth of Kura Buri Channel. Five to six bottle—nosed
Dolphins were found in an area south of Phayam Island.
In addition, the Department of Marine and Coastal
Resources in cooperation with World Wildlife Fund
(WWF) produced a Master Plan on Sea Turtles. In 2007,
the Phuket Marine Biological Center will draft a plan
to survey the islands of Cham, Pu and Sriboya.
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Conservation and Management Plan For Dugong is ready for enforcement

Two meetings on the Conservation and Management Plan for Dugong were held on 23-25 August 2005
and again on 15-18 May 2006 in Bangkok, Thailand. The meetings were hosted by the Department of Marine
and Coastal Resources under the Ministry of Natural Resources and Environment on behalf of the Royal Thai
Government. Held in cooperation with the Department of the Environment and Heritage of the Australian
Government, the meetings led to a draft of the Conservation and Management Plan for Dugongs. The plan is
awaiting signing by concerned countries and its consequent promulgation in countries and states where dugongs
reside. Thirty—one countries participated in the two meetings, contributing to the drafting of the MOU on the
Conservation and Management of Dugongs.

Memorandum of Understanding on the Conservation and Management of Dugongs (Dugong dugon)
and their Habitats The memorandum of understanding has been inspired by the vast ranging habitat of the
dugong population, from the seas to coastal areas, as well as by the serious direct and indirect threats posed by
a range of human activities. It is recognized that the dugongs, their habitats and food sources (i.e. seagrass
beds) shall be protected. Parties to the MOU recognize their responsibilities as follows: to effectively conserve,
protect and manage dugong populations across their range of habitats, to co—operate closely to restore and,
where appropriate, to maintain a favorable status for dugongs and the habitats on which they depend, to consider
and ratify or accede to international instruments that are most relevant to the conservation of dugongs and their
habitats, and to implement, subject to availability of resources, the provisions of the Conservation and Management
Plan for Dugong (CMP). The signatory countries have also agreed to establish and fund a secretariat that will
facilitate activities between and among signatory states.

Conservation and Management Plan for Dugong—CMP covers five vital issues, each of which contains an
action plan, priority level, time—scale, responsible agencies and targets, as follows; 1) to improve understanding of
dugong ecology; 2) to increase public awareness of the threats to dugongs, 3) to establish education, research
and follow—up programs for the conservation and management for dugongs, 4) to enhance national, regional
and international cooperation, 5) to improve legal protection of dugongs, including the Convention on Migratory
Species of Wild Animals (CMS), which will be enacted on the 18t day of the third month following the month
when it is signed.

Source: Department of Marine and Coastal Resources, 2006.

formulated and

2.7 Marine Ornamental Fishes Although Thailand has

implemented a number of measures as well as enacted

2.7.1 Status OF marine ornomenfo| Fishes bel:ore laws on the conservation of marine ornamental fish, as

. shown in Table 2, to conserve endangered marine
the Tsunami

ornamental fish species, many hindrances remain. There

Clown fish is one of more than 400 species of
marine ornamental fishes that live along coral reefs. It
is caught for commercial purposes and is one of the
most threatened fish species. Particularly at risk is the
beautiful orange and white—striped clown anemone fish
(popularly known as NEMO). A large number of marine
ornamental fish species are caught for food and as
decoration in aquariums. Among these are the parrot
fish, wrasse, and lion fish.

are loopholes in the provisions of marine laws. For
example, catching marine ornamental fishes in areas
outside national parks is allowed for as long as illegal
fishing gears are not used. Onshore catchers of marine
ornamental fish cannot be investigated or prosecuted
by relevant government agencies. The promotion of
aquaculture methods for marine ornamental fishes has
been the subject of persistent debates.

2 Years After Tsunomi: 5 3
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Resilient Condition of Natural Resources

Table 2 Legal measures related to conservation of marine ornamental fishes

Category of Law

Legal measures relating
to protection of habitats
of marine ornamental fish

Legal measures relating
to control of possession

Legal measures relating
to control of aquaculture

Legal measures relating
to import and export

control

Source: Pinsak Suraswadi, 20086.

Law

National Park Act B.E. 2504
(1961)

Fisheries Act B.E. 2490
(1947)

Enhancement and
Conservation of National
Environmental Quality
Act B.E. 2535 (1992)

Wildlife Conservation and
Preservation Act B.E. 2535
(1992)

Enhancement and
Conservation of National
Environmental Quality
Act B.E. 2535 (1992)

Wildlife Conservation and
Preservation Act B.E. 2535
(1992)

Export and Import of

Goods Act B.E. 2522
(1979)

Substance of Law

Section 16 stipulates “within the national park, no person shall:

(1) hold or possess land, or clear or burn the forest;

(2) collect and take out woody plants, gum, wood—oil, turpentine,
mineral or other natural resources, or carry out actions that
may endanger or deteriorate these.”

Section 9 on the protection and maintenance of flora and fauna
species stipulates that “no person shall fish or cultivate in areas
dedicated to species preservation, without approval from the
Director-General, and shall act in accordance with conditions
stipulated by him/her”. The provisions of Section 18 “prohibit all
persons from pouring, throwing, draining or allowing hazardous
substances declared by Ministerial Notification in the Government
Gazette, into fishing areas.”

Section 44 states that in issuing the ministerial regulation pursuant
to Section 43, any one or more of the following protective
measures shall be prescribed:

(1) specifying land use for preserving the natural conditions of
such area or for preventing effects on its natural ecosystems
or artistic environmental value;

(2) prohibition of any act or activity that may be harmful or that
may affect and change the pristine state of the ecosystems

of such area or affect on the artistic environmental value.

Section 19 prescribes that no person shall possess reserve animals,
wildlife, carcasses of reserve wildlife or carcasses of protected
wildlife except, following Section 17, protected wildlife for which
permission for breeding such wildlife or collecting of carcasses of
such wildlife is obtained from the Director—General, and this person
should act in accordance with ministerial regulations and conditions
described in the permit.

Notification of the Ministry of Natural Resources and Environment
on Section 7(9) states that no person shall catch or possess
marine ornamental fishes as identified in the notification’s annex.
Identification of Protected Areas and Protective Measures on the
Environment in Phuket B.E. 2546 and Section 6(1) of another
Ministerial Notification is on Zones Identification and Protective
Measures on the Environment in Tsunami-stricken Areas in Krabi,
Trang, Phang—nga, Phuket Ranong and Satun B.E. 2549.

The Department of Fisheries’ Regulations on Permission for the
Establishment and Management of Public Zoos, B.E. 2541.

For example, Notification of the Ministry of Commerce on the
Export of Marine Ornamental Fish Out of the Kingdom.

2 Years After Tsunomi: 5 5
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2.7.2 Impacts of the Tsunami

The Tsunami on 26 December 2004 severely
damaged 13% of all coastal coral reefs at the Andaman
coast. Some were broken while others overturned and
were covered by sediments as mentioned earlier in
Section 2.5. Evidences of destruction were found among
marine animals and marine ornamental fish species that
rely on coral reefs for their habitat and shelter as well
as for spawning and feeding. In addition, the use of illegal
fishing methods and gears, such as Japanese broad
trawls and cyanide use, have caused drastic declines in
the number of natural marine ornamental fish species and
have also reduced the number of coral reefs. Other major
setbacks stemmed from unsustainable promotion of
tourism that gave little regard for nature’s carrying
capacity, and water pollution. Heavy use of land as
construction sites for infrastructure and other development
projects has given rise to large amounts of coastal
sediments flowing into the sea. All these factors have
directly and indirectly impacted the condition of coral
reefs as well as marine ornamental fish species.

2.7.3 Recovery of marine ornamental fishes

The Department of Marine and Coastal Resources
is in charge of the protection and restoration of marine
resources and it therefore exerts considerable effort to
promote sustainable conservation of marine ornamental
fish species. The Department in cooperation with World
Wildlife Fund, Thailand (WWF-Thai) hosted a workshop
to analyze the status of marine ornamental fish species
in Thailand, taking into account such considerations on
dimensions of conservation, biology, threats and utilization,
in order to draw up measures that are effective and

Resilient Condition of Natural Resources

practical. Government agencies and private agencies
have placed very high priority with regards this matter.

An educational institution, the Bang Saen Institute
of Marine Science of Srinakharinwirot University (Burapha
University), has successfully cultured seven breeds of
clown fish in Thailand, so has the Department of Fisheries
in the Ministry of Agriculture and Cooperatives. This
successful breeding is one of the many ways to bring
the fish back to nature.

Furthermore, the Office of Natural Resources and
(ONEP) has
coordinated to issue the notification of the Ministry of

Environmental Policy and Planning

Natural Resources and Environmental on Zones
Identification and Protective Measures on the Environment
in Tsunami—stricken Areas in Krabi, Trang, Phang—nga,
Phuket Ranong and Satun B.E. 2549, within the Ministerial
Notification on ldentification of Protected Areas and
Protective Measures on the Environment in Phuket B.E.
2546 and Section 6(1) of the Ministerial Notification on
Zones ldentification and Protective Measures on the
Environment in Tsunami-stricken Areas in Krabi, Trang,
Phang-nga, Phuket Ranong and Satun B.E. 2549 about
catching marine ornamental fish as identified in its annex
and other living organisms in coral reefs and seagrass
beds, and catching of fish by push—-net, trawler, chemicals
and poisons. The Act is enforced on the entire Andaman
coast and prohibits fishing of 110 groups of marine
ornamental fish species and their families, including the
lion fish, stone fish, parrot fish and all kinds of

pomacentridae.

Promoting the aquaculture of marine ornamental
fish is one measure by which to generate a lucrative
income for the country. Meanwhile, stern measures
concerning the conservation of marine ornamental fish
species should be carefully carried out so that
conservation and utilization can be balanced and
sustainable.

2.8 Coastal Fishery Resources

2.8.1 Status of coastal fishery resources before
the Tsunami

From 1976 to 2003, the Department of Fisheries
monitored the implementation of measures to conserve
marine resources during seasons of fish spawning and
nursing young fish along the Andaman coast, covering

2 Years After Tsunomi: 5 7
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2,400 square kilometers. Surveys of fishing ratios
(kilogram/labor unit), quantities of fish (tons) and
economic values (million Baht) were also conducted by
using pair trawl, baby beam trawl, purse senier, mackerel
gill net and shrimp gill net, within Phang-nga Bay and
Krabi Bay during 1997-2003. The survey results were
used to identify study areas and periods of the
conservation measures for spawning and breeding young
economic marine animals essentially for shallow water
fishes and marine shrimps. The harvest and value of
marine animals at Phang—nga Bay remained at 33,000
to 51,925 tons and around 533 to 822 million Bahts.
Surveys conducted during 1985-1986 reported the
abundance of young marine tuna fish in the south of
Lanta Island and Phi Phi Island in Krabi. In 1997 young
tuna was found in abundance at Rok Island, Trang
Province which was also a spawning area and a nursery
for young croakers, long—nosed loaches, anchovies and
marine shrimps.

2.8.2 Impacts of the Tsunami

Studies of the impacts of the Tsunami of 26
December 2004 on marine resources and coastal fisheries
can be summarized as follows:

Resilient Condition of Natural Resources

Jr Abundance of fishery resources: The
Andaman Sea Fisheries Research and Development
Center in the Department of Fisheries compared fishery
resources in November 2004 and January 2005 and
found that the density of marine resources had
decreased. However, if only economic fish species were
considered, the density was hardly different. The fishing
ratio along the western coast of Phang—nga and Phuket
was reduced by one—fold. The density around
Phang—nga Bay and adjacent areas was reduced as
well. As for Trang and Satun which were slightly hit

by the Tsunami, the fishing ratio had increased.

37 Price of marine animals: It was found that

the price of marine animals had dropped two to three
months after the Tsunami, and gradually bouncing back
to normal levels.

w Damage to fishing equipment: Most
communities along coastal areas hit by the Tsunami
were fishing communities. It was revealed that the
Tsunami had enormous effects on fishermen whose
fishing equipment and tools were lost or damaged. The
principal fishing equipment and tools used along the
Andaman coast were shrimp gill nets, mackerel gill nets,
sandfish gill nets, crab trawls, and squid traps. Other
surveys conducted by the Department of Fisheries in
Tsunami-affected provinces reported that damages were
found in 7,348 boats, 3,313 trawls, 683 pontoons, and
2,537 traps. As for breeding along the coasts, different
forms and extent of destruction were found in 11
feeding ponds, 5,977 floating baskets, 277 shrimp
nursery ponds, 36 fish piers and dockyards and 1,756
tourist boats.

The effects of the damages were alleviated

through the assistance and support of governments and
the fund for Tsunami victims as shown in Table 3.

Table 3 Assistance and support given to fishermen affected by the Tsunami
Type of assistance Number of fishermen receiving assi'stance (head count)

Ranong Phang-nga Phuket Krabi Trang Satun
1. Fishing equipment 97 1,129 761 2,176 1,646 2,596
2. Breeding and nursery 1,361 2,680 542 1,781 627 1,423
3. Fishing boats 840 1,854 1,246 1,691 870 834
4. Tour boats 18 57 - 1,014 43 6
5. Revolving fund and cooperative - - - - - 285

Source : Office of Fisheries at Ranong, Phang-nga, Phuket, Krabi, Trang and Satun Provinces 2005-2006

2 Years After Tsunomi:
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2.8.3 Recovery of coastal fishery resources

The Andaman Sea Fisheries Research and
Development Center in the Department of Fisheries
studied and surveyed marine resources and fisheries
along the Andaman coast before and after the Tsunami.
Data were gathered from standard trawls during the day
and from shrimp trawls at night. Biological resources,
young marine animals and environmental factors were
analyzed. The study also covered surveys of commercial
fisheries and local fisheries, including ideas and
attitudes of fishermen toward sudden changes and ways
of life.

The Tsunami waves caused big undercurrent and
violent movement of water, disturbed sediments at the
sea bottom and stirred water mass with rich nutrients
at pycnocline level in the deep sea, bringing them
upwards to the continental shelf, a part of which was
the Andaman coast. Therefore, it can be said that the
Tsunami moved great amounts of nutrients from the
Sundra Trench and water mass from the deep sea up
to fishery areas along the Andaman coast in Thailand.
The food chain was thus generated, showing links from
water mass to planktons, young marine animals and
finally to increasing fishery produce around the
Andaman Sea. Furthermore, the study also revealed that
the Tsunami had a small impact on biological diversity
along the coast. Nevertheless, there were some changes
in the structure of animal planktons—essentially those
in carnivorous form increased abundantly. Meanwhile
phytoplanktons were also plentiful and diversified. The
study results are the following.

¥ The average catch of the marine animal

resources have declined one—fold along the western
coast of Phang—-nga and Phuket (from 72.69 kilograms/
hour in November 2004 before the Tsunami to 34.92
kilograms/hour in January 2005). Similarly, the catch

Resilient Condition of Natural Resources

along the western coast of Ranong is decreasing.
However, at the western coast of Trang and Satun,
populations of sea animals have slightly increased. The
number of young animals has been increasing
throughout the coast. The largest fish population along
the Andaman Coast is that of the Asiatic glassfish. After
January 2005, the total amount of marine animals
caught has risen (from 50.73 kilograms/hour in March
2005 to 61.23 kilograms/hour in May 2005). The amount
of marine animals caught by purse senier has
decreased, but not much on average, except in February
2005 when the average catch increased 2 to 3 folds
in Phuket and Krabi. It also increased at Ranong, Trang
and Satun. The amount of marine catch using trawls
in Satun soared in May 2005.

Y Local fishermen stopped fishing after the
Tsunami causing lost their fishing gears and boats. They
also worried about the waves and were not willing to
take the risk to go fishing. By February 2005, they
started fishing again. Crab trap fishing increased
momentarily but this had to be given up once again
by May 2005 when fishing sites became shallow.

2.9 Water Resources for Consumption

The Tsunami swept ashore mud and sediments
from the sea, debris, garbage, and different forms of
contaminants, resulting in severe damage to and
contamination of surface water resources, groundwater
wells, and the water supply system for people living in
Tsunami-affected areas.

2 Years After Tsunomi: 6 1
Resforation of Thailand's Natural Resources and Environment
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2.9.1 Impacts of the Tsunami

The Department of Water Resources and
Department of Groundwater Resources the conducted a
survey to assess the damage to all water resources in
Tsunami-affected coastal areas in six provinces. The
survey, carried out with difficulty due to huge piles of
debris and wreckage left by the Tsunami, indicated the
extent of damages as shown in Table 4.

¥ Shallow wells: In addition to other damages,
the walls of the wells collapsed, causing sea water
intrusion and garbage contamination. The largest nhumber
of damaged shallow wells was found in Phang-nga (219
wells), compared with 98 wells in Phuket, 90 in Trang,
and 79 in Ranong, and 24 in Satun.

e

3 Groundwater wells: The groundwater wells
were covered with debris and wreckage. The water was
also contaminated with sea water and mud. In Phang—nga,
the total number of damaged wells was 850. Those in
Krabi and Trang were the most severely affected.

¥ Surface water resources: When the earthen
ridges collapsed, not only sea water, garbage and
wreckage including vehicle, but also bodies of human and
animals polluted water resources. Water was rendered
unsuitable for consumption. The total number of affected
surface water resource was 16.

<

3} Water supply system: The number of
damaged sites that malfunctioned was 12. Groundwater
supply systems in some locations were totally ruined,
except for the water tank towers. Artesian wells that

provided raw water were slightly damaged.

Resilient Condition of Natural Resources

2.9.2 Recovery of water resources for consumption

1)
and provision of preliminary aid

Rehabilitation during the emergency period

The Department of Water Resources gathered
manpower, equipments, and vehicles from its local offices
to help distribute clean water and install field water supply
systems at two sites. The first was on Phi Phi Island,
Moo 7, Bang Sak Village, Tambon Bang Muang, Takua
Pa District, while the second was at Nai Rai Village, Thai
Muang District, Phang—nga Province. In addition, 472 liters
of chlorine were distributed to disinfect water containers
and water resources. 567 shallow wells were pumped,
cleaned and disinfected. Slightly damaged water supply
systems in 10 sites were repaired. Forty—three new
shallow wells were put in place to provide water in
affected areas.

In addition, the Department of Groundwater
Resources rehabilitated 850 artesian wells using the blow
cleaning method. Water pumps, water pump systems, and
community artesian water supply systems were repaired
and new ones were constructed to ensure sufficient
water supply. Details of the rehabilitation work are
summarized in Table 5.

2) Intermediate—term Rehabilitation

In some location, the rehabilitation of water
resources and water supply systems proved difficult.
According to the thorough survey conducted by the
Department of Water Resources, 16 surface water
resources and 12 water supply systems needed
rehabilitation. Additional water resources will be installed

Table 4 Summary of damages to water resources used for consumption.
Project Ranong Phang-nga Phuket Krabi Trang Satun Total
Shallow wells (wells) 79 219 98 57 0 24 567
Groundwater wells (wells) 77 191 99 203 195 85 850
Surface water resources - 10 2 4 - - 16
(sites)
Water supply systems 3 5 1 3 - - 12
(sites)
Artesian water supply 38 96 49 100 97 43 423
systems (sites)
Total 197 521 249 367 382 152 1,868

Source: Department of Water Resources and Department of Groundwater Resources, 2006.
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or constructed for the public. Some 15 new community
water supply systems and 6 water supply systems in
the national parks have been planned.

The Department of Groundwater Resources
proceeded with the provision of water pumps and water
pump systems, in addition to construction of community/

Resilient Condition of Natural Resources

tourist artesian water supply systems, as well as
development of new artesian water wells to replace
damaged ones in new community areas and tourist
service centers located in national parks, as summarized
in Table 6.

Table 5 Status of the rehabilitation of water resources for consumption and the provision of emergency aid
Project Ranong Phang-nga Phuket Krabi Trang Satun Total

Emergency Aid
Installing field water - 2 - 2 - - 9
supply (sites)
Producing and providing - 359,000 - 680,000 - - 1,039,000
water (liters)
Distributing water (liters) - 3,228,000 - - - - 3,228,000
Distributing chlorine 20 199 - 60 193 - 472
(liters)
Pump cleaning of damaged 79 219 98 57 90 24 567
shallow wells (wells)
Excavating new shallow 7 20 5) 3 3 5 43
wells (wells)
Blow cleaning of damaged 77 191 99 203 195 85 850
artesian wells (wells)
Initial repair of water 4 5 - - 1 - 10

supply systems (sites)

Source:

Department of Water Resources and Department of Groundwater Resources, 2006.

Table 6 Status of water resource rehabilitation for consumption in the intermediate—term (2005-2006)

Project Ranong Phang-nga Phuket Krabi Trang Satun Total

Rehabilitation of surface - 10 2 4 - - 16

water resources (sites)

Repair of water supply 8 5 1 & - - 12

systems (sites)

Construction of new water 4 4 - 4 - 8 15

supply systems (sites)

Construction of water 1 3 - 2 - - 6

supply systems in national

parks (sites)

Repair of water pumps 54 134 69 140 135 60 592

and water pump systems

Repair of community 38 96 49 100 97 43 423

artesian water supply

systems

Repair of tourist artesian 1 - 1 - - - 2

water supply systems

Development/excavation 11 34 13 24 24 9 115

of new artesian wells

Source:

Department of Water Resources and Department of Groundwater Resources, 2006.
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3) Long-term Rehabilitation

In addition to the short—and intermediate—term
relief, the Department of Water Resources developed a
plan to provide additional water resources for
consumption along coastal areas in Takua Pa District,
where water shortage had been a problem long before

the Tsunami disaster. The plan is summarized in Table 7.

A N . .
3¢ Construction of small-size reservoir at

Dokdaeng Village, Tambon Bang Sai, Takua Pa District,
Phang—nga Province. The plan includes the construction
of an earthen dam with a capacity of 3,500,000 cubic
meters. This will benefit the following areas: Tambons
Bang Sai, and Bang Muang, Takua Pa District,
Phang—-nga Province.

pes Study the effects of the Tsunami on inland

water resources and water quality in affected areas. The
process started in the 2006 fiscal year and is intended
to study the effects of salt water intrusion on water
quality in shallow water and in deeper water resources.
Solutions to such problems will be further formulated.

Y Management of water supply system for
consumption for the community of Tung Rak Village,
Moo 6, Tambon Mae Nangkao, Kuraburi District,
Phang—-nga Province. The Department of Water
Resources constructed a water supply system including
a water tank tower and pipeline with a production
capacity of 9.15 cubic meters per hour. The source of

Table 7 Status of rehabilitation in the long—term

Project

Construction of small-size reservoir

Project to study the effects of the Tsunami on surface water
resources; project to study water quality in Tsunami—affected
areas

Project to establish a new community, including houses for
residents and management of water supply system for
consumption

Assessment of damage to basic utilities, with a focus on
water for consumption and shallow groundwater resources
used regularly by the community

Work plan to solve problems of water shortage in coastal
areas in the Andaman affected by the Tsunami and problems
of long—term drought

Plan to explore, assess, and follow—up the effects of
contamination from pollutants and sea water intrusion into
groundwater resources

Source:

Resilient Condition of Natural Resources

raw water comes from the secondary pond and artesian
wells. A rainwater tank has also been installed.

According to a project to study surface water
quality in affected areas, the Department of Water
Resources collected water samples in February 2006 from
the following sites: Kapur canal in Tambon Kapur, Kapur
District; Naka canal in Tambon Naka, Sook Sumran
Sub-district (Ranong Province); Bang Muang and Bang
Lood canals in Tambon Kuk Kak, Takua Pa District
(Phang—-nga Province); Pakasai canal in Tambon
Pakasai, Nue Khlong District, and Pela canal in Tambon
Pela, Khlong Tom District (Krabi Province). Water quality
parameters involved in this study included temperature,
pH, conductivity, suspended solids, salinity, dissolved
oxygen, chloride, and hardness. Water quality in the
affected area fell under Categories 2 and 3 of the
Standards of Surface Water Quality, meaning that water
can be consumed after disinfection and proper treatment.

At present, water quality and the provision of
water through the artesian water supply system in the
affected areas of Tambon Bang Muang, Takua Pa
District, and Tambon Kura, Kura Buri District, Phang-nga
Province is satisfactory. The wells, which were
constructed as part of the artesian water supply system
in the area of Prapas Beach Sook Sumran Sub-district,
Hat Saikao Village Moo 7, Tambon Kam Puan, Ranong
Province have been rehabilitated and are capable of
producing good quality water.

Areas

Dokdaeng Village, Tambon Bang Sai, Takua Pa District,
Phang-nga Province
6 Andaman coastal province

Tung Rak Village, Tambon Mae Nangkao, Kura Buri District,

Phang-nga Province

6 Andaman coastal province

6 Andaman coastal province

6 Andaman coastal province

Department of Water Resources and Department of Groundwater Resources, 2006.
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Artesian water at Ratchaprachanukrao 35 Tambon
Bang Muang, Takua Pa District, Phang-nga Province

The Tsunami completely destroyed all buildings
and facilities of Ban Bang Sak School on Bang Sak
beach at Moo 1, Tambon Bang Muang, Takua Pa
District, Phang—nga Province. As a result, 128 students
were left without any means for their educations.
Therefore, the Rajaprachanugroh Foundation donated
funds to build a new school near the old site and
named this school “Rajaprachanugroh School 35”.
The school is providing education from kindergarten
3 up to secondary 3 level.

Surface water resources within the school area
and its vicinity are not suitable sources of raw water
for the water supply system. However, artesian water
in the area can be developed as a source of raw water
for the water system. Therefore, the Department of
Groundwater Resources proceeded to locate the site
of the artesian raw water in order to produce good
quality water to supply the school and tourists.

The construction of an artesian water supply

system involved various steps, as follows:
hydrogeology and geophysics exploration, excavation
of five ground water wells, installation of 20—cubic
meter artesian water supply system, installation of a
water quality improvement system, construction of a
water level and water quality observation station.

Construction was finished by the end of 2005.

Resilient Condition of Natural Resources

2.10 Tourist Attractions

Status of tourist attractions before the
Tsunami

2.10.1

Tourist attractions along the coast, beaches and
islands in the Andaman Sea are splendid and well-known
destinations. Most of these attractions are found in 13
national parks. Two other sites await enactment of a
Royal Decree that will classify them as national parks.

J¢ Laem Son National Park, Ranong Province
Along the beaches of the national park are beach
forests whose main geological feature consists of
sparse wood. Sea pines are the principal plants in the
forests. Pine trees grow in deep sand and have big
trunks with thick lobes. In the event of a monsoon, they
offer protection against the wind. Pine forests provide
a habitat for a variety of birds. The park has long
stretches of fine white sandy beaches that make for
spectacular scenery. The park’s coastline contains
muddy soil. Plants found in the area are associated with
mangroves. Around the park and along the coastline are
underwater seagrasses, such as, Halophila ovalis and
Cymodocea serrulata (R. Brown) Ascherson, as well as
coral reefs and sea fans.

¢ Mu Ko Phayam National Park, Ranong
Province Groups of small and large islands are nestled
from the northern to the southern coasts of the
Andaman Sea next to the border with Myanmar.

¢ Khao Lampi-Hat Thai Muang National Park,
Phang—-nga Province Abundant natural resources in the
forest include a waterfall, the Kanim Peak/View Point
that provides a bird’s eye view of the Andaman Sea
and winding rivers that flow out to the sea. Long and
wide stretches of white sandy beaches in Thai Muang
are suitable egg-laying sites for sea turtles. The beach
area is a coastal western plain that connects riverside
tidal forests in the east, some of which are mangrove
palm forests. Mangrove forests provide a nursery for
young aquatic animals and breeding and spawning
areas for terrestrial and shell fish. They also serve as
habitats and food sources for a wide variety of birds
and wildlife.

¥ Khao Lak-Lam Ru National Park,
Phang-nga Province A large chunk of tropical rain
forests cover most areas of Khao Lak-Lam Ru National
Park. There are important species of animals endplates
in the forests. The spectacular Lam Ru waterfall is
located in the Kadai Mountain Range Forest Reserve

2 Years After Tsunomi: 6 9
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Resilient Condition of Natural Resources

that features mangrove forests along its coastline. Found
in the mangrove forests are different plant species, such
as Olive Mangrove (Avicennia marina), Lumnitzera littorea,
Xylocarpus granatum, Rangoon Creeper (Quisqualis
Indica), Navy Bean (Bruguera cylindrical), Bruguiera
gymnorrhiza, Rhizophora apiculata Blume, Red Mangrove
(Rhizophora mucronata Poir.), Scyphiphora hydrophyllacea
Gaertn., and Bind Your Eye (Excoecaria agallocha).

¢ Mu Ko Similan National Park, Phang-nga

Province In the middle of the Andaman Sea is an area
that offers one of the world’s most fabulous coral reef
sites. The area is dotted with small and large islands
from north to south, namely the islands of Bon, Ba Ngu,
Similan, Payu, Ha, Miang, Payan, Payung and Huyong.
Coral reefs in the nine Similan Islands are mostly
deep—sea, including leaf corals, bottle-brush corals and
poriferous corals. There are countless numbers of group
corals, sponge corals and sea fans.

¥ Mu Ko Surin National Park, Phang-nga

Province This area in the Andaman Sea is adjacent to
the border with Myanmar and lies 70 kilometers from the
west coast of Thailand. It comprises five islands, as
follows: North Surin, South Surin, Ree, Kai and Klang.
Coral reefs commonly found in the Islands are coastal
ones or the so-called fringing reefs. Some examples
are the following: Cauliflower (Pocillopora spp.), Staghorn
coral or Table coral (Acropora spp.), Mountain coral or
Finger coral (Porites spp.), Mushroom coral (Fungia spp.),
Galaxy coral (Galaxea spp.), Lettuce coral (Pectinia spp.),
Brain coral (Platygyra spp. or Qulophyllia crispa), Disc
coral or Vase coral (Turbinaria spp.), Fire coral and
Hydroid (Hydrozoa), sea anemone, soft coral, sea fan
and sea pen. In addition to corals, three types of
seagrasses have been recorded, including Halophila
ovalis, Halodule. Pinifolia and Thalassia hemprichii. Surin
Islands National Park is like an asylum for endangered

marine species, such as the elusive whale shark, whale
and sea turtle, of which four are a Leatherback Turtle
(Dermochelys coriacea), Green Turtle (Chelonia mydos),
Hawksbill Turtle (Eretmochelys imbricate) and Olive
Ridley Turtle (Lepodochelys olivacea).

¢ Mu Ko Ra-Ko Phra Thong National Park,
Phang—-nga Province The park covers a group of islands
close to the Andaman Sea, including the islands of Ra,
Khokhao, Phra Thong, Pling—Pota, Luk Toom, Tung Na
Dum and some small islets.

3¢ Sirinat National Park, Phuket Province
Located along the northwestern coast of Phuket Island,
the park consists of natural sea pine forests, clean
white sandy beaches and magnificent coral reefs, such
as the Staghorn coral or Table coral (Acropora spp.),
Mountain coral or Finger coral (Porites spp.), Brain coral
(Platygyra spp. or Oulophyllia crispa), Spiny encrusting
coral (Echinophyllia spp.), Mushroom coral (Fungia spp.),
and soft coral. The park has a seagrass bed that is found
widely at Chatchai Pier and at the mouth of Ta Yid
River. It also has a spawning area for sea turtles. Inland
there are rain forests along mountains south of the park.

Y Hat Noppharat Thara National Park, Krabi
Province The park is naturally stunning, featuring clean,
long stretches of white beaches and the shell garden
cemetary. Islands in the park are hemmed with coral reefs,
such as the Spiny coral (Echinopora spp.), Mountain
coral or Finger coral (Porites spp.), Flower coral (Pavona
spp.), Staghorn coral or Table coral (Acropora spp.),
Bottle—brush coral (Thouarella sp. or Parantipathes sp.),
Lobed cup coral (Lobophyllia spp.), Anemone—like coral
(Goniopora spp.). Mushroom coral (Fungia spp.), Lettuce
coral (Pectinia spp.), soft coral, and sea fans. Apart from
amazing undersea paradises, the park offers exceptional
land features. Among these are breathtaking limestone
cathedrals, beautiful caves, nine square kilometers of
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tidal forests along Haeng River next to the park office,
southeast of Hang Nok Mountain and at Yan Saba
River and northeast of shell garden cemetary. There are
rain forests around the steep mountains of Hang Nak
and Ao Nang Mountain and West of Phi Phi Don Island
(particularly Phi Phi Le Island).

3¢ Than Bok Khorani National Park, Krabi
Province The park features rain forests with streams
running through mountains, a perfect place for recreation
and water activities. Many pieces of cave art drawn in
colour, most of which depict ritual ceremonies, have been
discovered.

¥ Mu Ko Lanta National Park, Krabi Province

The park is made up of a large group of small and large
islands that abound with natural resources, beach
forests,

surrounding beaches.

7 Hat Chao Mai National Park, Trang Province

The park features tidal forests, seagrasses, islets and
pale white sandy beaches that cover some 20 kilometers
as well as picturesque sea pines. The park is known

mangroves, untouched coral reefs and

as “the Kingdom of the last school of dugongs”.

¢ Tarutao National Park, Satun Province
Among the destination highlights that many tourists dream
of are natural attractions, both inland and underwater.
Rich forests are a habitat for diversified species of wildlife,
while under the sea are vivid and colorful coral reefs.
The park is made up of 51 small and large islands. Corals
found in the park include the following: Staghorn coral
or Table coral (Acropora spp.), Mountain coral, Finger
coral (Porites spp.), Honey comb coral (Coeloseris mayeri
or Goniastrea spp.), Brain coral (Platygyra spp. or
Oulophyllia crispa), Larger star coral (Favites spp.),
Mushroom coral (Fungia spp.), Boomerang coral
(Herpolitha limax), Galaxy coral (Galaxea spp.), Lettuce
coral (Pectinia spp.), Spiny encrusting coral (Echinophyllia

Resilient Condition of Natural Resources

spp.), Disc coral, Vase coral (Turbinaria spp.), Orange cup
coral (Tubastraea coccinea), Fire coral and Hydroid
(Hydrozoa), Blue coral, Spiny cabbage coral (Merulina
ampliata), soft coral and sea fan.

3¢ Thale Ban National Park, Satun Province
Due to differences in geographical features and types of
abundant and beautiful forest and wildlife, the merging
seam between Mod Daeng Limestone Mountain and
Chin Granite Mountain has submerged, creating a large
freshwater swamp that is locally called “Lerdlerbun”,
slightly mispronounced in later years as “Talae Bun”.

¥ Mu Ko Phetra National Park, Satun

Province Among the natural resources found in the
park that located in the Malaka Straits, beaches and
a large number of small and large islands, the two
largest islands being Phetra and Khao Yai. There are
also awesome forests, graceful sea views, coral reefs,
white sandy beaches, spectacular rock formations,
cliffs, caves and limestone hills that appear distorted.
These serve as habitat and spawning area for several
types of sea turtles.

All the above-mentioned national parks are
important tourist attractions that are unsurpassed for
their natural beauty. There are abundant forest
resources, such as rain forests, beach forests, mangrove
forests and bog forests as well as flowing streams,
waterfalls, magnificent mountain peaks, wide and
far—reaching white sandy beaches and a great number
of art sites and caves. In addition, along the parks’
coasts are a variety of brilliant coral reefs and gorgeous
marine animals. The Andaman coast running through
parks in Thailand is, of course, acclaimed as a
world—class attraction, as seen in Krabi, Phuket Ranong,
Phang—-nga, Trang and Satun. This is evident from
annual increases in the number of tourists visiting
Phuket and Krabi, as shown in Table 8.

Number of Tourists (Persons)

Table 8 Number of tourists visiting 6 provinces during 2001-2005
Province 2001
Ranong 277524
Phang—nga 2,002,747
Phuket 3,789,660
Krabi 1,356,960
Trang 445,411
Satun 403,303

Source: Ministry of Tourism and Sports, 2005.

2002 2003 2004 2005
327,549 345,480 340,705 376,846
2,328,190 2,334,609 2,894,654 831,263
3,990,702 4,050,077 4,793,252 2,510,276
1,458,771 1,623217 1,796,591 1,027,045
49,303 567,224 736,172 618,681
422,242 443,345 486,315 582,057
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2.10.2

Impact and damage from the Tsunami

The Tsunami posed damaging effects on marine
national parks along the Andaman coast in Thailand.
Thirteen of the parks are recognized as world—class
attractions.

w Damages reported from the national parks of

Laem Son and Mu Ko Phayam include destruction of
21 rai of coral reefs. Beaches suffered slight damages.
Seagrass beds around the mouth of Ban Bang Bane
channel were covered with sand sediments and were
slightly damaged. Some 555 rai of mangroves were
affected. In some areas freshwater sources were
destroyed. There were signs of erosion at Bang Bane
Beach, Ban Thale Nok Beach (Kam Puan Village) and

Prapas Beach.

A -
3¢ Some 625 rai of coral reefs were damaged

at the national parks of Mu Ko Similan, Khao Lak—Lam
Ru, Khao Lampi-Hat Thai Muang, Mu Ko Surin and Mu
Ko Ra-Ko Phra Thong, Some 5,000 rai of beaches were
affected. Also damaged were seagrasses at Tung Nang
Dum Village, Kura Buri District, Khao Kad Island, North
of Phra Thong Island, Tha Noon Village. A mouth of
the Nai Yong channel was destroyed. Up to 2,000 rai

of mangrove forests were destroyed.

J< At Sirinat National Park, shallow—water coral

reefs in Naiyang beach as well as the beach at Tambon
Sakoo were slightly damaged. Similarly damaged were
seagrasses at Leam Sai and their surroundings and Pak
Khlong Yid Village. Also damaged were mangroves in
the villages of Tha Chatchai, Nai Thon, Pa Lai and
Panwa. Leaves fell from rows of sea pines and beach
forests at Nai Thon Village, Moo 4, Tambon Sakoo, and
at Tha Chatchai, Moo 5, Tambon Mai Kao. Most of the
damages were found in Mai Kao Pru Jae San Beach
and Naiyang Beach, affecting Dipterocarpaceae and

Resilient Condition of Natural Resources

plants like Scaevola taccada Roxb. and Common
Seashore Screwpine (Pandanus odoratissimus) whose
leaves turned yellowish and fell.

Y Some 3,125 rai of coral reefs were destroyed
at the national parks of Hat Noppharat Thara—Mu Ko Phi
Phi, Mu Ko Lanta, and Than Bok Khorani. Both shallow—
water and deep—sea corals in Pai Island, Tonsai Bay, Phi
Phi Le Island, Maya Bay, Bida Nai Island, Damhok
Island, Damkwan Island and Leam Hang Nak were
destroyed. Some corals capsized and broke, while others
died. Marginal losses were reported along beaches and
seagrasses on Cham island.

Y Coral reefs at Hat Chao Mai National Park
were slightly damaged. Some 5% of seagrasses,
northeast and southeast of Libong Island, were wiped
out. Some 20 rai of tidal forests were also affected.

J At Tarutao National Park and Mu Ko Phetra
National Park, 550 rai of coral reefs were damaged.
Approximately 1,200 rai of beach forests and 10 rai of
mangroves were destroyed.

State of rehabilitation

2.10.3

1) Rehabilitation of national parks

The National Park, Wildlife and Plant Conservation
Department is the core agency in charge of
rehabilitating Tsunami—-damaged national parks. It is
responsible for restoring and renovating damaged
government properties, equipment and materials;
repairing damaged offices and houses located in
national parks; restoring infrastructure and public
welfare; building filter systems and water works;
landscape improvement by clearing up solid waste and
debris and setting up waste and wastewater
management systems. Some projects have been
successfully implemented in cooperation with concerned
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agencies, such as the Department of Marine and Coastal
Resources. These projects include replacement of
broken pontoons, construction of parking floats for
tourist boats, creation of a diving paradise and placement
of concrete blocks and erection of boat raft piers.

National resources, such as coral reefs and
beach forests, serve as a magnet for attracting tourists
to visit national parks. These have been restored and
rehabilitated by relevant agencies under the Ministry of
Natural Resources and Environment. A major project
required cooperation to turn capsized corals face-up,
repair broken corals by gluing broken pieces to concrete
blocks, fixing sea fans, reforesting and rehabilitating
beach forests. These were carried out at national parks
in Laem Son (Ranong Province), Khao Lampi—Hat Thai
Muang (Phang-nga Province), Sirinat (Phuket Province)
and Hat Chao Mai (Trang Province).

2) Recovery of Tourism

A Cabinet Resolution on 11 January 2005 approved
a framework for strategies to restore tourism along the
Andaman coast, taking into account three considerations:
1) restoration and development of resources for tourism,
2) enhancement of image and quality of tourism service,
and 3) promotion of tourism market.

The Tourist Authority of Thailand has continuously
implemented various schemes to revitalize tourism in
Thailand since the early part of 2005. TOT set up a
crisis communication center, released up-to-date

Resilient Condition of Natural Resources

information via a website (http//:www.tatnews.org,),
strengthened human resources in the tourist industry,
built confidence among foreign tourists through public
relations and image enhancement efforts, promoted
tourism among the Thais through the mass media, and
supported domestic and international tourism.
Furthermore, special taxation measures were initiated
to support the restoration of three Tsunami-affected
provinces. Various activities were carried out to promote
tourism in the Andaman Sea under the so—called “New
Look of Andaman Tourism Season”. These included
rehabilitation of national parks by repairing, improving
and building more park facilities as well as enhancing
awareness and understanding among tourists. As a
result, tourists have become more confident and are
now coming back to the Andaman coast. Tourism in
the Andaman coast has gradually improved as seen in
statistical data comparing the number of tourists before
and after the Tsunami. Data showed that the effects
of the Tsunami on national parks were not as extensive
as originally feared. As shown in Table 9 the number
of visitors to natural parks in 2005 has dramatically
decreased from the number in the previous year,
especially at national parks in Sirinat, Mu Ko Similan,
Mu Ko Surin, Mu Ko Lanta, Hat Noppharat Thara—Mu
Ko Phi Phi and Leam Son. However, some national parks
have seen increases in the number of travelers,
including Khao Lampee—Hat Thai Mueng and Thale Bun.

Number of tourists visiting marine national parks during 2001-2005

Number of Tourists (Persons)

Table 9
National Parks
2001
1 Laem Son 19,962
2 Mu Ko Phayam 3,246
& Khao Lampi—Hat Thai Muang 87,122
4 Khao Lak-Lam Ru 23,307
5 Mu Ko Similan 53,345
6 Mu Ko Surin 19,399
7 Mu Ko Ra-Ko Phar Thong 0
8 Sirinat 151,093
9 Hat Noppharat Thara 283,697
10  Than Bok Khorani 332,224
11 Mu Ko Lanta 26,369
12 Hat Chao Mai 138,802
13  Tarutao 19,827
14 Thale Ban 68,148
15  Mu Ko Phetra 110,525

2002 2003 2004 2005
14,322 14,963 18,175 3,401
2,055 1,863 4,559 4,266
70,782 70,865 62,590 69,547
12,750 20,257 15,412 5,983
50,499 50,478 74,083 6,327
25,401 27,357 35,303 4,150
602 419 207 14
140,739 171,257 118,828 0
96,932 123,091 168,961 64,405
104,221 105,308 76,805 43,195
24,063 19,433 42,981 10,608
109,639 171,100 211,089 137,767
25,736 37,409 31,484 7,187
51,260 50,5612 60,876 72,303
66,847 63,503 45,445 35,877

Source: National Park, Wildlife and Plant Conservation Department, 2005.

Years After Tsunami: 7 7
Resforation of Thailand's Natural Resources and Environment



Y
AWM INUFIVOINSTHEINTFITUIA

pdalsfinnn vnfiansansulutnviaaielutie
\Wounnsnan-funan wa. 2549 wiaiamnnsaissdl
NIRABRUINHIUNULE? 1 D wuﬁwmuﬁjtﬁamﬁauua:
Unviesfieainguain wea. 2548 wazifusuauswindidens

fudlereuiiamanisal Swduwaniananuweieinlunis

ﬁuw”msviaal,ﬁmmami:mﬂ naABuTIUITNYIRgiED
Tugiag w.A. 2548 20999 TANLinazanaIaIN WA, 2547
fo¥ouas 61.48 fenanudd wasuuluzafedtuzee
WA, 2549 sl 1,029,495 au wiatioundn WA, 2547
Fuu 1,133283 Au iiieioear 8.46 winly

numomsiunnsneannsaraon:iaildSuwans:nunnssiinvanadun

¥ szvudamzmie Tudlagiu miﬁﬂmLﬁﬂuﬁ’uﬁugwumaﬁ:uuﬂl,aﬂLLmﬂ:m%’aLLa:aaﬁmmﬁﬁ'«ﬁLﬁuéﬁwi"u
nszuumsdamstudszndlnefegediia wasdefiavondanistiedeainnisdnunluiaszma Sefidnsuooeszuy
Anaundemisuandsanlsemalneann dfuiearsinafemunisiwdsuuamessnwuuinzn$o uaziinesdainy
Himfuszuuinauualznilulszmalnesisiiaunwuazanysal suaziolszlomidanisdansszundnauuagzng
“ ieldsslemiludumsvioadisn uaznmsUszasedededu dmsunseusnduasduasasuuzniefifegluilagiu
msmiunsdassuunsguatazsimsdansiuiiagsdoiu Seaseuaqunisinssifsunsdni uazdmuaaiuiing
Tuszlombaasuuitznn$s augllfunmss¥uanuianadnlauninvesiisiuaz§uszneuns wal#iiansldminens
ptedaman Suazvlininensuzmisasegsolildognedviuuazfiaunw uanend adeeiinisfndajussnidouas
JnszuumIguadanisussaiseluuvasiosiiisnfiellestumsivanaiFeluuuinln3s wasdanejuuanisanisliusclond
papauiNRufiemFafisnluuinufivmincay Wernfiufinisasnizaasisaulznni

¥ szuufinavdmzia szuudnavgmeiaildsuanudemeanedufundinnsiusidoudnsauysel widiu
szdpeiinsfnsdustuuinazemdmeiaatdwesiilas uaraiwiaiatvayinsunamdneia nivnislgnandiiin
wilwmsunazlszmauialy Ihassmindelsclomivasszuuinadmaiauaciianusaadeluniseysng Auysely

¥ szuniinathieey withmoauildsusanssnannaiuiund duidesssana 2 #uls wacldsunsiuy
sensUantmaunu usintelsfinn Arsasfinisinmunisiiusnaasszouiinalussozenn Welimsuirnugnnsn
Tumsfiuszeshmoeulundazuiinn suazifulsslomiuinsUseifunsiiusizesssuuiinamniinanudemedu
dnlusuian

¥ swuufinathmenausstwgadn Tufligsuins@nyuieatuszuuiinaseshmemauazngiafinetng

°o o =

10 wL‘fluwaTﬁLﬁﬂmi’mﬂaoﬁmﬂNiﬁuiwu‘[umiﬁﬂmumiﬁuﬁmaﬁtuuﬁL'm waznIzunsdanafiisados dodu
5\351Lflua:ﬁaaﬁmaﬁuwﬁumﬁmmilﬁmf‘ﬁ’m:wﬁnﬁmmﬁﬁmnﬁu wenaniguieafuiuszusinmhsoay asdl
nsRnsRaaNnsiusizesszuuiinaluszezen suesfudsslamindnisyssidunsiudaeszuuiamniinnns
WWavnednluauian ?J'ﬂﬁy’\ﬁﬂ"\iLﬂumiﬁnmw‘\‘iuw”umﬁmmﬁlﬁmﬁm:uuﬁlfm Wian1sdan1sszuuinAegeivssindan

Tusurnn

¥ dninsanien ﬂﬁﬁ’uﬁmsﬁnmﬁwmmﬁ'mﬁ’uﬁmimLammnﬂ'au*’ﬁwﬁaﬂ 5\1711@LLﬂauﬂ”agaﬁ%ﬁmﬂﬁﬂsznau
mafvuannsmMIeysnEnfivssiniam fsasatvayulifimsfnmdsadefayussdanaiieiufefidiailinngu

o &

W%auﬁ"‘uLWEJLLWi'mwﬁ:LLa:ﬂgnﬁmd’ﬂﬁﬂmsaqiﬂﬁﬁm%:Lammn Lﬁa’[‘ﬁLﬁmﬁmdﬂﬁnﬁiamiaq%nﬁﬁmimLammn

7 2 U &nd
AUMSHUAUNSWENNSBSSULAIAADINAOU



TOT gathered information and data on the
number of visitors to Thailand in the first five months
of 2005 (January—May). It was reported that 4.28 million
travelers visited (or a 7.79% decrease in the number
of tourists during the same months in 2004). There were
5,986,168 Thai and foreign tourists travelling to the six
Andaman coastal provinces, which is equivalent to a
decrease of 46.27% from the number of visitors in 2004.
The highest reduction was in Phang-nga at 71.63%,
followed by Phuket Province at 47.63%, Krabi Province

Resilient Condition of Natural Resources

However, the number of visitors during
January—March 2006 (or one year after Tsunami)
exceeded the number reported in 2005. Also, the total
number of tourists is approaching the number recorded
before the Tsunami, as a consequence of continuing
recovery efforts in the country’s tourist industry.
Although the number of tourists in the a quarter of 2005
in Phuket declined by 61.48% from that in 2004, the
number of tourists in the same quarter in 2006 rose
up to 1,029,495 or only 8.46% less than in 2004 at

at 42.83%, and Trang Province at 15.96%. The declining 1,133,283 visitors.
number was caused by the more than 80% drop in the

number of foreign visitors.

Recommendations on the rehabilitation of Tsunami-hit coastal resources

Coral Ecology Current study of the fundamental ecology of coral reefs and pertinent knowledge of coral
management in Thailand are relatively restricted. It is therefore inevitable that many studies conducted in foreign
countries concerning coral ecology are used as reference although the characteristics are different from those in
Thailand. Hence, the transformation of coral reefs in Thailand should be monitored; and the body of knowledge
of coral reef ecology in Thailand should be increased both qualitatively and quantitatively, in order to achieve
sustainable management of coral reef ecology, tourism and fisheries. As for the conservation and protection of
coral reefs at present, there is a need to promote sustainable area management (zoning) and administration,
including regulations concerning diving, utilization zone for coral reefs and building understanding among tourists
and entrepreneurs to use resources appreciatively so that the quality of coral resources can be maintained. In
addition, boat mooring buoys and traffic management should be set up in tourist areas in order to control anchoring
on the reefs. Buoys should also be used to mark utilization zones. Areas for artificial coral reefs should be increased
and suitably located in order to increase space for young corals to attach themselves to.

Seagrass Ecology Seagrass beds have demonstrated their resilience somewhat completely. However, a study
on seagrass ecology should be continued and networks for seagrass conservation should be formed. Moreover,
the valuable benefits of seagrass ecology should be instilled among the youth and the general public in order to
join hands in conservation and rehabilitation.

Mangrove Forest Ecology Some 2,000 rai of tidal forests were destroyed by the Tsunami and later
rehabilitated by mean of reforestation. Nevertheless, the resiliency of the forest ecology should be further studied
over the long-term in order to know resilience potential of mangroves in specific areas. This will be useful in
predicting the resilience rate of damaged mangroves in the future.

Beach Forest Ecology and Swamp Tea Forest Ecology At present studies on beach forest ecology
and swamp tea forest ecology are limited such that basic body of knowledge for monitoring ecological resiliency
and relevant management does not exist. Accordingly, bodies of knowledge of these ecologies should be promoted
and developed. Studies and follow-up concerning the recovery of ecologies should be done over the long
term as these will be of great benefit in assessing the resilience of ecologies in the future.

Rare Marine Species At present, studies and surveys on rare marine species are rare and as a result
data used in determining effective conservation strategies are inadequate. Studies, explorations and researches
should be increasingly fostered, while the value of rare marine species and their conservation should be
disseminated and inculcated in the minds of the people so that they will have the right attitude towards
conservation of rare marine species.
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Chapter 3

RESILIENT CONDITION OF
ENVIRONMENT

of small waterways linking major waterways with the sea.

3.1 Geology

Sandy beaches are of different geological forms and

3.1.1 Status ol: geo]ogica| conditions before fhe shapes, including sand bars at the mouth of rivers and

> beaches and lagoons that are parallel with beaches.
Tsunami

Critical geological impacts on the Andaman coasts

The coastal areas of the Andaman Sea in the include coastal erosion and sinkholes in many areas.

provinces of Ranong, Phang-nga, Phuket, Krabi, Trang 37 Coastal erosion Serious coastal erosion is

and Satun are made up of coastal sediments and various defined as that exceedes five meters per year. In the

underlying basement rocks that can be geologically coastal Andaman provinces, severe levels of erosion were

characterized as rocky shores, mud flats and sandy  (,,nq in many areas with different costal length of erosion

beaches. as shown in Table 10. Coastal erosion averaging four

Rocky shores embrace stones that mushroom  kilometers was found at Thale Nok Village, Kaper District,

along the point of the peninsular and cliffs and can be
seen along the coasts from Ranong to Satun. Mud flats
mostly covered with mangrove forests are spread out in
two—thirds of the Andaman coast, with a large number

Ranong Province and Pak Meng Beach, Sikao District,
Trang Province. At Laypang Beach in Bang Thao Village,
Thalang District, Phuket Province, coastal erosion was up
to three kilometers.

Table 10  Serious coastal erosion exceeding five meters per year
Province Sites Found Length of Erosion (Kilometers)
Ranong Thale Nok Village, Kaper District 4
Phuket Laypang Beach, Bang Thao Village, Thalang District 3
Krabi Khlong Sai Village, Muang District 1
Laem Pho Village, Muang District 2
Khlong Prasong Village, Muang District 2
Laem Kam, Muang District 1
Trang Pak Meng Beach, Srikao District 4
Satun Tung Sabo Village, Tung Wa District 2
Rawai Tai Village, Tung Wa District 1
La Ngu Village, La Ngu District 1
Bagun Goey Village—Klang Village, Muang District 2

Source: Department of Marine and Coastal Resources, 2005.

2 Years After Tsunami: 8 3
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A .
3¢ Sinkholes are natural phenomena where the

earth sinks or collapses as deep holes that are 1 to 200
meters in diameter and 1 to 20 meters depth. Normally,
sinkholes occur in areas where the bedrock is limestone.
When it rains, the limestone are leachated and caused
a weak acid which will corrode hard limestone, creating
holes and tunnels. Many natural sinkholes can be dated
back over millions of years. Nowadays, some sinkholes
are being developed as major tourist attractions, including
Thale Nai, Ang Thong Islands, Morakot (Emerald) Cave,
and Thale Ban.

3.1.2 Impacts of the Tsunami

Ministry of Natural Resources and Environment
through the Department of Mineral Resources conducted
a survey on damages and different geological alterations
caused by the Tsunami. Having carried sand sediments
piled up on the shore, the Tsunami wave created new
beaches and water courses and made river mouths
shallow. In some areas, the extent of the erosion was
more than 50 meters long. Water courses, underwater
sand bars and coastal sand dunes were transformed due
to changes in the slope and nature of the sand. Apart
from these transformations, the powerful quake also shook
limestone, bringing about 16 sinkholes and three
landslides and causing the collapse of cave grounds
mostly in Krabi, Trang, Phang—-nga and Satun. Over 70
traces of landslides are seen on Ra lIsland, Kura Buri

District, Phang—nga Province.

Resilient Condition of Environment

YT Worst affected by the Tsunami were the
coastal areas of Khao Lak Bay, Takua Pa District and
Laem Pakarang (Coral Reef Point) in Phang—nga where
the entire peninsula was blown away. In addition, beach
areas in Bang Sak Village, Takua Pa District up to Thai
Muang District were destroyed by the strong wave and
10—meter high inundation. The mouths of rivers and
lagoons were widened. Meandering in lagoons were
straightened. The slopes of beach fronts became less
steep. Sand dunes at the mouths of rivers were destroyed.
In some areas, the beaches were eroded more than 50
meters, as shown in Table 11. Similar disasters were
reported in barrier beaches and mangrove forests, starting
from Kura Buri District to Nam Khem Village, Takua Pa
District. Since most of those areas were mud flat therefore
substantial destruction was caused by brine and sea mud
which covered agricultural land.

Another worst stricken area was Thale Wak in Krabi
Province where big waves blew off some parts of the
sand dunes. In Ranong Province, within the premises of
Laem Son National Park, Prapas Beach, Thale Nok Beach,
and Bang Bane Beach were directly and severely hit by
the wave. As a result, the beaches were eroded up to
50 meters and a vast water basin and huge water
channels emerged.

In Kura Buri District in Phang—nga on Ra lIsland,
over 70 traces of landslides were reported. Moreover,
there was a strong possibility that further slides of soil
horizons and strata could reoccur. High risk areas are in
Phuket and Khao Lak, Takua Pa District, Phang—-nga
Province.

¢ Medium effects of the Tsunami included
sediments covering sandy beaches and mud flats from
Muang District, Kaper District, Sook Sumran Sub-district
to Kura Buri District, Phang—nga Province. The presence
of mangrove forests protected the following areas from
the giant wave. These areas included Bang Bane Beach
at Kaper District, Ranong Province at Laem Son National
Park and Ban Thale Nok Beach, Prapas Beach at Sook
Sumran Sub-district in Ranong Province. These areas
suffered only 80 and 50 centimeters of erosion,
respectively.

2 Years After Tsunami: 8 5
Resforation of Thailand's Natural Resources and Environment
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Table 11

Areas Details of Areas

Nam Khem Village  Fishing community: at the front of the
community was the mouth of Bang
Muang Channel (Khlong Lay); there

was once a pier for small fishing boats

Tub Tawan Beach
Takua Pa District

Bang Sak Beach Tambon Bang Muang, Takua Pa District

next to Tub Tawan Beach southwards
Pakweep Village North of Laem Pakarang.

Laem Pakarang
(Coral Reef Point)

Laem Pakarang Village, Tambon Kuk Kak,
Takua Pa District

Kuk Kak Beach Kuk Kak Village, Tambon Kuk Kak,

Takua Pa District

Bang Niang Beach Bang Niang Village, Tambon Kuk Kak,

Takua Pa District

Khao Lak Beach Located at Moo 6 and Moo 7, Tambon

Kuk Kak, Takua Pa District

South of Khao Lak Beach; was under
the supervision of the Navy

Taplamoo Beach

Source:

Department of Marine and Coastal Resources, 2005.

Bang Sak Village, Tambon Bang Muang,

Resilient Condition of Environment

Impact on the geology of coastal areas in Phang—nga (worst stricken)

Geological Changes

Sand dunes located at the mouth of the river, at a distance
of one kilometer; were demolished roughly. The southern
beach at the mouth of Bang Muang River was eroded 40
meters. Sand dunes located behind the beach were partly
hit. Pha Island (a small island that was five kilometers
wide) was demolished.

Beach erosion 40 meter long.
Beach erosion, 30 meter long and 0.5 meter deep.

Beaches erosion, 10—20 meter long and 1.5 meter deep.

Beaches erosion over 50 meter long and 0.50-1.50 meter
deep. A large number of large—sized coral reefs were blown
away up to the beach areas; sand barriers rose at the
north of the point.

Beach erosion, 15 meter long and 0.50-2.00 meter deep.
Beach erosion, 30—40 meter long and 0.50 meter deep.

The beach, once an important tourist attraction crowded
with hotels and resorts, was eroded 25 meter long and
0.50-1.00 meter deep.

Beach erosion, 20 meter long.

3.2 Pollution

3.2.1 State of pollution management

The Tsunami that hit the Andaman coastal
provinces root up both small and large trees and also
demolished construction projects, public facilities and
infrastructures, roads, buildings and houses. Piles of
debris, sewage, flood water and solid waste were widely
scattered, while wastewater treatment systems and solid
waste disposal facilities were ruin, and caused impacts
on the people’s quality of life and public health. Therefore,
immediate and continuous pollution management in the
Tsunami affected areas are needed.

2 Years After Tsunami:
Resforation of Thailand's Natural Resources and Environment
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¢ Wastewater treatment system and solid

waste disposal facility The Pollution Control Department
carried out primary investigations of the damages and
impacts on the environment from late December 2004
to January 2005. It was reported that the combined
sewerage and wastewater treatment system in Tambon
Karon Municipality, Muang Patong District Municipality in
Phuket Province and Phi Phi Island in Krabi Province were
destroyed. To solve these problems, a wastewater
collection and treatment system was constructed in
affected area of Phang-nga Province (at permanent
residents, Ban Ruammue Raumijai). Other damages were
rehabilitated by the local authorities and concerned
agencies.

Y Wastewater and stagnant water A survey by
agencies under the Ministry of Natural Resources and
Environment found polluted water trapped in mine pits,
natural water sources, small basins and ponds in many
communities, including Tambons Bang Muang and Kuk
Kak, Takua Pa District as well as in Tambon Lam Kaen,
Thai Muang District, Phang—nga Province. The Pollution
Control Department cooperated with the Land
Development Department, Phang—nga Provincial Public
Health Office and the Regional Environmental Office 15
(Phuket
Microorganism (EM) to decompose organic substances

Province), firstly employed Effective
contain in the waste water. The water was secondly
sanitized by using chlorine to get rid of its bad smell.
Finally, technical recommendations and manuals on
wastewater and solid waste management were
disseminated.

¢ Solid waste Debris from buildings and

construction projects, fallen trees and all kinds of waste
were cleared through incineration and landfill in proper
areas, such as municipal waste dump areas, hollows dug
with permission from landowners, old mine pits and
abandoned shrimp ponds. The Pollution Control
Department introduced environmental management

Resilient Condition of Environment

measures in devastated national parks, including
restoration of waste, wastewater and night soil treatment
systems. The measures included sorting of solid waste
and providing small and large tanks for decomposing
organic fertilizers with casing, while solid waste left from
the sorting and decomposing material was sent to
landfills; incinerators; and producing detailed designs for
the construction and specification of equipment and
hardware used in on—site wastewater treatment systems.

b2¢ Quality of coastal seawater The Pollution

Control Department collected samples to study the quality
of coastal seawater after the Tsunami. It was reported
that in general the Tsunami had no effect on the quality
of coastal seawater. Seawater quality at tourist beaches,
such as Patong and Rawai, was fair. In January 2005
the Department of Marine and Coastal Resources by the
Phuket Marine Biological Center analysed the quality of
seawater, sediments and living organisms in the six
Tsunami—affected coastal provinces. The water quality
are acceptable except in some areas, such as Laem
Sak (Krabi Province), Pak Meng (Trang Province) and
Pak Bara (Satun Province) where the total suspended
solids were above normal.

3.2.2 Resilience of environmental quality

Debris and various forms of solid waste were
disposed and removed from the beaches. Damaged
wastewater treatment systems and solid waste disposal
facilities have been repaired by cooperation among local
administrative offices, the Pollution Control Department,
Ministry of Transport and Communications, Ministry of
Interior, Royal Thai Army, Royal Thai Navy, volunteers and
the private sector.

2 Years After Tsunami: 8 9
Resforation of Thailand's Natural Resources and Environment
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Problems of water, air, noise, solid and hazardous
waste pollution tend to degrade the people’s quality of
life and put public health at risk. Realizing this problem,
the Pollution Control Department launched the training
program for the above matter. Then, in August 2006, the
Department, together with the Regional Environmental
Office 15 (Phuket Province) conducted a training
workshop on a simple method for environmental
monitoring. The workshop was attended by officials from
local administrative offices representing municipalities and
Tambons as well as provincial administrative offices in
Phuket, Phang—nga, Krabi, Trang and Satun Provinces.

After the Tsunami incident, the Pollution Control
Department has 30 water sampling stations to monitor
the quality of seawater in the six coastal provinces. So
far, the monitoring has revealed that the quality of
seawater has mostly complied with Coastal Water Quality
Standards. The seawater quality parameters are included;
Dissolved Oxygen, Total Coliform Bacteria, Phosphate—
Phosphorus, Nitrate—Nitrogen, temperature, Total
Suspended Solids, pH and ammonia—Nitrogen. The
findings for specific areas are as followed:

w Very good: Loh Bakao Bay (Phi Phi Island),
Tambon Ao Nang, Muang District, Krabi Province

¥ Good: Thai Muang Beach, Tambon Thai
Muang, Thai Muang District and Phra Thong Island,
Tambon Kura, Kura Buri District (Phanga—nga Province),
Surin Beach, Tambon Choeng Thale, Thalang District,
Kamala Beach, Tambon Kamala, Kratu District, Karon
Beach, Kata Noi Beach, and Kata Yai Beach, Tambon
Karon Municipality, Muang District, Naihan Beach, Tambon

Rawai, Muang District and Makham Bay, Tambon Wichit,

Resilient Condition of Environment

Muang District (Phuket Province), Laem Tong, Tonsai
Beach and Tonsai Bay Pier (Phi Phi Island), Tambon Ao
Nang, Muang District and Sala Dan Village, Tambon Sala
Dan, Ko Lanta District (Krabi Province), Bo Muang Village,
Pak Meng Beach, Tambon Maifad, Sikao District and Chao
Mai Beach, Tambon Naklua, Kantang District (Trang
Province), and Tung Rin Village, Tambon Sakorn, Tha
Phrae District (Satun Province)

Y Fair: Prapas Beach, Tambon Kam Puan, Sook
Sumran Sub-district (Ranong Province), Nam Khem
Village and Bang Sak Beach, Tambon Bang Muang, Takua
Pa District, Kuk Kak Village and Bang Niang Beach,
Tambon Kuk Kak, Takua Pa District, Ko Khokhao Village,
Tambon Ko Khokhao, Takua Pa District and Taplamoo
and Khao Lak Villages, Tambon Lam Kaen, Thai Muang
District (Phang—-nga Province), Patong Beach, Rawai
Beach, Tambon Rawai, Muang District, Chalong Bay,
Railay Bay, Tambon Chalong, Muang District, mouth of
Tha Gene and Ko Siray Village, Tambon Ratsada, Muang
District, Naiyang Beach, Tambon Sakoo, Thalang District,
Bang Rong Bay, Tambon Pa Klok, Thalang District, and
Bang Thao Beach, Tambon Choeng Thale, Thalang District
(Phuket Province) Noppharat Thara Beach, Yao Beach,
Loh Dalum Bay, and Maya Bay, Tambon Ao Nang, Muang
District, Laem Tanode (Lanta Island south of Kho Kwang
Beach), Tambon Ko Lanta Noi, Ko Lanta District and
Khlong Nin Village, Tambon Ko Lanta Yai, Ko Lanta
District (Krabi Province), Yongling Beach, Yao Beach, and
Sumran Beach (Trang Province), and Ban Pak Bara Beach
and Pak Bang Village (Satun Province).

b2¢ Very poor: Chandumri Beach, Tambon Pak
Nam, Muang District (Ranong Province)

3.3 Warning System/Warning Tower/
Evacuation Plan

The Andaman coastal area is located along an
earthquake fault from Sumatra Island to the Nicobar
Islands, up to Rangoon City in Myanmar. It is thus very
crucial and urgent to install warning systems and warning
towers so that early warnings can be issued, as well as
to formulate local and regional evacuation plans. The
people, as a consequence, can be relocated to safe areas
following a systematic, coordinated operation. These
needs were placed on the national agenda after the
Tsunami on 26 December 2004.

2 Years After Tsunami: 9 l
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3.3.1 Warning system at present

The National Disaster Warning Center is a
government organization which is a part of the national
warning plan proposed by the Early Warning System
Study Committee. It was approved by the Cabinet on
27 January 2005. The center was established in the
Domestic Satellite Communications Center Building,
Rattanathibet road, Tambon Bang Kasor, Muang District,
Nonthaburi Province. The center features disaster
warning advisory systems that disseminate warnings to
people in Tsunami—affected areas, so as to ensure
Tsunami preparedness, operational preparedness, and
prompt communication to high—level authorities about
the occurrence of a disaster through SMS, fax, e—-mail,
emergency alerts on television, and television and radio
broadcast, by sounding sirens from warning towers and
issuing warning information through “Call Centers” at
three levels:

1. Advisory. When natural disasters or other
disasters occur but not affecting people’s lives and their
properties

2. Watching (Vigilance) When natural disasters
or other disasters occur and are expected to affect
people’s lives and their properties

3. Warning. When natural disasters or other
disasters occur, with severe and widespread effects on
people’s lives and their properties

Under the early warning operational plans in
2005-2007, the warning towers were defined and set
up in six southern provinces that were affected by the
Tsunami along the Andaman coast, as shown in
Table 12 by the Department of Public Works and Town

and Country Planning, covering altogether 78 sites, with
support from the Meteorological Department in installing
equipment for disaster warning signals. The warning
towers have as their functions the issuance of warnings
when warning signals are received from the National
Disaster Warning Center through the Inmarsat Satellite.
To ensure that the warning is issued efficiently, the
National Disaster Warning Center provides up-to—date
information for the warning systems and consistently
issues operating procedures for the benefit of concerned
parties at the provincial, district, tambon, and village
levels.

Evacuation plans are important in relocating
people to safe places when disasters occur. The
Ministry of Interior, through the Department of Disaster
Prevention and Mitigation, in accordance with a Cabinet
resolution made on 29 March 2005, conducted plans
for assistance and evacuation in risk areas, particularly
in the six Andaman coastal provinces. The Department
has identified safe places, evacuation routes, and
evacuation rehearsal plans. Major warning signal system
rehearsal and Tsunami evacuation plans were
conducted to ensure the safety of tourists and local
residents. The first warning signal system test and
evacuation rehearsal were conducted on 16 December
2005 at 1:30 pm at Patong beach, Phuket.

Apart from this, the Department of Mineral
Resources has surveyed the topography of risk areas
in order to identify potential shelter and Tsunami
evacuation routes. Completed so far are a Tsunami
evacuation map at a scale of 1:5,000, designs of
Tsunami warning signs, and directions for emergency
escape from the beaches of Patong, Kamala, Kata,
Karon, Rawai, and Le Phang bay and Mai Khao bay in
Phuket (Figures 9 and 10). The maps of Phang-nga
and Krabi are under preparation.

2 Years After Tsunami: 9 3
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Table 12 Sites where Tsunami warning towers are set up

Province

Ranong Province

Phang-nga Province

Phuket Province

o~ DN

—

o A~ WD

© © N O

© © N o o ~ W N =

| = = e e e e = |
© N o o > 0 Db = O

Sites where tsunami warning towers are set up
Thale Nok Village, Moo 1, Tambon Kum Puan, Sook, Sumran Sub-district
Laem Son National Park, Bang Bane Village, Moo 4, Tambon Muang Kluang, Kaper District
Hat Sai Kao Village, Moo 2, Tambon Kum Puan, Sook Sumran Sub-district
All purpose hall, Prapas Beach, Moo 2, Tambon Kum Puan, Sook Sumran Sub-district
Laem Naw Village, Moo 6, Tambon Naka, Sook Sumran Sub-district
Ban Kuk Kak Weather Station, Moo 3, Tambon Kuk Kak, Takua Pa District
Public land of Khao Lak Village, Moo 2, Tambon Lam Kan, Thai Muang District
Pak Weep Village, Moo 1, Tambon Kuk Kak, Takua Pa District
Bang Sak School, Moo 8, Tambon Bang Muang, Takua Pa District

Thai Mai Village (Tup Ta Wun Beach) (Willy and Morgan Village), Moo 7, Tambon Bang Muang,
Takua Pa District

Nurude Islam Musjid (Nai Rai Village) Moo 7, Tambon Na Toey, Thai Muang District
Bang Kaya Village (Laem Pakarang), Moo 2, Tambon Kuk Kak, Takua Pa District

All purpose hall (Taplamoo Village) Moo 5, Tambon Lam Kaen, Thai Muang District
5 December Memorial (Nam Khem Village), Moo 2, Tambon Bang Muang, Takua Pa District
Tung Nang Dum, Moo 5, Tambon Kura, Kura Buri District

Ban Nok Na School, Moo 2, Tambon Ko Khokhao, Takua Pa District

Old District Office, Moo 1, Tambon Ko Khokhao, Takua Pa District

Tung Dab Village, Moo 1, Tambon Ko Phra Thong, Kura Buri District

North Surin Island, Tambon Ko Phra Thong, Kura Buri District

Khokhao Island, Moo 4, Tambon Ko Khorkhao, Takua Pa District

La On Village, Moo 7, Tambon Kuk Kak, Takua Pa District

Ban Nam Khem Sckool, Tambon Bang Muang, Takua Pa District

Princess Pa Foundation, Thai Red Cross Society, Tambon Kuk Kak, Takua Pa District
Deck of Sunset Beach Resort Hotel (Kalim Village), Muang Patong District Municipality
Tower of tourist service center, Muang Patong District Municipality

Deck of Patong Seaview Hotel, Muang Patong District Municipality

Laem Panwa, Tambon Wichit, Muang District

Laem Sapan Hin, Tambon Talad Yai, Muang District

Por Bay, Tambon Pa Klok, Thalang District

Nai Yang Beach, Tambon Sakoo, Thalang District

Bang Thao Beach-Lae Phang, Tambon Choeng Thale, Thalang District

Mai Kao Beach (crear of temple) Mai Kao Village, Thalang District

Rawai Beach, Tambon Rawai

Chalong Bay, Tambon Chalong , Muang District

Laem Tuk Kae, Tambon Ratsada, Muang District

Kata Beach, Tambon Karon, Muang District

Karon Beach, Tambon Karon, Muang District

Kamala Beach, Tambon Kamala, Thalang District

Kata Noi Beach vicinity

Rawai Beach vicinity

Lone Island, Tambon Rawai, Muang District

2 Years After Tsunami: 9 5
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Table 12  Sites where Tsunami warning towers are set up (continue)

Province Sites where tsunami warning towers are set up

—

Krabi Province Ao Nang Beach, Moo 2, Tambon Ao Nang, Muang District

Nopparat Tara Beach, Moo 3, Tambon Ao Nang, Muang District

Nopparat Tara Beach, Moo 5, Tambon Ao Nang, Muang District

Ko Phi Phi Village (Lo Dalum Bay), Moo 7, Tambon Ao Nang, Muang District
Laem Tong Village (Lo Bakao Bay), Moo 8, Tambon Nong Thale, Muang District
Khlong Muang Health Station, Tambon Nong Thale, Muang District

Laem Po Village, Tambon Sai Thai, Muang District

Rai Lae Bay, Tambon Ao Nang, Muang District

© © N oo o M~ 0 D

Khlong Tor Village, Tambon Sri Boya, Nua Khlong District

=
o

Ban Ting Rhai School, Tambon Sri Boya, Nua Khlong District

—_
N

Khlong Dao Village, Moo 3, Tambon Sala Dan, Ko Lanta District

—n
N

Ban Khlong Bin Weather Station, Moo 6, Tambon Ko Lanta Yai, Ko Lanta District

—

Trang Province Pier at Chao Mai Village (Yao Beach), Moo 6, Tambon Ko Libong, Kan Tang District

N

Building of Coastal Aquaculture Station, Maifad Village (Pak Meng Beach) Moo 4, Tambon
Maifad, Sikao District

Laem Kam Village School, Tambon Kao Mai Kaew, Sikao District
Phang Ka Bay, Moo 2, Tambon Ko Libong, Kan Tang District
Kradan Island, Tambon Ko Libong, Kan Tang District

Mook Island, Tambon Ko Libong, Kan Tang District

Sukorn Island, Tambon Ko Sukorn, Palian District

Lang Kao Village, Moo 5, Tambon Ko Libong, Kan Tang District

CORN RCORN IRV RN OTRY (i O

North Lao Liang Island, Tambon Ko Sukorn, Palian District

10. South Lao Liang Island, Tambon Ko Sukorn, Palian District

11.  Petra Island, Tambon Ko Sukorn, Palian District
Satun Province 1. Pak Bara Village, Moo 2, Tambon Pak Nam, La Ngu District
Bo Jed Luek Village, Moo 1, Tambon Pak Nam, La Ngu District
Tan Yong Kaboey Village, Moo 2, Tambon Pu Yu, Muang District
Tarutao National Park, Tambon Ko Sarai, Muang District
Lipae Island, Moo 7, Tambon Ko Sarai, Muang District
Ban Bu Boey School, Moo 3, Tambon Laem Son, La Ngu District
Ma Ngang Village, Moo 1, Tambon Tung Bulang, Tung Wa District
Ban Tung Rin School, Moo 1, Tambon Sakorn, Tha Phrae District

CORN ROONN IV B OV TR I O

Ban Yara Tode Yai School, Moo 5, Tambon Ko Sarai, Muang District

—
o

Ban Yara Tode Nui School, Moo 4, Tambon Ko Sarai, Muang District

—_
—_

Ban Ko Bulone School, Moo 3 Tambon Pak Nam, La Ngu District

—_
N

Tan Yong Kling Village, Moo 3 Tambon Sarai, Muang District

-
€

Ko Yao Village, Moo 1, Tambon Pu Yu, Muang District

—
i

Rawai Beach, Moo 4, Tambon Kon Klan, Tung Wa District

2 Years After Tsunami: 9 7
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3.3.2 Warning system in the future

The Meteorological Department has been
conducting four early warning system projects covering

fiscal years 2005-2008.

Y  Tsunami buoy detection system project will
be accomplished in September 2007. This will include
Tsunami detection systems for the western coast of
Thailand and provision of an up-to—date Tsunami
knowledge base for use in research studies and to link
networks and exchange Tsunami warning data with
other countries. This project consists of a survey of
three stations for installing Tsunami buoy detectors in
the Andaman Sea, establishing a control and
assessment station, installing a satellite communication
system, installing an assessment system and an
information system in order to locate Tsunamis that
originate in Sumatra and neighboring islands, for use
as primary data needed to protect risk areas and to
make evacuation plans. Moreover, this project will help
to improve the world’s Tsunami detection networks,
expand the areas covered by Tsunami detection, and
support information exchange between individual
countries and organizations involved, as shown in

Figure 12.

w Long-distance automatic earthquake

detection system project for Tsunami warning will be

Resilient Condition of Environment

accomplished in September 2008. This will establish
detailed, accurate, and fast earthquake detection
system for identifying location, epicenter, time, intensity,
and sea level fluctuations, so as to provide up—to—date
coastal warnings, information for flood level models
from Tsunami waves, enable earthquake detection over
short and long distances, and conduct automatic land
speed measurements. Basic to short and long distance
earthquake detection systems is the installation of
earthquake detection stations in 30 provinces
throughout the country, 9 sea level gauges on the
Andaman Sea in the western and eastern coasts of

Thailand, and 10 land speed measurements at 10 sites.

¥ Database, networks, and earthquake
detection system project will be completed in
September 2006. This will improve the old system of
the Meteorological Department to detect earthquakes
in northern, western, and southern Thailand and the
Andaman Sea, and to link earthquake detection
networks among organizations, enabling the provision
of immediate and accurate information and fast

detection and analysis.

J¢ National
earthquake relief and prevention project. This is a

database for Tsunami and
collaborative project being carried out by the
Department of Mineral Resources, Department of

Disaster Prevention and Mitigation, Department of Public

2 Years After Tsunami: 9 9
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Figure 11 Project on Capacity Strengthening for
Management of Thailand’s Andaman Sea Coastal Zone
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Figure 12 Tsunami buoy detection systems
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Works and Town and Country Planning, Hydrographic
Department, Royal Thai Survey Department, Electricity
Generating Authority of Thailand, and government and
non—government universities, to establish an integrated
database for earthquake relief and prevention, using
inputs from many organizations. The database consists
of an earthquake database detected by domestic and
international networks, origins of active faults in
Thailand and international faults in the Andaman Sea
and on Sumatra Islands, database of Tsunami and
earthquake damages recorded by different organizations,
and database of buildings and construction projects in
Tsunami and earthquake—risk areas. This project will be

completed in 2007.

Thailand has also received assistance from the
U.S. for the installation of Tsunami buoy detection
systems in the Indian Ocean. Thailand will be the first
country where buoys will be installed because it is
already prepared and ready for such an installation. A
buoy was installed during 1-7 December 2006, 300
kilometers away from Thailand’s coasts, in international
waters at latitude 9 degrees north and longitude 89
degrees east. In 2007 another buoy will be installed at
latitude 4 degrees north and longitude 90 degrees east.
The U.S. government will provide a budget for the buoys
and the installation cost. Thailand will be responsible
for maintenance.

3.3.3 Regional warning system

The Intergovernmental Coordination Group for the
Pacific Tsunami Warning and Mitigation System, ICG/
PTWS, is an inter—organization group that has as its
function to send Tsunami warnings to countries that
maybe affected by a Tsunami. In turn, the warning
centers in those countries will warn the local population.
There are many important regional warning centers,
such as the Pacific Tsunami Warning Center (PTWC),
and sub-regional warning centers, such as the West
Coast/Alaska Tsunami Warning Center (WC/ATWC) and
Japan Meteorological Agency’s Northwest Pacific
Tsunami Advisory Center (NWPTAC). These centers will
send warnings to countries in their networks. In turn,
the recipient countries, including Thailand, will issue
warnings to Tsunami risk areas (Figure 13).

2 Years After Tsunami: 10 1
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TSUNAMI BULLETIN NUMBER 002
PACIFIC TSUNAMI WARNING CENTER/NOAA/NWS
ISSUED AT 11082 17 JUL 2006
THIS BULLETIN IS FOR ALL AREAS OF THE INDIAN OCEAN.
... TSUNAMI WATCH FOLLOW-UP MESSAGE ...
A TSUNAMI WATCH WAS ISSUED EARLIER FOR AUSTRALIA / INDONESIA
AN EARTHQUAKE OCCURRED WITH THESE PRELIMINARY PARAMETERS
ORIGIN TIME - 0819Z 17 JUL 2006
COORDINATES - 9.3 SOUTH 107.3 EAST
LOCATION - SOUTH OF JAWA INDONESIA
MAGNITUDE - 7.2
MEASUREMENTS OR REPORTS OF TSUNAMI WAVE ACTIVITY
GAUGE LOCATION LAT LON TIME AMPL PER

BENOA 8.8S 115.2E 0951Z 0.04M 28MIN

TIME - TIME OF THE MEASUREMENT

AMPL - AMPLITUDE IN METERS FROM MIDDLE TO CREST OR MIDDLE TO TROUGH OR HALF OF THE CREST TO TROUGH

PER - PERIOD OF TIME FROM ONE WAVE CREST TO THE NEXT

EVALUATION

SEA LEVEL GAUGE DATA INDICATE THAT A TSUNAMI WAS GENERATED. NEWS MEDIA HAVE ALSO REPORTED THAT A DAMAGING LOCAL TSUNAMI
OCCURRED. BASED ON HISTORICAL EARTHQUAKE AND TSUNAMI DATA PLUS CURRENT SEA LEVEL READINGS A MORE WIDESPREAD TSUNAMI

THREAT PROBABLY DOES NOT EXIST.
SOME AREAS FURTHER FROM THE EPICENTER COULD EXPERIENCE SMALL SEA LEVEL CHANGES AND STRONG OR UNUSUAL COASTAL CURRENTS.

THIS WILL BE THE FINAL BULLETIN ISSUED BY THE PACIFIC TSUNAMI WARNING CENTER FOR THIS EVENT UNLESS ADDITIONAL INFORMATION
BECOMES AVAILABLE.

THE JAPAN METEOROLOGICAL AGENCY MAY ISSUE ADDITIONAL INFORMATION FOR THIS EVENT.

FUA 13 F20679n13U99917 (bulletin) 3895 3aIATANLAUEYEY Pacific Tsunami Warning Center

Figure 13 Tsunami Bulletin established by the Pacific Tsunami Warning Center.
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3.4 Designation of Environmentally Protected
Area and Profective Measures

Tsunami disaster had caused extensive damages
on natural resources, environment, ecosystems, as well
as life and properties. Rehabilitation of such damages
usually required time and effort along with proper
recovery methods. Therefore, the Ministry of Natural
Resources and Environment by the Office of Natural
Resources and Environmental Policy and Planning,
empowered by Sectors 44 and 45 of the Enhancement
and Conservation of National Environmental Quality Act
of 1992, designated the affected areas in Ranong,
Phang—nga , Phuket, Krabi, Trang and Satun Provinces
as environmentally protected area. This measure will
support the restoration and conservation of natural
resources and environment, as well as to provide the
local inhabitants with security in the long run.

On 8 March 2005, the Cabinet agreed with the
principle of the draft Ministerial Notification of the Ministry
of Natural Resources and Environment approved by the
National Environment Board on “Designation of
Environmentally Protected Area and Protective Measures
in Tsunami—affected Areas in Krabi, Trang, Phang—nga,
Phuket, Ranong, and Satun Provinces, B.E.....”. The draft
Ministerial Notification had consequentially investigated
by the Office of the Council of State and endorsed by
relevant agencies in October 2005.

On 31 January 2006, the Cabinet endorsed the

draft Ministerial Notification of the Ministry of Natural
Resources and Environment on “Designation of

Environmentally Protected Area and Protective Measures

Resilient Condition of Environment

in Tsunami—affected Areas in Krabi, Trang, Phang-nga,
Phuket, Ranong, and Satun Provinces, B.E. 2549 (2006)”
as agreed by the Sub-committee to Consider
Environmental Management in Environmentally Protected
Area. The Ministerial Notification was then published
in Government Gazette, General Issue Volume 123,
Special Section 52 Ngor, dated 12 April 2006 and came
into force on 13 April 2006 with enforcement duration
of 1 year following the date of its publication.

The boundary of the environmentally protected 6

area covers.

¢ 3 districts, 8 tambons, 24 villages in Krabi
Province

Y¢ 3 districts, 1 sub—district, 14 tambons, 52
villages in Trang Province

YT 4 districts, 11 tambons, 37 villages in
Phang-nga Province

Y¢ 3 districts, 6 tambons, 1 Muang Municipality,

1 Tambon Municipality, 32 villages in Phuket Province

¢ 2 districts, 1 sub—district, 10 tambons, 36
villages in Ranong Province

N

Satun Province

districts, 11 tambons, 52 villages in

The boundary of the environmentally protected
area covers both inland areas and islands, and waters.

The boundary of inland areas and islands extends from

2 Years After Tsunami: 103
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coastline landward, bounded by village’s borderlines.
The seaward zone extends 3,000 meters from inland and

island coastline into the sea.

The content of the Ministerial Notification of the
Ministry of Natural Resources and Environment on
“Designation of Environmentally Protected Area and
Protective Measures in Tsunami-affected Areas in Krabi,
Phuket,
Provinces, B.E. 2549 (2006)” can be summarized as

Trang, Phang-nga, Ranong, and Satun

follows:

(1) Regulate land use along the shore by
specifically allowing beach and coast guarding activities,
beach sports without automobiles or engines and
excavating or transforming of natural setting of beach
areas conducting by government agencies on the

purpose to restore areas from natural damages;

(2) Regulate land use on sand dune areas by
specifically allowing plantation of native or beach plants
and excavating or transforming of natural setting of
beach areas conducting by government agencies on the

purpose to restore areas from natural damages;

(8) Regulate any conducts causing pollution and
adverse impacts on natural resources and environment,
including catch of aquarium and ornamental fishes and

other living organisms in coral reefs and seagrass beds;

(4) Regulate construction of buildings and other

structures, to reverse the damages, protect destruction

Resilient Condition of Environment

and control development by setting up criteria on
coastal set back area, height of the buildings, distance
from archeological sites, as well as criteria for hotels

of resorts, especially for those with less than 80 rooms;

(5) Promote environmental quality conservation
operations by designating relevant governmental
agencies on the restoration of coral reef, seagrasses
and coastal water quality; mangrove reforestations;
restoration and conservation of wetland areas; and
protection of beach erosion and other relevant beach
activities;

(6) Request all provinces to appoint steering and

monitoring committee on environmental protection.

In the future, besides restoring the natural
resources and environment and creating life safety and
property security for the people in the 6 affected
provinces, the Office of Natural Resources and
Environmental Policy and Planning will continue to
implement additional activities to increase effectiveness
of the protection, prevention and maintenance of natural
resources and environment. The Office will in the long
run monitor the area and participate with communities
to plan to declare environmentally protected area. Such
declaration will cover the coastal areas that have
deteriorated natural resources and environmental quality.
For Krabi and Phang-nga Provinces, the declaration of
their environmentally protected areas are being
submitted for the cabinet approval and then circulated
in the Government Gazette. Its effectiveness is expected
to be around the end of 2006.
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MONITORING AND EVALUATION OF
PUBLIESAFISFASTION-AND

ince the Tsunami on 26 December 2004, government
agencies, private organizations and civic groups

have undertaken a large number of projects to rehabilitate
the economy and improve the well-being of people in
the six Tsunami-affected coastal provinces. The actions
varied from short—-to medium— and long—term measures.
Cooperating in these actions were the Ministry of Natural
Resources and Environment through the Department of
Marine and Coastal Resources, National Park, Wildlife and
Plant Conservation Department, Department of Water
Resources, Department of Groundwater Resources,
Department of Mineral Resources, Pollution Control
Department, Department of Environmental Quality
Promotion, Office of the Permanent Secretary of the
Ministry, and Office of Natural Resources and
Environmental Policy and Planning. These actions included
urgent, medium- and long-term efforts to study, research,
rehabilitate and develop natural resources and the
environment up to the present time, in order to ensure
the restoration and improvement of affected natural

resources and environment.

The projects and activities carried out in the past
two years needed to be followed—up, monitored and
assessed to determine whether they complied and
responded to the needs of the local people. This would
help to ensure that they contribute to the improvement
of policy, future action plans and effective implementation
by all concerned agencies.

Thus in June—August 2006 the Office of Natural
Resources and Environmental Policy and Planning
conducted workshops to follow—up, monitor and enable
public dialogues among local communities. The small
workshops were attended by some 182 participants and
were held in 18 sites, as follows:

PARTICIPATION

w Ranong - Tambon Kumpuan and Tambon
Naka, Sook Sumran Sub-district, Tambon Muang Kluang,
Kaper District.

3¢ Phang-nga — Tambon Kura and Tambon Ko
Phra Thong, Kura Buri District, Tambon Kuk Kuk and
Tambon Bang Muang, Takua Pa District, Tambon Tai
Muang and Tambon Lam Kaen, Tai Muang District, and
Tambon Kok Kloi, Takua Tung District.

3 Phuket — Tambon Choeng Tale, Tambon Mai
Kao, and Tambon Sakoo, Thalang District, Tambon
Kamala, Katu District, Patong Muang Municipality, Tambon
Rawai, Muang District, Tambon Karon Municipality.

¥ Krabi — Tambon Ao Nang and Tambon Sai
Tai, Muang District.

The small workshops provided information
regarding public opinions and the level of public
satisfaction of the works done by concerned agencies,
as well as current conditions and the status of problems
in restoring natural resources and the environment as

detailed in the following.
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4.1 Situation and problems concerning
resilience of natural resources

Local people were satisfied with the level of
resilience of natural resources, such as tidal forests, beach
forests, seagrass beds, coral reefs and marine rare
species. They requested for continuing efforts to restore
natural resources to their original state of abundance.

w Mangrove forests Tsunami-affected forests
had been reforested in some areas. However, some areas
remain deteriorate, such as those at Tambon Kao Lanta
and Tarutao National Park. Some areas can be restored
naturally. A few areas have been encroached.

¥ Beach forests Rehabilitation of beach forests
in many areas face difficulty due to the poor rate of
survival of some replanted species, because of the
replanted species’ incompatibility with the area’s
geographical and biological characteristics. Another factor
was lack of local community participation in the
rehabilitation effort. These problems have been observed
in the Beach Reforestation Project at Karon and Patong
Beaches where salt—sensitive paper flower trees
(Bougainvillea) were planted. Loss of beach forest was
also due to the presence of saltiness left on the ground,
especially at Sirinat National Park in Phuket. There was
no restoration action in some areas in Muang District,
Phuket Province, and Nua Khlong and Ko Lanta Districts

in Krabi Province.

w Seagrass beds Seagrass beds are naturally
resilient. Most of the local people are satisfied with the
resilience of seagrass bed.

Y Coral reefs The rehabilitation of coral reefs
was successful up to a certain extent. However, there
was no public involvement in the restoration efforts. It
was noted that the fishing boats in affected areas made
the low level of resilience of some coral reefs. Also, at
Laem Pakarang, Phang—nga Province, the dead and
broken coral reefs scattered on the ground hindered
navigation and the mooring of boats.

Y Rare marine species It was reported that
marine turtles did not lay eggs on Mai Kao Beach, Phuket
Province because of disturbing lights from hotels and
resorts. However, at Tai Muang Beach, Phang—nga
Province, turtles still came on shore to lay eggs although
in smaller amounts as the ridges of dams used as buffer
against the waves got in the turtles’ way of laying their
eggs. After the Tsunami, there was a remarkable absence
of dolphins and sea turtles looking for food along the
beach at Tambon Sakoo, Thalang District and at Tambon
Kamala, Katu District, Phuket Province. Very rarely were
dolphins seen in Bang Bane Beach—Koey Noi Bay. Some
inhabitants in the areas proposed breeding of particular
marine animals, such as sea turtles and lobsters.

¥ Coastal fishery resources According to the
report, fishing through the use of trawls and push nets
along coastal areas in Tambon Kampuan, Ranong
Province are still exist. lllegal fishing causes a damage
to marine life and benthos, as well as coastal ecology.
Eventually, the amount of coastal animals caught are
declined dramatically. As groups of fishermen have had
to be evacuated to other areas, they requested for
additional piers. The river mouth at Moo 9, Tambon Bang
Wa, Kura Buri District, Phang—nga Province should be
dredged in order to accommodate the larger number of
fishing boats. Proposed measures include the construction
of new piers at Phi Phi Island to replace those destroyed
by the Tsunami, renovation of those that were damaged
and improvement of sea—going traffic.

¥ Water sources for consumption Shallow
groundwater and artesian wells in the affected areas was
not potable due to contamination by seawater and the
presence of deposits and refuse. Water in shallow wells
at Tambon Ao Nang in Krabi and at Tai Muang Beach
in Phang—-nga Province was brackish and contained
reddish particles. Sediments were also found in the water
supply system of Ban Tha Chatchai village in Phuket.
Almost all villages in Tambon Muang Kluang, Kaper
District, Ranong Province are suffered from salty and
brackish water from hollow wells. The villagers had to
buy potable water everyday.

Y Tourist attractions The rising number of
tourists to Tsunami-affected areas showed a positive sign
of tourism revival not only in marine national parks,
islands, and beaches but also in other areas such as
Hat Noppharat Thara—Mu Ko Phi Phi and Sirinat National
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Parks where marine natural and coastal resources were
resilient. While tourists have also returned to areas where
some debris and waste still remained, the local people
need assistance from government agencies to promote
tourism and improve tourist attractions, develop local
human resources and build public facilities.

4.2 Environmental Situation and Problems

The local population in the study areas presented
their opinions on the environmental situation and current
problems, including solid waste, waste water, drainage
and landslides.

¥ Solid Waste Most of the waste along beaches
had been collected and disposed. Generally, the local
people are satisfied with the cleanliness of the beaches,
except beaches in Tambon Ao Nang, Krabi Province
where debris, galvanized iron, fertilizer and sand sacks
are still scattered. In some areas, construction debris sunk
underwater and has yet to be recovered and removed.
The remaining solid waste and debris not only obstructed
water channels but also hampered sailing and fishing,
particularly, in Tambon Kuk Kak, Phang-nga Province and
Phi Phi Island, Krabi Province.

Y Waste Water Some business places, such as
hotels and resorts, continue to drain waste water into
the sea at night. Besides, there is the problem of illegal
drainage of oil during maintenance and repairing of tour
boats and fishing boats. This has been reported in Hat
Noppharat Thara—Mo Ko Phi Phi National Park. Some new

houses built for Tsunami victims have a problems with
wastewater because of poor drainage of floodwaters.

3¢ Erosion and Landslide Trespassing on public
property, such as high mountain areas, for the purpose
of building resorts and hotels occurs unceasingly, as
seen in areas under the supervision of Tambon Choeng
Tale Administrative Organization and Patong Municipal
Office. The trespassers cleared wide land areas, causing
landslides during the rainy season and affecting public
water sources and tourist sites on the coast.

4.3 Economic and Social Situation and Problems

The local people have called attention to their
economic and social situation and problems concerning
incomes, occupations, and intra—and inter—-communal
conflicts as detailed below.

w Occupations Some Tsunami victims continued
their former careers, while others have had to change
their means of livelihood because of stiff business
competition, bureaucratic red tape and takeover by
capitalists, especially in tourism-related businesses.
Fishing gears and boats came into disrepair. Under these
conditions, the local people lost incomes and turned to
occupations for which they were not skilled, such as
employment and construction labors.

2 Years After Tsunami: 1 13
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¥ Intra- and inter—-communal conflicts The
donation of fishing gears for Tsunami victims by the
government and private sectors led to increases in the
number of fishermen. This led to conflicts between new
fishermen and old fishermen who relied on their own
fishing devices. Also, assistance from the government and
private sectors was not equally distributed. For instance,
some Tsunami victims received houses, compensation
packages, scholarships and children’s allowances, fishing
boats and gears, while others who lost their occupations
and properties received much less, or none. Some victims

who had never worked as fishermen were given fishing
boats. They then made a profit by selling the donated
boats to others. These problems led to violent conflicts
within communities and among communities in Tsunami—
affected areas. Another problem is the migration of foreign
workers into the area, bringing about social problems as
well as improper use of local natural resources. This is
because the foreign workers caught aquatic animals,
including fiddler crabs and hermit crabs, and relied on
locally grown plants and wildlife for food, local food
sources declined dramatically. For example, a plant called
Lin Han (Monochoria vaginalis Preslin) on Karon Beach,
Phuket has become extinct. Therefore besides conflicts
within and among local communities, there came about
conflicts between migrant workers and local communities.
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he Tsunami earthquake in December 1994 was a

natural phenomenon that brought about innumerable
economic, social, and physical damages that affected
natural resources and environment in the six southern
provinces along the Andaman coastal area of Thailand.
The Office of Natural Resources and Environmental
Policy and Planning has conducted follow—up activities
and evaluated the rehabilitation of affected natural
resources, environment and communities over the past
two years. The findings are summarized as follows.

5.1 Natural Resources

Natural resources include mangrove forests,
beach forests, swamp tea forests, seagrass beds, coral
reefs and sea fans, rare marine species, ornamental
marine fishes, coastal fisheries, water resources, and
tourist attractions. Their conditions before and after the
tsunami, reflecting its aftermath and destructive force
and the extent of rehabilitation to—date, were assessed.

Regarding the restoration of coastal natural
resources in Tsunami-affected areas, concerned
agencies have carried out the rehabilitation by
reforesting mangroves and beach forests to restore and
by the
government and private sectors cooperated in recovering

enchance eco-tourism. Manpower sent
overturned and/or broken corals and putting these
upright. Also restored and rehabilitated were national
parks, which serve as major tourist attractions and
schools of natural study, and damaged government
properties, infrastructure and public utilities. Remains
and debris were collected; polluted water and solid
waste were duly treated and managed. Coral reefs and

SUMMARY

beach forests in the premises of national parks were
rehabilitated. To rehabilitate and maintain water sources
for household use, these were rinsed and cleaned and
additional shallow wells, artesian wells and water supply
systems were constructed.

However, rehabilitation measures were not
implemented in all Tsunami-hit areas due to three main
reasons, as follows:

1) Certain types of natural resources can become
naturally resilient without any need for intervention, as
in the case of seagrass beds, beach forests, swamp tea
forests, coral reefs and coastal fishery resources. These
are able to recover naturally over a period of time. The
follow—up study revealed that in the two years following
the Tsunami, most of the affected seagrass beds proved
to be resilient and were able to survive and expand their
territory. However, many trees in beach forests and
swamp tea forests needed more time to recover and
some had to be replanted.

2) Many areas are still inaccessible, including
mangroves in areas where refuse and debris still remain.
Some capsized or broken corals are located too far from
the coast and too deep.

3) A survey conducted among local residents
in Tsunami-affected areas reported that support and
assistance from government agencies were not well
distributed. Many localities still faced the problem of
inadequate quantity and poor quality of drinking water.
Some rehabilitation activities were not compatible with
the needs of local communities. Some resources like
mangroves, coastal fishery resources, rare marine species,
and coral reefs faced other threats apart from the effects
of the Tsunami.
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5.2  Environment

The follow—up and evaluation study of measures
to address pollution problems showed that wastewater
treatment system and solid waste management system
damaged by the Tsunami have been fixed and are now
operating as usual. At the same time, polluted water in
blocked affected mines, ponds, swamps and fresh water
sources, as well as solid wastes, building debris and
remains of broken trees were collected and moved out
of the affected areas. Local administrative bodies are
expected to continue implementing rehabilitative
measures.

The Office of Natural Resources and Environmental
Policy and Planning has issued the notification of
Ministry of Natural Resource and Environment to provide
environmental conservation measures in the provinces
of Krabi, Trang, Phang—nga, Phuket, Ranong, and Satun
in 2006, for the purpose of restoring and conserving
natural resources and the environment as well as
people in

creating long-term security for local

tsunami—affected areas.

As for the early warning system, concerned
authorities together with the Department of Mineral
Resources and Meteorological Department have
constructed warning towers and developed 78
evacuation routes throughout the Andaman coast in the
six affected provinces. The towers situated in the
mentioned areas will receive warning signals from the

National Disaster Warning Center via satellite.

5.3 Lessons Learned

The report of the follow—up and evaluation of
rehabilitation and development of natural resources, the
environment and communities in Tsunami-affected areas
reflect the severity of the effects of the Tsunami and
the effectiveness of measures to solve problems arising
from this crisis as well as an acknowledgement of the
best measures to rehabilitate natural resources properly.
The Tsunami can occur again in the future. All sectors,
hence, must cooperate and be vigilant in terms of
preventing and solving problems in order to alleviate
the damages to natural resources and the environment.
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Acanthuridae
® ﬂa'lﬁﬁ'fﬂﬁmqﬂﬁﬁﬂ’luﬂqa (Genus) Acanthurus aNuE LAY wo Ty,
) ﬂa‘a‘ﬁ‘ﬁuﬁwgnaﬁﬂuﬂqa (Genus) Ctenochaetus
o ﬂawgﬁqtﬁwnﬁﬁﬂuﬂqa (Genus) Naso anuen iy wo .
Uanidgafionnaiialuana (Genus) Paracanthurus
ﬂaﬁﬁﬁatﬁmﬂnﬁﬁﬂuﬁqa (Genus) Zebrasoma
Antennariidae
) Uanunnziialund (Family) Antennariidae
Apogonidae
o Uananlannaiialuied (Family) Apogonidae
Balistidae
@ Uarfmnaiialuana (Genus) Abalistes anuemM by wo n.
darTmnziialuana (Genus) Balistapus
oo | UarTmnaiialudna (Genus) Balistoides
00 | UmTmngiialuana (Genus) Melichthys
o | UanTmnziialuana (Genus) Odonus
oo | Umdmnuiialuana (Genus) Pseudobalistes
o¢ | Umimnziialuana (Genus) Rhinecanthus
o¢ | UmTmnaiialuana (Genus) Sufflamen AN LiLiv wo .
Batrachoididae
o | Umenennnziialuied (Family) Batrachoididae
Blenniidae
ow | Umanuauiiunnuiinludna (Genus) Alticus
oc | Umanuauiiunnaiialuana (Genus) Andamia
oc | Umanuauiiunnaiinluana (Genus) Aspidontus
wo | Umanuauiunnaiialuana (Genus) Atrosalarias
0o Uaﬁ’mnmuﬁunnuﬁmhaqa (Genus) Blenniella
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1010 ﬂawgml.l,muﬁuvgnﬁﬁﬂ'[uﬂqa (Genus) Cirripectes
v ﬂaW‘ﬁ?ﬂLLmuﬁuvgﬂ‘dﬁm’[uaqa (Genus) Ecsenius
CT ﬂmtﬁ?nuﬂuﬁuv‘mﬁﬁm'luﬁqa (Genus) Entomacrodus
e ﬂawﬁnumuﬁumﬁm’luaqa (Genus) Exallias
b ﬂmmgnumuﬁunnﬁﬁm’luaqa (Genus) Istiblennlus
1) ﬂm&fﬂuﬁuﬁuﬂ nuiialuana (Genus) Laiphognathus
we | Umnay nuaurunnaiialusna (Genus) Meiacanthus
e ﬂmé?ﬂumuﬁmqnﬁﬁm‘luaqa (Genus) Plagiotremus
mo UQWG?ﬂLtﬂuﬁuﬂﬂﬂﬁﬂlanﬁ (Genus) Salarlas
Carapidae
oo | Usldynnnaiialuaed (Family) Carapidae
Carcharhinidae
ol | Usmaunnziia luieed (Family) Carcharhinidae | anmemalaiiiu ¢o o
Centriscidae
oo | Ysrthelanngiialuid (Family) Centriscidae
Chaetodontidae
o | Umilide uazUaludnnziialund (Family)
Chaetodontidae
Cirrhitidae
me ﬂawmﬁmqﬂﬁﬁm’lmqﬁ (Family) Cirrhitidae
Ephippidae
mo> | Umydhanaiialuana (Genus) Platax ANuEN LAY wo .
Gobiidae
oo | Uanifmnaiialuana (Genus) Amblyeleotris
oc | Yannnaiialuana (Genus) Amblygobius
o | Usynnaiialuana (Genus) Asterpteryx
¢o | Uaynnaiialuana (Genus) Bethygobius
€0 | Uanjnnwiialuana (Genus) Callcgobius
co | Usdemnaiialuana (Genus) Cryptocentrus
o | Uanunmnaiialuana (Genus) Ctenogobiops
¢e | vanjimnuiialuans (Genus) Eviota
«¢ | Yaynnaiialuana (Genus) Exvrias
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@ | Yanynnwiialuana (Genus) Gnatholepis

o | danjuzmFmnaiialuana (Genus) Gobiodon
e | Usnunnsiialuana (Genus) Istigobius

e | Uaniniinannaiialuana (Genus) Mahidolia
¢o | Uanidemnziialuana (Genus) Myersina

[10) 1Jm1‘1:$")'r‘m'nﬁm1uﬁf]a (Genus) Priolepis

¢w | Ymydmnaiialuana (Genus) Stonogobiops
¢o | vaniSmnuiialuana (Genus) Trimma

ée ﬂmyjnﬂmﬂqnﬁﬁﬂuﬁqa (Genus) Valenciennea
¢¢ | Uaidmnziialuana (Genus) Vanderhorstla

Grammistidae

¢o | YmnzSadiannnziialuaed (Family) Grammistidae |

Haemulidae

¢o | Ynasasunwnmnaiialusna (Genus) Diagramma anuemlifiv wo 7u.
¢e | Umaspsunenynaiialuana (Genus) Plectorhinchus | anwendlaitiiv wo ou.

Holocentridae

¢ | Umdnumianmmeiialuned (Family) Holocentridae |

Kuhliidae

vo ‘ Usmesannaiialuana (Genus) Kuhlia J

Labridae

%0 ‘ Uaungunamnaiialuied (Family) Labridae |

Malacanthidae

o | Uanamannennaiialudna (Genus) Hoplolatilus
oo | Uanmennenngiialuana (Genus) Malacanthus

Microdesmidae

ve | Usignaannnaiialuana (Genus) Nemateleotris
ve | Umuaneenynnzilaluana (Genus) Parioglossus
o | Umgnasnnnziialuana (Genus) Ptereleotris

Monacanthidae

v | UmTmnzilaluasd (Family) Monacanthidae anue LA wo .

Muraenidae

ve | Yalvannziialuaed (Family) Muraenidae
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Ostraciidae

ba ]Umﬁmﬂméamnﬁﬁﬂuwﬁ (Family) Ostraciidae |

Pempheridae

wo | Umnszamziannyilaluid (Family) Pempheridae |

Pinguipedidae (Mugiloididae)

o ‘ Umanuwaunngiialuied (Genus) Parapercis |

Plesiopidae

Wl | Umasugnmnsiialuied (Family) Plesiopidae |

Pomacanthidae

oo | UaAuaynsynaiialund (Family)
Pomacanthidae

Pomacentridae

we | Unddadiu uazdaimsgunnaiialuaed (Family)

Pomacentridae
Pristidae
we l yamwnnynaiialud (Family) Pristidae J
Pseudochromidae

wo | Umlnannennuiialuana (Genus) Blennodesmus
wo | Uarlwansennsilaluana (Genus) Congrogadus
we | Yawasyannaiialuana (Genus) Pseudochromis
we | Usmaannaiialuana (Genus) Pseudoplesiops

Rhinobatidae
go | dalstiu uazUmlaiunnatialuied (Family) anuem iy @o o,
Rhinobatidae
Scaridae
¢o | Uswnufmnaiialued (Family) Scaridae anuembiiy ¢o .
Scorpaenidae
<o | Undlauazdmpunnaiiolued (Family)
Scorpaenidae
Serranidae
co | UsnzRueudaaunyiia Acthaloperca rogaa AMMEM LAY wo .

e¢¢ | UsnzSameiduaiia Anyperodon leucogrammicus | AueEN iy oo #.

1482Hm .
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g¢ | UmnzSmnaiialuana (Genus) Cephalopholis anug iy wo 7.
@ | UmngFamieauriia Cromileptes altivelis anug i wo .
¢ | danzSmnaiialuana (Genus) Epinephelus anueM iy wo #u.
gnriudanzsiaanuasriia Epinephelus coioides

Ostraciidae

e | UmnzSsimnuiialuana (Genus) Liopropoma
e | UmneSmnaiialuana (Genus) Plectropomus anuenIlifiv wo ou.
wo | UmnzSaamnaiialuana (Genus) Pseudanthias

wo | UmneSimnaudaunnaiialuana (Genus) Variola | anuenluiiiv wo #u.

Siganidae

oo | Usadanzialaunugiie Siganus (Lo) magnificus
o | Uaddeanzamasiyiia Siganus puelloides

Solenostomidae

oe ﬂaﬁuﬁuamﬁ?}mwnﬁﬁﬂmqFf (Family)

Solenostomidae
Sphyrnidae
o¢ | Umaamwmndeunngiioluad (Family) anue iy ¢o .
Sphymidae
Stegostomidae

o | Uaamuansdaanyila Stegostoma fasciatum

Syngnathidae

vo | Umidndluasumnaiialuana (Genus) Bhanotia
we | Umduiasdnniiolusna (Genus) Choeroichthys
wo | Umaniuasdynaiialusng (Genus) Corythoichthys
000 | Umiuituasdnmsiialuana (Genus) Doryrhamphus
000 | Uadantiuasdymsiialuana (Genus) Dunckerocampus
ool | Uminmluasidynatialuana (Genus) Halicampus
®om Um%uﬁuﬂitﬁnnﬁﬁﬂluaq @ (Genus) Phoxocampus
90& Uir)ﬁwuﬁuwin nuiialuena (Genus) Trachyrhamphus
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Tetraodontidae
oo¢ | Uminithynutialuana (Genus) Arothron
oov | Umilnithynaiialuana (Genus) Canthigaster

Torpedinidae
wow | Uanszuulwibhmnziialud (Family)
Torpedinidae
Toxotidae
0oe ﬂanﬁaﬁuﬁmnﬁﬁm'luwf (Family) Toxotidae
Triptervgiidae
ooc | UaawuaIunnaiialuind (Family) Tripterygiidae
Zanclidae
000 | Umiliaimsaiia Zanclus comutus
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