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L GEOGRAPHIC DISTRIBUTION
14 Maps

Map of mangrove is nat yel produced for specific mangrove protection and conservation or plan. It is
just in the subcategories of the maps of forest covers or map of land use. This map Is in the country
scale as 1:500,000. The maps of forest cover were produced three times such 1993, 1997 and 2000.
However, the method and approaches of interpretation. producing map and definition are different.
Thus, it makes many troubles in the term of time seres and spatial analysis for mangrove areas.
Maoreowver, in the term of the planning and management purposes for mangrove on the specific site,
it needs to be reproduced the new one with the detail scale that may be 1:50,000 or 1:25.000.

A degrea of uncertainty surrounds cument estimates on Cambodia's mangroves. The data were
derived largely from a 1:25,000 aeral photographs taken in December 1994 thal have not been
sysiematically ground trusted due to safety and security constraints. The GIS land use maps thal
have been made by interpreting the 1991 aerial photographs were not systemalically ground trusted
gither, Reports were based on small scale projects and on on-sile reconnaissance of selected areas
thal are accessible by boat or road; there are very limited aeral reconnaissance in the vicinity of
Koh Kong Provinge, Figure 1 shows the map of mangrove distribution along the coastline of
Cambodia.

CAMBODIA's Mangrove Distribution
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Figure 1 Map of Mangrove Habitat along the Coastline of Cambodia
1.2 Argas
It was esfimated in the past thal mangrove forest covered only 37,000ha. The Land Cover maps
published by the Mekong River Commission/UNDP/FAD (1894), however, show that in 1992-83, the

mangroves consist of about B85100ha. Of these land area, 63,700ha are located in Koh
Keng Province, 13,500ha in Sihanoukville and 7,900ha in bath Kampot Provines and Kep Resart City

Reversing Environmental Degradation Trands in the Scuth Ching Sea and Gulf of Thailand
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in fringa coastal areas along the Gulf of Thalland. The vast majonty (63,700 hectares) are located in
Koh Kong Province. While the iotal area of mangrove forest in Cambodia is small compared to
surrounding countries in the Gulf of Thailand, these forests have been relatively undisturbed until
recently. Howevear, Cambodia's mangroves are now under intense pressura from competing resource
uses. Two imporiant threats to the mangrove rescurce ane the clearance of mangrove areas for
intensiva shrimp farming and charcoal production. Nedghbouring countries such as Thadand and
Viet Nam have seen widespread destruction of their natural coastal resources as a mesull of
unmanaged exploitation. Sound management strategies for Cambodia's mangrove areas ane urgenthy
rl;aa-dad o avoid a similar outcome. Percentage of Mangrove Areas by province is presentad in
igura 2.

Mangrove Distribution in Cambodia

Kampol and
Kep
2%
Sihanoukvilke '.
16%
Koh Kong
75%
Figure 2 Perceniage of Mangrove Areas by Province,

Based on a delailed study CZM-DANIDA (2001) covering of some districts in Kampot provines the
fallowing were mapped:

»  Kampot district

- Koh Toch commune: 500 heclares in 4 willages [Prek Ampil, Koh Toch, Prek Chek,
Kilametar Na. 12)
Baung Touk commune: 300 hectares in 4 vilages (D Roluos, Koh Rokar, Beung Tuok,
Tataeng Thagal)

- Chum Kreal commune: 100 hectares in 3 villages (Kampong Treak, Chum Kraal,
Kampong Kandal)
Koun Sati commune:; 21 heclares in one village (Kampong Mung)
Trapeng Sangke commune: 71.93 hectares in 2 villages (Trapang Sangke, Trapang
Thiom)
Kampang Samrong commune; 5 hectaras in a village
Prek Thanat commurne: 275 hectares (Changhoun, Prek Thanoat, Prek Kreng)
Total area in the district was 1,27 3ha.

» Kampong Bay district:
«  Treuy Koh commune: 105 hactares in one village
Beung Tapream: 105 hectares

¢«  Kampong Trach district:
= Russei Srak Khang Thbong 136 hectares (Thakov, Lork and Koh Sna).
Sihanoukville: Mangroves can be found in the estuaries, along the muddy seashore and
on the swamps and river systems and some coasial areas. Basad on mformation from

the saveniies and early nineties there are some indications of changes In the mangrove
distribution.

Kaoh Kong: the information recefved from local areas indicated that mangrove areas have
decreased over the pasli few wvears. Mangroves are a priceless resource, hawving

Reversing Environmental Degradation Trends in the South China Sea and Gulf of Thailand
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important roles in the fisheres and environment and providing protection of coastal
environment. Mangroves of Koh Kang siretch along the coastal areas covering B3Thm’,
Theare are B4 species of mangroves

Table 1 presents different figures of mangrove coverage found by different nstifubions and
organisations.

Table 1 Mangrove Forest Coverage in (ha) in Cambodia,

Province/Municipality
¥oh Kong Sihanauhville Kampot ol Y
16,001 3,600 17,400 37,000
63,200 7300 17,400 B3, B00
. T
31,000 3 B} 3,700 38,300
31,300 2,300 2,300 37,000
3,700 13,500 7,900 85,100
17.234
B3,700 13,500 7,900 85,100

Sowce. FAQ, 1873,
2. DISTRIBUTION OF SPECIES AND FORMATION

Mangrove communities can be classified into different types: riverine, basin or fringing. Mangrove
species are generally aranged in zones from sea to land since they have adapled lo a slightly
different range of physical conditions. The mangorve zones in Cambodia are calegorised into:

(8] The Awvlcanrma-Soineratia Zone,

(b} The Rhizophora zone,

(c) The Brugurera-Kandelis-Carlops zone; and
{d) The Lumnitzera-Xylocarpus-Bruguiera Zong,

In most mangrove forests, different species dominate ceriain zones, The characteristic zonation
pattern resulls from differences in the roating and growth of ssedlings and compelitive advantages
which each species has along the gradient from mean sea level to above the high water lines. The
dominant species In this forest type belong to the family of Rhizophoraceae, such as Rwzophora
confugata (Kongkang Nhy), Rhizophora mucronata (Kongkang Chmul), Cerops spp.. Brugulera spp.,
Caralia sp. and the familes of Verbenaceas (Awvicennia sp.). Sonneratiaceae, and Palmae
{Mypa Friticans)

Tha average annual growih rate of Cambodia’s mangrove forests was estimated (0 be 7.2m'fha. In
sme areas, this amount is as large as 9.2-8.9m"ha. Rhizophore conjugata and R. mucronala,
Rhizophora spp. reach a haight of 15 to 20m and diametres measured at 1.3m high from ground vary
from 30-40cm, depending on natural factors (soil condition, location eic.), compared ta 30m high with
diameter of T0cm in Viet Mam. Due to illegal logging in mangrove forests, the recenl mangrove
inventory shows that the growing stock of all standing trees within DBH greater than Scm is 288m/h.

21 Species Distribution

There are reporied 1o be 74 spacies of plants in the mangrove systems of Cambodia, from 53 genera
and 35 famifies, however this number has yet to be verified. An initial list of 42 mangrove flora species
belonging to 20 familes has been identified during feld surveys camed oul from Oclober Lo
December, 1994 (IDRC, 1995) The dominani species belong to the genera Rhizophora
(R, mucronata, R. apicilata) Avicennia, Lumnitzera, Brugwera, Cenops and Xylocarpus. In addition 1o
mangrove trees, other associated species include the mangrove palm, Nypa fndicans.

An initial field study found 42 species of trees and shrubs belonging to 20 families in the mangrove
forest of Koh Kang (DNCP', 1985). The most dominant species are of the family Rhizophoraceae
{species mucronata and apiculata). famlly Combretaceae with genera Lumnitora; and, family
Avlcenniacae with genara Awicanira,

' Daparimend of Naluwa! Ressuce Consanaiion and Profecton, Minisly of Ersronmeant

Reversing Environmantal Degradation Trends In the South China Sea and Gulf of Thalland
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Mangrowe forest zonafion in Koh Kong is beleved to be simiiar to plant commuonily structure in
Chattaburi Province, Thalland. The edges of the estuanies and canals are dominated by Rhizophora
apicilata and R. mucronata. Further iniand are Awicennia and Bruguwiers followed by Xylocampus,
Cenops and Lumnizera. Finalty, a combination of Nypa futicens and others can be found in the
Iransitional zones batween rue mangroves at the saaward acge and inland forest (rear mangrovas)
which are dominated by Melsieuca treas.

Referred o the research of the CZM-DANIDA (1909) in Movember 1999 on the “Assessment of
Sustainable Livelihood Alternative to Mangrove Exploitation”, the mangrove forests are the prevailing
ecosystem In many coastal zones of Cambodia, They commonly ccour in estuarine systems and as
fringing belt on near shore creeks, lagoons, and in marine sheltered bays. & otal of some 30 true
mangrove and about one dozen of mangrove associate species were dentified during the fiskd
observations conducted by two different groups please see the attached Annex 1

The Rhizophora aplculala s the predominant ree along most estuaries systems, while a mix of
mangrove species each adapted io the soll and salinily condition forms the inners parts of exlensive
mangrove their allest size (g2.g., In Koh Kapik River system, where still some Brugidera spp. And
Xylocarpus trees remain intacl at height of 25-30 metres, Typically, the mangrove vegetation changes
gradually inlo freshwaler riverine vegetation and/or ierresirial forest ypes, (e.g., Melalevcs or dense
lowiand evergrean forest) on the landward side whal tidal influence is decreasing. Where infertile
muddy/sill river banks occur in this part of the esluary, extensive slands of Nypa palms fraquenily
ocour, often accompanied by dense growih of mangrove ferns (Acrosfichum spp.), which also can
form dense aggregation as undergrowth in the higher portions of the rear mangrove communities, the
so-called backmangal zone.

A part from common pattern of zonation of predominant species parailel o the rivarine border, there is
conspicuous vanety of patchy disinbution of specific stands of the certain mangrove species, e.g.,
Cenops spp. and Excoearia agaliocha, In some nearshore sandy elevated areas Hertiera develops in
both Koh Kong and in Sihanoukyille. It i note thal many of these trees are affected by the natural
decay, the so-called fop-dying disease.

In coastal flats with highly safine sandy scils, |ike in areas where extensive slat farm development
lakes place (e.g., Kampot Province) the predominani mangrove species are Avicennia on the
soaward side and Lumizera in the landward side. In the latter enviranment, fringing mangroves tend
o have stunted growth which is aliributed to physiological stress for the vegatation which has to cope
with inferile saling scils, fine sand accumulation and high evaporation rates due to wind exposurne,

21 Formation

The mangrove communities in Cambodia were classified by the forest dassification of the Ministry of
Agriculture, Forastry and Fisheries and it is similar to what Vibath and Aswell classified as four types
as following:

Mangrove: Most of the members of the mangrove commundty are charactenstic of areas which are
inunciated ondy at some high tides and where there i3 a large degree of freshwater influenca. The
lslands and creeks are typically fronted by Rhizophom apicwiate and Rhizophoras mucronata, two of
the most common of the mangrove species present, and stands of Nyps paims, Immediately behind
this fairly namow strip of Rhizophora i an interesting mixture of ather mangrove species, the moat
common of which are; Brugiera gymmormivza, 8. sexangula, Cerops lagal Lurmnizera liforea,
Horiliera  Woralis, Xylocarpus granafm, Hisiscus tlsceus, Phoendy palludosa, Acrosthicunm
speciosum, Aeqaiitis sp. and, Acanyus sp,

Rear mangrove’ community: On some of the islands and on the mainland batwean Prek Khlang Yai
and Prek Thnot, the mangrove community forms a narrow band. |1 is followad by a community above
the high lide mark and probably only subject to freshwater inundation during the wet season, This
community is dominated by Melaleuca leucodemdron.

Ravarsing Environmental Degredation Trends in the South China Saa and Guli of Thailand
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Beach strand vegetation: Al the south side of Koh Kapik, and on the sandy areas of some of the
Islands. there are small areas of typical beach strand vegetation dominated by Casvaring equisitifola
wilh some Terminalia calappa.

3 ENVIROMMENTAL STATE

As manticned previously, the coastal areas in Cambodia are formed info two municipalities as Krong
Kep and Shanoukville, and two provinces Kampat and Koh Kong Province

These coastal provinces/municipalities under the effact of tropical weather and monsoon winds with all
year around temperature from 24°C to 30°C. The rainy season is from May through Cctober and the
cool season is from November to January and the dry season is from February to April. The average
rainfalls in Kep vary from 1,200mm to 1,875mm or a higher — 2.500mm. The moisiure level ks also
moderately high.

In Koh Kong Province, the Rainfall ranges between 2,000mm and 5.268mm (according o Koh Kong
Water Resource and Metearological Department). The monthly average lemperature is 27°C low and
38"C high. In rainy seasaon, the wind comes from the west or from the sea that can cause slorms with
duration of 3 to 7 days rendering travel by sea difficull. During strong winds and storms waves can
reach 2-3.5m in haight

4, THREATS, PRESENT AND FUTURE
4.1 Human Pressura
411 Population Progsure

In 1895, the total population of the three coastal provinces was estimated to be 6.5% (675,000
populations) of the tofal national population, Popuiation densities vary from 7.07 peoplefkm® in
Kampot province to 138 people/km’ in Sthanoukville with an average density of 37 pﬂﬂpl&rhl'ﬂ?
Average growth rates in 1993 range from 2.7 1o 4.8% in Keh Kong and Kampang Som raspectively.

412 Coastal Development

The Royal Govemment's goals for Coastal provinces and municipality onginally planned for economic
development in Cambodia through the rebuiding of urban growth tourism port expansion and

indusiry.

Urbanisation

Investment in coastal development will lead fo increased urban growth &s population from the rural
sreas move to tourism and associated services for increased economic opportunities The Urban
environment Infrastructure is current insufficient to mest the requirement of even the current wrban
population Withcut appropriate imvestments the emaronmental guality of this town will degrade.

Tourism development

Coastal area is a matter of great in importance 1o the future of Cambadia both in term of econemical
and enviranmental considerations. This development is expected to lead the way for Coasl lo develop
as commercial centre which would substantially increase its population, The impact from this
devalopment may be affected to coastal inland resources coastal waier resources. The number of
tourists in the three coastal provinces has been estimated at 10,208, An appresimately 8% growth in
iourlsm arrivals in Cambaodia is Japanese Taiwan and Chinese. This indicated that the positive growth
in tha potential tourism Development sactor in the country.

Port development

Coastal ports expansions developments can make a confributien 1o the economy as a main hiub for
growth of maritime transport which should in furn attract manufactuning enines but may a0 have an
adverse impact on the surrounding enviranment, These effects of new expansion por can be focusad
upen location port construction and port operation. These lead to impacts on water quality coastal
hydralogy botiom contamination marine ecalogy air noise waste managament and visual guality.

Reversing Environmantal Degradation Trends (n the South China Sea and Gulf of Thailand
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Industrial developmont

The indusirial development zone was established in Sihanoukville called *Stung Hav Sihanoukville
Indusirial Zone®, This industrial zone include petrochemical production to explait recently confirmed ail
and gas resarves in the gulf of Thailand food processing basad on the local fisheries in the area
tmber processing and re-manufacturing. However these indusiries poss potential damage to the
amviranmant.

4.2 Matural Phenomena

Because coastal zones are affected directly and indirectly by the impacts of dimate change such as
change in preciptation, hydrological pattern, and frequency and intensity of cyclanas, storm surges.
Cambodia's coastal zone is among the most vulnerable areas io global warming and climate change

5. SOCIAL USE AND OWNERSHIP
51 Ownership
51.1 Protected Areas

Most of the mangrove areas have been designated within the protected areas system under the Royal
Decree Creation and Designation of Protected Areas' signed on November 1, 1993 by King Sihanouk
{Table 2. These protected areas include the Peam Krasop Wildlife Sanctuary (31.022ha), and Botum
Sakor Mational Park (171,250ha). In addition, Koh Kapik (12,000ha) and associate islats situated
within Peam Hrasop Wildlife Sanctuary. have been nominaled as a wetland of international
importance under the Ramsar Convention (ADB, 1995). All of these areas are under the responsibility
of the Ministry of Environment (MoE). Management plans for these areas are yet 1o be developed.

Tabila 2 Protected Areas in the Coastal and Marine Zones of Cambodia.

Hame | Araa (haj | Province
Matlonal Parks
Phrom Bokor 140,000 Kairpied
;S 5,000 Kampot
Meam [Prash Sihanouk) 15,000 Kamgpong Som
| Batum Sakar 171,250 Kah ®ong
Koriram 6,000 Kioh Kors, Kampong Speu
Wildiife Sanctuaries
Peam Krasop 23,750 | Kioh Karg
Phinoin Semkos 333,750 [ Koh Kang
Aiiral 253,750 Kioh Mong, Pursal, Kampang Channang. Kempong
L
Muftipts Use Management Aroas
Dang Pars 27,700 | Koh Kang

Sovree ADE 1995
51.2 Communities

The communities wha live in the villages located inside or directly adjacent o the South-West Cluster
Protected Areas come mainly from the Khmer, Cham, Pear, Chong and Séach ethnic groups. Tha
majority are Khmer, aithough there is a significant minority of Cham living in and around Ream and
Bakor Natlonal Parks who are engaged in fishenes-related activities and farming. The park-adjacent
and park-dwelling populations include a mix of more recent immigrants {most who cama 1o the area
during or after the Khmer Rouge era), and longer-term sattlars.

Acfually, the communities’ development and the communities of conservation and protection have
popularly been appled throughout the whole country, This term have been used in term of
co-management of Protected Areas and Matural Resources that is adjacent to thelr communities.

5.2 Present Uses

Given the multiple use potential of mangrove ecosystems, an integrated approach o mangrove

management s essential and should cover the full range of products and services which can be
obtamned from these areas.

Reversing Environmantal Degradation Trends in the South Ching Sea and Gulf of Thalland
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The uses and values of the producis obfainable from mangroves are many and important. The
importance of the resource stems from the many products taken directly from the mangroves,
including the non-wood products, as well as amenities provided from within and beyond its
boundaries, Waod products range from timber, poles and posts to firewood, charcoal and tannin,
Non-wood products include thatch, honey, wildlife, fish, fodder and medicine. In additiocn, mangrove
lands are often converted 1o salt ponds or to agriculture or aquaculiure purposes. Table 3 illustrates

differant kinds of mangrove products and uses along the costline of Cambodia.

Table 3 Different Kinds of Mangrove Products and LUises

Fuel T Textie, wather Household items
& Firewood e Synithatic fiters (rayon) = Chun
& Charcoal s [ya forcloth = Hardressng oil
Construgtion *  Tannin for leather presenation s Tool hardies
s Timber, scafalds Food, drugs and bivarsges & Pt mdrtar
»  Heavy consirociarn ® Bugaf « Toys
*  Rabway sonpors ® fisohal w  Waich sticks
& Mlining praps s Cooking oil w  Inoanse
*  Boal building = Yinegar Othar forest products
* Dock piings =  Taa substisile & Pagking boxas
# Beams and poles ®  Farmaenbsi ddnks *  Waed for smoing sheal rubber
& Flooring, paraling »  [Dasser opprdg ®  Medicinas
& Thalch or mattng e Condimants (bark) Othar natiral products
s Fence posts, chipboards o Sweatmests (prop guies) * FishiCrislacaans
Flahing » Vegelables (Futlesves) = Honay
s Fishing slakes Augriculiure = Wax
s Fishing oats & Fodider = Bids
»  Wood for smaking fish *  Mammals
&  Tannin lor nelines »  Raptiesiother faura
s Fisha iy Shebar

» Sarvices

a. Coastal prolection against wava and wind erosion,

Moderating the effects of coastal storms and cyclones.

Sheltar and habitat for diverse wildife, particularly avifauna

Muirient sink-effect and reduction in excessive amounts of poflutants.

Entrapment of upland runoff sediments thus pratecting near shore reafs and reducing water
turbidity.

Mangroves also provide opportunities for education, scientific research, recreation and eco-
tourism.

s oo e

=

#  Wood products
Mangrove forests have favourable silvicultural characteristics which lend themselves o intensive
forest managemant for wood products. Some of these characterisiics are as follows:

« Rapid growth: mature stands under suitable conditions may yleld over 270m’fha within
30 years, equivalent to an MAI of -10m’/ha.

« Good regeneration potential: most mangrove specias flower and fruil regularly and the prop
gules are dispersed by tides. Thus, mangrove stands can recover rapidly from natural of
man-made disturbances, including intensive logging.

« Tendency to form homogeneous/even-aged stands: pure stands of Rhizophora or Avicenma
are not uncommon and even in mixed stands; the principal components are restricted to a
handful of species.

s Diversily of forest products: a wide range of products are produced and as bioaneargy
plantations even the smaller thinning may be used as firewood,

Reversing Environmental Degradation Trends in the South China Sea and Gulf of Thafland
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»  Timber

Under favourable conditions, mangrove treas can grow o large sizes. Rhizophora over 40m tall are
not uncommon and ndividuals over 62.5m have been reported. However, lamge trees are becoming
scarce, especially in South East Asia, as most of them are removed before they can attain such sizes,

Rhizophora spp. are, however, nol valuable as timber because of their tendency to splid and warp
when dried. The wood is dense and difficult to work. The sapwood is easy 10 preserve but not the
hardwood. It is resistan! to decay but not to marine borers. Its possible uses include agriculbural
implemants, boat construction (knees and ribs), general heavy construction (rafters, beams, joists),
marine and bridge construction (underwater, non-teredo infested waters), marine and bridge
construction (above water), fence posts and poles,

The wood of Rhizophora is exceedingly heavy with a specific gravily varying from 0.8-1.2. Avicennia,
which has a lower density (about 0.64) and good nail holding qualities, is often used as railway lies.

- ﬂhﬂm

Rhizophora spp. is preferred for charcoal making. Their moisture content IMC) when fellad = about
40 percent (as percent of oven dry wesght) compared to Avicennia wood which ranges from 70-85
percent. Rhizophora wood dries 1o aboul 25 percent MC after two maonths, whereas Avicennia
requires up to six months drying to 35 percent MC. This panly explains the popularity of Rhizophom
wood, as predrying siock can be kept to @ minimum, Other species {Bruguiers gymnorhiza and
Ceriops sp.) ara also used bul in smaller quantities

Charcoal is the main mangrove product in Cambodia. Industries are weall devetoped at tha village and
coltage industry levels in most Asian countries where mangroves still abound. Charcoal is mainly
used for cooking purposes and small-scaled industries,

+« Firewood
Rhizophora in Cambodia are favoured as fuel wood for domestic purposes and are commercially
removed, or collected by fishermen and villagers,

* Fishing stakes/poles

Actually in Cambodia, there is an established demand for mangrove plling poles uzed n land
reciamation and the construction industry. Used in wel siles which are not Infestad by shipwarms,
such mangrove piles can cutlast non-treated inland hardwoods.

Along the muddy river banks, small fishing stakes are used to support tidal fish nets, Mangrove posas
are also used for scissor nets in housing construction, In countries in South East Asia, fishermen cut
mangroves and dump them into the shallow coastal waters as a way of creating shade and thus
attract fish (fish attraction devices),

« Tannin

Rhizophora bark produces very fine tannin suitable for leather work. Tannin from mangrove species
has alsa been used for curing and dyeing of fishing nets made of natural fibred to make the nets more
resistant o biological decay.

The production of tannin has declined greatly in recant years, in particular since kocal demands have
been reduced after the introduction of nylon fishing nets and the use of chrome as the predominant
afent for ieather curing.

s Nipa palm

The uses of this palm are many and diverse. It yields an important thatching material, which is wsad
for the roofs and walls of rural houses. The shingles produced are cheap, light to transport, easy o fix
and can last several years, particularly when used in houses with open sioves, Clgareite wrappers ars
also made from the young shoots of Nipa.

= Wildlife

Ag in other forest types, the wildlife in the mangroves is an important source of protein for the local
communily. In addiion, some species, especially reptiles, are hunted or reared for their hides,
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Examples of traditional utifisation of selecied wildife spacies found in mangroves are described in the
fallowing.

The wild boar (Sus scrofa) is often found marauding In the swamp margin and it i a source of bush
miaat in Cambodia.

» Fisharies products

From an economic point of view, mangroves are ofien far more mmporiant for the aguatic production
they support than for the wood production potential. Kapetsky (1985) estimated that the average yield
of fish and shelflfish in mangrove areas is aboul $0ko'ha, with maximum yield being up to 226kg/ha.
According to this aulhor, the total haleubc production of the worlds mangroves would be around
1,000,000 tonnes per year (for an estimated area of 83,000km” of open water in mangroves), which is
slightly mare than 1 percent of estimated total world production in all waters per year.

# Fish

In Cambodia, the main commercial fish species caught in or cose to mangrove areas include mullets
(Liza subvintis), sea bass (Lales calcarfer), snappers [(Luffanus spp.), Wapia ( Tiapia spp.), groupers
(Epimephelus spp.), sea calfish (Anus spp.), threadfins (Efeutheronema spp.) and snake eel
{Qphichthus microcephalus) (Ghristensen, 1979).

53 Potential Uses

Other animals and plants associated with mangroves. Mangroves help provide for a greal diversity of
plant and animal life. They provide assential habitals for aquatlc inhabitants such as crabs, shrimp,
fishes, and various inveriebrates, as well as olher species such as shorebirds and monkeys.

All these resources as mentioned above are very high poiential in term of local wse and extemal
demands,

54  Current Management Regime
541 Enforcement of Existing Laws

The emnvironmental protection and natural resources management law is not adequately enforced,
This is largely because of lack of human and financial resources, The fisheries law has many good
provisions for the protecton of manne habilats and fisheres resources. For instance, dynamite fishing
frawding in coastal watar pushing natting and cutling mangrove occurs daily but are rarely prosacuted,

542 Decision-making Processes

The decision-making process relating the development in the coastal zone is poorly defined vague
and ambiguous. It appears that whatever the official mechanisms are high ranking individuals can
make decisions withoul consultation and padicipation. On the obher hand, it appears o0 ba conflict
batween pravincial and national decsion-makers with plans and poficies developed independanily by
fhe twi lavals of govamment.

543 Legal Framework

A legal framework does exist for management of the coastal zone. There are laws on protecied areas
fishing industrial development land use forestry environmental protection and natural resources
management, environmental impact assessmeant, water pollution contrel and other impodant coastal
zone issues, All governars and departments in all provinces and municspalities identified the lack of a
lagal and policy framework for coastal zone management and administrative structure to implemeant it
as a major constraint on coastal zone management in Cambodia

Lack of Coastal Zone Planning

Al provinces and municipaliies are required to prepare Master Plans. Planning has not occurred in
tha coastal zone. However, ihe plan prepared by provincial authorise specifies industrial fourism and
residantial zones but does not suggest any guidedines for development standards or further plans.
Linplanned and unco-ordinated development is occurring all along the coast but is nol yal viewed as a
major problem because the rate of developmeant is slow. However, it (s envisagad that this |s lack of
planning result in haphazand development and will be a source of serious conflicks in the near Tuture
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Lack of information about Distribution and Status of Natural Resources

Information on marine habitals such as coral reefs, seagrasses and endangered species are sl
limited. The distribution of such these information and data both national and provincial levels are
limited. Without information about what people are catching, it is not possible to estimate where the
fisherias are over-fishing.

Lack of Public Awareness and Participation and Capacity

Many problems related to public and participation could be addresses. And actions to these should
strengthen laws raising public awareness and doing research associated with this concern is a
saricus lack of technical capacity among governmant staff and minimal resources to prepare and
disseminate information,

Participation is still low priority for most government officials thal may be reflecting the historical fack
of community participation in decision-making in Cambodia. The lack of participatony planning and
management has meant that some solutions to environmental problems are unsatisfactony.

544 Cambodian Policy and Administrative Frameworks

The basic emphasis of the Cambodian government at present is fo attempt fo clarify the lings of
responsibility for activities that currently transcend local, regional and national interests the intent is to
manage and co-ordingte government aclions to clarfy ministry atiributions and o ensure
administrative effectiveness and propriety. The existing restruciuring of adminisirative tasks s
directed reshaping the civil service reforming the crganisational framework for effective management
and reforming the regulatory mechanisms. The effectivensss and efficiency of organising and
managing planned coastal development and resources use is depending upan this successful
rastruciunng of the state [reformed administration). The Royval Government of Cambodia is being
emergaed to develop Cambodia to become a state with a functional legal and administrative sysiem,

Many Royal decrees laws, sub decrees and other legal instruments have been issuad and are baing
developad. Al the present, a process of making policy and law are done by a combinafion of national
and international experts. These are law on Environmental Protection and Matural Resources
Management, land law, Royal decree onm the Crealion and Designation of Protected Areas.
Sub-decrea on Environmantal Impact Assassmeant and Waler control Pollution, Fisharies and Foresiry
taws amnd Law on Land Managemant Urbanisation and construction. On the other hand, Cambaodia
bacame a member of the Coordinating Body of the Seas of East Asia (COBSEA) Assodiation of South
East Asian Mation (1969), MARPOL {1994), Bindiversity convention (1864), CITES convention (1887),
Ramsar convention {1983), and Climate Change corvention (1925),

545 Institutional Framewaorks

The numerous institutions with statutory power or interests in coastal and maring areas give rse o
the probdems of overlap gaps in responsihilities and lack of co-ordination, The government has sel up
soma organisational institulions in order to ensure overall co-ordination and co-operation of the
different policies and measures laken by minisiry levels of administralion, A pard from the existing
coastal and marine co-ordination consists of the Ministry of Environment, Ministry of Agricublure
Forastry and Fisheres, Coastal Co-ordinating Unit and the Mational Coastal 3ieering Commities.

The Minisiry of Environmant {MoE} was astablished in 1983 to addrass issues of enviranmental
management in the country hold a number of responsibilities with respect 1o the coastal zone, the
mosl obvious being the general protection of the environmaent in the coastal zone, More specific
duties inclede the planning and management of the protected area system in the coastal zone, And its
strateqgy is based on the execution of sole and joint responsibiities in conjunction with other ministries
concerned with specific aspects of natural resources and infrastructure menagement

The Minisiry of Agriculture Forestry and Fisheries (MAFF) iz the main ministry responsible for
managing Cambodia’ s forests including inundated forests mangrove as well as wildlife and fisheries.
Two depariments of MAFF are directly relevant to bicdiversity management and profection in
Cambodia. It is clear from the responsibilities of MAFF and MoE thal close co-ordination between the
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ministries and departments involved in nature consarvation is essential to avoid conflicts and promots
complementary activities towards implementing the coastal protected area plans.

Mational Coastsl Steering Committes (MCSC) s an altlempt to deal with the multi-sectoral natural of
coastal resource ssues. This commiltee was established in and meet on a quarterly basis Members
af this Committes include the Minister of Environment {Chairman), Under Secretaries of State from
Ministry of Agricultural Forestry and Fishanes (Vice-Chair), Ministry of Tounsm, Industry Mines and
Energy Public Works and Transporl. Rural Development, Women's Affairs Planning, Councll of
Devalopmant for Cambodia, Governors of coastal provinces and others donors NGOs and related
coaslal projects are observers, The NCSC is responsible for the overall direction of coastal projects
and activities. All members are asked to ansure the co-operation of thelr line minisiries and provincial
authorities, Tha commitiee assisted by secretarial calls Coastal Coordinating Unit (CCU) was cresied
in the Minisiry of Environment and i responsible for co-ordination of aclivities by intermational
organisations governmental agencies and the private sectors in the coastal area in Cambodia
Provincial working groups have been formed at the provinces and municipaliies. These working
groups are supported by Danida coastal zone project in its on-going technical assistance activities in
the coastal zone,

B. ECONOMIC VALUATION
B.1 Direct Use Values

Today, 49 Village Fishing Groups and a Village Fishenes Commiftee work fo regulate conserve and
manage manne resources in the Park according to the fisheres managemenl guidelines and
regulations that they have developed.

Analysis of the value of resource use shows that overall; Ream National Park constilutes an
extramaly important economic resource (or local communities. Up o 84% of households depend on
the Park's resources for their basic subsistence and income, 1o a net value of some USS51.24 million a
year of an average of US5233 for every household living in and beside the Mational Park.

In an area where the median family income is only US$316 a year and a third of families earn less
than LIS5200, and where half of households can barely provide for their own subsistence.

A survey of 80 households was undertaken in three wvillages within Koh Kapik, the study area and
proposed Ramsar site, in order to provede information on the raditional uses of the mangrove by local
communities. The research focused on the ecanomic valuation of non-imber forest products collected
from the mangrove area by households; these include fuel wood, charcoal, construction materials,
and crabs, shrimp, fish and snails. In addition, the important ecological functions of the mangroves,
such as storm protection and bicdiversily maintenance were identified. Eight shrimp farms were
surveyed in order lo assess the viability of shrimp farming in the area.

Ower 90% of households are dependent on fishing for their livelihood, Howewver, fish productivity has
declined dramatically in recent years due to the increased number of fishers, the loss of mangrove
areas to shrimp farms and water pallution from these farms. 90% of households involved in fishing
claim that it was harder 1o fish now compared 1o 5 years ago. Local fishing benefits are estimated o
be US5E4 par heclare.

The area of mangrove forest required per charcoal kiin per year is estmalted by this study o be
between 0.20-0.40 hectares. Assuming a 30 year culting cycle, and that only already disturbed
mangrove areas would be allocated for charcoal production, potential returms per heclare per year for
sustainably managed charcoal production are estimated at over US3$400,

While 50% of farms made a profit In the past year, overall shrimp farms in the area suffered an
average loss of over US$E1.000 per hectare. Largely due to problems with disease associated with
poor water quality management, il is rare for farms to have two successful harvests a year, and in
some  cases both harvesls have failed. Individual farms have reported fosses ranging from
LSS40,000-240.000.

The real cosis of shrimp farming are in fact much higher since the analysis does not account for tha
environmeantal costs associated with shrimp farming. Unsustainable shrmp rarmllnq is Imkqd_ o water
pallution and the extensive clearing of mangroves for farm use, preventing accretion and wiping out of
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nursery areas. There is also a social linkage: over 3% of local people oppose the shrimp farms. This
could result in social unrest and security problems in the future if not adequately addressed,

The relocation of families out of sensifive mangrove areas is supported by provincial authorities. Land
is available in upland areas in the province whare crop cullivation s possible alongside fishing, Some
households in Koh Kapik have expressed an inferest in relocation. While an in-depth assessment of
the sultability of relocation sites is lacking, the possibility of voluntary relocafion could be considered
as a way of protecting an ecologically valuable resource and improving the living standards of the
local people. Relocation support is estimated around USS2.000 per household to cover the cost of
house constrection and living expenses before the first harves].

Generally the Intensive shrimp farming covered an area of 850ha in 1984 with production of 450
tonnes a year. Bul disease outhreaks have since reduced the culture area to 20%, with astimate of
national kosses amounting to USEZE.6 million a year. A moratonum on further licensing of shrimp
farms has been enforced,

6.2 Environmental Service Values

The value of mangrove conservation In Ream National Park

In total there are approximately 1,800ha of mangroves in Ream, with a tatal volume of 111,645m",
A simpie cost-benefit analysis demonsirates tha high value of mangrove consaervation In tarms of local
spcio-economic and envimonmental benefits, Under realistic recovery and harvesting conditions,
tlear-culting the mangroves would yield a one-time income of less than US3630,000, Although prawn
farms can, under the best conditions. realise a net income of almaost US$ 500halyear, few actually
do In Koh Kong, a similar mangrove area lying to the west of Ream National Park, hall of prawn
farms are making a loss al a realistic productivity rate of 3.6 tonnes per harvest, this loss is nearly
LS50 950/hatyear and in aggregate they show a loss of U331,103 per ha per vear. Yet even if only
hralf of the forest, fisheries and agricultural production in surrounding villages depend on Mangroves in
the Park, their clearance would result in a loss of local income of around USS620,000 a year. [l was
confimad that US$344/halvear is a realisiic one data for similar mangrove areas In Thailand estimate
local use of mangroves o ba worth between US§230 (Christensen, 1979) and US51.200 (Sathirthai,
1998) a year, and values in Koh Kong Province exceed USS500/Ma, including charcoal, In fact many
more economic losses would occur from mangrove clearance, such as he damage o houses,
infrastructure, farmland, employment, markets and general local walfare that resull from the loss of
wvilal environmental functions and ecological services, [n Southerm Thatland, the economic benefits of
mangroves in terms of coastine protection have been estimated to have 8 value of between
USS76.5halyear and 165/ alvear {Christensen, 1979), carbon sequestration benefits U552 2/ha, and
mangrove storm profection functions have been valued at US532Ma in Koh Kong Province. Taking
into account these indirect economic benefits increases the annual economic value of conserving
Ream's mangroves to US5300,000 a yvear. This is far more than the one-off gain (and long-term loss)
of clear-cutting the mangroves and tuming them owver to prawn farms. The economic costs of
estroying these valuable natural ecosystems, both immediate and long-term, far excesd the benefits
or in other words, biodiversily conservation in Ream Mational Park is a demonsirably economically
waortiwhile aclivity o engage in.

Met value (USShalyear) Total Value (USS "000/yvear)
344 619

Local use: 200
Siom protection. 3,257 600
Coastal erpsion prevention; 122,219 604
Carban sequestration: 23,600
Todal Value: 500 900,000

7. CONCLUSION AND RECOMMENDATIONS

Fefereed to description above, the data and information i alill very imited, especially for the specific
issUas such as mangrove composition and specie distributions. The most of the supports are ikely o
work just in this slage on a very small areas companng o all the mangrove areas. n othar words,
nobody take it care yet for the whole mangrove areas even though the Cambodia is in progress af
green development way, Regarding the local data and information, it is mostly focusing on the socio-
acaonomic amnd health issuees which are the Immediate objectives to help people to survive malntain
and develop their own life, The environment issues are the secondary or long-term ohjectives.
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In addition, no ona institution is responsible for researches neither data and information co-ordination
and management. Due 1o there are no research supports and (ts facilities, lack of financial supposts]
and very limited knowledge and skills. On the other hand thane is no inking between the independant
researches and project/programme realisations. So the data and information are available unless
thizre k5 & project or programme in place.

Regarding the project or programmae, It s unsustainable manner. It means some projacts/programmes
just for 1 year, 2 years, 3 years or... but no permanent, So when it is nol parmanent. its data is not
fixed. When tha project'programme finished, the data and informalion are also mispiaced and
disappaarad.

Therefore the national self-management of the data and information is the key actor. Concerning its
management, there are lack of knowledge and skill in information and data management and its
supported infrastructures. The peocple are essentially less considered for the data and information for
dacison-making, planning and monitoring as well as evaluation. The principle causes are lack of
mechanism for data and information sharing among other pacples and lack of its dissemination, which
allows people to understand the impartant, use effectivedy and manage it

In order o maintain and keep records up to date, the key issue is to compille and manage the existing
data and information in @ nativnal database system that can ba used by other paople. As Cambaodian
human resources are very limited, thus the capacity building in data and information use and
management is a prerequisite as the immediate objectives

Gathering and giving data and information are the principle to promote and maximise for its sharing
and dissamination, It needs 1o establish the co-ordination for data and Information management with
the enhancement of flow mechanism with its free access.

REFERENCES
ADB. 19895, Coastal Zone Management in Cambaodia, Ministry of Environment, Phnom Panh

Chrstensen, B, 1979, Mangrove resources; thelr management and utiisation for forestry fishenes and
aquaculture near Khiung Chanthabur Provinee Thaland. FAQ Regional Office for Asia and the
Far East, Bangkok. 62 p. (Ronéatypé),

CZM-DANIDA, 1998, Assessment of Sustanable Livethood Alemative fo Mangrove Explodation.
Ministry of Environment, Phnom Penh.

CZM-DANIDA, 2001. Maragement of Cossftal Zone in Cembodia. Ministry of Environment,
Phnom Penh.

Departmant of Geography 1997, Foresf Cover. Ministry of Environmant, Phnom Panh,

DNCP, 1985 Repart of Mangrove Resources in Cambodia. Ministry of Environment, Phnom Penh,
Cambodia.

FAD, 1973, Foresty and Fores! Indusines Development. Malaysia, A national forest inventary of
Waest Malaysia. 1970-72, Kuala Lumpur, FODPMALT2009 TRS, 259p.

IDRC, 1895 Repord of Mangrove Survey along the Coastitng of Camboadiz. Ministry of Enviranment,
Phinam Panh.

Revarsing Environmantal Degradation Trends in the South China Sea and Gull of Thailand



WamionaL REPORT ok MANGROVES # THE SOUTH GHINA SES = Casaobis,

AnpEx 1 PrasE
A 1 List of Mangrove Species in Cambodia.
M, Khmer Mame Scientific Name Famihy
1 Trochjiek cragn Acanthus ebracleatus Acanthaceas
slekwengtrochpekcragn pkapor sar [shirub)
2 Trochjak cragn Acanthus Ficlfolius (shrub) | Acanthaceae
Slekbanlaftrochejiekcragn pkapor svay
3 Trochjiek cragn slek-sit banla Acanthus vulubilis (shrub) | Acanthaceas
4 Brong Acrosiichun aureum {fern) | Pleriddaceas
5 Brong/Khnagn Acrosfichum speciosum Plendaceas
(fiern)
B Smair Aegialites rotundifolia (tree) | Plumbaginaceae
7 T Aggiceras comicidaium Myrsinaceas
iree)
a T Amoora cucuiala (rea) kleliaceas
8 777 B Atalantia monophyila (free) | Rutaceas
10 | Kbagnsor'Sman/Mouroujsrotord Avicanyiia alba (frea) Verbenaceas
11 Khagn Mouroujsrotarh Avicannia maving (tres) Avicanniaceas
12 | Kbagnkmao/Spong Awvicerniia officinails {ree) | Avicenniaceae
13 | Dawmirojiekbres/Pchek tekbray Barringtonia racemoss Lecythidaceas
{tree]
14 | ¥ Browniowia lersa (shrub) | Tillaceae
15 | Basac'Omlann Brugiiera cplindrica (iree) | Rhizophoraceae
16 | Basac Kroahom Bruguwiera gymnorrhiza Rhizophoraceas
{tree)
17 | Basacsor Brugulera sexanguia (free) | Rhizophoraceae
18 |77 Caesalpinia crista (shrub | Leguminosae-
ar climbar) Caesalpinoideas
19 |77 Calycopteris foribunda Combretacess
iclimber)
20 | Dawmcheungtia/Pilpicht/Chompourey | Cerbera odollam (lree) Apocynaceae
| 21 | Smairsor Cenops decandra (tree) Rhizophoraceas
22 | Smerkroborm Cenops tagal (free) Rhizophoraceae
23 | Dawmchheangpurs Clarodendriam inerme Verbenaceas
{shrub)
24 |77 Comnbretum tetraiophim Combretaceae
25 | Dyerohatt Cordia cochinchinesis (tree} Boruginaceae
2% |TH Derriz infaliata (climbar) Leguminosae
Papilionoideas
27 | Tatom/Chheu chhor Expoecana egaliocha (tree}| Euphorbiaceas
&8 | R Finlaysornia mariima (vine) | Asclepladaceae
| 29 | Pdaoondawk/Voime Fiagelaria indica (climber) | Flagellanaceae
30 | Kann-kai/Dawmklai'Semomsakmot Heriera ttoralls (iree) Sterculiaceas
31 | Dawm-beus/Kabbasprayleukbrey Hibiscus iliaceus (trea) Malvaceas
32 | Krokosteukpray/Krongnungleukbeay Inista bifuga (iree) Leguminosaecas-
salpinoiddeas
3|7 Kanoeflia candel (ree) Rhizophoraceas
34 | Krognyeppka krohomikrognyep- Lumnitzera lilorea (lrea) Combretaceas
krchom
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Annex 1 Page 2

Annex 1 cont. List of Mangrove Spacies in Cambodia.
Mo. Khmer Soumnd Scientific Name Family
34 | Krognyep pkasorfrognyep sor Lumnitzera racemosa (iree) Combretaceas
35 | Chark Nypa frulicans (palm) Palmae
37 | Peng Phoenly paludosa (palm) | Palmae
38 | ?7? Premna obtusifolia (tree) | Verbenaceas
39 | Kongkangslekioch Rhiraphora apiculala (trea)| Rhizophoraceaa
40 | Kongkang slekthom Rhizophora mucronata Rhizophoraceas
41 | 7?7 Sapium indicum (tree) Euphorbiaceae

42 | Ampouthmar/Rompea chheu

Sonneratia alba (ree)

Sonneratiaceas

43 | Ampoukrohom

Sonneralia caseoalars (fres)

Sonneratiacean

44 | Ampea Sonnerabia griffibhii Sonneraliaceas

45 | Ampea sonneratia ovala (res] Sonneraliaceae

46 | Porhteukpray Thespesia popldned (frea) | Malvaceas

47 | Tabonsor Xytocarpus granatum (ree)| Meliaceas

48 | Tabonkmao Xylocarpus moluccensis Meliaceas
{frae)

49 | Tabann Xylocarpus rumphi (tree) | Meliaceae

60 | Khontriankat sahmot tfamfharh 77

51 | Voartrohkhuntek sahmaot fvine)

52 | Voarsoandeik kmouch {vine)

83 | Monoung sahmat fvire)

54 | Voartadet {vine)

55 | Rhumpaik sahmeot Pandanus teclonus Pandanaceas
{palmiire)

55 T Scagvala laccada (shrub) | Gooden@ceas

57 | Vorprieng fvine)

58 | Phut-tria sahmot {tree/shnub)

59 | Thaw-sal {Thai)

B0 | Lambit thatay (Thai)

61 | Phosai

62 | Thuk-kai

B3 | Phat-vanman (Thai)

64 | Lang-katsaa (Thal)

Sawte (DRC, 1895
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ANNEX 2 PAGE 1
Annex 2 Different Types of Mangrove Values In Cambodia.
Average value par
Description (Uskyean |  (Ustiyean | ueerhousshoi

Firewood 125,133 | 112,062 25

Construction wood 23,650 23,659 158

‘Wadicinai plants 10,768 10,788 T
[ Food 17,695 17,695 18

Rooling materials 13307 13,307 B4

Sub-total, forest products 180,672 177,601

Crops 316,504 416,584 119
[ Livestock ] 203,750 | 227702 143

Sub-total, farming 520,344 | 44206

Total forest products and farming 711,015 | T2.897
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1. GEOGRAPHIC DISTRIBUTION
11 Maps

Matural mangroves in China are found along the coastlines of Hainan, Guangx, Guangdong, Fujian,
Taiwan, Hong Kong, and Macao. Fuding city (27°20°'N) of Fujian province is considered as the northmost
boundary for natural mangroves, but for artificial mangroves, Yueging {28°25'N) of Zhejiang province is
the northmaost border, where Kandelis candel was fransplanied successfully in 1950s, Figure 1 shows
Map of Mangrove Distribution i China
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Figura 1 bap of Mangrove Distribulicn in China.

1.2 Area Distribution

Generalty, in terms of administrative region, mangroves in China mainly cccur in three provinces,
Guangdong (9,891ha), Guangxi (8,375ha), and Hainan (3,930.3ha), constiluting an area of 22,1586ha,
which accounts for 34.67% of the total China mangroves.

Ganerally, in terms of administrative region, mangroves in China mainly occur in three provinces,
Guangdong (8.891ha), Guangxi (8,375ha), and Hainan (3,930.3ha), constituting an area of Z2,196ha,
which accounts for 3467 % of the total Chena mangroves

It is believed that the coverage of mangrove in China was around 40,000ha in 1950s (He, 199%)
Mow, the area of existing mangrove, according 1o some scholars (He, ef al, 1985; Fan, 2000; Zhang and
Sui, 2001), is estimated to be about 15,000ha. However, the result of an overadl survey on mangroves
conducied In 2001 showed that mangrove area in China was 23,445, Tha (Table 1).

Buwersing Ervironmental Degradation Trands kn the South China Sea and Gulf of Thailand
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The latter figure, though # suggests B 445 Tha more mangrove area than the widely accepted figurs, s
believed to be more accuraie, for it was figured out by using remole sensing technology in combination
with fleld surveys, The difference of the two figures implicates anly an underestimate of mangrowe area by
the scholars, but not an increase of mangrove area in China. Chima has sean a sharp decraase in
mangrove area n the past fifty years, To demonsirate this trend, Fan Hangging estimated (Fan and Li,
1997), based on an analysis on reclamation land atong Guangxi coast, that mangrove forest in Guangxi
has been depleted from 24, 0660a about 150 years ago o 15 951ha in 12505 and 1o 5,654ha (scholars
estimate) or 8 375ha (remote senalng data) in 2001,

With respect to geographical distribution, mangroves in China mainly occur in three regions:

1} Morh-eastern coast of Hainan lsland, including Qiongshan City (1,701ha, including1,572 Bha
mangrove in Dongzhal Harbour Mangrove MNalure Reserda) and Wanchang County (1,51%ha,
including 1,188 .8ha mangrove in Qinglan Harbour Mangrove Nalure Resarve), where mangrove
ared is 3, 220na, making up 13.73% of China mangroves

2) Leizhou Peninsula of Guangdong province (7.306ha). which making up 31.16% of China
ManNgroves,

3} Guangxi coast of Baibu Gulf (8,375ha), making up 35.72% of China mangroves, Mangrowe area
in the thres regicns constitutes 78.66% of iotal mangrove coverage in China.

Table 1 Mangrove areas in China,

Guangdang Source Guangai | Saiirce Figian Seiree

larana et ; Grand tokal 83749 sl | @159
Zhanjlang | Beihai Zhejiang A
{wouchuen City 7T5E A |Hepu Coursy 25956 A wal | 208
Frotou Disirict 2101 A |Maicheng Destrict ma| A |T:hu|1 _' o
Niashan District 5070 A |Yinhai District sa80] A PE__H- | EH-T.QI
[Maznang District 10868] A |Tieshangang Dissrict E08| A |Hong Kang D
IEWJ Island 147630 A [Sub-obal 3,123, il | 2830
Lesieheus City 10648 A |Qanzheu Mk E
Kuwen Caunty r26al A [Subdiobsl spsral A salnl 84.0|
e 3542] A |Fangehenggang
[Linnjang Cay 130186 A |Dongung City Boi 8| A

7,305 8 Farrgcheng Dissrict 5eEd4| A
Maoming A |Ganghou Districs pa6a| A
Mawskang Dstict 5300 A |Subeotsl 2,104.3)
| Connty 1582 A
fEusona 2122] |Mainan
¥ angjiang A |Geand ot 308303 A
Yangdang County b o LI | Horgxhiou 1.0 C
Jiangehang County 15700 A |Wancang 1518 ©
[Hating Courey 432 A |Chengmal a8 ¢
Yangai County 4207 A |Zhanshou | ¢ |
|But-taal B50.1 Sanys 77l ©
Izsm | Lirgao a3 ¢
Sub-total 5005 A |Donglang a c |
[Enping Liresiui al ¢
|sutr-total 1344 A |wangning 2l ¢
Talahan g 1 €
[5ub-total ME1 A
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Table 1 cond. Mangrove areas in China.

Zhushai
(3’30 Districl 7Bl A
[5amhong Oiswnct 570 A
{Doumen County ool A
04l A Whale China 24487
1007
0o A |
ml__;i &
1700, B
30 e
oo B
o 8 | |

A Rpswts fom remols Sensing sod prowtd Sunveys in 2001,

B Chevg Yuansheng, el al , 200,

G Dafe were cituisied thmusgh dhe lofa' aner of 38341 Ira mulinhing tha relative sropartions ghaen by e Yenm el al, 2002
The currand siwag of Hanan mangrong MsaivTes and profecion simtegas, Tropieal Foreairy, 30 (1)

LY Fan (20000, Mangroves: Guand for Cossta! Environmental Profecion, Menniags Guangs Scl and Tach, Fress.

£ Leurmy (19581 The distribufion paitanr al maagrove pacd popclaions el 28 speces compasion § MWeceo Ecoipe
Scwrca 171): 2531

2. MANGROVE SPECIES DISTRIBUTION AND FORMATION
2.1 Species Distribution

36 species of mangrove have been recorded in Chinag, of which 26 species in 13 famifies are frue
mangrove treas and 10 species in 9 families are mangrove associates (Tabke 2}, From soulh 1o north, the
species of mangrove reduce gradually, with 35 species occurring in Hainan, 19 species in Guangdong,
18 species in Guangx, 17 species in Tawan, 9 species in Fujlan, 5 species in Macao, and 1 species in
Zhejiang. K. cands! is the specias occurring in all seven regions, for this spaciss has developed a codd
resigiant adapiation. Among all the species, only Sonneratia hainanensis is category 1 protected national
plant. Mow only five treas of this spacies axist in China.

Tabile 2 Traes and Shrubs of Mangroves in China and Their Distribulkon.

Sclentific Mame Family Distributicn
HN ik Mc [eD lox FJ |z

[True mangrove

1. ACAOEEhUTT BUTaLATR AFOEHEN oA * * . b * - *

. A speoiosum horoslichacaan + T

3. Braguisrs cybndrical RRropharacans -

LB_-WWIT'I'H:H Brvruphamcsas - - “ * * &
{5 B sexanguis Rhzopbamacass -

i, B 5. var, rimochopehsla Hhiznpharacane #

T, Ceviops tagal Rzopfoscege - ¥ + *

H. Kanckada cancsl RMZ0pi0racass i * # + # al s ;
9. Rzaphorg agicuiars Hizapfaacens o

Wi . =losa Amznpharacens . ' U * #

Raversing Enviconmantal Degradation Trends in the South Chira Sea and Gulf of Thailand
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Table 2 cond, Trees and Shrubs of Mangroves in China and Thelr Distribubon.

= Boientific Mame Famaly Déstribuibion
HH |HH [WC |GD |GX |[TW (2]
11, Acanireg aovecaang A rdhncoae * v
12, 4. Miciiabus ACANTIACEa8 + + + = - * +
13, A wlarmenani ACANENRCEaS +
14, Linmnilsora Inma ‘Combratacnma i
15, L. acomasa {Combretacems * i « |+ |
18. Exsoscava sgalachs Eigphie b acan + + + + - -
17 Xdacanmes granalsm ]Malmalnﬁ__ +
18 Asgicarns comiculmum I y I+ B F [ |
19 Nypa fruficans |Pairmae v
20 Scypfaphara Bydraphidaces Rubiacean +
M Spnneradie aiha Sanreratiacans -
Z&. &, capanipng Sanrmratisoaae ®
aaﬂalﬂu'm Eanparalingans v
'_2:-. 5. aval@ fraT et U BT T T
25 Hanfiers (ffovais Charcuilaonne = P W
2 Avicanmia manna Waibanacaas ] - + - + +
d@ m B 13 i1 | |8 i
Amsociated mangrove
1. Barninglovia racamasd Barringhoniaceas +
2 Cartarg rm.@'-a: ADeCynacaan & & &
3 Dokchandmme spadhscng Bignoreasans + .
19, Fluychia gz oo e + - + +
§ Merandie sanoes Hernaniigoan + +
E. Pongamia pinnats [Laguminasas + s I+ e
T .F"nmp:h'; miciriula Lythacaae i W
B Mitwscus tAlsos Malvacang * - + # * *
B Thespesia popiiras W gvacans i + e *
10, Pramne otdusiona Wrhenacess + 4 e
i |1 ] L] T Y, 1 I

Mata: HN-Hainan, HM-Hong Kong, MC-Macar, GO-Guangdang, GX-Guongd, TH-Taiwan, Fr-Fuion, aod ZS-Zhaiang.
2.2 Formation

Based on species composibon, appearance, and community characteristic, mangrove communities are
grouped info seven formations (Lin, 1988), which are Bruguleras Formation, Rhizophora Formalion,
Kanoelia Formation, Aegiceras Formation, Awvicenms Formation, Sonneratia Formation, and Aypa
Formation

221 Brugulera Formation

Brugwera Formation refers 1o as the community dominated by trees of Sruguiera, which is mainly
composed of o communities, B, gymmarrkiza community and B, sexangela community,

8. gymnarrhiza community distributes along coastline 1o the south of Xiamen city in Fujian provinee, waell
davedoped in clay laam land near esluaries whare are cocasionally inundated by high tide. Sail salindiss
range from 8% o 20%. Dark green in its community physiognomy, Imness in canogy, coverage degras
TO-85%, height of trees 3-7.5 mefres, diameler gl basse 14-25¢m, diameier of cown of tree 1647
metres. Associate species are K. candal, A, marna, A. comiculalim, E. agafiocha at coasl areas in
Maintand China, and Bruguwiera sexamguia, 8 5, var, rhynochopelala and X, granafum im Hainan ksland.

Roversing Envircnmantal Dogradation Trends in the Seuth China Sea snd Gulf of Thailand
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B. sexangula community is only found in Hainan province, growing in sandy clay loam soil, salinity
3.26-14%, fuscopiceous or nuricans In scd colour, dark green in its community physicgnomy, scattered
with yellow green patches, 3-8 melres fall, 7-8cm in diameler at breast height, associated species are
K. candel and Cenops faga

222 Rhirophora Formation

This formaticon consists of two communities, R. apicuisfs community and R sfylosa community.
R. apiculala communities occurred only in Hainan, growing in muddy seodl (salinity ¥.1-9.5%), inconsistent
in helght, dark grean of yallow grean in ils community physiognomy, coverage of canopy BO%-80%;
3-6 matres [all, 8-10cm dbh, associaled with B, sexangula and A. comicwlaiam, R aplcuials communities
are mosily located in mid tidal or high tdal muddy flals with dark grey soil {(salinity 9.26-19.7%),
consistent in heightl, dark green in physiognomy, coverage 70-90%, 3.5-4.5 metres {all, associate species
are K, candel, A. comiculatum, B. gymnomhiza, and ¢, fagal

223 Kandella Formation

The formation is composed of K. candel community, disinbuling widely on all kinds of flals. Trimness in
forast form, grey brown in sail colowr, salinity 10-20%, yellowish green in physicgnony, 06-0.9 in degree
of closeness, fall 1.5-6 metres, 10-30cm dbh, usually farm two layers of community with 4. cormiculalum,
assoczated with few A, manna and A, Noialivs.

2.24 Aegiceras Formation

The formaton 5 constituted by A. cormicwiatum communily that widely distributes in China. Sandy or clay
lcamy sod (salmity 6-27%), yellow green in commurity physiognomy, fnmness in canopy, coverage
S0-80%, 4-5 metres fall in Shenzhen and mostly 1-1.5 metres tall, 15cm in diameler at base and
5-10cm dih, associaled with few K. candel, R stylasa, and A marina.

2.2.5 Avicenmia Formation

The formation consists of A maring community, widely disiributing af fow tidal Rals, Soil salnify s
betwaan 5-20% (axtremely al 25%), gray grean in community physiognomy, 70-95 in degrea of coverage,
2-3 melres tall (B metres the tallest), B-10cm in diameter at base [23cm the biggest).

226 Sonneratia Formation

The farmation only occurs in Hainan, mostly locating at coast of bay or estuary. Aqueous soil of silt (rarely
sandy clay), 5-20 in salinity, yeflow green in community physiognomy, dominated by Sonneratia
association, 10-13 metres fall, rimless in forest form, 60-80% in coverage degree, assoclaled with
R. stylosa and A. mavina.

227 NypaFormation

The formation is mostly compesed of N, fulicans community, mainly distributing at shelier harbour or
aliuvial fan at estuary. Aqueous soil of i, salinity low al 5%, dark green in communily physiognomy, 80%
in coverage degree, 3-4 metres tall {5 metres the fallest), dominated by N. fruticans, associated with
A, aurewm and Acanthus ebrecleatus,

3. ENVIRONMEHNTAL STATE
3.1 Physical Characteristic

The distribution of the mangrove in China is slrongly miluenced by bwo kinds of physical Bcloss,
macroscopic faciors and micrecosmic factors, Macroscapic factors include the physical factors like
climate, salinity and ocean curmeni and microcosmiéc factors comain those of geomorphalogy, tide,
sediment, and 50 on,

Reversing Environmental Degpradation Trends in the South China Sea and Gulf of Thalland
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3.1.1  Macroscopic Factors
A.1.1.1 Climate

Im China, mangrove species and their heights vary with latiiude, i.e., mangrove spacies decraasa and
mangrowe iress become small as latilude increases, Such latitudinal iInfluence an mangroves implicates,
deduced from the relation befween temperature and kabitude, that femperature is one of key factors
firniting the occumrance of mangrove, Among the major mangrove areas, Haman Island 5 the province
with highest average temperalure and |owest latilude, in which 35 species of fnsa mangroves and
associsted mangrove occur. Mangrove trees there are well developed, and most of them are less than
10 metres tall, Mangrove communities are comparatively simple, charactensed with Ifm canopy, The
highesi fres 5 the 14-metrs tall B sexangwz tree. Guangdong and Guangxi are fwo neighbouring
provinces in south China at similar latitude, thus in same climatic zone, In Guangxi 11 species of true
mangrove and T species of associated mangrove ooour and n Guangdong 13 species of rue mangrove
and 6 specias of associated mangrove happen, Research demonstrated that the mangrove forests in
Guangxl are better developed than those in Guangdong, but not as good as those In Hainan. & record
shows that in Guangxi the tallest H. Wforalis, E. agallochs and P. pinrrata are 15 mefres, 13 metres and
13.5 metres in height and B0cm, 25cm, and 23cm diameter at breast height respectively, and these
figures emphasize that the mangrove in Guangxl is comparatively well-developad. In Taiwan provinca,
where the Kuroshio Current passes nearby and exerts large influgnce on the climaie, 17 species of
miangrove are found even if i iz af higher latitude. However, in Fujlan province, which i opposite to
Taiwan across the Talwan Strall, mangrove communitiss are less developed, and mangrove species are
fewer, Fuding, Fujian province is considered as the norhermmost boundary for the naturally mangrove in
Chima. To the norh of Fugan province, so far, only the species of K. cande! has been successfully
introduced Iro Zhajiang provinca. Table 3 shows temperature conditions In some major mangrove areas
of China,

Table 3  Temperature Conditions in Some Majgor Margrove Areas of China,
Major mangrowe areas :rh-uur Shankou, Lﬂ-l.ln Estuary,| Futian, Shenzhen, :::r: Fuding,
in China Hainan | Gusngxl | Guangs Quangdong Fupan | P
Latituda (N} 14734' PRl 24733 sty 24°54° A
Avarai Tampergiure] | 24.3 F24 225 £d.5 25.0 18.5
Lowsas! Maoniniy Avarags
Vupeakine) 186 150 14.1 15.0 122 B4
Mlinimum Tamperabuns ) 62 (R} 1.0 032 (18] 43

Mangrove in China were classified by two Chinese botanists, Zhang and Lin {1984), into three ecotypes

based on their adaptability fo lemperature, namely cold tolerant polytopic species, thermophilic polytopic
spoecies, and thermophilic stenatopic species, respectively,

Temperature = the key factor controlling the introduction of mangrove from low latitlude areas to high
latitude areas. So far, two mangrove fransplaniing approaches have been successfully conducted in
China, ons is the transplantation of mangrove in an area with suilable temperature and another is the
introduction of mangrove with a cold resistant abilty into an area in high lafitude. To promote such
activities in China, in 1998 Wang ef al. (1999) proposed fo establish a national mangrove gene bank in
Hainan Island and 1o transplant mangrove trees from domestic and abroad in the istand where the mosi
favourable temperature prevail, hoping this pilol trial will benefit the similar approaches in ofher aneas of
China,

3.1.1.2 Salinity
The occurrence of mangrove in high salinity intertidal flat can attribute to its physiological adapiation,

such as the salt resisiance and saft excretion mechanism, bul this adaptation does not support normal
growth of mangrove in any saline environmeant. The research of two Chinese scientists (Lin and Wi,

Reversing Environmential Degradation Trands in (e Soidh China Sea and Guif of Thailand
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1G81) indicated that K. candel trees grown in different saline conditons showed huge differences in
growth, flowering, and fruiing. In the salinity of 7.5-21.2%, the tree could grow well info 1.6-2.0 metres
high with normal flowering and fruiting. However, in the salinity range of 1.04-5.3% and 25.6-37.5%, the
growth of the trees, owering, and fruiting were hindered. It was concluded (Lin, 1995) that the upper lirmit
of salinity is the main factor io Impact the growth of mangrove,

3.1.1.3 Ocean currani

Viviparous propagules are an exclusive ecological adaptation of mangrove. When tide out, the torpada
shape propagules that drop from mangrove trees can make a penetration into the soft muddy sediment,
and then grow there; when lide in, the propaguies that fall from mangrove trees can floal in seawaler and
be carried away Dy sea current o other places, where the germination of the propagules may happen
randomiy, |t was believed thal this reproductive mechanism, the ocean current dependent shift of
mangrove seeds, |s vital to the gene exchange among mangrove populations. After exploring the gene
structure of the population of K. cande!, the most comman mangrove in East Asaa, by using mtDNA and
cpDNA a8 genetic labels, a Chinese scientist (Huang, ef al, 2001) discovered that the Sarawak
population has a close genetic relation with the Ranong population in the Indian Ocean. But the gene
structure of the Sarawak population differs from that of the population st norfhern coast of the South
China Sea. He also belisved that the tiny differentiation of the gene structure between the K. cande!
population at northern coast of the Sowth China Sea and K. candsl population in the Ryukyu Archipelago
and Teiwan was an implication of gene exchange between two populations in the form of propadiiles
transfer by sea cument in summer time.

3.1.2 Microcosmic Factors

31.2.1 Geomorphology

Mangrove forest is a lypical appearance in troplcal and subtropical areas and It cccurrence is imiled In
the areas with suitable geomorphology, Mangrove is commonly found in sheltered coast, usually
flourishing along creeks and growing on muddy flats of soft sediment comprised of tiny grains.

The accumulation af sediment derived from coasts and riverbanks and the degradation of onganic
matters, such as mangrove leal litter, in mangrove areas creales mangrove sod and alters mangrove
tandfarm as mangrove flat lavel being raised. It is reported that the ascending rate of mangrove fals is
2 3cmiyear in Shankou mangrove area of Guangu (Mo and Fan, 1989), 1.2-3.6cmiyear in Fujian, and
5.7cmiyear in Guangdong (Wang, & al, 1991), | is also concluded, derving from an analysis of the
sections of four mangrove flats in Guangdong and Hainan (Tan, el al. 1987), that the gradiants of
mangrove flats are bigger than that of open flals. With regard to mangrowve landlomm, all the four
mangrove flats share a common charactenistic, more obwvious in well-protected mangrove. areas, of a
special formation of the flat with three rises along with adjacent shghily sunken tand, and this formation
can be regarded as a result of long kasting process of tide movement, wave action, and deposition in
mangrove arsas.

Howevar, mangrove landform, whaose formation s hydrodynamic dependent, will undergo @ reshape in
response 1o hydrodynamic change resulted from human activibes, such 8s coastal levee construction,
A typical reshape of mangrove landform was lustraled (Fan, 1996) with ive sandy mamgroves al
Daguansha, Beihai, Guangxi, where the invasion of sand dune caused by hydredynamic change
arising from the buliding of coastal dike has damaged the habital of a A. marina vegelation bl aof
100-300 mefres wide, degrading the mangrove and even Killing the mangrove irees.

3.1.2.2 Tide

Mangroves are a diverse group of plants that share a cammen abidity fo fve in waterogoed soil subjected
to tidal inundation, but differ in the tokerance to inundation. The zanation of mangrove, a regular series of
vegetational bands parallel to the coaslline, is the response of the mangrove ecosystem 1o a number of
axternal factors, In intertidal mangrave flats, the existence of zores is evidant in mangrove environments,
representing a specific occupation of ane species of mangrove in cartabn area.

The harmiul impacts of the fouling arganisms on mangroves are also controlied by tidal movemant, which
can change living conditions of biofouling organksms, such as feed and wetness of tha habital, and hence
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the number of attached bofouling organisms. It was pointed out (Fan, et al, 1992; Chen, of al, 1982) thal
the comprehensive influences of tidal movement on mangroves meducs in degres Trom open coast o
esfuarial coast o sheltered coast and from seaward forests 1o middle forests o landward forests,

3.1.2.3 Mechanical composition of sediment

The machanical compasition of sediment of mangrove flats can influence the inserion and germinatan of
viviparous propagules; soft muddy flals allow easy penstration of propagules. but hard sandy flats
handicap the insartion of propagules. In addition, the mechanical composition of mangrove soil is related
to soil nature and texiures, it was suggested (Lan. of al., 1993) that the quanfity of tiny glutinous grains
(=<0.01mm) of mangrove soil are positively correlated 1o the amount of organic matter, total N, total P, and
lotal K in the soil. The cemeniation and agglomeration of bny soll grain with organic matier forms
mstritsaus soil for mangrove fonests.

3z Chemical Characteristic

The intensive biological reaction in mangrove soll, which is subject to regular tidal influence, produce a
unique saline environmen! characlerised with acidificalion, deoxidation, and heavy load of organic matter,

3.2.1 pH in Mangrove Soll

A lasting absort of S042- in soil by mangrove frees results in high sulfur content in the trees, and its
concentration usually five times thal in terresirial plants in subtropical region. The degradation of
mangrove |eal |iter and other organic matter by bacteria, which produce hydrogen sulphide, results in a
drop of pH value in the soil, It was found (Lan, of al. 1993) that the pH value of mangrove soil is at a
lower level, 3.3-6.9 in surface layer and 3.02-3.8 in the botiom layer.

322 Electric Potential of Oxidation Reduction

Mangrove soil, influenced by tidal inundation, belongs o decxidized soil with lower electric potential of
owidation-reducton, Mangrove soil 15 molsture saturated soil (air content below 1%), and no cogen can
infiflrate past the top few hodzons, an oxidized layer that can be recognisad by ils yallow brown colour,
in mangrove soil, the content of deoxidized substance, such as aclive iron, is high, and decreasas by the
depth of soif layer (Yang, ef af, 1987,

323 Organic Matter in the Soll

The content of organic matier in mangrove soll is comparatively high at an average rale of 4.48%
(Liao, 1885). This higher load of organic matter in the soil can partly atinbuted o the decomposing of
large mass of leal litter and roften roots in the soil. Contrary 1o higher content of organic matter in
mangrove soil, the content of organic matter in soil of open beach is lower. i s reported (Lan, ef af,
1584 that the average ioad of organic matter in soil of open beach in Guangxi s only 0.92%.

324 The Salt Content of Mangrove Soil

Tha higher salt content {generally above 10%) of mangrove soll can be regarded as a result of salification
ol mangrove lrees that inhabit in waterlogged soil subjected to bdal inundation, An analysis of top layer of
mangrove sodl in Guangxi (Luo, 1986) revealad that the salt content is less than 10% in sandy soil,
10-30% in light clayey soil and above 40% in clayey soll

In mangrove soil, among the ion of salinity, Cl- ia the dominant anion followed by S042-, and Ma+ the

daminant cation. In the sod layer where mangrove IMiers are buried, the content of S042- Is higher than
that in other layers (Liag, 1995)
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325 Nutrients in Mangrove Soil

Mangrove soil with tiny glutinous grains and rich organsc matter contribute o the maintaining of nuirents
in soil. Generally, the soil is higher in content of total K and K20, average in Total P, and lower in F205.
The content af total N, total P and total K in mangrove saoll is much higher than that in the soil of open
beach, implicating that intensive bicaccumulation is happening in mangrove area. It was indicated that in
well-developed mangrove area, the nutrient kevel In mangrove soil is higher (Lo, 1995).

33 Blological Characteristic
331 Phytoplankton

Phytaplankton is the primary producers in mangrove ecosystem, mosi of them can be directly fed by
larvae and juveniles of marine animals. and some of them can be used as indicators of marine pollution.

731 species of phytoplankton (see Annex 1) in 62 genera were recorded from mangroves In China,
105 species in 46 genera belonging to Bacillarophyta (account for B4.3% of the otal species number),
17 species in 4 genera balonging to Euglenophyta, 3 species in 2 genera belonging 1o Chiloropihyta,
3 species in 1 genera belongng fo Cyanophyta, 7 species in 3 genera belanging to Pyrrophyta, 4 species
in 4 genera belonging to Cryplophyta, and 2 species in 2 genera belonging to Chrysophyla, Dratoms arg
the dominant category in waters of mangrove areas in China, whether thelr species composition o
biomass are concerned. The genera with more species are Nitzschia, 32 species, Chaeloceros.
25 specias, Rhizosolenia, 25 species, Coscinodiscus, 15 species and Navicula, 14 spacies, respactively

3.3.2 Mangrove Trees and Shrubs

36 species of mangrove trees have been recorded from the mangrove trees in China, of whach 26 species
in 15 genara of 13 families are frue mangroves, and 10 species in 10 genera of 8 families are assockated
mangrove. The mangrove communities in China were classified as seven groups in terms of their spacias
composition and the characteristic of community appearance (Lin, 1988}, which are Bruguera formation,
Rhizophara formation, Kandelia formation, Asgiceras formatfion, Awicenma formation, Spaneralia
formation, and Nypa formation.

333 Zooplankton

110 species of zooplanklons (see Annex 2) in 68 genera have been reported occurring In mangroves
area in China, including 1 species in Protozoa, 4% species of Coslenterate in 34 genera [mastly jably fish),
48 species of Arthropod in 29 genera (2 species in 2 genera belonging to Cladocerans, 2 species in 2
genara belonging to Ostracoda, 35 species in 20 genera belonging to Copepoda, 2 species in 2 genera
belonging 1o Amphipoda, 2 species of Euphausiid in 1 genera, and 5 species in 2 genera balonging 1o
Decapod), 9 species of Chaetognath in 1 genera, and 3 species of Urochordata in 3 genera, and as well
as many unidentified larvae, fish aggs, and juvenile fishes.

3.3.4 Macrobenthos

Intansive surveys have been conducted in most mangfove areas in the four provinces of Guangxi,
Hainan, Guangdong, and Fujian in China. A total of 850 species of Macrobenthos (sed Annex 3)
belorging to 12 phyla have been identified as inhabiling In these areas (337 species mare than tha
statistics record of Lin peng (yaar?}), of which & species in 8 genera belong to Coslentarate, 1 Species in
1 genera belong to Platyhelminthes, 1 species in 1 genera beiong o Mamathelminthes, 2 spacies In
2 genera belong to Nemerea, 120 species in 72 genera belong to Annelida, 10 species in 5 genera
belong to Sipunculoidea, 3 species in 3 genera belong to Echiura, 231 species in 131 genera belong 1o
Mallusk, 208 species in 88 genera beleng to Arfhropod, 1 spedies in 1 genera belong to Brachiopod,
27 species in 18 genera befong to Echinoderm, 3 species in 3 genera belong o Urochordata, and
30 species in 27 genera belong 1o Chordate.

Linguka anatina, mainly inhabiting in the mangrove flats in Qinglan Harbour and Bedun estuary, is wundar
pratection by the state as an animal at the op list of profected animals. In addition, horsashoe crabs
{Tachypleus Iridantatus, Carcinosconmns routnalicauda, Tachypleus sp.) are also natonal profecied
arimata.
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335 Fish

Fan Hangging ei &l (1998) recorded 42 species of fishes occurring in the waters 30 metres outside the
fringe of mangrove forestsin Yingluo Harbour, of which Stolephorus chinensis Harenguwia ovalis,
Slolephorus In, Ambassis gymnocephalus, Hemirhamphus limbafus, Leiognathus dawa, Tylosurs
strongylunss and Athenna bleeker ware abundant, Of the iolal 42 species, 26 species are mangrove-
asscciated fishes (7 species highly associated). Most of the fishes are small in size {<10cm), implicating
Ihat small fishes and fish fries are comman near mangrove fringe. In this mangrove area, the fish darnsity
was 75 466/met, and the fish biomass was 39, 38kg/nel

In ¥ingluo Harbour, 54 species in 28 familles were observed In tidal croeks (He, o al, 2000%, most of
them appearing occassonally or seasanally and only 14.5% of the species occurring in four seasans which
are Ambassis gymnocephalus, Siolephorus chinensis, Leiognathus ruconius, Clupanodon punctalus,
Osteomugil ophuyseni, Zenarchopterus buffoni, Liza carinatus, and Butis butiz, With respect 1o fish
community in this mangrove area, dominanl species and the number of species varad seasanally, wilh
octurring of 30, 30, 26, and 22 spacies in spring, summer, autumn and winter respectively, The results of
surveys on fishes in the twa mangrove sites showed that fish community in tidal creeks was more diverse
than thal in waters outside mangrove fringe.

In summer of 1999, 27 species of fishes in 19 families were cbserved in the tidal waters 10 metres
oulside mangrove fringe in Zhenzhu Bay (He, ef af, 1995), the fish community in the area can be
categonsed as two groups in lerms of thermophily, dominatad by the specias which only oocur in warm
waters (B2.6%). In this mangrove area, most of the fishas are benthic fishes, with Laiognathus bravirostn
and Harenguia ovalis being the dominant species.

With respect to fish standing stock in the waters near mangrove areas, Lin (2001) recorted 141 species
in 96 genera from the waters between Zhangjiang Estuary and Dongshan Bay in Fujian province; the third
Institte of Oceanography, SOA conducted a visual census of 115 species belonging o 59 families from
Quanzhou Bay in Fujian; Jiang Jinxiang of al. {1997) recorded 300 species In 90 families in Qlinglan
Harbour and 212 species in Doengzhai Harbour in Hainan province. All the species of fishes were observed
in the walers far from mangrove forests; hence their association with mangroves has nol been canfirmed.

B0 species of fishes in 40 genera have been recorded in mangrove areas in Guangxi, all of them
belong to Oteichthyes (Annex 4). 59 species in 59 genera of 36 families were recorded in SMNR
{He, ef al, 2001) and 27 spacies in 23 genera of 19 families were recorded in BEMNR.

336 Reptiles and Amphibians

Few surveys have been conducted in China on the repliles and amphiblans inhabiting in mangrove
forests. Se far, only one paper (Wang, ef al, 1998) addressing such issue has been published,

3.3.6.7 Reptiles in mangroves forests in China

A total of 38 species of reptiles observed in mangrove forests were identified, of which & species In
3 familes belong to Testudinata, 5 species in 3 families belong to Sauria, and 25 species In 5 lamilies
bedong fo Serpentiformes. All these animals were rated as endangered specles, for they are targeted as
food and medicine and have reduced to a small number due to over explodation.

1.2.6.2 Amphibians found in mangroves of China

Few survey locused on amphibians In mangroves of China has been conducted. Only 13 species of
amphiblans in 5 famidies were found Inhabiting in mangroves, and all of them are the specias betonging 1o

Salientia. Rana rugwlosa is the anly ona categery 2 national protected animals amang the animals of
Batrachin

Mangrove usually occurs at transdional zone from sea to land, where habitats are diverse and compex
From seaward to landward side, the habitats in this junction zone of water and land can be calegorised as
five habitals: seawater zone, tidal flal zone, mangrove forest zone, shrubbery zone, and lerresirial zone.
And practically, the terrestrial zone can then be classified as several kinds of habitats such as paddy feld,
shrubbery, sparse shrubbery, foresl. and so on. To be high in heterogeneity and perimatery efficiency, the
habitats in the junction zone are endowed with unusual biodiversity and richness in binds,
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hMost of birds present in mangrove areas are found i not only mangrove bul also olher habilats near
mangrove. Nidified in mangrove, some birds in the family of Ardeidae are commonly seen foraging in tidal
fiats and paddy fields nearby, Some birds have never been found foraging In mangrove forest even if they
nidily in mangrove, such as Strepfopelia chinensis, this herbivore bird only forages its food in paddy
fields. Centropus foulou and Centropus sinensis are examples of those birds thatl nidify outside mangrove
but hurd for food inside mangrove forest when fide ks oul. Birds in the family of Anatidae are often found
dropping in mangrove forest by tidal creeks when tide s in and foraging on bdal Aals beyond mangrove
when fida is out. The frequent in and out of birds among diffarents habitats in mangrove areas will benefit
the flow of substance and energy insice and among syslems

286 species of birds [see Annex 5) associated with mangroves in Mainland China (including Guangsi,
Guangdong, Hainan, and Fufian) were identified, which belong to 50 families In 19 orders, with 47%
(139 species) being water birds, O these birds, 4 spacies were raled as category 1 protected bird, and
36 spacies category 2 protected birds.

337 Mammais

Mangrove associaled mammals are not restricted fo the mangrove ecosystem. In China, few survey
focused on mammals in Mangrove forests has bean conducted, The species of mammals listed below, in
scantific sensa, are nol restrictad o mangrove.

So far, only 28 species in 24 genera of 15 families of mammals have recorded Sooumng in mangrove
areas (18 species more than the slatistic record of Lin Peng in 1995). Of which, Viverncola indica and
Luira lufra are category 2 nafional protected animals. Further understanding of mammals in mangrove
areas in China skl refes on more in-depth research on these animals. Mangrove forests, which are
comparalively small and easy to open access dup fo thair locations in relatively developed coastal areas
in China, are subject to human disturbance thal will inevitably disorders the life of mammals In
mangroves, In consequence, mammals ama much less abundant in mangroves than in other forests, and
maost of the mammals are adaptable animals such as rals and bats. Thowgh these mammals are on fop
trophic level of food chains, they are less significant than birds,

4, AFFORESTATION
4.1 Afforastation Activities

Mangrove afforestation was inifisted in the late 1950s in China, infermupted from 1966 to 1979 and
resumed in 1980, Af s early slage, only small-scale mangrove afforestation was performed in China, The
only exception was mangrove planting in small area under the classification of “fodder and protection
forest forestation”, e.g., the planting of Tha fodder forest of A maring at Qinzhou of Guangxl and 100ha
protaction forest of B styfosa at Haikang of Guangdang. Since 1966, land reclamation along (he coastine
in Mainland China has nol only siopped mangrove afforestation, bul also destrucied mass mangrove
habiats. During this pariod, a large number of mangrove forests were ogged for sall industry and paddy
fields, Mangrove afforestation was restored in early 1880, and meanwhile several national level mangrove
reserves were created, 1o prevent existing mangrove rescurces from being camaged and resiore
mangroves, Parceiving 1he significance of mangroves by scientists, govemment, and communities of
China has changed the stalus of mangroves and atiracted more attention on it Afforesiation attemplts
have gained some momentum in China, Based on the schema of protection forest project, 60,000ha of
mangroves will be planted al coastal reglon in South China fo establish a mangrove forest system that will
function along the coasting,

With regard to mangrove protecton and restoration, 1he mangrove reserses in China have played a wilal
robe and achisvad recognition for thair significant work.

Mangrove afforestation in mangrove reserves has been pracliced mainly in small area for scientific
research purpose
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411  Shenzhen Futian Mangrove Reserve

In 1986 the afforestation of mangrove, K. candel, A, cormicuiaium, was initiated in the reserve, which is
fourd in 1984, In 1980, a frial of planiing two ha mangrove trees with propagules succeeded,
Subsequently, in 1981 aboud four millign mangrove saplings were planied in the raserve, forming S50ha
mangrove plantaton. In 1992, workers in the reserve, assisted by the Tropical Forestry Instilute of
Chinese Academy of Forestry, successfully reised ower Gha demonstrafion forests of W cands,
B, gymnorchiza, which are thriving now [Liv, 19935).

41.2 Guangdong Zhanjiang Mangrove Nature Reserve

Mangrove forestation was started during the late F990s in this reserve after it was created in 1990. So far
100ha mangrove trees of B gymnomhiza, R shiosa, K. candel, A, marina and A cormiculatim
have bean planted and 50ha second growth of mangrove rehabiitated (Lin, of al,, 15980),

4.1.3 Guangxi Shankou Mangrove Nature Reserve

The reserve was sel up in 1980 under the approval of the State Council of China as a national lavel
reserve. Mangrove afforestation has been practiced in the reserve since 19092, Mangrove afforestation
atternpls started with the foundation of two sapling nursery gardens, whers 62,100 propagules. of
R siylosa, R apiculata, C. tagal, B gymmarrhiza, K. candel, B, stplosa, C. fagal! and 8. saxanguwla have
bean raised o saplings al an average survival rate of 63% from 1992 to 1954, From 1994 to 1995,
planting Irial of the introduced mangrove species of K apiculata, G. tagal, B. sexanguis and Sonneralia
apefala was camied out in the reserve for the first fime, and only the seedlings of 5. apelala were
successiully rased. In addiion, planting trial of mangrove lo their natural regeneralion, comparatie
afforestation experiment, and mangrove second growth rehabidlitation were alse successiully conducted in
the resene.

Wilh the assisiance of local government, communities and youlh voluntesrs, SMMNRE has worked hard
on planting mangrowe, iNcreasing mangrove coverage in the reserve from 730ha to presani BOG.2ha
(He, ef &/, 1995).

41.4 Guangxl Bellun Estuary Marine Nature Reserve

The reserve, founded in 1880, is situated at the delta near Belun estuary, where planting praclice of
mangrove has been carried oul over a period time, Mangrove afforestabion, initlaled in 1987 by Qinzhou
Forestry Instilute, sfarted with the planting of propagubes of K. candsd, A. manna, A. comiculahwm,
B, gpmnohiza and R, sfwloza at 1.5 = 1.5m spacing. 90ha mangrove plantation has been developed in
this way, According lo a survey conductad in 2002, the mangrove trees, though comparatively smaller,
slill in healthy condition. In 18991 wikdlings of A. comiculatum, A manna wene planted at 1 x 1m matrix on
10nha flats, and now the trees have grown o an average haight of 50cm. Since 1998, Guangw Mangrove
Research Canire has also conducted frials of planiing mangrove trees in the reserve, such as
rehabifitating R. sfyosa population, reconstructing second growth of K cande! community, planting
B gymnorrhiza with seedlings and planting K. sfylosa with propagules. The planted B. gymnorhiza and
F. sfylosa survived al a rate 61% and 76% one year later and graw 1o a height of 37.3cm and 35.8cm
respeclively. Four year laler, the B. gymnoriza and . shylosa grew to 8 height of 50cm and 70cm ai
sunvival rate of 536% and 71%. Besides, local communities also have been imvolved In planting mangrove.
From 1851, the students of local elementary schools slared to plant mangrove seedlings at the frings of
mangrove forests, To date, they have devaloped four ha new mangrove planiation,

41,5 Hainan Dongzhal Harbour Mangrove Reserve
The reserve was established In 1980 under the approval of the State Council of China. Mangrove
coverage is 1,733ha. In the reserve, the species of K. candel, B. gymnorrhiza, B. sexanguia, R apiculata,

R. stylosa, and X. granalum have been planted on denuded flat at seaward edge, open flat in the forest,
and within second growth shrubs. Low survival and even 100% mortality were observed of the mangrova
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sapplings planted on unsultable spots [high salinity, hard soil), In 1293, Liao of al. (19949) reported a low
survival (30%) of B. gymnomhiza, B. sexanguis trees planted at Tashi. Since 1981, mangrove planting,
mangrove inmroduction, and second growih rehabilitation have been performed in the reserve
(Zhan, 19959). So far, 285ha mangrove have been planted and 251ha mangrove have survivad. In the
resarve, planting lechniques have been developed Through mangrove afforestation experiment and
prachoes, and Ihi pionear gpecies, such as 5. gpelala, 5. cylimdrica, 5. abla, K. candal, and A. marina,
suitable for planting in lower intertidal flats have also been screened out.

A 5 year plan (from 2000 to 2004) of mangrove ecosysiem resioration was inftiated in 2000, with the
intemtion of planting 135ha mangrove of 8 sexanguwia, B, gyrmnoriza, B 5. var. rhynochopelal,
K. candel, 5. apefala and A. manng in the area, Planted trees will be monitored regularly and replanting
willl be conducted If survival s lower than 90%.

To meet the increasing demand on mangrove saplings, a nursery garden [2ha) with an annual capacity of
producing 300,000 seadlings is going to be set up. The nursery will be managed by qualified technicians.

Addikorally, a mangrove forestalion scheme of planting fast growing mangroves rees, 5. apafaia and
A, manmg, in the areas subject to ercsion will be implemented in the reserve. Rare species such as
5. hamanensis, 5. alba, 5 ovala, Sonneralis paracaseolans, N. futicans, L. liftorea, X, granatum will be
planted in larger area

4.2 Evaluation of Mangrove Afforestation

Forestry administration is the gowvermnment organ in charge of management of mangrove resource,
including mangrove afforestation and appraisamen! of afforestation practice and outcome (Chen, 1993)
Ag the afforestation techniques have not yal been standardised. fo substantially appraise the resulls of
mangrove planting require an overall consideration of all aspects of mangrove planting practice. In spite
of this, the oulcome of mangrove afforestation can be evaluated simply by measurng the area of
successiully raised mangrove forests,

5. SOCIAL USE AND OWMNERSHIP
541 Ownership

According to Chinese law, kand is owned by the state, including mangrove land, Even if ownarship of land
& unalttarable, mangrove forests can be private property. In China, moat of mangrove forests belang to
the siate; some are in the possession of communities; and few are privale fofests,

According to the survey data of 2001, 97.5% of China mangrove land is state-owned, 2.5% are
community-owned; 32.7% of China mangrove foresis are state-owned, 17.3% are community-0wned.
As far the mangroves forests in Guangad, relevant statistics showed that 66% of mangrove forests betong
o the siate, 33% are owned by communities, and 1% are privale praperiy,

To encourage privale investment in forestry, Chinese government has adopted some policies to allow
private managemant of slate owned forests in the form of contract [lease term 50-TD years), hoping that
the investment in forestry will be increased and the managemenl of forests will be improved, For this

reason, private mangrove forests can be expected to expand in the future.

5.2 LUtilisation

521 Wise Utilisation

Mangrove forest is considered as a component of wind prolecied forests at the fronk along coastling in
southeast China, Consequently, Chinese govermnment ranked all mangrove forests in China as non-profit

ecological forests in 2002 for their effective protection and management, So far, 30.6% of mangrove
forasts in China have been protected under the form of mangrove reserves. 66.5% of mangrove forests
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are designated as wind shelter foresis. The remaining 2.8% of the mangroves are used for special
purpose,

522 Destructive Utilisation
52,21 Use of mangrove land for consfruction of shrimp ponds

Illegat encroachmeni of mangrove land for altemative uses of the kand, especially for the production of
shrimp and fish, has converted vast mangrove area to shrimp ponds, Mangroves in Zhuhal, which used to
ootur i 25 habitats, have decreased from 83ha to 6.8ha during previous ten yaars, and the habitals
reduced 1o six al the same fime. In Leizhou Peninsular of Guangdong, mangrove habitals are also
destroyed Tor consbruction of shrimp ponds. From 18849 o 2001, in Hapu of Guangsi provinca, 353ha of
mangroves in infertidal Nals were depleted o bulld shrimp ponds. The so-called “coastal development”
such as shrimp indusbry has destroyed mangrovas in many places in China,

52 2.2 Digging eatable invertebrates

Tradiionally, mangrova habitats are important seafocd providers along the coastling in south China. The
major commercial imveriebrates are sea worms of Phascolosoma esculenfa within mangroves and
Sipurculus mudus oulside mangroves. Shelifish of Anomalocordia flexuosa and Mersdnix meretrix are
found both inside and outside mangrove forests,

Eatable banthos digging = the major income-generating practice of the people who lve in and arcoumnd
mangroves or ‘within a reasonable proximity of the mangroves {about 3km). Along the coast of Leizhou
Peninsula, nearly 30% of mangrove habitats suffer from such a situation all year round. In some
mangrove areas, digging happens so often fo more than 20 times per year, which not only severely
damages mangrove roots bt also destroys the habitats of invertebrates. Fan Hangoing (2000)
damansirated that digging had degraded the urban mangfoves in Baihai (Table 4).

Tabie 4 Degradation of an A, manna Community caused by Digging at Beihai Urban Area.

— Man Density | Mean Haighi Mpan area of canapy Caverags Azgociate Occaskanal
findim’ | {m] {m"lind) %) spacios spacies
= - ¥ OEa 208 263 ] K cande) B. germnoerhiza,
| A CorHciARTaTy R, glylora
2001 045 | 0,88 0.6 aB A oomicwuny Nona
[Ceciing 27005, STA0TH BB.OT% B3.54% Losd one species | Lost beo species

52 2.3 Other destructive utilisations

Fruits ef A. mavina are traditional foods of the people at Guangdong and Guangx coast. Mangrove fruils
have become more popular as people adore nalural food or green food. Fruils are usually colleted from
June 1o October, and this will inevitably hinder the growth and reproduction of 4. marina. Raising ducks in
mangroves is becoming another problem now. The eggs laid by ducks growing in mangroves are
believed to be more nutriticus because of the red colour of egg volk, and the high price of such eggs has
sfimulated raising duck in mangrove foresis, This practioe will pose some threats 1o biodiversity in
mangroves. Mangrove forests ane also used as anchorage ground for small fishing boats. Besides, city
expansion and industry development will use mangrove land for purposes such as construclion of pors,
roads, and wrbanisabion, sic,

53 Potential Utilisation

Fasl growing economy and public awareness of the importance of sustainable development may inspire
the utilisaton of mangrove in following pursuits:

Reversing Environmantal Degradation Trends in the Soeath China Sea and Gulf of Thalkand
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Eco-tourism in mangrove areas,

Mangrove afforestation to make greenbelts and birds sancluary to copa with city expansion,
Wise mariculiure in mangrove areas.

Mangrove education and technical training.

Consiruction of demonstration zome of mangrove restoration.

Matarial supply for producing foods and madicinas.

54 Current Management Regime
541 Current Status

With respect to the conservation of mangrove resources, govermnmen! regulations and management are
oo complicated, The government agencies lmwolved in mangrove management include the
administrations of forestry, ocean, environmental protection, fishery, water resource, and planning, and
this often lead to inefficient management and obscure regulations.

The Forestry Ministry i the government organ in charge of the management of larests in China, including
mangrove forests, which, in terms of wettand, are also managed by the Forestry Ministry, lhe executive
agency of intemational Wetland Convention In China, All mangrove rescurces in China, except SMMNR
and BEMNR, are under jurisdiction of the Forestry Minkstry of China

According to the Law of Maritime Space Adminisiration, All the intertidal Rtats and maritima space balow
high fide line are under the jurisdiction of State Oceanlc Administration (SOA). As a result, all mangrove
tand is placed under SOA for management, and now bwo mangrove reserves in Guangd, SMME and
BEMNR, are undar SOA,

Environment Protection Bureau s the organ in charge of the management of environmontal resources,
responsible for the assessment of resources and approval of creation of nabure resendes, includifig
mangrove resarves. Fishery department is also involved in mangrove management, lor mangroves are
closety linked with fishery resources, Being valuable natural rescurces capable of functioning as “coast
guard’, mangroves are also considered the nalural resources managed by walar resource degpariment,
Besides, in making city expansion plan, city planning commissions of local governments also take
mangrave inte consideration. Figure 2 illustrates Curent Managemeant Regime of Mangrove Ecosystem

of China.
I, Siale Council
N S
Kiristry [ LA ity gl )

- 2] ®
[~ Mg ! : It Zones i
(:/_ Mangrove Eccdyslam '

Epnes

Figura 2 Current Management Regime of Mangrove Ecosystem of China.
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Fundamentally, with respact fo mangrove management. mangrove land Is placed undes oceanic
administration, while mangrowe forests are undar the jurisdiction of forestry sdministration. Other
governmant organs afa invohved by their links with mangrowe.

542 Ambiguous Status of Mangrove in China

In terms of management, the stalus of mangrove in China is quite ambiguous, This ambiguity, which
arises from the complexity of mangroves, has confused the management of Ihis unique ecosystem.
The following aspects concerned with mangrove management can explain such ambiguity of mangrove
slalus.

Raturally, mangrove is the enigue natural forests occurrad in ransifion Zone from land to sea, where the
life of the sea and the lita of the land marge in a biological blur, The dynamic properties of mangrove
ecosystem with large biodiversily require a multiple involvement of government agencias for proper
managemeni

Legslatively, laws and ragulations of China are drafted by admintstrative organs and then passed by the
People Congress before they come valid. Such a law making procedure usually causes dissension
among different government organs that determine their function on their own accounl. For this reason,
mangrove has become @ cross sector management fesource.

6. ECONOMIC VALUATION
6.4 Direct Use Values

Young leaf of cerlain mangrove plants, A. awewn, M. ifscus, are adible. The ripe fruits of 5, cyiindnca
can be direclly eaten or used as ingredient of sofi drinks, Nypa fruit can be consumed mmediataly o
used to make chowchow, sugar, vinegar, and alcohol. The fruits of A. marina, termad as “Langian” by
local people, are consumed widely at coast areas of Guangxi; the famous dish “Clam and Langian Soup®
s 50 tasty and refreshing that make if one of the top choices of consumers whao bebeve in is function of
purging fire and relieving summerheal | was estimated that the annual output of the fruits of
one-nectare A. manna forests could reach 1.2t and have a worth of 3,600 Yuan (calculated at the market
price of 3.00 Yuan'kg).

6.2 Indirect Use Values

I is believid thal both inshore and offshore fishary depends on inghora nursery areas, some of which are
associated with mangrove, On the other hand, being the unique coastal forests at subtropical and tropical
areas. mangrove can be regarded as a tourist attraction for developing eco-loursm and recreation
industry,

6.2.1 Baenefits to Inshore Fisheries

The average rate of leal litter production of Brugwers sexangula larests i in Hainan, R. s!ybaa forests in
Guangs, and K. candel forests in Fujian are estimated to be 1_2559.'m vear-1, B31. Eg.l'm wvear-1, and
920.8g/m” year-1 respectively, with leaf constiluting large parts of laaf fiter at a rate of 64%, BS%,
and T0%. Table 5 illustrates the quanity of leaf liter in different parts of three mangrove spacies.

Table 5  Quantity of Leaf Litter of Different parts of three Mangrove Species.

Quantity of leal liters of difforent parts gim*
el il Leaf Branch Flaar Fruit EF.(-_ i
B. smyangeta 148* ROT.2 462 1334 i 125510 Lify, &l &l 16850
fi. siylnga 21" 15 | 333 104 271 G113 i, & af, 1902
¥, canca/ 24" Bdd a6 1404 Kl 95.E Q208 Lu of @l 158H
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The leaf litter production vanes seasonally, which s usually high n summer-autumn and low in winter. In
general, leaf litters are decompaosed before they are consumed by other consumers; only fenw of them are
consumed directly, Decomposition rate of leaf litter i an Index of the conversion speed of energy and
matier. Research showed that the half decomposition of leaf litter of the species of B, sexanguls,
R. stylosa, and K. candel are 20-45d (Lu. ef &i., 1990), 8-13d (Lu, ef al, 1984}, and 18-56d (Lu, ef al,
1988} or 20-71d (Fan. ef al. 1982).

Inferred from relevant research resulls. the average leaf liftar production rate of mangrove in China is
estimated to be 6,310-12 550kg dry weight ha-1year-1. Being decomposed by microcrganisms, leaf litter
will becomea the important foed source of primary level consumars such as mallusks. crabs and worms,
which ir turn will be consumed by secondary consumers, including small fish and juvenile predators.

6.2.2 Mangrove Values in Tourism

Maasuring mangrove values in tourism is not easy. So far, no assessment on the eco-tourism value of
mangrove reserves has been conducted in China. Te figure cul tha value of mangrove reserves in
aco-tourism, we can use the income from eco-tourism in SMNR as an example, Statistics showed that the
annual revenue of the reserve is 2,72 millicn Yuan (40,000 visilors at an average spending of 68 Yuan).
In consequence, the tolal income from eco-lourism in seven mangrove reserves of China can be
expactad 1o be 19.04 milian Yuan, and this number can be modified to 42.00 million Yuan with excluesson
of the income leakage (usually 55% in developing country in respect of tourism).

6.3 Value of Mangrove's Contribution to Environment

From a scientific perspective, the values of mangroves can be divided into ecological, community and
economic values. Values of mangrove on its contribution to environment Include the ecological values
and community values,

8o far, four research projects have been conducted with regard fo the valses of mangrove on is
contribution to envirmnment: they are “Envirenmental Ecology and Economic Utilisation of Mangroves in
China”, “Mangroves in Beihal City and Public Participation”, “Interaciions between Mangrove and Peopla
in Beihal City and Environmentally Friendly Economy”, and “Eco-tourism in Shankou Mangrove Reserve
and Public Participation”,

The approach on mangrove senvice to environment was started in 1980s (Zhou, f al., 1980). Since then,
some researchers such as Zhang {1993) and Yie and Pang {1987} had also attempled 1o value mangrove
sarvica o environment gualitativehy.

Because of the difficulties of determining the ecological and community values of mangroves, no
guantification assessment of mangrove values on its contribution 1o envircnment has been tried unti
Ds. Fan Hangging (1995) attempled to identify the ecological and community values of mangroves in
Guang« [see Table 6). In Guangsi, if a 100 metres wide green bell of mangrove trees ware planted along
the coasi, mangrove area in Guangxi would expand from 55654ha to 9,599.8ha, of which 332.4ha were
rahabiiitated from second growth along 58.24km coastiing and 3,945 Bha were replanted along 394.8km
coastling. meanwhile, 226.92ha farming ponds would be crealed within, The environmental contribution
of the green bell of mangrove trees would be 61,200 Yuan/ha'vear or 1.2102 million Yuan/kmiyear
(Fan, 2000}

Reversing Environmantal Degradstion Trands in the South China Spa and Guil of Thailand
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Tabéa 6 Ecological and Communily Values of Mangroves in Guangxi.
Hems Assessmant coafficient | Scope of project | Annual Bansfits {millicn Yusn]
Reduce loss caused by cyclons B0% I 0,500, &ha 13808
Lower coasinl voa mardonance T0% i 1 54l Bna 16 TEG2
FPaddy fiekds protection 14 42T ma‘i.r!l.'yuar 457 B4om ET_?_EI
Fruils of 4. mwina A600.0 Yuanhaiea 1,350 SGha 12,0356
Lumiher 10500 Y uanhaipear B 590 &hn 10,0738
Emmon comml 4550 ¥ usn'halyaar 8,590 Eha 4 AE3E |
Sail ity Mainkain 200.0 ¥ uan'harpaar B, 530 8 1 200
Ceygan relnasa 0.0 Yuanfha'yoar 0,590 Eha 0.572
Suslam taunn 15,0000 Yemhalyoar 11,540, Bha 143 98 R
Punlfy ar and wabsr 25.000.0 Yuanihalyear 1,251 Bha 230 9650
Esaned nehine fshery 15,0000 ¥uan/haheaar 9 854 Rha 14839870
Total . 504 5898

Han &l al {2000}, by using some valuation approaches such as market value approach, shadow progect
approach, opportunity cost approach, and substitution cost approach, also tried 1o identify the senice of
13,646ha mangrove in the three Souwth China's provinces of Hainan, Guangxi, and Guangdang.
Ha indicated that the service of the mangrove 1o environment was worth 236531 million Yuan, of which
biomass value is worth 81.63 million Yuan, coast protection 99206 million Yuan, soil conservation
1.156.92 million Yuan, COZ2 fixation and O2 release 6706 million Yuan, animal habilat 54.70 milkon
Yuan. Nutrienl accumulation 10,12 million Yuan, polltant degradation, disease and insect damage
prevention 2.82 million Yuan.

Disease and insect damage prevention value was calculaled with substitution cost approach. The
average cost for controlling plant diseases and insecl pests m China in 1995 was 3.57 Yuan/ha, so it is
reasonable to calculate the value in controlling plant diseases and insect pests by mulliply mangrove area
with estimated prevention cost (5 Yuantha, slightly higher than actual cost in 1995). Then the value of
mangrove In controfling plant diseases and insect pests is 70,000 Yuan (5=13,648). It is estimated that
cost in controlling plant diseases and insect pests only accounts far 10% of the cost for comprehensive
prevention of disease and insect damage, so the disease and insect damage prevention valus of
mangrove can be quantfied to be the sum of bath, ie. 0.77 million Yuan (70,000 + 70,000/10%).

7. THREATS, PRESENT AND FUTURE
TA Human Prassure

Human activities in mangrove area inevitably cause stresses on mangrove ecosystems. To Manage
mangrove effectively and protect the unique ecosystem in the word, we are obliged 1o know these human
activities first (Fan, 2000).

7.1.1 Reclamation for Paddy Fiald and Salt Industry

From 1949 to 1880, two third mangrove areas in China were depleted due 1o the land reclamation in
coastal area. Land reclamation used to be the major reason for the destruction of mangroves, bul now
such reciamation hardly happens again because of the strict control of govermment and low prce of sall
and nca,

712 Conversion of Mangrove Land for Shrimp Farming

Rapid expansion of shamp farming in 18%0s has converled vast tracts of mangroves into shrimp ponds.
llegal encraachment of mangrove land for shrimp farming was encouraged by the high monetary return
of-shrimp culiure within a short period. In kate 1980s, 200ha mangrove farests in Dongzhal Mangrave
MNature Reserve were destroyed ilegally for shrimp farming, and 157ha mangrove stands in Chengmai
County of Hainan were deplated as well, In early 1990s, 2.557ha shrimp ponds were also constructed in
mangrove area al Guangxi coast. In Qinzhou of Guangxi, many small shimp ponds have been buill in
mangrove area, destructing the mangrove forests near Qinzhou part.

Rawvarsing Environmental Dogradation Trends in the Scuth Ching Sea and Sulf of Thailand
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7.4.3 Building Materials

Mangrove trees, mostly B. gymnomhiza, A, comicwatum, used to being used as bullding materials to build
sap wall and dike of shrimp ponds. In 1960s. mangrove trees, exp, B. gymnarrhiza, A cormicuiafum wens
cul in Fangcheng lo build coastal levee, In Qinzhou and Fangecheng, A. comicwatum trees were also cut
for building shrimp pond dikes. |t is estmaled that evary 100 metres long dike will cost 0.38-0.60ha
A, corcutalom forasts. Al trees wers cut illagally by shrimp farmars.

7.14 Coastal Leves Construction

The construction of coastal leves in mangrove area may destroy mangrove habetats, resulting in thinning
and second growth of mangroves and shortening of mangrove trees, and hence waakening the roée of
mangroves in coastal protection. Southeast coast of China s regularly hit by typhoon every year. mosily
betwean July and September. Though mangrove has been recognised to be wind protection trees,
effectve in combating waves and accelerating deposition, more monay is still spant in bullding coastal
levae instead of planting mangrove. Levee construction, unfortunately, may disturb or even destroy
mangrove freas and habitats, resulting in second growth and sparse and dwarl mangrove trées beyond
coastal levee.

7.1.5 Construction of Porls and City Expansion

As economy Is growing fast in China, the use of mangrove land for various purposes such as construction
of ports, industries, urbanisation, etc., has become a serous threat to mangroves. Such destruction of
mangrove forests happens consistently. For example, in 1998, 60ha of mangroves was cleared for the
constrection of Qinzhou port; in Fangcheng, the most Aowrishing A. cormicufalim forests were cut to build
a port; In Beihai, Sanya, Shenzhen, Xiamen, large area of mangroves was destroyed or degraded for the
purpose of urbanisation, industry and construction of roads and parts.

T.1.6 Grazing

Grazing animals in mangroves is rouline practices of villagers in proximity to mangroves. They usually
graze caties and goats in A, marina and K. candel forests, where buffalos and goats graze young leave
and twigs of mangrove trees. Trampling and herbivory of animals can damages mangroves, killing
saplings mortality, producing sparse communities and dwarf trees, and subsequently hindering mangrove
resioration,

7.1.7  Fruit Collecting

Fruits of A mariaa, which Is commonty found along coastine of Baibu Gulf, are consumed widely by the
people in coast area of Guangxi, Fruil collecting is regular practice of local people. However, fruit
collecting causes no damage to mangrove trees unless il is handied improperty

7.1.8 Firewood

In remate coastal area, mangrove trees (mainly A. comiculatum, A. manina, K. candel) used to be used as
firewood by mangrove dwelers. Such pressure on mangrove |s becoming less, as people can find an
aflernative in cheaper cost (iquid gas or electricity ).

7.1.9 Medicing and Green Manure

Medicine is tradifional utilisation of mangrove by local people. No sefious stresses on mangrove have
been produced by such utilisation, excapt for A. Hicifolive. Use of mangrove trees (A marina), as green
ranure was traditional practice, but seldom conducied now,

7.1.10 Digging

Digging for inveriabrates such as bivalve shells and mangrove worms are regular in mangrove forests,
and such practice will inevitably damage mangrove habitats and harm mangrove roots. Mangrove roots
injured frequently by digging cannot function normally 1o provide mangrove frees enough nulrients, so
that slow growth, sparse forests and dwarf trees occur in disturbed mangrove forests. Digging and
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frampling can akso kill mangrove saplings, hus will hinder natural regeneration of mangrove foresis
Expanding market demand on mangrove worms and bivalve shelis has further intensified such dsggang.
More and more mangrove habitals have been damaged and the oulput of marine amimals from
mangroves has reduced sharply.

7.1.11 Owerfishing

Fishing in mangrove area with small mesh (<2.5mm} mel will inevitably reduce fish resowrce, for
mangroves provide a home for a vanety of organisms, including many juvenile spacies of fish and
prawns. Basidas, legal fishing, such as dynamite fishing, poison fishing, and electric shock fishing, also
happen occasionally in mangrove area. Research showed thatl fram 1920 Io 1994 the oulput of benthos
and fish in mangrove areas of Guangxi had reduced by B0% and 80% respectively,

7112 Feed Collecting

wollecting of bamacles, ctams, oysiers, and other small snails in mangrove forests for feeding crab and
shrimp also produces some stresses to mangroves, The reduction of these primary [Bvel consumers will
result In the decline of secondary level consumers such as small ish, crabs, elc. In conssguence, the
productivity of mangrove ecosystem will decrease.

7.1.13 Poultry Raising and Apiculture

Raising poultry, mainly duck and goose, in mangrove forests are at large in coastal villages, where ducks
and geese pray on mollusks, crustaceans, and small fishes. Such practices will reduce the biodhwersity of
mangrove and disturb the insertion and sprout of propagules. However, apiculture in mangrove farests
can benefit mangrove through enlomophilous polination by bees,

7.1.14 Tourism

Eco-tourizm in mangrove initiabed in 1992 and developed quickly. However, inadequate manpower and
logistics for the implementation of effective management has caused some damagee of mangrove
resource and dechne of environmental guality, Tourists' impropar behaviour, such flower and fruit picking,
has also damaged mangrove frees and reduced the aesthetc value of mangrove; noises generated by
boats have dislurbed the birds in mangrove forests; and spél from boat and waste water released from
the restaurants nearby also have polluted the mangrove environmeant

7.1.15 Pollution

Heavy polliants such as spill, ndustry efffuent, elc., may damage mangrove ecosystem, including
mangrove flora and fauna, Even though mangrove ecosystem can resist doses of organic pollution, heawy
prganic polfution enterng mangroves can be harmful o mangrove trees, for instance, in 1995 in Fulian,
Shanzhen, soma K. candel rees were bumead by wasie released from a pig farm nearby. il may ba
another threat to mangroves. There are four major sources of ol pollution, leakage from vessels,
nearshore bdge, acoidental spills and refinery effluenl. Oils entering mangroves will damage and even kill
mangrove frees, for oil covers the pneumatophores and leaves, thereby preveniing access of oxygen 1o
the roats and retarding photosynithesis. Compared with mangrove, marine animals are mora sensitive 1o
palicton and vulnerable. Even though the different tvpes of pollutants (sewage, pesticide, spllls. heavy
metals, elc.] may not be affecting the mangrove growth, they are cerainly toxic to animals living in
mangroves and may eveniually destroy it. &s economy at coastal areas of China is growing fasl, pollution
has become a potential threat to mangroves.

7116 Engineering Impacts

The constructon of ports and coastal leves may change hydrodynamic conditions, which may be harmiful
o mangroves, Hydrology varialion may resull in sand invasion into mangrove land or slow the flow of
fresh water from mangrove forests after heavy rain, and these disturbances will destroy mangrove and
even Kill mangrove trees, For axamphe, betwaen Jume and July of 1994, heavy rain caused flood at coast
of Guangxi, A. camicidafum forest (Sha) at Shankou was kiled after being submerged for three times &t

Reversing Environmental Begraodation Trends in the South China Sea and Guif of Thalland



WaTiohal REPCET ik MARGRIVEE 14 THE SOUTH e, BB ~ CHew 1

duration of 5 to B days each time. In 1958, several hundred-hectare natural mangrove areas at
Daguansha of Beihai were reclaimed for salf industry, and hydrodynamic conditions were changed.
Subseguently, mangrove trees nearby became sparse and sand invaded due o such variation.

T.2 Matural Phenomena
T.21 Typhoon

Typhoon's impacl on large and sparse mangrove [rees /s more serious than on small and dense
mangrove irees. In 1998, a strong lyphoon broke many large B, gymnorrhiza trees in SMNR of Guangi,
A study on the effects of yphoon on the mangroves were conducted in Shenzhen Mangrove Nature
Reserva, concluding that only grade 11-12 wind can damage mangrove trees {Chen, of &, 2000} The
damage raie of typhoon to mangrove like Sonneratia specses can be high up to B0%. The destruction of
typhoon io mangroves was correlaled to the origin, density and age of the mangrove stands; the
Sonneratia plantation was destroyed severely by typhoon, while the natural forests were little influenced,
the sparse Sonneratia plantations were destroyed more serously than the younger.

7.2.2 Pest Insects

It was observed that mangrove diseases were increasing in most of China mangrove habitats during the
pasi decade, Jia Fenglong ef al, reported in 2001 that there were several pest insecls damaging
Shenzheng's mangroves: Obgochroa cantoneedla Carad ja and Pseudocatharyll Hampson harm to
A. marina, and Amatissa sp. and Zeuzera coffeas hasm oK. candel, It was reporied that six species of
mangrove frees in Guangxi were Infecied by Colletotrichum (Huang and Zhou, 1987). Il was fownd that
A comicwatum In Guangxi estuarine area was infected by pathogenic fungl of sooty mold. The
accurmence of these diseases can be atiributed to degradation of coastal environment in China.

7.2.3 Erosion

Ernsion is another threal to mangroves. In some places, mangrove forests were eliminated by erosion
resulted from natural coastal changes accelerated by human activiles. For instance, thare was a small
mangrove ishet about 15 x 5m’ al SMNR before 1925, and it disappsared by the end of 1998, The
passible reason may be the rise of mean sea kevel and erosion caused by local people's digging for
eatable banthos.

T3 Causal Chain Analysis

Direct threats o mangrove include:

- Conversion of mangroves for shrimp ponds, coastal highway, harbour, industry, urbanisation, etc.
Shrimp farming. which is believed to be the major threat, is widespread at coast areas in South
China and hard to conbrol

—  Mangrove worm digging. Mangrove worm s popular seafood al coast areas in South China,
Since mangrove worm mainly occurs in mangroves, digging for this commercial organism will huri
mangrove roats, creating extensive second growth and hindering mangrove regenaration.

-~  Exofic species Introduction. S. apetals has been transplanted extensively al coast areas in
Maintand China since 1995, Mow S. apetals is found even thriving in the core zones of some
mangrove reserves. Introducing S apetals may change original mangrove community and
genarabe ecologcal risks,

- Pollution. As economy & growing fast in China, in particular along the coastline of South China,
more and more poliutants. such as shrimp farm eflluents, industry effluents, and domestic
sewage, will find their way into mangroves. Even though organic matier seems to encourage the
growth of mangroves, the transfer of pellutants through food chain cannot be ignoTed,

The causes for mangrove degradation and destruction in China are diverse. Al soclal-economic aspects,

tow public awareness on mangroves and pursuit for shori-lerm benefil are fwo main causes; In addicton,
it is clear that natural resources are shared by all communities, but obscure that who is responsible for
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mangrove conservation; economic banafit weights more than ecological benafit when local government is
evalualed, long-lerm benefit is usually despised and short-lerm benefil is overweighted, cross secior
management on mangrowes hampers co-ordination; non-profit approach in natural resource consenvation
conflicls with prafit making economy; etc

The 11 main causes are listed balow;

Agquafarming can generabe quick money far mangrowe residents,

Mo alternative wise use lechnique and mechanism has been developed io genarate mare tangible
benefits than shrimp farming.

Short of funds for mangrove consarvation, managemenl, and research,

Mo national criteria and lechnical norms for planting, monitoring, and evaluating mangraves have
been established.

sSometime, manne environmenl and maritima space use are avaluated withoul mangrove experts
betng imvolved duo 1o shorl of maney, which will weaken the conclusion,

Mo special national law has been made for mangrove management. Cross-secior management
often brings about secioral conflicts.

Most of mangroves are state-owned forests. bul investment on mangrove development by
government is insufficient. A mechanism 1o compensate for private investment on mangrove
should be developed to encourage multi-channel mvesting in ecological maintenance at coastal
argas.

Decisions regarding mangroves are usually madeby governmant with few public involvements,
Few opportunifies have been offered 1o mangrove staff in mangrove reserves for exchange of
EXPERENCE,

Materials and means for mangrove education are not availabile.

Poor information share among different institutons limdls the utilisation of mangrove data for
effoctive management of mangroves, Co-operation is also nof common

Improve mangrove education and strengthen exchange and co-operalion, so as o promols
mangrove management and research in China

Figure 3 shows the Causal Chain Analysis for China Mangrove Ecosystem.

Rewersing Environmental Degradation Tremds in the South China Sea and Gull of Thasand
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Annex 1 List of Phytoplankion reconded in Mangroves of China.
{mo. Scientific name No. Scientific name No. Sclantific nama
Bacilarioplyla T8 | D¥atoma fyling 158 |Plaumakgme hdermediuny
1 |Actoeprhs oressis Y, Hourck BO | Oéaloma viniars v, cagiuaia 185 | Pleumosigms novicuiacewsm
7 |Ampiiormom alats B1 [Cvphaviens bombos Ehr 160 |Plaurusiging fAoiman
3 |Amptera coffesefaomis [A.) Kutzing (82 {(Mplanes fusca war poingica 161 |Plaumaigma recium
i |Amphara cofasalrma v, B3 ipkaneis papido 162 |[Flamsigmae salinafuar
arriiges (K | Hughedl
5 |Amphom saigua B4 |Diplaness rtilars 163 | Plaurosigma =0,
5 |amphora faeas 85 | Dipkaies splerda 164 |Psawdo - Epvabin dabokis
T |Amphars ineckals B6 | Dityum bt (West) Giun, 185 |Prauda - Mzachi sieida
|2 |Amphom ineolala ver chinenss &7 |Dyledrothecs gracis 166 | Pasuwda - Wizschie sioula var.
Mipumranr
o |Amphom protews Grogary B8 |Eucamyus comifa (L) Grn FAT | Rbizosakinin scuttmals
10 |Amphom sp 8 |Eucampia roodiecus Ehr 168 |Rhirosalams alala | genume
11 |Asierpionoells apoiics 9 |Gusnardia faocda (Castr. ) Per 169 |Rhimealenis alaim . gracikima (Gl
[Enn
12 |Axhranfas isapes 491 | Gyprosigma apeneni 170 |Rhizosalamia begond
13 |Axhnanthas brewpes var angustma (92 |Gyrosigrmg balficunn [Ehr ) Rakh, 171 |Rhimsaleria calcasavis Sohulle
14 | Axhranfiag chi 193 | Gyrosipma fasciin v ancuata 172 |Rhimsolars cheve) sl
{Dank. | L3
16 |Baclare peradoss Grrakn I | Gprosipma Gt . fanuasng 173 |Rhizosaierve crassisping Sehod.
G | Gl
16 | Bactanzsinam comosum v, spida 85 | Gprosiama masm (W Sm.) 174 |Rhirasairya Fanlisine Beng.
(Cagtracans) Ikari G, &l Hen
17 | Bactorasinam coamosum Poy. {06 | Gprosipmes cbguum (Grun) Boyar 175 |Rhizoscierda hebelsa v, seumisging
[Heng) &=ran
18 | Baclarasine fryalrum Laud. {7 |Gyrosome gasciol 176 |Rnizosotenie imbicats Brighta:
19 |Bacianiasin 8 loa |5promgme sp 177 |Rnfzascdenia mbosta Mo,
20 |Bactsrastrum visnans Laud loa | Hamigesdus hauckil Grun 178 | Afvicosoleria sp.
Z1 |BeMarmohan moileus A0} Reurmaistus mambransceus 1T |Riwicandenia afomadothil Per
2 |Bickdupiie suels 101 | Hemiaetus snansis 180 | Rivizcsolenia sfyfirmis Brights.
|23 |Buddiptva hetsracaras Grun 102} Lawdevin borealis Gran 181 | Fwimsolenia styiarmis v. Iafissina
4 | Bvdduipdvia mobibiensis (Bail.) Grun. 103 Layfocyiinius danious CL 182 | Sehmaderels delicahis
28 |Biddiipiva obiusd Fulzing 104 | Masiogiofa inosgquails 183 |Skalatonoma cosfalum
26 |Bidduipta regia [Schutza) Ost. 106 | Moslopicds pusive var stbcapdare (184 | Stephanapysas paimertas (Grev. )
Gun.
w1 .E!.n::m.@ml sitIss Grey. 106 | Mainsing mjhr.]ﬁum THS | Smepiolfiecs Mamesa
20 |Campyiodiscus blangalshe Grey,  [107 Mo deephais 186 _| Surinaia garmma Exr
20 |Ceratauing hargol Par 108 | Mavicuin directs 187 | Suriredin qlaminensis
30 |Cerpdnifing campachs Ostonfoid 108 | Nmaciis cpcli vl jevamca 188 | Thainssioreme AlEschiokies Grin
3 | Chastocams affnis 10| Niawiciae disrans 169 | Thalassosirs rdule Meuner
12 [Chasfocerne afnle «, avilal {Grang |11 |Navicws gracbs 190 | Thatasamthny fraueafoid Grun
Husst,
43 |Chastocenos brewis Schuti 142 Narwicite byra v, idgrie A Senied® |19 | Thadassrothni longissima
34 | Chasioeams comprassus Land 113| Newicise membranacea =1 T2 | Tneavaluim i osam
15 [Chaslocenos consinciie Gran 134 | Wawicrala mninkeig 153 | Fricevation fovus Ehr,
36 |Chastoceros convalutes 15| Mavicils povna 194 | Tricevatium gibbasuen
37 |chastocers cosialus Pav. 116| Nawicuia placantuls fojancectats (195 |Ghesioceros isuderd Raks
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Annex 1 coni List of Phytoplankion racorded in Mangroves of China,
[Me. Scientific name No, Scientific name Mo. Sclentific nams
3R |Chaatoams curwseius 11 | At Sairarm :IEHFlIﬂ'I:l‘lI
(38 | Chanfooems dehivs 118 Mantuts ap 18 |Colacium cpoiopooiy
40 |Chastacams decpens £ 119 Mavieils widida var. shasvicensis 197 |[Egulsropsis wrs
7 [Chasfocans deciiens | sngufan | 130|MEszhin scamnain 198 |Ecglerma bracivs
Dear
ﬂi‘_ Chaslocams densus G 121 [Wilzschia ampdhbig 189 |Eughena cacdals
4% [ Chnsdocenas denbcufafcs Lend. 122 | Mitzachin clostentm Ehr 200 |Eugiera dexas
jdd | Chasfocanns vdymus Ehe TE3| Mirrschia COCCOMHICTITVS 2 |Euglerss efvenbei
5 | Chastanams dvstans Gl 124 | Wirschin delsalissma 202 |Eugiena penisials
WE | Chasdocoms diversus Gl 125 MWTrscihng dispala 2031 |Evpiana mtmbiiz
47 | Choetocsnos indhciwm 126 Wtzschig Wl 204 |Euglona piscigovmis
a8 |Chawtocerss loonaiaus Grin 12T INtrsehin frustalum 205 | Eugiena palymangid
49 |Chavtocerss peruvianus Brightw. | 128]Wiezschie granulms 206 | Euglena friteiia
s ————— 128 |t Escin hungarca 207 |Ewgiena vanabsls
Mang
161 |Chaelocercs radians 130 | MR zscive myerida Girun 208 | Evglena virdis
[s2 |chasmeerns sociss 131 [Nitzscivie lanceckaia 206 |Phacus scuminafus
|53 Chaelocores sebsocundys (Grunow] | 132 | Milsscivie Jagresimia [ reversa W 210 |Fhacie cadandg
Huist, Smudh
54 |[Choelocoros sp 133 | Nirechie anglssima {Brab) Ratl (211 |Phacus lamgicauda
55 |[Cocoonais soufsdurs Ehr 134 |NETacha longdssuma var meversa 212 | Prasous spR
[=4 Cornorduy scaimium var. varkans 135 | Mtrschia lareneiama G, ‘ﬂl‘llﬂrnphrl.l
E.il' Gl frestry Hens. 136 |MNlzechia manziana v. densesirialy (213 [Uhodhee sacuals
{Per.) A Seh
58 |Ceaninodiscus argud 137 |Aitzschla marna 214 iMadhriy faresrina
=i mmmnmmm&r TAR|Mitrschia ravwoidians 15 | Seevisdasriiig ap
[60 |Coscinediscus hiparfitus 120tz eshia piduse Cyamophyta
fa1 |Coscinodiscus sontrmis b, 140(Milzechia obdise v, seaipaiformis (018 |Osciliwonia lacusins
Grin
02 | Coscinodiscus curvalings v Mimor | 141 [Sizscha pandunfonris 217 | Oaciadara leriis
il | Coscnodiscus civisus T2 | Milzachia pancie’s £11  |Usciieana 5p,
f8d_|Cosemodiscus enceulricws BN 143 Mitzachia pungans Grun Pyrrophyta
65 |Cossmonianus pipas . praslaie 144 |Nifzsahia sigma 218 |Combum ks
{areach) Husi
6 | Copcmomiscus cooks-imcks Ehr 145 [ Mirschin sigru v Anlveesans Z20 | Cerahin Mecricees
67 | Coscimadiscus ragiatus Ebr, T4 Mfzschia Sipmaiea 221 |Covaium g
B8 | Coscimodiseus mniforms 47 [Mitzschia sp 222 |Combn fusus (Ehe | Dufardin
T [ —— 143 Mizachia spaciadies 221 |Comtium fusus inchocams [Ehr.) Kofod
0 | Coscinodiscus spnoss Chin 14| Mitzschia subihia 224 |Dinegphyaiz capckaie Sadlkb-Hani
71 [Coscinogiscus wadead 150 Mrzschin Wi 228 |Poridinfum depressurn
72 |Cycictola comia var, opaclis 151 | Pirinulans maoiaris Chryploplyts
T3 |Cyrictals slaligars 152 | PIAQNOGTRMITE VATAmATEY 226 |Cypdamonas sl
T4 | Cycintala sinaa 153 Plankiomieia sof 22T |Hesnisakmis cpooiss
76 |Cpoictela siwam Brights 154 Plaircsipma palagicum Par 228 |Wephmaseirs ohivacea
TE | Cymbuis graviis 155 Flawrsagma #ne Grun 220 |Profochvyss phasophpeaanim
77 | Cymbadia 5p 156 Flanrcaigma anguiaium Chrysophyta
T8 |Bachydozalen medteransus 167 | Plewroaigma fofmosum 230 |Civysococcus Afascany
23 J.Mm&ﬁ:u@'&afﬂ

Rewversing Environmantsl Degradation Trends (nthe South China Sea end Guif of Thailand




MaTioha REPORT O MANGROVES i TrE SouTH Cring SE& = CHin,

AnnER 2 Pace 1
Annex 2 List of Zooplankton recorded in Mangroves of China.
Ko Schentific name Ho, Schentific name

| PROTOZOA 30 |Acmcalanus gibker Giesbrechi

1 iMNaclilucs mdenis Sund El] [ Arrocalanus gracis Giesbrachl
Ic A #__|Calancpia Mompsaris A_Seotl
Asginira rpimakay 4 Calanus smcws Brodshy

3 |Asguoves macrodactds 42 [Candacia hradyi A. Scall

i :ﬂm &P, 43 -ﬁnmmwlﬂiﬂfﬂd]

5 |Aplaurs hennalioma Parcn ot Lesusur L4 Cenimpuges feiurama Thompaon

B |Beroe cieiamis Fabricis 45 Evcalanus subivessus Gasbhhech|

T WAL Drtarvica L E@h COMGNTS

8 |Carsis Subiigiges L] wetaaale plans

8 JDiphyves chamveons L] mhkdocery hipsnais

10 |Ecfopleira dumarban (Wan Benaden) A5 euichmali Gilsshnech)

11 |Emne coyanensis Brosns 50 | Dihona Brgwicomis

12 |Eimone hesanemails {Gostlz) 51 [Fenlaapsis lenuicauda

13 |Emmo menoe 5 RikIEALE pAmE T

148 |Eirre sn. a3 Schmackora poplogia

15 |Fuphysors higeiowi 54 [Sinocalanus tonelus

16 |Evlimia 56 Tamara lurhinsta [Dana)

17 |Euilviis modass 56 Tartanus detiapin

18| Heigicimata malsperss (Sliasny) 57 Tartanus foroipafs

18 |Lanais subikaides (Lers of wan Rensdijk) T Tananus graciks

il |thnemﬁmﬂhﬂa DDA

21 _}Mﬂmiﬂlﬂr} 56 |Lestrgovius farve

72 |Mowngla inkermanica Paltschikown- Osiroumava a0 amrrmaridea
Muggiass aiarica |E|.r|-|ms|w:5n
Cxhalia 5pp 61 Pamiigauss soka

24| Phiaiicirn fabaatum 82 2 Bp

F () f DECAFODA

27 |Plewmobrachis globoss Mosar 53 lAcetes japonicun

28 |Podocaryma apicaln &4 | pacdlar Eapani

L TUROY 63 [Loewe hme Nobl

30 | Zenches cosials HLI i Looier fmdormedias Hansen
Wl ARTHROPOOA W CHAETOGHATHA
Cladooara Bl |Sagiin bedol Berared

3t |Evadne Claus E& ittn deboaln

A2 |Pemiia gvrasing Dans A5 Sagiin enfiafa {Eras
OSTRACDDA 0 vl

33 |Cypriding dentala [ Sagitia nages

M |Euconehoedis aciiaaia T2
COPERDDA T3 |Saqit puichra

A% |Acaria erpthrama Giasbrecht W URDCHORDATA

3 |Acarta paciffce Slauer T4 Chkopleura ovoven Fol

7 |Acariin spimcocdn Gisdbeeshil
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Annex 3 List of Macrobanthos recorded in Mangroves of China,

No. Scientific nams T Mo, Scientific nams
- |323 [Malics viledies (Linnagus) A8E Chavyhais halieni (4 Mine-Edwanis)
447 Charytudis jponice (A Mine-Edwards)
A8E Charybas wanagate (Fabricius]
4415 Charyhdis wadarm Alcock
480 Charybois himaculata [Miers)
481 | Thalamita danan Slimpson
462 |Thafmmits sp.
483 |Ewcrantius exsculptes (Harbat)
il Lopiodius saavarus [H_Miine-Edwards)|
405 Farspenope oungom de Hasn
SHE LT
{Lanchasier)
2 | Fhes | 447 HatgropiLmmie 5. I
10 Mdesmcanifiong 8p, ) y T 496 PFilvmnpapaus making (Rembun)
 MEMERTEA B 172 am_prﬂmg reagug) 337 | Nassarus vcienus (A, Adams) 450 Stimpson
11 |Ceebatuivie alans Punna 173 | Pavahyodisss imbvcets (Lamarck) [338 |Neseanus feshives (Pawys] 500 Xantho gistinguendus [de Hagn)
12 |Pmacephalathns sp. 174 | Spocostrea cuculels 330 |Nossarus [(Doukis ) Setinodig LT Xantho sp. 2
. MBom) | A Adame) , _ =
AMNELIDA 175 | Sacopsies Bohmara 30 |Mesraris siqupnrensis (4. Adams) 502 Sar fukisnsis Rathbun
[Quay et Gatmand - E
13 | Pryodociiass spp. 176 | Dendostrea cracudiiers Soewarty |34 |Nassaous hepalicus ;Ptn&nwr 5013 Typhinearcinus 5p =
14 |Laponafus sp. 177 | Dsdred nigromanginals Sowary (342 [Nassedus herstes (Braguene) 504 Typhiocoroimus nudus Stenpssn |
16 | Lamdosthemis sp. 178 | Ostrar giomevats Goukl 343 [Nassarus deaibatus (4. Adamrds) 805 | Typhlocarcinug villisus Simpson
16 | Sipalion sp. 178 | Oirea densmamaioss Lischks (344 | Nassaine s |E06 Haxapus anfractirs Rathban g
17 [ Sthenokepds japonica {Mointosh) 180 | Alpcryonoda plicatutd Gmelin 345 | Spmwrnfusa bomessnsis [ Trifodyramis heinsanss Dal
18 | Synehmis aaini [LEngamans) 107 | Talonostrea peatigrs Hankay 146 1E:mm B, B06 HNapranophihalmus ohsoums E
L {Henoarson) :
18 |AncistrosyMssp. —|182| Anodordes phiippinana [Resve) |347 Marvidisa [Larnéarch ) 509 | enophifimus prmotferudes (White)
20 |Sigevmiva hanaokal (Maamori] 183 | Anodontia Sleamsiong B [Gammula deshayest (Doumel) 510 [ Martensencda foreaps Rasbun a
21 |Sigambea sp. TElkFaﬂumujtl'Hﬂl achafnsinmmes 340 |Timpids avene (Linraesus) 511 ::Hr:l]mh langicarpus Lalredle 3
Maricn &1 Seal |
|22 [Carstonamis burmansis (Monmj 185 Marcta vemenfomus Resave 360 | Turcwls malies sounius (Hedley) 5§12 |Dcypode carstophthaimys (Pallas) E
73 | Corndonaneis ernrasanss Fauel 166 | Lutravte (psormmophva) mawima 351 |Brechysiomia wealum Habe et Kosuge | 513 Qoppode cordiamana Dearmeses el
Jonas
{74 [Dendronevels Pinnaficims (Grube) 787 |Meropesia nicobarics (Gmekn]  |352 | Cnguiaierebr fonguis 814 Oc Gramann —} §
25 |Noroils sp 186 | Alrciodes sirata (Bmalin] 383 | Tershra [NMadiereda) dussoimes 1515 Liva mrrunta (e Haon) g
Hiengr
Mamalycastis aima (Muller) 188 | Alsctodea sp. 354 | Tibena sp. 516 D dussurrian H_Wire-Edwards | E
27 |Meanitas glandicinchs (Soutem ) 160 | Comcalla [355_|Punciactecn yamameuras Haba 517 Lica mavionis Desmares 2 E
78 |Meanthes isponics (izuE) 181 qunmm] i aunculania (Lirnssus) 518 Lioa nitigus Diesmanast E: i
20 |Maanihes saccinea _QErt_[&mekM| 182 | Chion sp. Budlacts ewarsfa (Phippl) __|5t8 [Lica urodiei H, Biina-Edwads E 'E
Nocforearlias Marenzelar 15:1*,m-wm {Gimelin} hphercutate (Muler| i) Liga lactouws de Haan -]
el
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Annex 3 cont. List of Macrobenthos recorded in Mangroves of China.
Ha. Sciantific nama N Schentific nams Mo, Scientific name o, Scientific nama
31| Neelenoanifas sp 164 | Amguuis vostalis {Handey) 350 |Matanpides sp 521 s wocansiLinnseus|
3 |Comionomis sp 195 | Angauis s, S0 |Redvgw bomesnsis (A Adams) fiF2 Lica (cefuca) anniipos
| = [H Miine-Edwands)
33 |Parinerels abhilenais Grube 186 | Mersca diaphana [Deshayes) 361 |Pupa sp. 523 Macrophinalmus filstur [de Haan]
Parnereis camiguinaides Augener 187 | Arcopagiiuta sp. 62 |Efodiur chinanar (Pleiler] 524 crophihal
(38 | Farnsreds aurtia (Savigny) 108 | Mosrsia culter [ Hanley) 363 |ENobiumn aurismidos LiNnacus) I3
56 Tionarms b viany’ Foueel 188 | Moot wdescans |Benaon ) 364 |ENpdim sp. 536
¥ | Tytmhymohis hetarmciaedis 200 | Rdovareile feiaars | Lischke) 36 |Mpisnpos milicous {kistor By
(Quatrafages) . I !
38 (Lannatas enihneesns Fauvel 2011 | Moorpila m (Haniey]  |368 ﬂ.h{nmpu.'a CRERNAIE s
M |leonmalrs =0, 202 |Moersda niia |E'L.ﬂ'|lrﬂr:| T | Aunculasirs skngata 539
40 [Mizon sinica Wu el Sun [207% | Wattcla fedira ardaiia (Martens| 5N | asmooonie 530
. (Hat 4 Adoms)
il 1 Impﬂ"ﬁ-‘un’mm tmcieat Chiebovitsch of 1204 [MWidofeling minuta [Lischka) 65 Ium L 531 acropidhaknus catredey (Desmarest]
42 Gl‘ﬂ‘-t’l chimn 1xika 205 | AWEaleting ridluls (Dunkar) 70 | Cossidula plecotrormicines 532 Macmopithadmus sindantafus Shan
el |[Mcfendory i
A3 | Giyees moual Audouin sl M.-Edwads 206 fmhu r{wgn_mhm AT |Pythia Rp, 533 Macophdimrmes 5.
a4 :Gl}mmm'ahﬂnhlhrmn 207 [Macoma (Prammecome) lcanma (372 | Ornchitidum varucuimus Coner 534 Campiandrium slongafum Bathbun
{ Hanisy) |
5 | Glyeers sibaongs Grabe Macame nobdiis {Hanky) CEPHMALOPOOA _im36 | Campmndium aroossa Shien
6 Gipgers 5p. 208 | Macame candida (Lamarnck] T3 Sepinds birosirat Sasas 536 Camglareirium sexderintum Simpaon
d?' Glychdasp. 210 [Macome nipponics 374 Ocfopus variabiis (Sdsau| 537 Clesstosioma ditatalen de Haan
Bt E-l::.l-lﬂ_EH wTTE ALkiouin 211 Apolymetis =p. T8 [Ocfopus fustformis Brock 538 Faraciesiosiona crisfane de Haan
at chwars. i -
5 | Goniaca japonica | [1:2 | Puiviniss micats (Hanley} |376. | ] Pavaciestosiivms tepresswn de Man
Gonlaga macwats Darsied (213 | Theora lafa [Hinds) ARTHROPODA 840 Uyaplay denfimarosa Shan
1| Aieaphaviug snevsis [Fauvel] {214 |Gan reavel Habo [ Merostomata |511 |y Fovrnodensis FRathbun
| Agqieaphamus dibrenchis Gruba 215 | Gar ap, [377 | Camsinoscomping rounofcmrda [Lainde) 542 nsiensis Salal
Aermus (Ehlars) 218 |Mintuls diphas [Linnapus) 118 | Vactypleis ndeniafus Laach 543 lpoplas semata Shan
Nopéiys colfamiensis Hafman 217 Soiatelling alrals Reave 370 | Tactyplus s 584 [Uyopiax ningposres Snen
Nepidys cilllaie {Muller) 218 | Histula IDeshayes) _CRUSTACEA 845 Myapday £
el ys oipabranchin Southam 213 | Solntelina acuta (Cal #t Zhuang) 380 |Euwsatie withersi Filsbry 545 Tmethypacoeis coralngharg (Koslbel)
Mapitlys capanalp Day 280 Pramymidaetde sitngain 381 [ Chione amovyls (Darvsn) |H7’ Scapsmed lubancwialn Stmpson
[ Bmarck | e
221 | Peamralaeny sp. A8 | Chaonibia gadida (Ranzan) {548 SCOEVTEE diypete Shan |
Himpisscoinpias aiongalis (Johneon] (22 Solan grandis Dunker |363 |Belanus aibrcostatus Pilsbry 540 |Scopimers globosade Haan
. s Webster 223 | Solen sirictos Gould B4 |Bamnes amoidmiie Pisboy Bl Dottt wcrumianry cla Ma
_|Boaioplos nabva ononials Galarmo 224 duwnkevianus Clessin 385 |Badanwe Miorais Ren el Lin £51 Mebapograpsus fmmiaiis Mies 7-
Soalpphas praciis Pilal 225 | CuiteNes attemumis Duriar 308 | Badenes rebcutas Utinoemi BAD Aedapomma S0 quanideniaiey
B B It Stimpsan
o AL 220 | el scotpvivm (Gouki) 0T [Cvaniis ciTafus Liarwin sliia' [Medapogrepsus messor (Forskaly
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Annex 3 cont.

List of Macrobenthos recorded in Mangroves of China.

E’F Scientific name [ Wo. | Sciontific name | Ne. Scientific nams No. Scintific name
Seodopios 5p. (227 | Siigus mimma (Gimelin) Bélanus Mg sis Linomi Gl |Melopopransis 5.
165 [Arcoes sp 228 W corstaciz 330 |Parmnthurer japomcs Richandbon BES  |Pachygrapens eresapas Randall
jLamanch -
GF | Codsara OATIOrDNE Harlman Pranaild goulickns [300 |Cirdans japanenss (Richardson] le86 [Homigrapsus longiarsis [Miers)
Lo I ,_,mat Sowarby) = |
87 |Laanice chrafa [Sars) TIHIM Nratum [Resve] 391 | Snhasrowa 50, 1857 M (e Hamn)
B8 [Parmprioncep plnads (Mears) 23. Libitna japamica {Filskry) 302 |Ligia mwofica [Roua) 5B | Warunm Wisrafs [Fabricia)
£0 | Prionsew booki 233 |Corticue Memings (Moliar| B3 | Parcslbo 8p. 550  Geelce gepressws (de Haan]
T | Prosspd malmgren! Claparsos 233 |Corbrcuda mters (Philipai) 3 | Cormphium sn, SED m{d hhmf 1N | porlianacernns
= kdan
1 _cimeta Elbang l258 | Galiing coaxans [Smedng 1385 | Bammarus gregony Tatiersall 5E1  |Manosesanma [N} mmehe (de ban]
T2 |Cheatoplans sp Calista chimerss [Hofen) A4 | Garmmarus sp. 5EZ | Sesarma (Folometapus) heomaloche
: A st (de Haan)
T3 _|Poscicchaidivs sammens Al [Z36 | CaMsta erycing (Linnasus) 347 Amgiltog sp. SE | Soswma dedwsni H. Mirs-Ewarts
T4 |Posciochaahs impicrs Cluds 731 |Dosnia faponics (Ragva) 300 | Caprels scaws Tampleton 1564 Easea (P SeSanmE| pictm
(& Haan]
T me Gallarda |238 Dasime dmschel Liscde ) & [5H A55  | pikcala {Letredle]
7 ﬁrﬂnhmnmuhu:!.mﬂm 238 |Dos irh'a-gg:a A Amams 400 wmmmuumn 566 |Sesamna hifens (de Haan) _
T | Caratuks 8 740 |Dosinia corrugaln [Resve) Mmtapanasus snse de Haan [BET | Gesanma | SeamTons ENenss
i - H Milne-Edwards
F& | Barantalla s¢ 1241 Miaradny morntrx (Linnaeus) Mizinponanus jojman (hiars) 5HE | Sesars infemmedld (da Haan)
Barandala sp.! (242 |Merednis hesorts [Humphius) PGS Sf 568 | Sesarma prota (de Haan)
B0 |Hermaramashis Aorms [Clagamede) (243 mmhu:-:rn'm [P g ! Miyndiolln podophifalmus (Simason) 570 | Besmma Bp
(Linnaus 1IN =
Bl |Hedaromasios semils Southem 744 | AnOmalooScLE SqUamGELS Paraponmenpss cuitrrosis (Alcock) 571 |Eriochoir shensiz H. Mine-Edwards
{Lirnasisg] ]
7 |Herferpmastus sp. 248 | Clausinela caophyte (Philipgl) 140 Hinics fidens bentsnenss Rathbun
| Nofourashis flavicaiis Sars 246 | Claysinella isabaling (Phiippl) Hielice Indens Wuana —
Motomasius aberans Dy 247 Clainsinalla 80 Mutaplax longipes SHimpson
5 | Pashatammalus fenws Monr 248 Ginmphima meyqufslire | Sows Melapday efagens da Man
Euglymene annardime Southam 249 |Geunphing malanasgis [Sowerby] | Metaplax st Gordon
250 |Gyring snensis (Gmeln) 41 Meddpla Bp. =
B |Praxiioha prastarmiass (Malmgren) 251 | Gafanom dhancatm [Gmedin] el imtredier (Eyoous ot Souleyat]
&0 |Armandim lanceaiata Wilksy 262 |Mavcia fimularis {Lamarck) i ﬁﬂ&ﬂuﬂ.ﬂi_ﬁ_" Lastreife
ol Arrantdie JapenciTLis Grube Igﬁa Main hionhne {Lamarck) 414 [ Penmais LophaaguiVe costals (oo Haan)
; A _|_ Iarcis marmonst (Lamancs) 415 | Peneeis monodon Fabricius | Chvarin:
255 | Tapaos ierata (Linnaeus) 418 |Pansais somisulcanis s Haan 582 afora [de Haan)
Faghe | Parmtapas) undiels Panmeus slylyomosfis A3 |Ovmiosquile kampd [ Schmilt]
iBam) = L
267  |Rudiapes phi\poinamsm TracTyEenNARIS ComLuta GE4 | Dredosquilla mepe (Labelle)
_ |iAdams of Reove) .
253 y et _]_'gu.-_ram SsqiTl Hall BRACHIDPODA
250 |Glewconme chinensis (Gray] Avatas chinansis Hansen BRE  |Lingudn analing Lasmnarck
360 [Mya sp. Apates w‘ Lz Kishinauye ECHINGDERMATA
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Annax 3 cont Ligt of Macrobenthos recorded in Mangroves of China,
No Scientific name o Eciontific name [T Sclontific nama Mo | Sclontific name
. : 261 |Polemocorbids fadciats (Roeva) 1422 |Lapdochald prachs Smpson i) t@ww }
 Diopair naspoitenn Della Chiaje _‘ﬁg Fotemocarhuds laevs (Hirds) 421 llapdochela pognax de Man BET  |Mensamaona (marcedans (Lampert]
100 Blopalra sugowa) (Tuka 1 —F Bankia caninals [Gray) a4 _|E Brtandae (RBmp) 588 | Acaixivie mOpadies |
T D.'n,uﬂ.ra amairests Audouin el Mine 264 | Bandoe sl (Wright) 426 |Exopalsernon carimcazds (Foitfes) &% |Prolnkpra bideniafa
- WA A, . (Woodward e Barstl)
11022 I?J-'%Ilmﬂ (265 | Tevean manm (Wnghty 426 | Palnemo e (ru) 580 |Prodankyrs sp
103| Dncgfis ararmils Sudouins] (288 | Tevedo navals Linnssus 427 |Palnemon macrodachiplus Rathboen 501 Craspidnster hoopansa
M - Edwards i hubier el Troschel)
104 | Maphysa sanguines [Momtagu) B I'.ll'wrmlll: (Exodatarmula) 428 [Palnemion sevrile (Shmpaon) 593 |Astopectsn marscaniius Sladan
B i
105 Marphysa kp (268 |Lamemula (£ | Funcats (Lemaick) (420 | Macroivashinm rosenbegs (o Haan) Fﬁm | LiniVer guviBria wish MBrens
1106| Evniphysa souwkosia Mg |Lahemuin namhamensis Shuang 430 |Alphous Sismoises de Haan a4 |Asiodna dmboonkemgi God Smih
Wiessanberg Lured et Cai S Al .
11}?|u-r11m hataropoda (Mesenzaeliar) 370 La:amm anating Linnaeus 431 |Alpheus tvpvicrialafos S0 Hagn |585 | Temwopéeuis oramations (Leska)
“IﬂB|LmHnEm irflafs {Moone) 2T |Laiemuin sp. 437 |Alpheus dhstinguenus de Haan (506 |Temviopleurus reevesi (Gray)
‘F;'ImmEduurdm Aisdouinet 472 | Frigonoffvacia Maxingas Ku 433 |Alpheus mopfochals Coutlarm 587 |Amchroites pisconta (Linnasus)
H
T10|L. trevichra (Schmanda) GASTROPODA 434 _|Alpheus Epanoos Mears EE-E. Trichasler scanthiler Docenssin
T1[L. nagae Gallarda (273 _[Patotioiia 436_|Aiphous istidens do Haan Amphioplus depressis (Ljungman]
':I:'”:-' Lirmibrinets Bp |ﬂ Trochils 50 436 HM.“—._HM e grrann di ban [EBO0 | Amphioglus impressus {Lungmsn} |
113 Drifoienis utn (Ciaparede] 275 _Umbonium vestiorum [Lnhe] (437 [Alphoussp.__________ {501 Arphuoolus med Lyman.
114 Stmrmaspis sculata |Henir) T | Firba brwnnewm Roding ! 436 | W'E-fmm'-h iStimpson) B0 [Amphioplus socisimius (HL, Glark)
115- O Brafrarema Dalle Chas 27T (Loele convoale grarduists d438 |Ogprices sfnabceuds Hemp B3 |Amphoyus s
[Termedin |
116 pgeanis indicu:s Kinberg 278 |Nerin poits Linnaeus 440 Lysmads wital (Simpson) 804 |Amphicglus cuphceds
117} Poctinara conchiega Grube 270 |aritn albicits Linnanus 441 |Laomedia gptecing de Haan ILE-I:E Amphicplus pragstans

447 wuhsEnweni YU
443 |Hmrhﬂ- S

606 Ammmgﬁgmmgmmvﬂﬂ;

118 Paclinafs pagilass Caul 280 Eiriata
118 Pechinama asgypda sensu 281 |Mama yold Reclz
1280 ol puichaila Mullar [2082  IMants achabng (Raswe)

121 Malinre sherons

122 Muoivina. c‘ﬂ-ﬂm [Sars)]

il ]

ddd Clavaniug el | Hafal)

|Neria faponica (Dunkes)

e

445 |Cltwnanus infraspinats Higendort

o S i e

BB
B8 | Opfiachs affiis Duncan

B0 | Chpbwoibix g Lyman

1284 |Nania ap.
205 ]mm wolacea [Gmein)
286 |CMhon coalenianss (Lessan)

B11__|Placophiothris pians (Lyman)

447 | Duioganes pvarus Halier
448 | Doganes sowantsi [de Haan)

EiZ marmarata [Lamarck)

287

|Littarania sficudeda (Phillppi)

126) Pista cristate [Muler)

28R [Livorana malamashoms Gray

445 D Warg e
450 | Diogares echmanus Fars

UROCHORDATA

B3 |Cwropleura diosca Fol

137 [ Piata 5p. 280 NodWilloriea (N, cxdiars 151 | Diopanes fommenfosis Wang & Dong B4 |Siyels picats (Lesusur;
{E iz et Souleyet)
ﬁ|3ﬂrbﬁuﬂr‘m‘m. 260  Litorno {Lifarara) ooccinea 453 |Diopones sp E18 |Microcosmos aidspevmlis FHelér
| [Gmedin}
129 Potamilie sp. 2H  [Stenoifyri glabrids A Adams 451 |Paguns dubics {Orimar | CHORDATA
130| Fovmnaoisins & 282 [Vl 5. 454 | Pagurmis e Melaughin E16__ | Charos chnos (Forseal)
131 | Sotnilastanty. reburnsis Moniosh 793 |Assiminas laiencern H al 455 | Pagums sp. E1T |Ciypanodon punclalus
L4 Bdams { {Temminck et Schiagal)
32| Tubyfer sp [284__| Assiminea scaiaris Heuds 456 | Pisiifie seralifons (Smpson) E18 | Anguila jponica Tamminck et Schieged]
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Annax 3 conl

List of Macrobenthos recorded in Mangroves of China.,

Mo  Scientific name Mo. Scientific name No. Scientific name No. Scientific name
SIPUNCULA 205 | Assiminea wnlacea Heuda 457  Raphidopus cilimus Shmpson 149 Muraenichihys malsbonensis Harme
133 | Antllssoma srtillsnmm 256 |Azsiminga brevicua Pleiffar 458 |Hipps adschda Fabrckis &40 Pisoodanopis bom [Ham Buch)
{Crub et Oersiad)
134 | Phascolpsoma rsowanta 257 | Assimimea kilea japonica 458 | Donppe {Neodanpos) &2 Syngnathus cyamospiud Bleaker
{Chen 1 ¥ah) (A M) [fananica von Siebold
135 Phascolosama perucmTs B Z3 | Axsiminga fiilkda 460 | Donppa (Neodonppes] calida (Fabricius} 622 | Mugll cephakis Linnasus
136 Phascolosoma SCohs 23 | Assiminea scuipda 461  Donppe poifa Alcock ef Andarson 623 Epinapheius amblycephsis [Blecker)
{Salarka, Da Man et Bubowh -
137 | Phascolospma simies (Grube &l 30 | Timtadla tevebrs (Linna) 467 | Nursfa mhomboidans [Miers) G Epnaphaiis lrwima
Darsind) |
138! Themiste spinwum (Chern et Yoh) 301 | Twrtada baciium Kienar 463 ;l"q'mr.'l Sivica Shan 625 Lates colarfar (Bloch]
1389 Siphonosome ausirahs (Keferstain) 302 |Architectomnics maxima (Philipp)  |464 |Philyrs platycheing de Haan 626 Rhabdosargus sarba |Forskal)
140, Sigunculus mudus Linneaus 303 |Architecionica perdix (Hinds) _qglq_ \Philyra Diprofubers Dal et Guan 827 Sparus ks Houttuyn
141 Squmntummu_mrdut Chen el Yeh 304 | Cerithidea cingulats (Gmein) "Pmm carinats Bell 628 Peirmscies kainsoma Bleaker
142 305 | Conthiden mcroptara (Kienar) dﬁ? |Philpra pisum da Haan 28 Boatnchthys chiranars [Lac)
EL‘.-HILIHA 304 | Camthidaa sinansis [Philipps) 468  Philyrs olivace Rathbun 530 Pevacoiius glafin Dyboweki
143 Pam-arfynchite nexamnghe Chen 307 | Carithidan Rhizophommrum 465 | Phlyra minita Chan at Thrkay 631 Abaimea lechipes (Higando )
A, Adams
144 Lisiniplobus sp 308 | Conthiden ormada (A Adams) 470 |Philyra scabire { Dai ) a2 CHIIMLE
S | W —— (Cuvier at Valsncennes)
145 Ochefosioma endhrogrrmmor Leuckar | 508 | Cerdfides dipdiarmiensis 471 Matwin plampes Fabricius 633 Amblyelsoins chiorstigmatoides
el Ruppell LR Marding [Bleckar)
MOLLUSCA 310 | Cedthidea fargiiert [Philipp) 472 | Matute lwans Farskal B4 Apacrypdngdon blsakan iDay}
[BIVALVIA (311 | Contfidan 5. 473 |Matita banksi Leach 535 Chaslunchifiys hexanarma Blasker
146 Nucws fenis (Mordagu) |312 | Tersbrais sulcata {Bomn) 474 |Onthida silnies Linnaeus 636 [Clenogolius brawioslng (Gunther)
147 | Nucws sp 313 |Batiana zonals (Bruguiere)  |475 |Elamenapsis ap 837 |Ctenogobius gymnawehan (Bleaker]
148 | Arca bimakayanensis Fausling 314 | Batitaris corming (Crosse) 476 | Phalanigious jongipes (Linnasus) 638 Gobius poeciichify Jord, & Snyd
149 |Barbatin decussata Sawartly 315 | Certhium citrinus Sowerby 477 ScyMa serrata (Forskal) 538 Bathygobivs fuscus (Ruppsilp
150 Eﬂrbam Ep A6 | Conirunm plaffen 478 |Porfunus infisharcidatus |Miers) &40 Amoya brevirostrs (Gthe)
151|Scaphanca comes [Reeve) 317 | Rhinoclaws sinansis (Gmalin) 478 |Porunye pubserens (Dana 541 Perophifialmus cattonansts (Osback) |
152 | Soapharsa gubsrmacium (Fave) 1B | B sp. 480 |Forfurws hastalokes (Fabricus) 642 Boleuphibumims pertmstis
{Linnasus
153 | Scapharca anomala [Reeve) 318|Lunatica gitva [Philippi) 481 | Porunie angentsnis (White) 643 sd&uuéimmmam;
154 Tegitaris granoss [Linneeus) 320 Potinices mammala (Roding) 1482 |Podunis gracilimants (Slimpsan) G644 Cufontambiyapus arbicundies (Haniltan]
165| Tegiara nosifern (Mariens) 321 | Pofinices macrostorna (Philippi]  [483 |Charybdis acutn A. Ming-Edwards ) Trypauchen veging (Bloth &l Schnaider)
156 Didimacar fanebrics (Reave) 322 | Binvurm incisum (Reava) 484 | Charpbdis affinis Dana
'iE.’lﬂ"n‘nﬂfdm ElNAfuis {l-@mr] 445 E‘Mf&ﬂaﬂra (Linnaeus) ]
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AnmEr 4 P 1
Annex 4 List of Fishes recorded in Mangrove of China.
L
42, Lufjamus johr {Bioch)
43, Pagrosomus mayar {Termminch g1 Schiegel]
44, Sparus berda Forshal
15 5 iahs Houttuyn
Pomadas yhdas
4. Pomadasys hasts (Hioch]
Therapan|das
47 Helolos sexfineslus (Cuny #1 Gaimand)
4H_Therapon jarbua (Forskal)
Wullidas i e
48 Mulicicichifys surifernma (Forskal)
|ehivacanridan | Drepanidse
11. Chirocantrus dorat (Forskal) 50_Drapane longamana [Bloch st Schnesder]
Congridas L E
|12 Anaga anago {Temminck &l Schiegal) 51. a innasus)
I ﬂ —— e
%h.ﬁﬁiﬁumpw hove (Hamilion-Budharan | R Siganus oramun (BOCh ef Vil 1
53, 5. fscescens {Houtluyn)
14, thmuﬂaﬁm [ Grinthary ‘rlehluridas
nlanidas B F._ Trichiunss haurmeala (Forskal)
15 I styonpyiurus [Van Hesser) Elsoiridas _
Hemiram ﬁ' m}ﬂ Hmmm}rmr i
[16. Hemmampnugs srmedius Cantor ; ulis (Ham
1'i' Hemirhamphus bmbatuz [Cuver o Valondennes) 57. Anpnabelis dodomatodon {Blesker)
B Fanwehopliens buffonl (Guvine ot Valencennes] Gaoblidas
- gllidas 50. Bathygobhus hiacus (Ruppell)
50 Groseagohus g {Hamillon)
i), Aamiropobnag windiour {Cunvier of Yalencianmash |
1. A, [Blnaker)
27 Lizn canmalis [Cuver a1 Yalancinres) 162 Crenogobius hrevirostris {Gueiher)

53 C. gymnavshen [Blesker)

4. Symechopabiis cenmalines (Richardson)

maaksolm Stk

15
I ::.:.l.usu]m.ucwmm Valanciannes

Synancalidan ___
A0 C.A | mate Cuwear et Valonciennes T2, Inimatud Sinensls (WValencennes|
(Bieeher) Platycophalidan ]
ilﬂlmﬁmmmﬁahwthunlﬁurq |?d- Plafycephaiiss mdtus (Linnasusk

Tl.ﬁmmm

75, E_p_u:gdnms juncdicaps [Ridhardson)

H.LWHGLMH‘M} 7B C_ainicus Wi
W, L dusenmien (Cuyier et Yalendennes) Triacanthidaz

. L. evualus [ Temminck of Valenciernis)

77 Trimcanthus braviosins Temminck el Schisgel

A L. trevirsiria (Cuver ol VARNCHINNGS)

'I'Ilil:ldtl:!:l-ﬂ-

TH, Gﬂaﬂ'ﬂpﬂﬂm fnaris {Bloch sl Sehedar)

50, L. ctaurm (Guvier]
rricae

{Richandsan]

Reversing Environmental Degradation Trends in the South China Sea and Gulf of Thafland
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AnNEX 5 PacE 1
Annex 5 List of Mangrove Associated Birds in China,
B GAVEFORMES imi Turnicidan 145 Lo prgwaisdn |§hﬂnﬂh
1] Gaviidan T2, Turrar gpivilica 146 L 5 chinnug
1 Gyl Stakaim o e 147, Liwes ndtunguy Edurnidae
N POCIFEDIFORMES T8, Tormiy suscisinr 148, Lavus sxxoars 10l LE SBNCBuE
(2] Podiccipodd (13) Gruidas 143, Chidomas fybvide 11_Stumus
[ Tachybardus alcois T8, Grur g 150, Chadamas 12 SMUMUE Shenss
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Annex 5 cont.  List of Mangrove Associated Birds in China.

m GAVIIFORMES [12] Turmicicias [ 145 Lanm amgentaius |42 0ol
AnLightar (wsus 137 Crocathie aks 275 Passar monianus
1_Aceyfar vigahs 138 Limival faemaiis 197 Cormina mivaschiaing 276 _lonchum stmata
ST Iygen {2 0| Recurvinseardae 188 Poricrooodus msms ZTT. Lowchuen paesciukia
Evdastor indicus 135 Himankpis mandepos 195 Pasemecdus duascatus | 51 i
Fandice halaaius i T 278, Caruphs shica
Aqiida hakies 121} Phalaropoddse |a:u Pnaviois [OCnus 271, Ephona sygrafina
147, Fhakempes ohatus . Peamofie g 280 Embann roila
122] Olaruclidas 02, Pyonoeciug durigasior 281. Embanzr aureoln
147 _Gllareds mastiam |{#8jLanisas 6 Embianza aleg
£ LARIFORMES 200, Laniie crsfas 283, Embanza spodocophsg |
{23 Laridan T, LA COMngATaE PB4 EvmGanTa pish
143 Lo eriamreaing U5 Lanks iheeh 285, Emfanra fvohs
144_Lans canis AT Djeruridis 206 _Msfophus likam)
06 (orerug Macresnn
AT, [hereeus

Reversing Environmental Degradation Trends in the Sauth China Sea and Gulf of Thaifland



£

(&) & =
E‘:ﬁt s :
U N E F LWacr
United Matlons UMEPIGEF South China Sea Gilobal Environmant
Environment Programmea Project Facility
NATIONAL REPORT

Mangroves in the South China Sea

INDONESIA

Mr. Nyoto Santoso
Focal Point for Mangroves

indonesian of Institute Mangrove Ressarch and Developman

Mulll Pirant] Graha It 3 JL. Radin Inten |1 Mo, 2
Jakaria 13440, Indonesia



MaToriEL REFCAT Ol MASGROVES i THE SOUTH CHINA SE4 ~ INDOHESIA

Table of Contents

T DT TRIOOIIC WO o i it s i o e s e i o e o i i 4 e S s 8 i P B 1
2. MANGROVE ECOSYSTEM IN 13 PROVINCES SURROUNDING THE SOUTH CHINA SEA ....

2.1 EXTEND OF MaNGROVE FOREST ........ ;
2.2 MaNGROVE FORESTS FOR FORESTRY E};PLanTII:rH
2.3 MancRovE FOREST TO BE REHABILITATED ..

3.1

3.2

CHARACTERISTICS ...

314 Mangmvﬂzmaﬂnn

3 1 3 Fh‘:,l".ik‘-ﬂd Ehamﬁsbl:ﬁ ........................................................... e A 5
3.1.4 Erwironmental Classes q!MangrquEl Fclrast
BiODIVERSITY ..

.1
1
1
3. MANGROVE ECOSYSTEM CONDITION SURROUNDING THE SCS X % : 4
i
4
4

3.2.1 Flora...

4.3 SoCH- EEEHGMIC t:'F SI}GIETIEE

3.4 UTILISATION OF MAKGROVE F-:'_'|F|£$Ts

3.5 F'HI:I-EI.EME-
REFEREMGES ... iusiiiimansiint s sin e sia i s msassssasaani " e o R S a9

Table 1

Figune 1

Annex 1
Annax 2
Anneax 3
Arinax 4
Annex 5
Annex §
Annex T
Annex 8

B
&
3.2.2 Fﬂu:'la iy A By Mt G ek DA
=
L

List of Table, Figure and Annexes

Extent, Distribution and Number of Changed Mangrove Forest Area in the South China
Sea (at 13 pravinces in Indonesia) in 1982-1994

Map of Mangrove Distribution in Indonesia

List Species of Mangrove of Indonesia Mangrove Ecosystem in the South China Sea
List Species of Mammals in Indonesia Mangrove Ecosysiem in the South China Sea
List Species of Replile of Indonesia Mangrove Ecosyvslam in the South China Sea

List Species of Birds of Indonesia Mangrove Ecosystem in the South China Sea

Lis1 Species of Fish of Indonesia Mangrove Ecosysiem in the South China Sea

List Species of Crustacean of Indonesia Mangrove Ecosystem in the South China Sea
List Species of Gastropods of Indonesia Mangrove Ecosystem in the South China Sea
List Species of Bivalve of Indonasia Mangrove Ecosystem In the South China Sea



HATICRAL REPORT Ot MAHGROVES 1N THE South CHINA SEA — INDONESLA 1

1. INTRODUCTION

In Indonesia, 13 provinces has been identified bordenng directly with the SGS viz, Riau, Jambl, South
Sumatra, Bangka Belitung, Lampung, Banten, DK Jakarta, West Java, Ceniral Java, Easl Java, West
Kalimantan, Central Kalimantan, and South Kalimantan. Data collected from afl 13 provinces consists
of secondary and primary data. The secondary data will includes distribulion areas of mangroves,
gecgraphical information (position, topography, total area of region and mangrove forest, ard Land-
uses), biological information (flora, fauna, and aguatic biota), ulilisation, and socio-economic and
socio-culiural aspects. Based on the evaluation of secondary data, primary data will be collected from
selecied provinces at the priorty sites, e.g., West Kalimantan, DKl Jskarta and Bengkalis. Pnmary
data will consist of bictogical, physical and socio-cuftural information’s, and utilisation.

Sources of secondary data will be collected Iram Faculty of Forestry. Faculty of Fishenes of the Bogor
Agricultural University (BAU) Bogor, the Cenire for Marine and Coastal Resources Studies, BAL
Bogor, LPPM Bogor, Birdiife International, Wetland International-indonesia program, LIFI, Depariment
of Forestry, Department of Home Affairs, Depariment of Marine and Fisheries and State Ministry of
Emvironment.

2. MANGROVE ECOSYSTEM IN 13 PROVINCES SURROUNDING THE SOUTH CHINA SEA
21 Extend of Mangrove Forest

Data on total area of mangrove forest in Indonesia are very varies from 3,177 .700ha (Bina Programme
Kehutanan, 1973), 3,707,100ha (UNESCO, 1979), 4,251,011ha (Bina programme Kehutanan, 1882)
to 4,355 553ha (intag Departemen Kehutanan, 1983}, This is due to the facts that estimated value of
mangrave forest are differentiated from one to another along with thesr different definition of the bardes
zone they used. In 1989 fo 1006, the Department of Forestry {1989 by using Landsatl Imagery
estimated that the fotal area of mangroves in Indonesia amounted fo be 3,533,660ha, consisting of
protacted forests (424 800ha), Nature Reserve and Recreation Forest (674,600ha), Natural Forast
Production (583,600ha), Production Foresl (372,400ha), Produchion Forest for Conversion
{928,900ha) and Other Forest Land-usa (449,300ha).

Inventory of degraded mangrave forest conducted by the Department of Forestry (1999) shows that
the mangrove forests in Indonesia covers an area of about 9,248,033ha, consisling of state forest land
(3,720,187ha) and non-state forest land (5,527 852ha). From the above figure, aboul 5,573,1 16.53ha
(80.32% of the total mangrove forest in Indonesia, and 1,877.605.51ha and 3,701.511.02ha belong
to state and non-state forest areas, respectively) is found In the provinces al surrounding the
South China Sea (SC3).

22 Mangrove Forests for Forestry Exploitation

The area of mangrove forest managed by Indonesian forest concessions (HPH, and HPHTI) at the
surrounding SCS in 1982 amounted to be 226,000ha, and in 2000 it wil be 172,143ha and managed
by 9 companies. The mangrove forests managed by HPH used to be exploiled for their wood as a raw
malerial for chip industry. In some locations of Wesl Kalimantan, the holders of HPH concession
having less performance and their permission are terminated by the recent govermment policy (Mo log
export reguiation).

2.3 Mangrove Forest to be rehabilltated

Rehabilitation activity for mangrove forests commencing since the early of 1960 in Java and
eonducted by Perum Perhuani (The State Forestry Corporation). In connection with consesving of the
mangrove forest and referring to needs of the people for agricultural lands, Perum Perhutani has
devaloped a tambak tumpang sar system or tambak empang paril, call s silvo-fisheres. I was
reported that about 20,000ha of degraded mangrove forests in the narthern coast of Java have been
rehabilitated successflly with Rhizophora spp. and Avicennia spp. For Segara Anakan, 105ha of
degraded mangrove foresls have been rehabiltated too, with Rhizophora sp. and Bruguiera
gymnovriiza. Ditlen RLPS of the Department of Forestry have been rehabiltating the degraded
mangrove forests in 12 provinces with a total area of 15.830ha.

Table 1 shows Extent, Distribution and Number of Changad Mangrove Forest Area in the South China
Sea (at 13 provinces in Indonesia) during 1982-1989. Also, Figure 1 illustrales the Map of Mangrove
Distribution in Indenesia

Reversing Environmental Degradation Trends in tha South China Sea and Gulf of Thailand
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Table 1 Extent, Distribution and Number of Changed Mangrove Forest Area in the South China Sea {at 13 provinces in Indonesia) in 1982-19949.
EXTENT [ha)
MUMBER GF CHANGED 1882-1998 (%)
KON STATE
No. PROVINGE STATE FOREST (6F) FOREST (NSF)
BIFRAN PHPA-AWE INTAG RePPPRoT | GIESEN
(1983) (1987) [1093) | toms-1sas | (iesyy | FRLPSO9S) | RLPS (1SS | -1 V5= 18 13- (8)
| () i2) 13) ) 45 15) L) L] % {10y (11} {14]
1 Rliaw 276,000 470,000 221060 239,900 184400 | 88174778 B3, 373,88 19,91 “148.8 495 91
2 | Jambi 5,000 54,000 13,450 18,00 4,050 36.70.50 206,645.51 7951 1728 4351
3 South Sumnatera 195,000" 110,000* 363 430 07007 | 231025° | 458.562.20 429,611 .85 +86.37 +61.8 +201.48
4 Bargka Belilung o o a 0 0| 1231742 2920523 | Takmingga | Takhingga |  Tak hingga
] Lamgpung 17,000 3,000 49, 440) 31,800 11,000 10,762.07 7,807,891 +190 /2 TR2 -3 69
L T:;;J:“ v CNI 28,608 5700 8, 200 8.200% | 5800 3231440 A5 fad 41 T1.M #3080 +18.94
T Bantan b 1) a o 1] 143831 27,909, 14 Tek hirgga Tel hingga Tak hingga
8 | Ceriral Java 13,576 1,000 18, 700 18,700 13,570 18,931.67 TE 406,35 +37.74 +1.2 +39.45
9 | East Java 7750 500 &, 500 B.800 500 4222 97 550,58 4087 a6 4 B4
100 | West Kalimantan 441,000 60,000 154,300 205,400 40,000 Bf,918.03 252,907.00 +385.75 -55.3 +117.30
11, | Central Kalimantan 10,000 20,000 48,740 28,700 20000 | 474,909.50 1,750,586.00 +387.40 +AT4 6 +4650.00
12 | Souh Keamantan £4,650 40,000 120,780 112,300 5,650 6, 166,91 132 453,36 1,22 3.9 +14.28
Total 719,584 810,200 1,044,880 802 818 BI6,195 | 187760551 | 3,701511.02

Z
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Figure 1 Map of Mangrove Distribution in Indonasia.
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3, MANGROVE ECOSYSTEM CONDITION SURROUNDING THE SCS
31 Characteristics
311  Mangrove Zonation

In Indonesia the mangrove lorests can be divided into two geographical zone, viz. Asia zone and
Oceania zone, Both zones have highest plant, animal and micro-organism diversity than the other
zones in the world, This is primarily due o the nature of the region thal the islands have different
characlers with each other, even sile by site In the same island, The harmonised syslem between
mangrove forest resource and their specific substrate produce the life characters of heir species.

According o their substrates, mangrove species grow characteristically as zone by zone. And can be
identified as follows. in the seaward adge as Sonnerafiz and Awvicennia zone and followed by
Rhizophora, Brugiwera, Cenops and Nypa assocalion zones al the intand-ward edge. All zones will be
inundated by tides and at sea edge zone will recelve strong wind and wave energies, and differan
salinity regimes than the other rones. At the areas in the sea edge zone with high salinity and soft
mud substrate, Somneralia spp. plays as ploneer species ollowed by Avicennia spp. as the substrate
more compact. As the distance from the sea edge increased and tha scil will be more compacted in
the land ward areas, transition zone will be formed and the species of temestrial forest pocours as a
marginal species The species configuration and changes al the sites examined are the response (o
the environmental gradients and usually call as succession, Species zonation in the mangrove forests
iherefore, is determined by change and period of inundation, soil salinily, sun shina intensity, tides and
freshwaler flows, It means that different location will have different zonation. For instance n Rambut
island, 3 zones from sea edge to inland are identified as: Rhizophors mucronata, R, shfosa, and
Scyphyphora hydrophyilacea, and Lumnidzers racemosa,

In Riau province, the mangrove foresls usually zoned by R apicwlafa and B mucronata at the sea
edge zone, and than mixed of R apicwiata and Sonreratia atha at the sand sedimenl substrates. and
with Avicennia manna and A, afficinals al the muddy sediment

At the upper nvers, Nypa faaficans will be abundance and sometimes associated with single of
5. caseolaris treas. In the inland part of the zone, Bruguiera cyfindnica and Xylocarpus granaium are
found and will be followed by 8. gymnoorhiza. 8. parviffora, X. maluccensis, Cenops tagal, Henflera
littoralis, Lumnitzera littorea and Excoecaria agallpcha as the common species in the inland zone
running. to testesiriad zone, as the species of palm, Oncosperma tigifaria ocours if tha area bacome
frashwaler swampy,

In Lampuny province, the mangrove forests in the accretion area mostly dominated by both Avicernnia
atba and A. manina, and at the estuarnes area will be by E. agaflocha. Than at upper river by Nypa
fniticans, S5, caseolans, and X granatum as freshwater affect will more prominent. At the sandy
habitat of the mangroves associated with coral reel, R. stylosa dominates. This is a common feature in
ik Isfands of Lampung Bay and along their coastfine

31.2 Habitats

As the fransitbon zone bebween sea and lerrestrial fand, the mangrove ecosyslems hava shape
anvironmantal gradienl Tidal currants in the sites is one factor controlling the changes of water salinity
and temperature, and a3 a resull only the spedcfic plant species and their animals who have tolerant to
that regime will exist and growth and develop in the mangrove forest, Consequently, tha biota's of
mangrove have low diversity but have high in number of individual,

Although the mangrave habital is specific, svery marine biota will have an environmental range for
thair occurrences and niche. This will caused the form of mangrove community at different sites along
with their species composition. Factors that are play essentially as ecological preference will consist
of, (1) Soil type: hard or soft, sand and clay contents in different ratic, {2) Safinity: daily vanation and
average annual value roughly equal to the frequency, depth and period of flooding, (3) Abilty of
specias cope with current and wave, and (4) Combination of germination and growth of seedling in
related to ecological amplitudes of species in responding the above three factors,

In tha foflowing zones, Bruguiera cylindrical present mixed with B. panafiora, Rhizophora apicufata and
R. mucranata and finally in landward side with Xylocarpus granatum (the canopy will reach up to
A5-40m tall)

A _the d&ap_mud wilh soft characters, Rhirophora species distributed locally and R. mucronata is the
typical spacies at the soft mud substrate and R. shiosa at the sandy and coral single substrate while

Reversing Environmantal Degradation Tremnds in The South China Sea and Guif of Thaftand
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R. apicuiata is the species at the transition between bath substrates. Mangrove forests at the landward
side, far from sea edge, usually form as pure stands.

There are close relationship with the tide factor, especially in the estuarine and lagoon areas. Al the
inland part of both estuarine and lagoon areas, Rhizophora will be replaced by Lumnilzera, a spacies
of more less salty.

The effect of current velocity can be leamed daily along the river, and at the side of river duning the
sirong currenl, &g., in the tributary, usually mangrove found typically mixed with a palm species,
Nypa fruticans.

3.1.3 Physical Charatristics

a. Soll, In Indonesia, soil types in the mangrove fores! can be classified into sevaral land syslems as
Tollows:

a.1-PRT Land System (Rotan island). The land system hawve a landform of coral islands and reefs
with slope <2% and relief of <2m. The soils type s tropopsaments with their parent materials from
young marine sediments, sand and gravel. Tropopsament solls at this land system have a sandy clay
texture with consistency of clay at each laver. Drainage of the soil in this land system generally slightly
buds with brawn in colour of chroma 4, pH in HO ranges from 6.0-7.0 and no pyrite at the <100cm
deapih can be found (Dephutbun and PT, 1858},

a.2-KHY Land System {Kahayan). The land system have a landform of lower river dikes and alluvial
slope of combination between estuarine and terrestrial areas, KHY system have a slope <2% and
relief of 2-10m. The soil type is fropohemist with their parent material from peat of medium npening
{Daphutbun and PT, 1998). In the area free of mangrove forests, fropohemist scils have silty clay up
to clay in texture with high consistency, bud dranage and blackly in coleur at the chroma 2 and pH of
7-8. Pyrite potential in the amount of 0.19% and 0.85% can be found at a depth of 70-100cm and
100-120cm, raspectively. And the decreasing of pH (in H,O) up to 3 degree (with the oxidation of
Hal3) Is the form of their identity. The content of pyrite at the different depth layer was 0.23%. 0.75%
and 0.41%, respectively (Daphutbun and PT, 1998)

a.3-PTG Land System, The soil type in this land system belong to tropoquents, with elay texture and
have moderate consistency, bud drainage and grey in colour, pH (in H;O) ranges from 5.0-8.0. Pyrite
potential can be found In a depth of 30-50cm and 50-80cm, which indicated by their decreasing of pH
fin H;0) up to 3-4 degree with the oxidation by H O, The content of pyrite at the different dapth layer
was 1.3095 and 1,90%, respectively [Dephutbun and PT, 1988}

a. 44 JP Land System. The soll type in this land system balongs to hydraquents, and found in the
less density of mangrove stands. At that condition, the lexture of the soil will be sandy clay up 1o clay
with moderate consistency, bud drainage, grey in colour, pH 2 in H;0) ranges from 6.0-7.0 and no
pyrite can be found at a depth of less than 100cm [Dephutbun and PT, 19898). Hydraguent soils which
found in the dense mangrove forests have 8 sandy clay up o silty clay in texture with high
consistency, very bud drainage, grey in colour, pH (in H;O) range from 8.0-6.5 and no pyrite can be
found less than 100cm.

a.5-MKS Land System. The soil type In this land system belongs to fluvaguents with their parent
materials from young masine alluvium sediments. The soil lype have a silty clay in texture and
moderate to high consigtency, bud drainage, grey in colour, pH (in HoO) ranges from 7.0-8.0. Pyrite
potential can be found at a depth of 30-50cm, 50-T0cm and 70-100cm with 0.03%, 0.06% and 0.05%,
respecively (Dephutbun and PT, 1998).

a.6-UPG Land System. The sod type in this land system belongs to dystropepts with their parent
materials from young maring alluvum sediment and coastal sand. The soil type have a silty clay and
clay in texdure, and mederate fo high in consistency, bud drainage. grey-beawn in colour, pH (in H0)
ranges from 5.5-6.0 and no pyrite can be found at a depth of less than 100cm {Dephutbun and
PT, 1098).

b. Water. The waler qualty of mangrove forests at the SCS5 region very vanes, event up lo their
limiting layer for some paramefre, e.q., in the Jakarta Bay DKI. The waler quality at Muara Angke
mangroves have been polluied by industrial waste and domestic wasle. At the bottom sediment of
tambak and their water canal, ol and heavy metals pollutant have been found, e.g,, 6.176-10.882
ppmig for Cu, 6 666-8.000ppm/g for Pb and 0.4000-0.450ppmig for Hg.

Reversing Environmental Degradation Trends in the South China Ses and Guff of Thailand
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Ganerally, tha water quality in the Riau waters in October 2000 shown highest than the standard for
markne biota both for manculture and marine park, .., for Cu, Cd and Pb are less than the valua of
quality stardard, but the degree Hg (minimum: <1mg/l) and Cr {minimum: <0.001mgl) are higher than
the guality standard, In the Riau islands, generally the waters are in good condition, especially for
Batan iskand groups, Rempang and Balam islands, Senayang, Lingga and Singkep island groups, and
surrounding Bintan Island. Temperature, safinity, pH and DO values indicated of thedr normal condition
far tropical waters, aven thus for upper and lower layers at different sites, Af the wesiern side of Riau
islands, e.g., in the south and west pans of Karimun Island and Kundur Island, the waters condition
ara more lurbid.

Based om Ihe slandard criteria of water quality for fishery culture (SK. Mented MNegara KLH
Mo, OAMENKLH, 19 Januan 1988}, the waler parametar in West Kalimantan waters such as
temperature, turbidity, salfinity, DLH, DO, CO, are in good condition to support the marine biota
normally, But pH, DMA, COD and BOD are poorly in quality for that marina biota.

€. Hidro-Oceanography. In the SCS region, there are some rvers which affected the growth of
mangrove, viz, Siak, Siak Kecil, Mandau rivers in the Riau province, Berbak and Batanghari rivers in
the Jambi province, Mesujl, Lata, Barmyuasin and Musi rivers in the South Sumatra province, Masuji,
Way Seputih, Way Sekampung and Tulang Bawang rivers in the Lampung province, Cisadane,
Cidurian, Cibanten, Cidanau and Cipasuruan in the Banten province,Citarum and Cimanuk rivers in
the West Java province, Brantas, Konto and Kali Madiun rivers in the East Java province, Kapuas
river in Wast Kalimatan province, Mantaya, Katingan, Sebangau, Kahayan, Kapuas and Barito rivers
in South Kalimantan province. it is therefore, the influence of tides for mangrove species distribution in
Imdonesia nead 1o be sludies in detail.

3.1.4 Environmental Classes of Mangrove Forest

Based on the environmantal satting, the type of mangrove forests can be grouped into 4, viz_ {a) Delta
Wype: Formed in the estuaries of big rvar, and thair sedimant load in the river fiow are deposited vastly
lormed as della and generally their morphology are as tributary. Such a delta system can be found in
Sumatra (2.0., Musi river defta, Tembilahan delta, Siak river delta). (b) Mudiial, Mudfiats are found in
tha sea shores, generally typified by vast river flow, high tidal current and distributed sedimants which
become terrestrial lands. Widest sedimentation along with the tidal current and river erogion will threat
the mangrave farests, (o) Terrestrial islands. The small island and their substrates consist of terrestrial
sediment and marine carbonate sadiment, and usually occupied by water during high tides. At low
tides, the island represent of uniqua habital for mangroves, e.g., Seribu istands (d) Terrestral shores.
The halbxlal formed as a namow stip in the shores, and mostly consists of sand, coral single and
sandy mud. Here, the mangrove growth as a fringing mangrove community, e.q.. in east shore of
Lampung and South Sumatra and northern coast of West Java.

3.2 Biodiversity
3.21 Flora

70 species of mangrove planis are identified In the warld, and 40 species of which are found In SE
Asia, 15 species in Africa and 10 species in America. it was reported that 15 families along with 18
genera and 41 species, and 116 associated species are 10 be found i the mangrove ecosystem in
Indonesia. At present, many reporls claim that af least 101 species of mangrove plants can be
identified and belonging o several families and life-lorms such as, trees (47 species) scrubs
(5 species), herbs and grasses (2 species), liana (9 species), epiphytes (29 species) and parasites
(2 species). While at the 13 provinces ol the SCS region, there will be 35 species of true mangroves,
11 species of associated and 38 species of marginal plants.

Based on the dominant tree species, the mangrove communities foend in the SCS réglon can be
formed as stand associalions. Five associafions can be wentified as Awicennia, Rhizophora,
Sonneratia, Bruguiera and Nypa consocies. Generally, the Bruguiera - FRhizophora associations are
commonly found in Indonesia. From biodiversity point of wiew, at the transition zone between
mangroves and fresh water swamps, there will be more species io be found.

J3.2.2 Fauna

In the 13 provinces of the SC3 region, there will be 48 species of mammals, 27 species of reptiles,
and 333 species of birds. Marine fauna reported lo be 522 species of fish, 116 species of crustaceans.
275 species of gastropods, and 162 species of bivalves.

Reversing Enviranmantsl Degradation Trends In The Soisth China Sea and Gulf of Thatlang
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3.3 Socio-aconomic of Societies

The total area of 13 provinces o be 1,011,148km" {or 53.48% of the 1atal area of Indonesiaj and only
4B districts can be included with & tolal area of 312,703.26km* (or 16.54% of the total area of
Indonasia). The population of 13 provinces was 152,244,395 peoples (or 73.81% of the Indonesian
population), and for the 48 district amounted to be BB 475,398 peoples (or 42 B9% of the Indonasian
population). The number of district closed to the SCS region amounted only 16.54% with a lotal
population of 42.89%. This means that mosl population fiving in the coastal zone, and reprasent as
threats for the mangrove forests.

34 Utilisation of Mangrove Forests
a. Charcoal

In both provinces of Riau and West Kalimantan, mangrove charcoal produced based on the HPHH
permission. This traditional production called as panglong system with Chinese technology,
popularised of about hundreds years ago. The mangrove plants used as the best species for charcoal
materials were Rhizophoraceae (Rhizophora apicwlats, R mucronata and Bruguiera gymnorrhiza)
The production of mangrove charcoal in 1298 was 330,000 tonnes, and mostly exported 1o Japan and
Taiwan through Malsysia and Singapore. The FOB export price of charcoal was US31,000.000110
lonnes, and at the local markeis wil be vares from Rp350 to RpB50/kg (Batu ampar, West
Kalimantan). The tolal amount of exported charcoal in 1983 was 83,000.000kg worth at abaut
LUS$13,000,000 (Rp105,214.000)

b. Firewood

The mangrove species having a good quality for firewood and preduced high heating and parmanant,
axcapt for Avicennia spp. and Sonneratia spp. the markel price of firewood in the villages in East Java
reach up to Rp13,000/m”. Every cubic meter of firewood of mangrove plants can be used for cooking
for one month/family {with 3 children's). One peace of firewood pole with Bcm diameter and S0cm
length are enowgh for cooking rice for 5 persons of one family,

¢. Construction materials.

The mangrove species suitable for construction materials are Rhizophora apiculata, R. mucronata and
Bruguiera gymnorrhiza, usually for kaso, pole, and wood plane. The price for kaso with 4-Scm
diameter and 3-4m langth is Rp 1,500/pole.

d. Chip

Generally, the mangrove forest allocated for producing chip will be managed under the HFH
concession, Silvicullure system adopted for exploiting the mangrove forests for chip was KS. Dirden
Kehutanan Mo. G0Kpts/DJU19TE: selecting cuting systemn, 30 years rotation, lres cutting with
diameler >10cm, and 40 treesha for mother trees (diameter >20cm), planting system in the
abandoned logging areas, green belt protection along the riverbank/coastlines,

in 1998, the tatal amount of chip production in Indonesia was 250,000 tonnes, and mostly expoad 1o
Japan and Korea. The production area of chip distibuted in the provinces of Riau, West Kallmantan,
East Kalimantan and Irian Jaya. The price of chip in internatienal markets was USS40flonnes. The
mangrove chips are very comparabie to the other chip (Acassia mangium) in the level of price and
guality inciuding the fransportation fee (using waler transportation facility). Far producing chip sustain,
the sizeable of mangrove forests with thesr good potential of wood are needed

a. Tannin

Tanning can be produced from the bark of the mangrove spacies, such as Rhizaphora Apicinata,
R. mucronata and Xylocarpus granatum. The liquid concentration of extract called as catch ara
exported in the high amount and used for colouring the skin products (bags, shoes etc.). This material
are no longer exported and replaced by chemical synthetic products. In the fishermen coMmmunity in
Indonesia, mangrove tannin is still useful for colouring the fishing nets.

f. Nipa

Nipa palm (Nypa fruticans) are one of mangrove plants commonly used by local paaples for traditional
materials such as leaf for thatehing materials (5 years life), cigarstte wrappers, and the young fruits
ara for foods (es, manisan, lable fruit, wajid), and their nira are source for sugar production. The atap
{shingle) of nipa in Riau markets are Rp200ipeacs, and the sugar In Chacap reach up to RpZ 000/kg
(in Nowamber 1289),

Reversing Environmental Degradation Tronds in the South China Sea and Gulf of Thadland
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g. Medicinal plants

The mangrove plants are scurce of medicinal materfals at the traditional level. The decoction of
R. apicwlala is used as asfringent, and bark of K. mucronata are useful for blood purification. The
decocticn of Cerops fagal is useful as antiseptic treatments, and Acanthus ilcifolfus for diabetes, and
Xylocarpus granaturm fruits mixed with rice powder are for skin repellence and against skin diseases,

h. Fishery

One of the imporant ulilisation of mangrove ecosystem in term of fishery is their habitat for supporting
the life of manine biota through producing blomass {liiterfall: leaf, branch and twig). The decomposition
of their litter by microorganisms will finally produced defritus sultable for many planklonic organismes,
and will be a source of foed for fishes, crabs and shrimp,

Rools systemns of the mangrove fores! represent a shelter for protecting the marine biota, Those
conditions determine the mangrove forests as a habdat for catching shamp, fish and crab,

Milkfish culture in the brackish water has been practced in Indonesia for more than 300 years.
President Decree Mo, 391280 Esued by the government is concam with the bund of pukat harimau,
Since the fime of that effective, tambak develop vaslly in the coastal zone along with their high
international demand and increasing price in the market, In 1975, the tofal area of tambak in Indonesia
was 180,000ha with their production amounted to be 9600 tonnes, and in 1991 increased to
240,000ha with production of 140,000 tonnes. The lambak distributed in Java (45%), Sulawesi (35% ),
Sumalra (17%) and the rest are found in scattered areas in Kalimanian, Maluku and Irian Jaya.

The productivity of tambak with extensive lechnoiogy will be up 1o 3-5 years, and with traditioral
technology or extensive can be up to 300 vears. The extensive tambak consisis of silvofishenes (leads
by Parum Perhutani) and lambak traditional. Tambak traditional have been managed by people with
mangrove free culiured al the dikes, e_g.. in Curah Sawo Probolinggo

There are some of lambak dewvelopment friendly environment developed in Indonesia, namaly:
{a) Empang Parit. This model used by government for rehabllitation programme. This is moderate
system of sivofishery or wanamina with their tidal creeks surrounding the Rhizophaora stands. AL The
B-10 years old, the thinning production can be harvested as a pole, and the final product will be at
20-30 yvears as wood product. The additional product can ba found such as shimp, fish and crabs
from the keramba culture, The area development of mangrove hopefully will be produced shrimp as
feeding grounds. At the design of this model, water canais will be narrow and consequently the tannin
content will ba increased and the water volume will be fower for fish and the water will shade by the
canopy. The model recommended as much as 10ha in size per unit with 2ha of tambak in centre and
surrounded by Bha of Rhizophora plantation. (b) Silvofishery. The model will be usad for industrial
fishery with small scale productivity for supporting the mangrove conservation. The goal of the model
was to produce fish, shrimp and fo protect the mangrove plantation as vegetation, and no cutting will
be allowed. The ration between tambak and mangrove land will be 20%: 80% up to 50%: 50%. Along
the line of 5-10m wide mn the nverbank and/or creeks and in the coastline will b2 protected as
sivofishery areas. Due fo their wide is more than empang parit syslem, the water supply will much
better for the growth of mangrove plants and so the negalive impact of tannin content will be reduced
Tha model has bean implamented in Subang district by the Perum Perhutani (The Stale Forestry
Corporation). {e) Wanamina wood model. The model has aftractive capacity as the above madel,
and practiced for producing wood for firewood, and managed as the surrcunding area for tambak. The
smaller unit of land for the modal will ba 25ha, and zone with 5-10m wide along the coasline, river
bank and small river will left as protection area. The 0.5ha tambak for fish will separated 100m away
from the mangrove stands, The ration of tambak and mangrove land will 20-80% and the minimum
urkit for tambak will be Sha and 20ha for mangrove plants. The mangrove plantation will managed for
wood al the 20 years rotation. (d) Integrated mangrove culture. The model implemented for
supporting the daily ife of paopke with the diversity product of fish along with their agricultural crops. At
the model, mangrove plays an important role as protected agent, firewood source, fodiages for animats
and shading plant for crops. (e) Tambak extensive model with mangrove plants. The management
of lambak extensive has been practiced since a memorial, and technically as a mangrove-friendly
aquaculture, The owner of tambak will planting the mangrove along their dikes, And usually they used
Rhiozophora spp. and Avicenria spp. with 5-10m distance. The mangrove with high canopy and
denge of slands will reduced the sunshine for tambak and finally will affect the growth of shrimps,
Based on those facts, the recommendad will ba cultting and replanting rotation of 20 vears period.

Reversing Environmental Degradation Trands in The Seath China Ses and Guif of Thaitand
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i.  Agriculture

The fruits of Nipa (N, fruticans) and pedada (5. caseolanis) are source of edible mangrove pants, and
very often consumed by people for traditional cake. The fruits of tumu (B gymnarrfiiza), api-api
[Avicennia spp.) and bakau {Rhizaphors spp.) can ba eaten too, bul must be processed and cooking
for safely food. The foods recipes of mangrove plants are availahle at the LPP Mangrove Bogor
(26 recipes), and need for further socialisation. Honey bestle are common in Mangrove forests, and
Pidada flowers (Sonneratia caseolaris) are the planis suitable for producing honey. This s another
minar product from mangrove forests and polentially need to be improved. The mangrove forests play
an imparant role for wind breaking, protection from erosion and abrasion, and finally very imporiant
harriar for protecting the agricultural land and their setilements. It is therefore, ihe conversion of
mangrove forest inte another land use types such as coconut and oil palm plantations, sawah
{rice field) will adversely affected the coastal rone itsedf due to salinity and sulfates contaxts,

35 Problems

Mangroves growth and developed under the oplmal condition of inundation and continued water
circulation in the upper layer. The fixed circulation of the tides will increase the input of nutnent and
excygen for the respisation and production activity of plants. The waters with low salinity will reduoce salt
and alkaline materials. |t is remembered that salty waters can neutralised the sod acidity. Generally,
mangrove acosystem has a resistance to the kinds of threats and environmental stress. Unfortunataly,
the mangroves are vulnerable to the sedimentation and sediments character, and finally can aller the
axygen content Tor respiration, and can cause the mangrove mortality. The change of thus faclors
controdled fo the salinity pattern in the substrale can cause the species composition, and salinity over
than 90ppol can damaging the mortality of biota In number of amount The salinity change can be
happen due to the changs of hydrological cycle, freshwater flow and leaching by the damp, and others
aciivity of waler reatment. The main problems of digging or stress fo the mangrove ecosysiem
originally come from the human needs for conversing the mangrove foresl into the other areal for
housing, commercial purposas (industrial area, harbours, tambaks) and agricuftural lands. On the
otherhand, the increasing demands for wood products cause the over-exploitation ol mangrove
forests.

Since 1992, Spatial Land-use Planning for provincial and disticl levels implemantad for appropriate
mangrove management status at the some sites. Based on the Spatial Land Use, the mangrove
farests included in both the Protected Area and Culture Area (Forestry culture, Fishery and
Agriculiural cultures), Al the some sitas, the mangrove forest areas included in the prolected areas, so
thal the position will be debating controversially against the previous policy
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Annex 1 List Species of Mangrove of Indonesia Mangrove Ecosystem in the South China Sea.
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Annax 1 cont, Lt Species of Mangrove of Indonesia Mangrove Ecosystemn in the South China Sea.
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Annex 1 cont.  List Species of Mangrove of Indonesia Mangrove Ecosystam in the South China Sea.
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Annex 2 List Spacies of Mammals in Indonasia Mangrove Ecosystem in the South China Sea.
Provi BEatus
Ha, | Wermasular Mame Scientdic Kene Caitenon Mame Farreky 8 7 EERET [FTTS JUCH | ucH | SITER
Polloy 1880 1 2085
Onemink Smal-
1 | Beru Aenbreng Apyyy cotvisam clwwad Otiar Muzrindizlus * A F - i
2 | Bamersy Bow i8 paniicus - - - 5
3|8 Kbk abosaunm E'Eﬂ Finabohs Squimsl | Scardan = - - F
& | Bagng Kednpe | Sallchouis astaus | Mantic Squerel | Sciorisa - . % ¥
6 | Fusa Tﬁ Coris bmoenss | Javen Russ Conddan . AF 3 5
£ | Fusa Larvum urvcshor Eamied Donr Censdps + - AF = = =
7 vl S :
Secrolbvinara] Adian
§ | Curunut Gigi Pesih | Crocounr felgiross | VS IE-So0Emd Sorickdiss *
8 | Conios Kecl Crochiure roniculs | Sunda Sees Semricidini + - a .
10 | Musang dr Cprogain hemmatt Cier-Diverl | Mvomdas 4 r CF E il
H mm Em-hmnrrvﬁn-'l'i_ ﬂﬁm Embaionutidas * 4 = 5 .
i | Kuring Hulan Futs hongaenas Leapard S Fatldas ' F.G * LI
13 | Kucing Bakau Fesits wvserinus Fishing Carl Fwadan = o.F i ]
14 ERETILE & * a " =
15 | Banaing Madu | Meinmios matsyans | Sun Baar Ursooe = * + + A F - v i
1B | Gamngan dswa | Merpectes Muscus i - i ;.
1 nilledd | H
v lm sl Hnposinses E;"rﬂl Hou Ppoaaridog ¥ _ )
™ HyoromyE
hirpEcis ey = - = -
19 Lo . = -
i) w Ludra-iira vt b Pl il sl + = * . . i
Momyel Ekor i Longtaled

L [ bacamia fascananns o Carcnpiifiiclas ) ~ ) i
ag | Monyed Bker | ypcoce mascicumny | (el Cescopithecidee il B 08 B, v = :

| 73 [ Fora Abu-ab Marssch i oariipl il . v - -

24 | Bank Jfacaca namesinng P""’“""”‘“‘Tﬂ Cavogilhnoidan + | + r . * F ]
5 Macrmgiosss

| 96 | Codm s kecl | MSciinsis mimism = = -
37 | Tranggiing WA AT Pangeiin Maridae " - A E - - if
] ssm ‘ = -

] i it e

| 30 | Faang ¥ | Aed mungas Cersides . - - AT = = -
31 Ius rruacidiad i o =
3 | UG KAREIR | upatain Mudipes Mubry Wosiisd | Musinidas . . ) ) )

WA — VIS VR HLNOS JHL W SRACHSINY NO LEOEH TYNOILYN

| A T NI



puBrEy | o gDy PUE Bog LD YINGg i U] spus) dojiepeiBog jeiesweoiseg bursissay

Annex 2 cont Ligt Species of Mammals in Indonesia Mangrove Ecosystom in the South China Sea,
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Annax 3 List Species of Reptile of Indonesia Mangrove Ecosystem in the South China Sea.
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Annex 4

List Species of Birds of Indonesia Mangrove Ecosystem in the South China Sea.

Provinoe Status
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Annex 4 cont.  List Species of Birds of Indonesia Mangrove Ecosystem in the South China Sea.
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Annax 4 conl List Species of Birds of Indonesia Mangrove Ecosystem in the South China Sea.
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Annex 4 cont.  List Species of Birds of Indonesia Mangrove Ecosystem in the South China Sea.
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aAnnex 4 cont.  List Spacies of Birds of Indonesia Mangrove Ecosysiem in the South China Sea,
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&Annex 4 conl.  List Species of Birds of Indonesia Mangrove Ecosystem in the South China Sea
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Annex 4 oo,

List Species of Birds of Indonesia Mangrove Ecosystam in the South China Sea.
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Annex 4 conl, List Species of Birds of Indoneska Mangrove Ecosystem in the South China Sea.
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Anmex 4 cont, List Species of Birds of Indonesia Mangrove Ecosystem in the South China Sea.
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Annax 4 conl. List Species of Birds of Indonesia Mangrove Ecosystam in tha South China Sea.
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Arinex 5

List Spacies of Fish of Indonasia Mangrove Ecosystem in the South China Sea.
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Annex 5 cont.  List Species of Fish of Indonesia Mangrove Ecosystem in the South China Sea.
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Annex 5 cont.  List Species of Fish of Indonesia Mangrove Ecosysiem in the South China Sea,
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Annex 5 cont.  List Species of Fish of Indonesia Mangrove Ecosystemn in the South China Sea.
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Annex 5 cont.  List Species of Fish of Indonesia Mangrove Ecosystem in the South China Sea.
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Annex 5 conl.  List Species of Fish of Indonesia Mangrove Ecosystem in the South China Sea.
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Annex 5 conl,  List Species of Fish of Indonesia Mangrove Ecosystem in the South China Sea.
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Annex 5 conl,

List Species of Fish of Indonesia Mangrove Ecosystam in the South China Sea.
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Annex 5 cort.  List Species of Fish of Indonesia Mangrove Ecosystem in the South China Sea.
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Annex 5 comt.  List Spacies of Fish of Indonesia Mangrove Ecosystem in the South China Sea.
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Annex 5 conl.  List Species of Fish of Indonesia Mangrove Ecosystem in the South China Sea
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fnnex 6

List Species of Crustacean of Indonesia Mangrove Ecosyslem in the South China Sea.
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Annex 6 cont.  List Species of Crustacean of indonesia Mangrove Ecosystem (n the South China Sea.
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Annex & cont.  List Species of Crustacean of Indonesia Mangrove Ecosystem in the South China Sea.
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Annex & cond.  List Species of Crustacean of Indonesia Mangrove Ecosystem in the South China Sea.
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Annex T List Spacias of Gastropods of Indonesia Mangrove Ecosystem in the South China Sea.
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Annex 7 conl.  List Spacies of Gastropods of Indonesia Mangrove Ecosystem in the South China Sea,
Frovinge
. R - T T 13 [ 3 [ & [ & [ & [ 7 | & [ % [0 [ %1 [ 13 | i3 |Go, Palioy] IUCN 1904 | CITES 1996] "o
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42 | Covenideopaily diacjarensis -
A3 | Cevinicti guscnly *
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Annex 7 cont.  List Species of Gastropods of Indonesia Mangrove Ecosystern in the South China Sea.

""'ﬂ'.‘E ‘Blabas
. N Fornlly O A o - 0 O O A TUEN 1994 [CITES T | e

TR
EL

LT W e laine [] " - =

-E'Ejia‘!'é a|s|}e(s(s #g/s|
H

a
|
|

WIS RO — VIS YRR HINOG FHL NI SIA0UONYIY NO LE0GTY TYNOLYN

E 390 L X380



PUEWRY JO JIRE PUR BSE BUIYD UINGS o) ) spus | uopepeiBog EURLLcsALT Bujsiaaey

Annex 7 cont.  List Species of Gastropods of Indonesia Mangrove Ecosystem in the South China Sea.
Pravines Stadus
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Annex T cont.  List Species of Gastropods of Indonesia Mangrove Ecosystem in the South China Sea.
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Annex T cont.  List Species of Gastropods of Indonesia Mangrove Ecosystem in the South China Sea.
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Annex T conl List Species of Gastropods of Indonesia Mangrove Ecosystem (n the South China Sea.
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I _lﬁlﬂ-‘t Hama Family ] 18 [ 11 | 12 | 13 |Gow Poboy| IUGN 1994 | CITES 1985 e
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List Species of Gastropods of Indonesia Mangrove Ecosystem in the South China Sea.
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Annex T cont.

Reversing Environmantal Degradation Trends inthe South Ghins Seon and Gulf of Thaikand
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Annex B List Species af Bivalve of Indonesia Mangrove Ecosystem |n the South China Sea.
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Anmex B cont,

List Species of Bivalve of Indonesia Mangrove Ecosystemn inthe South China Sea,
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Annex 8 conl.  List Species of Bivalve of Indonesia Mangrove Ecosystem in the South China Sea,
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Annex 8 cont.  List Species of Bivaive of Indonesia Mangrove Ecosystem in the South China Sea.

Statu

Mo Sclemiific Name Family Gy, CITES

-] E 10 11 12 13 Foiey MACH Wﬂ:l_ 1004 135
L1 | Stemnna b * - ;
122 1 Splen qrwidie 2
123 | Bnhdr sikiug Bedireidng - = .
134 | Spapema = = . :
125 | Spondyius ducals Pecirrdas ¥
% aurm:glcu Closaiien :
1% | Evnedia concinna Glnssian - = S o
128 | Swnsis mensrusis Glosskiae =
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131 | Tl Eresss Tulratian # = = =
1_E_i'lﬁ'n.l-u'rd'nn C : .
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124 | Talking &fisiim v = - .
135 | Tolvng Lhorrbontas = = =
138 | Toine varsiokr Taliniian = .
137 | Thrscis pirmsscing Thmcadas +
| 138 | Thracis weiohkisca Thipnceadan * X = =
133 | Topes sp. - ]
141} | Trchicanium megpmom Cardados = .
141 .Eultﬂ_r:-nfum slshiacaum - = = =
142 | Tridacna crocea ¥ z . =
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144 | Trifacre squamcan . - -
TAG | Varmaricintia i - = = -
145 | Vornirops aures Gk matan ¥ % =
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