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deep basalt magma, and the occurrences of hot
springs. The North Hainan Sea Basin, which might
link with the Song Da Sea--an important branch of
Paleo-Tethys to west, disappeared due to the collision
of Yunkai Block with Central Hainan Block along
this tectonic belt,

North Xisha Paleozoic Erathem Rifted Basement
(IV in Fig. 1)

North Xisha Basement is underlie {cradle land) of
Southeast Hainan Basin and North Xisha Trough.
Based on outcrops of the Cambrian stratum in
Sanya, south Hainan Island, and core samples of
Paleozoic strata [34] in Xiyong -1 drilling well, Xisha
{Paracel) Islands, 1t can be deducted that the strata
of the basement were mostly formed in Paleozoic,
even earlier to Pre-Cambrian periods. In the Sanya
area, there are three main Pre-Cenozoic {Cambrian
to Early Cretaceous) sedimentary cycles [28, 29,
35]. The sediments in the first cycle (from the Early
Cambrian to the Mid-Cambrian) are characterized
by the mixture of marine-facies terrigenous clastic
rocks with carbonate rocks. The basinal region and
their provenance were characterized by frequently
elevation and subsidence. The second cycle (from
the Early Ordovician to Late Ordovician periods)
is characterized by deposit of only marine-facies
terrigenous clastic rocks. The last cycle (since the
Early Cretaceous) features deposits of mud-rock
flow and tuff rocks of inland lakes. The marine facies
of the first and the second cycles are considered as
components of Proto-Tethyan. By comparison with
the Central Hainan Block, a definite relation can be
found between the lithofacies-and-paleogeography
of Sanya and Central Hainan Blocks. In the Early
Paleozoic, both areas were deposited with marine
facies, therefore belonging to the Proto-Tethyan
realm. In contrast, nobbut, the Central Hainan Block
located in an abyssal area far deeper than in Sanya.
The distinct differences between them come forth
until the Late Paleozoic Period. The Sanya area
become a long-term uplifted denudation area, while
the Central Hainan area entered the evolution regime
of Paleo-Tethyan realm (the South Hainan Sea Basin)
and continued to receive the marine-facies sediments,
The South Hainan Sea Basin closed in early Mesozoic
Period due to the Indosinian movement, Since the
Late Mesozoic Period, Sanya and Central Hainan
reunited together and entered into the continental
facies sedimentary environment.

The characteristics of magmatic rocks in Sanya
area indicate that strong subduction-collision-
orogenic events once happened along northern
boundary fault zone (Jiusuo-Lingshui Fault Zone, see
Fig. 2) of Sanya block during Indosinian Period. The
magmatic activities in Sanya comunenced at the end
(about 220 Ma) of Indosinian Cycle and stopped at
the start (about 120 Ma) of the Yanshan Cycle, lasting
about 100 Ma [29, 36]. It is very different from that in
the Central Hainan Block where the activity times of
the granitoid rocks fell in the two ranges of 280-220
Ma of the Hercynian-Indosinian cycles and 120-80
Ma of Yanshan cycle. As to the genetic types, there
are three ‘granite pairs’ (i.e., three pairs of ‘I-type
and S-type granite) in Sanya [37]. The first ‘granite
pair’ is the pre-collision (corresponding to the B-kind
of Batchelor, i.e. destructive mobile plate margin)
mid-Triassic Liudao (north of Sanya) I-type biotite
adamellite (with 231 Ma of Rb-Sr age) and Early
Jurassic Dongzhou S-type biotite syenogranite (with
205 Ma of Rb-Sr age). The second ‘granite pair’ is
Early Jurassic I-type anatectic magmatites (such as
Sanya-Yacheng amphibole biotite adamellite, 195-
187 Ma) and Mid-Jurassic {middle orogenic period)
Xiaodongtian (south of Yacheng) S-type biotite
syenogranite (175 Ma) in the post-collision uplift
period (corresponding to the C-kind of Batchelor, i.e.
early synorogenic F-type). And the third ‘granite pair’
is Late Jurassic Nanshanling (southeast of Yacheng)
amphibole biotite adamellite (with 152 Ma of Rb-Sr
age) in the late orogentic period (corresponding to
the D-type of Batchelor, i.e. late synorogenic F-type)
and Early Cretaceous Shigui-Tielu (east of Sanya)
S-type calc-alkali biotite adamellite (with K-Ar age
of 97 Ma) in the end of synorogenic period. The
C-type and D-type can be combined as the main
type F of synorogenic period. The above-mentioned
characteristics of magmatic activities imply a
subduction-collision-orogeny process of the South
Hainan Paleo-Tethyan Sea-basin.

Together, we call Sanya, Xisha, Zhongsha
(Macclesfield bank), Nansha (Spratly) Islands (Fig.
1) and other blocks as South Hainan Block (SHB).
Both South Hainan and Central Hainan blocks
originated from Gondwanaland as drifting blocks
in East Paleo-Tethys multi-Island-Ocean System. In
Indonesian Orogeny, they sutured with each other
along Jiusuo-Lingshui Fault in Hainan Island and a
northward- dipping crustal fault [38] in North Xisha
Trough. The crustal fault might extend eastward,




passing through Dongsha islands, south Yitong
{Helen) Shoal, the boundary of basin and slope at
2000~3000 m depth of the Central Ocean Basin of
the SCS and to the Beigang-Penghu Uplift in west
Taiwan Island. Geological and geophysical evidences
are as following.

The Dongsha-Beigang Uplift Zone is a belt with
high magnetic anomaly (HMA in Fig. 1), whose
characteristics are different from those ofthe Cenozoic
basic-ultrabasic eruptive rocks. It is deducted that the
rock body of the uplift zone might be a sheet body
formed by ocean crustal substances on obduction
plate with no root, buried in depth of 4~6 km, that is, a
melange accumulative body of ophiolites. According
to seismic data, the upper covering stratum in the
high magnetic anomaly belt is a layer of sediments
of marine facies, under which there are two sets
of slightly deformed but not yet metamorphosed
strata, possibly strata of T.-J, and J,-K [39] layer.
We deduced that the Mesozoic sediments belong to
Indosinian suture zone, and the distinctive thickening
of the crust in this high magnetic anomaly belt might
be caused by convergence and subduction of plates.

In the south of the high magnetic anomaly belt
and between the continental slope fault and southern
marginal fault in north of SCS, there exists a magnetic
quiet zone {MSZ in Fig. 1) with gentle magnetic
anomalies variation within the range of £20 nT [401.
According to the results of joint inversion of seismic
and magnetic anomaly, the crust of the magnetic quiet
zone can be divided into 2 magnetic layers. The lower
layer, corresponding to the lower crust, is composed
of uniformly magnetized substances with 6~8 km
thickness. The 1~2 km thick upper layer is composed
of reversely magnetized substances with medium
susceptibility. The later might be related to the long-
termed reverse of magnetic fields in Mesozoic era,
and the thickness and magnetic strength are very
similar to those of the Layer 2 of oceanic crust. A
comprehensive interpretation points to the existence
of Layer 2 of a remnant Mesozoic oceanic crust.

All these can lead to one assumption that at a
time between late Paleozoic and late Triassic, there
was an east-west trending oceanic basin, we called
it “South Hainan (or Qiongnan) Sea-basin (SHS)”,
have been existing between the south of the recent
north continental shelf of SCS and the north of Sanya-
Xisha- Zhongsha- and Nansha- blocks [41]. The SHS
likely was a part of the Early-Middle Triassic main
Paleo-Tethys Ocean Basin, which once connected

with the main Paleo-Tethys Ocean Basin segment
on the west of the Indochina Block corresponding
with the Nan- Uttaradit- Bentong- Raub Suture, and
through the Tianxiang ocean in Taiwan, which was
in the east of the basin, even across the shelf of East
China Sea into the South Hida Main Paleo-Tethys
Ocean Basin reflected by the Hida marginal Pre-
Jurassic ophiolite belt (& in Fig. 5) between Hida
Pre-Jurassic and Tamba-Mino-Ashio Jurassic--Early
Cretaceous terrane groups in the Southwest Japan.
In the Late Triassic, the SHS closed, and the SHB
collided with Ceniral Hainan Block here to form the
South Hainan Suture Zone (SHSZ in Fig. 1) offset
with the Nan-Uttaradit-Bentong-Raub Suture Zone
(@ in Fig. 5) by Red River-East Vietnam-Wanna
Strike-slip Fault Zone (RW in Fig. 5) and the escaping
of Indochina Block.

South Xisha Paleozoic Erathem strike-slip
extending Basement (V in Fig.1)

South Xisha Basement Division is the northwest
continental margin of the Southwest Ocean Sub-
basin of the SCS. According to the Paleozoic granite
gneiss revealed in the Xiyong-1 Drilling Well, which
penetrates through Tertiary system directly covering
above the Paleozoic gramite gneiss, it is deduced
that the basement in this area is the extension of the
basement of Xisha Islands that was complicated by
Mesozolc magmatism.

The South Xisha Basement differs from the
Indochina Block, which locates on the west of the
East Vietnam Fault Zone (EVFZ in Figs. 1, 3). In
the east of the fault zone, the magnetic anomalies
are mainly of negative values complicated by
regional anomalies and local isolated anomalies,
with low gravity not matching with local sedimentary
depressions, thus can be considered as the reflection
of intrusive granites in metamorphic rock of the
basement. Bouguer gravity anomaly is roughly in NE
direction, and increases southeastward. In the west of
the EVFZ, the magnetic anomalies are in higher value
with low amplitude, the free air gravity anomalies are
extremely low and gentle. Bouguer gravity anomaly
displays a sharp, narrow linear high along the EVFZ
in roughly NS direction.

The basement can be divided into 4 tectonically
sub-areas - Triton Ridge (TR in Fig. 1), upper bench
of continental slope (UBCS in Fig. 1), middle bench
of continental slope (MBCS in Fig. 1), and lower
bench of continental slope (LBCS in Fig. 1), from
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north to south. The South Zhongjian Basin (also
called Nha Trang Basin, SZJB in Figs. 1 and 3) just
develops on the L.BCS. The extension factor (B)
increases from Triton Ridge to South Zhongjian
Basin, and maximized at the Southwest Ocean Basin.
According to the estimation of Marquis et a/, [42] and
Roques et al. [43], the total extension amount of Mid-
Vietnam continental margin exceeds 165 km; the
extension started from 28 Ma (i.e. magnetic isochron
8) or earlier than 29 Ma, strengthened since 26 Ma
(magnetic isochron 7) and ended at 20.5 Ma (magnetic
isochron 6). These show that the opening of SCS was
in the period between 29~26 Ma, after the dextral
movement of the EVFZ. Some volcanic seamounts
can be seen in South Zhongjian Basin, corresponding
to short wavelength gravity and magnetic anomalies.
The basement of the South Xisha Division includes
two sub-units of the East Kontum and South Xisha
blocks in the waters (Fig. 3). The East Kontum Block
is the eastward extending part of the Kontum Block
onshore Vietnam (Fig. 3), which is a Pre-Cambrian
continent mostly covered by Meso-Cenozoic strata
(44]. The Archacozoic and Proterozoic crystailine
metamorphic complex of the Kontum Block outcrops
occur in many places. The EVFZ divided these two
sub-areas. On the south side of this basement section,
the northwestward extension of Buonho-Tuyhoa
Fault Zone (Fig. 1) is the southern boundary. The
East Kontum Block is very old, ranging from the
Proterozoic to the Mesozoic [44]. The Pre-Cenozoic
basement on the continental shelf deeply downwarped
and formed a continental shelf depression filled
with the Cenozoic upwarping crescent strata which
are incumbent each other. The basement on the
continental slope sharply uplified above neighboring

Kontum

Block ’ East Kontum Biock

continental shelf and grabens, and formed a flexural
slope zone lacking of Cenozoic sediments.

Eastward across the EVFZ, the South Xisha Block
can be further divided into several small units, such
as, the Southwest Xisha Graben on the outer slope
(L.e. the 109° E Longitudinal Graben, D in Fig. 3),
the Nay Block (F in Fig. 3) and the South Zhongjian
Basin (that is the Southeast Xisha Basin, G in Fig. 3),
and so on. There are very thick Cenozoic sediments
in the Southwest Xisha Graben. The basements
of the Southwest Xisha Graben may be inferred to
include Archaeozoic strata because that in the Hoai
Nhon offshore waters along the middle segment
of the East Vietnam, there are banded Archaeozoic
strata consisting of sillimanite crystalline schist,
migmatite and gneiss. Short distant northwards from
Hoai Nhon offshore, in the waters nearby Binhson
and Chulai, there emerge the Early Proterozoic two-
mica schist, cyanite, sillimanite, gneiss, amphibolite
and migmatite of the Songtrann Formation [23]. The
EVFZ becomes a graben with ‘reversed-in-lower
and normal-in-upper” I-type faults and magmatism.
In the stratum of the Nay Block and the South
Zhongjian Basin, there are unconformity resulted
from the two factors of the distribution of strata and
younger or synchronous tectono-magmatism. There
developed two structural layers of the lower and
upper parts. The lower structural layer covers on an
appreciably differentiated basement, which may be
an antiquated peneplain and consists of the Paleozoic
and Mesozoic deposits. Lower structural layer, had
been differentiated into uplifts and depressions [45].
Faults, younger and recent synchronous extrusive and
intrusive rocks, and Late Cenozoic volcanic rocks
incised the basement and the two structural levels.
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A=Shelf depression;
B=Continentz! uplifted flexural slape zone;
C=EVFZ:

D=Southwest Xisha graben:

F=Nay block;

G=South Zhongjian basin(SZJB).

UsGpper structural level;

L=Lower structural level,

(Ar?2)Pt-Mz

Pz-Mz
Peneplain

Figure 3. Profile map across west boundary of South Xisha basement. EVFZ, East Vietnam Fault Zone.




Nansha Paleozoic-Mesozoic Erathem extending
Basement (VI in Figs.1, 4)

In Triassic, there were abyssal facies deposits, such
as radiolarian firestones, middle Triassic conodonts,
and late Triassic foram fossils etc., distributing from
the northern Palawan Island to Calamian Islands.
Abyssal facies deposits, with siliceous shales, middle
to late Triassic bivalve fossil molds were dredged
from the areas over Ren’ai and Meiji Reefs were also
found with [46].

In Jurassic, neritic and delta facies sediments
have deposited over Xian’e, Ren’ai and Meiji
Reefs, and Calamian Islands; some brown and thin
layers of siltstone contained bivalve and plant (fern)

fossils. On Coron Island and several other Calamian
Islands, limestones containing foraminiferal fossils
of Lias (J ) are observed. On Busuanga Island and
in Cadlao-1 well on north Palawan shelf, Oxfordian
(J,) classopollis and other sporo-pollens are found.
On Linapacan, Yili, and Imorique Islands of
northern Palawan, and in Guntao-1 well on north
Palawan shelf, fossils of Oxfordian algae, forams,
and radiolarians are identified [47]. However, the
seismic facies of Mesozoic strata in Nanwei Basin
are of rather high frequency in dipping occurrences,
different from those in Liyue Basin, which are of low
frequency (Fig. 4). From this feature, we can deduce
that between late Triassic and Farly Jurassic, areas
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AB, Andu Bank; BS, Beikang Shoal; DP, Dongpo (Pennsylvania) Reef: KR, Kangtai Reef; LY, Liyue Bank; MJ, Meiji Reef: M3, Malampaya Strait;
Nanwei Bank; RA, Ren-Ai Reef; WAB, Wan’an Bank; XE, Xian’E Reef; YR, Yinqging Reefs; ZH, Zhenghe Reefs. Names of drilled wells: 2,
Malajon-1; 4, San Martin A-1x; 5, Galoe-1; B4, Destacado A-1x; 18, Cadlao-1; 24, Guntao-1; 25, N. Nide-1; 26, Nido-1; 29, Nido 2x-1; 34, Catalat-1;
39, Penascosa-1; 43, Albion Head-1; 46, Kamonga-1; 63, Sampaguita-; 66, Kalamansi-1; 67, Reed Bank-B1; 68, Reed Bank-Al; 70, Dumaran-1;
71, Roxas-1; 87, AP-1X; 89, Paus NE-2; 91, Paus S-1; 94, Panda-1; 95, £-3-1; 96, CC-1x; 97, CC-2x; 98, CB-1x; 106, CIPTA-A; 134, 29-A-1x; 142,
GNTI; 143, CFC-i; 144, PK-2; 145, CTAI. Bragnets: 1, $023-36; 2, $023-37, 3, 8027-21; 4, $023-23; 5, 5027-24. K, K, K, and P, are the
same as Fig. 1.
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over Liyue Basin were in a sedimentary environment
featuring of mudstone and shale.

In Cretaceous period, the area from Liyue to
north Palawan was in the epicontinental to inner-
epicontinental sedimentary environment. The Reed
Bank-Al and -B1 wells in Reed Bank, Sampaguita-1
well in Liyue Basin, and Catalat-1 and Nido-1
wells in Palawan Basin have all revealed Pre-
Cretaceous clasolites of coastal or neritic facies
(Fig. 4). Southwestwards, paleo-water became
deeper and deeper [48]. Some black-grayish shale
strata of Pre-Cretaceous abyssal facies have been
revealed in Penascosa-1 well in the West Palawan
Basin. Over Nanwei, Zhenghe, and Liyue basins,
the Cenozoic sedimentary layers are all very thin,
with mainly of late Oligocene to Recent layered
neritic carbonates and organic reefs. This absence
of Paleogene deposits indicates that the Mesozoic
sedimentary layers once have been uplifted for a long
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Figure 5. Possible remnants of Tethys in South China
Sea and its adjacent areas.

BS, Baosha block; PM, Philippine-Manila trench strike-slip system;
RW, Red River-EVFZ-Wanna strike-slip zone; SM, Simao bloek; ST,

Shan-Thai block. Partialfy from Zhong et al. [52], Ichikawa [53] and
Metcalfe [54].

period and were denuded after Cretacecus period.
This is similar to that in Xisha, where Neogene and
Quaternary coral limestones cover directly on Pre-
Paleozoic basement rocks. It is very possible that
Xisha, Zhongsha, Dongsha, and the west part of
Nanwei, Zhenghe, Liyue, and western Mindoro have
once been within the same uplift with Pre-Mesozoic
crystal basement. The Mesozoic marine facies strata
developed on the basement suggest that Liyue, north
Palawan, West Palawan basins, and Andu, Nanwei,
Nansha Trough, and Zengmu basins in southwest,
were all in marine facies environment. In addition,
the paleo-seawater became deeper and deeper from
northeast to southwest. All these features indicate
that the areas above-mentioned were once within the
same sea basin, the Paleo-SCS, which was one part
of Meso-Tethys (Figs. 5, 6).

Nansha Meso-Tethys was developed on the
basement of Paleo-Tethys. The latter have produced
marine basins along the southeast margin of Asia
continent in Carboniferous or earlier times. One
fact is that the sedimentary basement found in
middle Palawan is composed of meta-arkose, and
is covered by Carbonic schist and phyllite in a non-
integrated manner (unconformity) [49]. Also, some
Carboniferous horny corals (Gshelia sp.) were
found in Pliocene Punso gravelstones in southwest
Mindoro (Fig. 1). One thing worthy of further notice
is that the oldest autochthony fossils in this area have
been found in metamorphic rocks in the mid-lower
part of Malampaya Strait Group in the northemn
Palawan. The oldest autochthony fossils include the
early- to mid-Permian conodonts found in firestone
of Bacuit Formation and the mid- to late-Permian
Fusulina category founded in limestones of Minilog
Formation [50]. All of these rocks and fossils above-
mantioned indicate the existence of Paleo-Tethyan
marine depositional environment. As the disordered
formation of the top layer of Bacuit Formation
shows slumping and broken configuration, and
there existed trilobites in firestones in lower layer
of Bacuit Formatien, it can be deducted that before
the deposition of lirnestones in mid-Permian, there
was a time when the hinterland was uplifted. The
top surface of the uplift basement was composed of
phyllites and schists with rich content of chloritoid.
Furthermore, if we take the highly metamorphosed
Pre-Cambrian granite gneiss found in Xisha into
consideration, we can achieve a further deduction,
i.e., the Pre-Mesozoic crystallized basement in




Mindoro — Calamian — north Palawan — Liyue -
Zhenghe — Nanwei area should be similar to that
in Xisha ~ Zhongsha — Dongsha area, all of which
can be considered as within the framework of South
China Sea Platform, i.e. the SHB. The southeast
part of the SHB, that is the area from Liyue Bank

to northern Palawan, commenced Paleo-Tethyan
marine sediment in the Permian Period. Although the
Indosinian orogeny movement developed in the Late
Triassic had not led to the marine facies sedimentary
environment to end, the older basemental strata had
been folded [51] and the sedimentary environment of
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Figure 6. Relationship between Pre-Cenozoic basements in South China Sea
and Tethys.

CHB, Ceniral Hainan block; DYB, Dayao block; EVPT, East Vietnam paleo-transform fault;
NCMT, North Chichibu Meso-Tethys; NHS, North Hairan sea-basin; NIB, North Indochina block;
NYS, Norih Yuakai sea-basin; PPTZ, Philippine paleo-transform zone; PSCS, Paleo-South China
Sea; SHB, South Hainan block; SHS, Scuth Hainan sea-basin; SMS, Seng Ma sea-basin; SIB,
South Indochina block; TMA, Tamba-Mino-Ashio terrane group; UYP, Upper Yangtze plate; YIS,
Youjiang sea-basin; YXB, Yunkai block. Drawn up partly based on Metcalfe [54, 35] and Pan [36].
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this area had been changed info the neritic facies of
Jurassic to Early Cretaceous Meso-Tethyan period
from the deep-sea facies of the Late Triassic Epoch,
and became deep-sea facies southwestward to around
Nanwei, due to the Indosinian Orogeny.

EVOLUTION OF THE BASEMENT
STRUCTURE

We have rebuilt the history of geotectonic evolution
of East Tethys over South China Sea. In Pre-Cenozoic
period, the Pre-Cenozoic basement of SCS, together
with the offshore Yunkai area, and the Paleo-SCS,
which was in the south of the basement, were all
within the same Tethys tectonic domain, and have
experienced a evolution through Paleo-Tethys to
Meso-Tethys (Fig. 6).

The entire history of geotectonic evolution can be
divided into five stages as follow (Fig. 7).

A. Devonian — Early Permian Period:
Development Stage of East Island-Ocean

System of Paleo-Tethys

In this period, a component of multi-Island-Ocean
System of East Paleo-Tethys might have been formed
in areas from Beibu Gulf to Nansha, and there was
the NYS between Beibu Gulf — Yunkai and Yangtze
Blocks. Yunkai, Central Hainan, and South Hainan
blocks were separated by North Hainan sea-basin
(NHS in Figs. 6, 7) and the SHS. And the SHB might
stilt be linked with Gondwanaland.

B. Late Permian: The emergence of Meso-Tethys
(Paleo-SCS) and the extinction of Paleo-Tethys
The SHB began to drift away from Gondwanaland,
and the Paleo-SCS emerged. The NYS floor
subducted under the Upper Yangtze Block, while the
North Hainan and South Hainan Sea floors started
subducting under the Central Hainan Block. The
Central Hainan Block was greatly modified by strong
tectonism and magmatism, and showed sharply
varying magnetic anomaly and other characteristics
of geophysical field [57].

C. Triassic - Early Cretaceous: Suturing of
Multiple Blocks in East of Paleo-Tethys

In early stage of this period (at about late Triassic), the
Upper Yangtze, Yunkai, Central Hainan, and South
Hainan Blocks started suturing with each other, and
have formed the Indochina-South China continent

together with Indochina Block. After suturing, these
blocks co-experienced the modification of Yanshan
Movement that came later, and formed the famous
Mesozoic underthrust magmatic belt.

D. Late Cretaceous — Early Miocene: The
Formation of Early Miocene Modern SCS and
the Extinction of Meso-Tethys (Paleo-SCS)

From late Cretaceous, an extensive and large-
scale movement, called the Cenozoic East Asia
epicontinental splitting tectonic movement, started
its activity. The SCS area was controlled by the joint
roles of plate subduction of Pacific tectonic domain
and de-rooting-and-delamination of the former
Tethyan tectonic domain. As a result, Nansha, Xisha-
Zhongsha, and Hainan Island blocks of the SHB
started splitting away from Indochina-South China
continent, and successively formed some fault basins
[58, 591, such as Beibu Gulf Fault Basin, Pearl River
Mouth Basin, Southeast Hainan Rifting Basin, and
South Zhongjian Extension Basin etc., with various
extension on their north margins. They also caused
the large-scale strike-slip movement along dextral
Red River-East Vietnam-Wanna Strike-slip Fault
Zone (RW for short in Fig. 5) [60] and the Sinistral
Philippine-Manila Trench Strike-slip Fault System
(PM in Fig. 5); and the formation of a chain of strike-
slip pull-apart basins, such as Yinggehal, Hue, Qui
Nhon, North Wan’an basins, along the RW. In late
Oligocene, the splitting reached its pealk, and the SCS
started seafloor spreading. The Paleo-South China Sea
subducted southward and consumed under the north
boundary of Kalimantan until the early Miocene.

E. Middle-Miocene to Present: SCS Stopped
Spreading and Australian Plate subducted

and Extruded Northwards

In mid-Miocene, the seafloor spreading of SCS
stopped, and most of the Paleo-SCS was disappeared
along a tectonic line from Lupar (line)} to Cuyo
(island) through Baxian (shoal)-Nansha Trough-
Northwest Palawan Trough (Bacu Zone for short, @
in Fig.5). The Australian Plate began to subduct and
extrude northward and became the leading force in
the south of this area.

CONCLUSION

Paleozoic Erathem dominates the Pre-Cenozoic
basement of SCS. It was formed in the background




of Paleo-Tethys tectonic domain, and was an
important component of East Tethys multi-Island-
Ocean System. The three branches of the eastern
parts of Paleo-Tethys tectonic domain in this area,
‘which are North Yunkai Sea-basin, North Hainan
Sea-basin, and South Hainan Sea-basin, were the
origins of the present North Yunkai, North Hainan,
and South Hainan suture zones or fault zones. This
shows a distinctive feature of regionalization for
the Pre-Cenozoic basement of this area. Since late
Paleozoic Period, and accompanying the formation
and extinction of Paleo and Meso-Tethys, the Pre-
Cenozoic basement of this area had experienced 5
stages of evolution: (1) D-P, the development of
East Multi-Island-Ocean System of Paleo-Tethys;
(2) P,, emergence of Meso-Tethys (Paleo-SCS) and
extinction of Paleo-Tethys; (3) T-K,, the suturing of
multiple blocks in eastern Paleo-Tethys; (4) KN/,

the formation of modern SCS and the extinction
of Meso-Tethys (Paleo-SCS); and (5) N/, the
SCS stopped spreading and the Australian Plate
underthrusted and extruded northward. Especially in
the late stage, influenced by the tensional break-up,
splitting, strike-slip, and pull-apart of South China
continental margin starting from Cenozoic, the Pre-
Cenozoic basement directly controlled the formation
of a series of offshore Cenozoic sedimentary basins.
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EXECUTIVE SUMMARY

The South China Sea: Sustaining ocean productivities, maritime
communities and the climate

A Conference for regional research cooperation in ocean and earth sciences for the South China Sea
(SCS) was held from 25 until 29 November 2008 at Hyatt Hotel, Kuantan, Pahang. The conference
was jointly organized by the National Oceanography Directorate (NOD), Ministry of Science,
Technology and Innovation (MOSTI), Malaysia, the Institute of Ocean and Earth Sciences (IOES),
University of Malaya (UM) and the Malaysian Society for Marine Sciences (MSMS). In conjunction
with the conference, side event workshops were also organized, namely (i) Post “IOC-WESTPAC
Follow-up Workshop on the South China Sea” held on 25 November 2008, (ii) “Bay of Bengal Large
Marine Ecosystem Programme — Malaysia’s Commitments™ held on 28 November 2008 and (i11)
“Marine Sources of Short-lived Halocarbons and their Atmospheric Effects” held on 29 November
2008, whereby the latter was jointly organized with Cambridge University, UK.

The Chief Minister of Pahang, the Honorable YAB Dato’ Sri Adnan bin Yaakob officiated the
Opening Ceremony of the conference, with the presence of Datin Paduka Prof. Dr. Khatijah binti
Mohd. Yusoff, Deputy Secretary General (Science) representing MOSTI, Dato’ Prof. Dr. Mohd.
Amin bin Jalaludin, Deputy Vice Chancellor representing UM, the co-chairs of the conference Prof.
Dr. Nor Aieni Mokhtar, Director of NOD and Prof. Dr. Phang Siew Moi, Director of IOES cum
President of MSMS.

The international conference was successfully organized with the attendance of 180 delegates
from 17 countries. The participants were representing the countries bordering the South China Sea
except for Brunei and Taiwan. The Conference was divided into eight scientific sessions with areas
in:

IA — Marine Biotechnology

IB — Marine Biodiversity

[TA — Maritime Societies and Cultures

IIB — Fisheries

III — Safety of Navigation, Maritime Security and Marine Pollution Co-operation

in the South China Sea

IV — Geology and Geological Resources

V — Education, Awareness and Community Development in Coastal Ecosystems

VI — Ocean -Earth -Atmospheric Interactions and Climate Change

VII — Eco-engineering Technologies for Coastal Protection

A total of 72 oral presentations and 55 poster papers were presented during the 3-day conference.
The papers presented at the conference were aimed to be published in the December Special Issue of
Journal of Science and Technology in the Tropics (JOSTT).

Some of the findings or highlights of the conference based on thematic areas are summarized as
follows.
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Geotextile tube containment for coastal protection
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Ten Cate Geosynthetics Asia Sdn Bhd, Jalan Sementa 27/29,

40400 Shah Alam, Selangor, Malaysia
(E-mail: c.lawson@tencate.com)

Abstract

Geotextile containment is used to encapsulate sandy soils to enable their use as flexible, erosion-

resistant, mass-gravity sfructures in coastal protection applications. The paper introduces the variety of
geotextile containment units in use and discusses their range of applications in general, but then concentrates
specifically on geoctextile fube containment. Important stability aspects of design are presented along with
geotextile tube mechanical and hydraulic property requirements. Ways of enhancing geotextile tube durability
are also discussed. Several case studies are presented that demonsirate the effective use of geotextile tubes

for a variety of coastal protection applications.

Keywords

INTRODUCTION

Geotextile containment, in one form or another,
has been used for many years for a wide variety
of hydraulic and marine applications. The most
universal, and widely used, geotextile containers are
the well-known, ubiquitous sand bags which are seen
the world over shoring up flood defences in times of
natural calamity.

Three fundamental types of geotextile containment
units exist, differentiated by geometrical shape
and volume. These are geotextile tubes, geotextile
containers and geotextile bags. Geotextile tubes,
Figure la, are tubular containers that are formed
insitu on land or in water. Geotextile containers (Fig.
1b) are large-volume containers that are filled in
barges above water and then deposited into submarine
environments. Geotextile bags, Figure 1¢, are small-
volume containers that are filled on land or above

geotexiile — geotextile containment — geotextile tubes — coastal protection

water and then pattern-placed either near water or
below water level.

Geotextile tubes are laid out and filled onsite to
their required geometrical form. The tubes are filled
by hydraulically pumping fill into the tube. Geotextile
tubes range in size from 1 m to 10 m in diameter, and
up to 200 m in length.

Geotextile containers are large-volume containers
that are filled above water and then positioned
and placed at water depth. The volumes of these
containers more comumonly range from 100 m?® to
700 m?, although containers as large as 1,000 m?
have been installed. To facilitate the installation of
geotextile containers of this magnitude an efficient
and practical instaliation system must be utilised. To
date, this has been accomplished by means of split-
bottom barges.

Geotextile bags are manufactured in a range of
shapes, and they are installed in a pattern-placed

a) Geotextile tubes

Figure 1. Types of geotextile confainment units.

b) Geotextile containers

¢) Geotextile bags




arrangement that greatly improves their overall
stability and performance. Today, geotextile bags
range in volume from 0.05 m’® to around 5 m?, and
may be pillow-shaped, box-shaped or mattress-
shaped depending on the required application.

When considering geotextile containment,
distinction must be made between those applications
where the geotextile containment is required for only
temporary or expedient use and those applications
that require long-term performance. For example, for
temporary or expedient works the requirements of
the geotextile container is fairly basic as it only has
a short life expectancy over which it has to perform;
however, for long-term applications the performance
requirements of the geotextile container are more
severe. With regard to long-term performance,
distinction also must be made according to the type
of hydraulic environment acting on the geotextile
container. For example, the action of still water will
have a different effect on the geotextile container
than the action of breaking waves.

This paper concentrates on the use of one type
of geotextile container unit — the geotextile tube —
in hydraulic and coastal engineering applications.
However, much of what the paper covers will also be
relevant to other geotextile containment unit types.

GEOTEXTILE TUBES FOR COASTAL
ENGINEERING APPLICATIONS

Engineering features of geotextile tubes

Geotextile tubes are laid out and filled hydraulically
onsite to their required geometrical form. The typical
features of a geotextile tube are shown in Figure
2. Hydraulic fill is pumped into the geotextile tube

through specially manufactured filling ports located
at specific intervals along the top of the geotextile
tube. During filling, the geotextile tube, being
permeable, allows the excess water to pass through
the geotextile skin while the retained fill attains a
compacted, stable mass within the tube. For hydraulic
and marine applications the type of fill used is sand,
or a significant percentage of sand. The reasons for
this are that this type of fill can be placed to a good
density by hydraulic means; this type of fill has good
internal shear strength; and this type of fill, once
placed, will not undergo further consolidation, which
would change the filled shape of the geotextile tube.
Once filled, the geotextile tube behaves as a mass-
gravity unit and can be designed accordingly.

The geotextile tube skin performs three functions
that are critical to the performance of the filled
geotextile tube. First, the geotextile skin must have
the required tensile strength and stiffness to resist
the mechanical stresses applied during filling and
throughout the life of the units, and must not continue
to deform so that the geotextile tube changes shape
over time. Second, the geotextile skin must have
the required hydraulic properties to retain the sand
fill and prevent erosion under a variety of hydraulic
conditions. Third, the geotextile skin must have the

Filling pipe from pump

Filling

[l

Geotextils tube length-

Figure 2. Typical features of geotextile tubes,

N ' Geotextile tube
A Geotextile tube
‘ .
AT
Height, #

v eig :
: ‘ Theoratical

A I diameter, 2 v

Circumference,

a) Fundamental geotextile tube parameters

4 Basewidth,p »

b) Engineering parameters of importance for filled
geotextile tubes

Figure 3. Various parameters associated with geotextile tubes.
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required durability to remain intact over the design
life of the units,

(Geotextile tubes are normally described in terms
of either a theoretical diameter, D (in Europe, Middle
East and Asia) or a circumference, C {in North and
South America) (Fig. 3a). While these two propertics
represent the fundamental parameters of geotextile
tubes they are not of direct interest when it comes
to the engineering parameters for hydraulic and
coastal applications where the geotextile tube in its
filled condition is of prime importance. The various
engineering parameters of importance are shown in
Figure 3b.

Table 1 lists approximate relationships between
the fundamental geotextile tube parameters of
theoretical diameter and circumference (Fig. 3a) and
the engineering parameters of importance depicted
in Figure 3b. The relationships are applicable to
geotextile tubes that have a maximum strain £15%,
low unconfined creep, and are filled to maximum
capacity with sand-type fill. Furthermore, it is also
assumed that the foundation beneath the tube is a flat,
solid surface.

Applications for geotextile tubes

Geotextile tubes are used for a range of hydraulic and
coastal applications where mass-gravity batrier-type
structures are required. These applications are shown
in Figure 4 and described briefly below.

Geotextile tubes are used for revetment structures
where their contained fill is used to provide mass-
gravity stability (Fig. 4a). They are used for both
submerged as well as exposed revetments. For

Table 1. Approximate relationships between fundamental
and engineering parameters . of geotextile tubes (After
Lawson [1])

. . In terms of
Engineering - In terms of
theoretical .
parameter diameter. D circumference, C
Maxinwum filled
height, H=055D H=0.18C
Filled width, W W=15D W=05C
Base contact
width, b b= D b=03C
Cross sectional A=0.6 D 4=0.06C?
area, A
A )
verage vertical o =07y D & =022y C

stress at base, ¢°,

Note: vy = bulk density of the geotextile tube fill.

submerged revetments the geotextile tube is covered
by local soil and is only required to provide protection
when the soil cover has been eroded during periods
of intermittent storm activity. Once the storm is over
the revetment is covered by soil again either naturally
or by maintenance filling. For exposed revetments
the geotextile tube is exposed throughout its required
design life.

To prevent erosion of the foundation soil in the
vicinity of the geotextile tube it is common practice
to install a scour apron (see Fig. 4a). This scour apron
usually consists of a geotextile filter layer that passes
beneath the geotextile tube and is anchored at the
extremity by a smaller, filled, geotextile tube.

Revetments are also constructed using multiple-
height geotextile tubes. Here the geotextile tubes are
staggered horizontally to achieve required stability.
Considerable care should be exercised during
construction of these types of revetments to ensure
the water emanating from the hydraulic filling of the
upper geotextile tubes does not erode the soil and
undermine the lower geotextile tubes in the multiple-
height revetment structure. Examples of use are
given by Nickels and Heerten [2] and Artiéres [3].

Geotextile tubes are used for offshore breakwaters
to prevent the erosion of shoreline developments
(Fig. 4b). Here the filled geotextile tube is located
a certain distance offshore in order to dissipate
wave forces before they can reach the shoreline.
Again, scour aprons are used beneath the geotextile
tube breakwater to ensure local erosion does not
undermine the breakwater structure,
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Figure 4. Hydraulic and coastal applications for geotextile
tubes.




In many instances the geotextile tube is left
exposed which consequently affects its design life.
Additional techniques or treatments may be applied
to the geotextile tube breakwater to increase its
exposed design life. These are discussed in more
detail later in this paper. Examples of use are given
by Townsend [4] and Oh ef al. [5].

Geotextile tubes are used for protection dykes
where they prevent flood and storm damage
to valuable structures and real estate (Fig. 4c).
Protection dykes also may be used for river, lake or
stream ftraining works.

Where geotextile tube protection dykes are
constructed it is common to cover the geotextile tube
with local soil. The geotextile tube is only required
to function intermittently during storm or flood
periods when the soil cover is eroded. The use of
the soil cover provides a number of advantages
to the geotextile tube core. First, the soil cover
hides the geotextile tube core thereby providing
an aesthetic environment and ensuring no damage
due to vandalism. Second, the soil cover protects
the geotextile tube from long-term exposure to the
atmosphere (UV degradation).

Where geotextile tubes are used for river, lake
or stream training works it is common to leave the
tube exposed except for major structures where rock
armour layers may be placed over the geotextile tube
to dissipate hydraulic forces. Where the tubes are left
exposed a geotextile shroud may be used across the
top of the tube, or a coating applied, to enhance its
longevity in an exposed environment. Examples of
use are given by Austin [6], Fowler [7] and Ghazali
et al. [8)].

Geotextile tubes are used for the cores of
containment dykes where water depths are relatively
shallow, Figure 4d. Here, the tube structure contains
a filled reclamation area - the reclamation fill being
dry dumped or placed hydraulically. The advantage
of this approach 1s that the same hydraulic fill used in
the reclamation can also be used inside the geotextile
tubes for the containment dykes thus avoiding the
need to import rock fill for the dykes. Where water
forces dictate, and where longevity is required, rock
armouring can be placed around the geotextile tube
core (e.g. Fig. 4d). Examples of use are given by de
Bruin and Loos [9], Spelt [10], Fowler ef al. [11] and
Yee [12].

Geotextile tubes can be used as groynes to
prevent the littoral movement of sediment (Fig. 4e).

In most cases the geotextile tubes are left exposed,
but coatings or a rock covering may be applied
depending on the circumstances and the required life
expectancy. Examples of use are given by Jackson
[13] and Fowler et al. [11].

Design procedure for geotextile tubes

Since geotextile tubes behave as mass-gravity units
the conventional approach to design follows a
standard procedure of assessing the possible modes
of failure or deformation in order to arrive at a safe
design solution. Figure 5 lists the various limit state
modes that should be assessed and these are divided
into external modes (those modes affecting the
performance of the geotextile tube structure overall)
and internal modes (those modes affecting the
performance of the internal structure of individual
geotextile tubes). Either a global factor of safety or a
partial factor of safety approach can be applied when
assessing the various limit state modes.

There are six external limit state modes to be
assessed (Fig. 5a). These are sliding resistance,
overturning resistance, bearing resistance, global
stability, scour resistance and foundation settlement.
Geotextile tubes are very stable units with high base
contact width to height ratios, e.g. b/H = 1.5 (Table
1). Geotextile tubes should be checked for sliding
and overturning stability, especially if the tubes
are of small theoretical diameter, D < 2 m. Bearing
stability (e.g. Fig. 5a(iii)} may be of importance if
the foundation is very soft and the geotextile tube
is very large. However, experience has shown that
the distribution of weight of geotextile tubes on soft
foundation soils is very efficient.

Global stability only needs to be taken into
account when multiple geotextile tubes are used

~ -

{a) Qvermuing Statéliny {144) Bearing suabitity
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Figure 5. Limit state modes for the design of geotextile
tubes.
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(e.g. Fig. 5a(iv)). Here, the stability analysis should
take mto account changes in both the external water
level and the groundwater level within the geotextile
tube structure. Also, potential weak planes between
adjacent geotextile tubes should be assessed.

Scour of the foundation around the edges
of geotextile tubes (e.g. Fig. 5a{v)) can lead to
undermining, and the geotextile tube overturning.
Scour may ocecur either during the filling process
or during the life of the tube. During filling, a large
amount of water is expelled through the geotextile
skin and this can cause erosion and undermining
of the geotextile tube if measures are not taken to
prevent this. To prevent scouring of the foundation
during filling it is common practice to first install
a geotextile or geomembrane layer beneath the
geotextile tube prior to tube placement and filling.
This procedure is very important where multiple-
height geotextile tubes are installed in order to
prevent the filling water of the upper tubes causing
erosion and instability of the lower tubes in the
structure.

Where there is potential for foundation scour
during the life of the geotextile tube structure it is
common practice to install a scour apron during
construction (see Fig. 4). The scour apron consists ofa
geotextile filter anchored at the extremities by means
of a small diameter geotextile tube manufactured as
an integral part of the geotextile filter base.

Where geotextile tubes are constructed on
compressible foundations, and where they are
required to meet specific height requirements for
hydraulic structures (e.g. breakwaters), an assessment
of the effect of foundation settlement should be
performed (Fig. 5a(vi)).

There are three internal stability modes to be
assessed (Fig. 5b). These are geotextile skin rupture
resistance, geotextile skin hydraulic resistance and
deformation of the contained fill. Geotextile skin
rupture resistance is discussed in more detail below.

Required tensile properties of geotextile tubes
During the filling process and throughout the life
of filled geotextile tubes tensions are generated
in the tube unit. These locations are around the
circumference of the geotextile tube, along the length,
or axis, of the geotextile tube, and at the connection
of the filling ports with the geotextile tube.

The analysis of tensions generated in geotextile
tubes is complicated due to the effect of geotextile

tube geometry. Further, the fill contained within
geotextile tnbes starts as a liquid, i.e. with zero
shear strength, and then fairly quickly reverts o a
solid, i.e. with internal shear strength. This change
in phase of the contained fill, the amount of filling
and pumping pressure applied, and the time over
which the contained fill changes in phase all
affect the magnitudes of the tensions generated in
geotextile tubes. For hydraulic and coastal structures
where the contained fill consists of sand, the time
it takes to change to a solid material is very short
(unlike finer fills) and thus analysis methods based
on the assumption of a shear resistant fill are more
appropriate for this type of application.

The procedure normally used to determine the
tensions in geotextile tubes is to first determine the
circumferential tension, then the axial tension, and
finally the port connection tension. Figure 6 shows
the maximum circumferential tension [7 ] for
filled geotextile tubes having theoretical diameters
D =3.0m, 4.0 m and 5.0 m using the procedure of
Palmerton [14], As noted in Table 1 the maximum
filling height is H~0.55D, which results in maximum
circumferential tensions [7 ] of 18 kN/m, 30 kN/m
and 50 kKN/m respectively for the three geotextile
tube sizes.

From modelling analyses the maximum axial
tension generated is around 63% of the maximum
circumferential tension. The magnitude of the port
connection tension is a function of'the filling pressure,
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Figure 6. Maximum circumferential tensions in geotextile
tubes according to Palmerton [14].




the height of the geotextile tube and the shape of the
filling port. Yuan et al. {15] have analysed the stress
concentrations present in the filling ports during the
filling of geotextile tubes and have estimated that
these can be 2 to 3 times the circumferential stresses
at the top of geotextile tubes. Techniques of reducing
the magnitudes of these stress concentrations are
given by Yuan et ¢l. [15].

The geotextile tube skin and its component parts
must have adequate tensile strengths to resist the
tensions generated during the filling process and
throughout the life of the filled geotextile tube, This
tensile strength requirement must account for the
tensions generated in the geotextile fabric itself as
well as any seams used to join the geotextile fabric
together. To arrive at safe tensile strengths a suitable
factor of safety must be applied to the magnitude of
the tensions generated at the various locations in the
filled geotextile tube. Unless a specific analysis is
undertaken of the various factors that comprise the
overall factor of safety a default value of 4.0 t0 5.0 is
normally applied.

Protection measures applied to geotextile tubes
External protection measures are applied to geotextile
tbes for a variety of reasons, namely;
* to reduce the impact of the hydraulic forces acting
directly on the geotextile tube;
* to enhance the design life of the geotextile tube in
an exposed environment;
* to protect from extreme natural occurrences, e.g.
ice and debris flows, etc;
* to protect from vandalism.

In many instances geotextile tubes are required
to perform over a relatively long design life in an
exposed environment. In this environment ultra-
violet light (UV) degradation can occur, with the
geotextile tube design life dependent on the level
of UV radiation and the resistance of the geotextile
tube skin to this radiation. If the geotextile tube is
located in a marine environment, marine growth
generally occurs quickly on the outer surface and
this tends to mask the geotextile skin somewhat
from the effects of UV radiation. However, for good
long term performance in an exposed environment
additional protection measures are normally required
for the geotextile fube skin. These measures are
listed below in order of providing longer term
performance.

* Additional stabilizer packages in the geotextile
tube skin — where the enhanced performance of
the stabilizer package improves the performance
of the geotextile tube skin over time.

More robust, or multi-layer geotextile skin —
where extra design life is achieved by the use
of more robust or multi-laver geotextile skins
that degrade over a longer period of time.
Geotextile shrouds - where the outer geotextile
shroud provides protection for the inner
geotextile tube skin. The geotextile shroud
becomes sacrificial over the design life of the
geotextile tube structure. These are used where
the geotextile tube structure is continually
exposed to the environment and where the
hydraulic forces are not severe.

Geotextile coating — where a robust coating
is applied to the geotextile tube to protect it.
Coatings can be applied in a variety of colours.
Soil covering — where the geotextile tube is
covered by soil or sand to prevent long term
UV exposure. Here the geotextile tube structure
performs intermittently during periods of storm
activity and is then covered over again by soil
or sand.

Armour covering — where a flexible armour
covering is used around the geotextile tube
structure to prevent long term exposure to UV
tight. This is normally used in hydraulic and
marine applications where severe hydraulic
forces occur.

Extreme natural occurrences can also affect
the long term performance of exposed geotextile
tubes. Examples include the damaging effects of ice
flows, and debris carried in water during floods, on
the exposed surface of geotextile tubes. Where this
is known to be a problem then the geotextile tube
structure must be protected. The form of protection
from this type of exposure is normally armour
covering.

Vandalism can also affect the long term
performance of geotextile tubes. This type of damage
is normally in the form of localised cuts and tears.
The best way of protecting against this likelihood
is to cover the geotextile tube so it is out of sight.
Alternatively, robust coatings can be applied which
prevent vandalism. Failing this, a good maintenance
scheme should be put in place to correct any acts of
vandalism.
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Geotextile tubes for Naviduct Project,
Enkhuizen, The Netherlands
This project, originally reported on by Spelt [10]
and Lawson [1], is an example where geotextile
tubes were used for containment dykes in an
environmentally sensitive lake in The Netherlands.
The Krabbersgat Lock at Enkhuizen is an
important bottleneck in the main network of
waterways in The Netherlands. Due to an increase
in shipping and road traffic at the lock significant

a) Crescent-shaped containment area

Rock armour
_ permanent
Pastially reclaimed proteciion  Winter water
area Finished dylte fevel g
\ Geptextile tube \ k water vae]

)

Lake bed
b) Section through containment dylke

¢) Filling of geotextile tubes

Figure 7. Use of geotextile tubes to construct containment
dyke, Naviduct project, Enkhuizen, The Netherlands.

time delays were occurring for both shipping and
road transport. To ensure smooth movement of
shipping and road traffic it was decided to construct a
combination of an agueduct and a lock below which
a tunnel for road traffic could pass (this structure is
known as a “Naviduct™).

For cost and environmental reasons a crescent-
shaped containment area was constructed in the
lake adjacent to the Naviduct site (Fig. 7a). This
containment area acted as a local disposal for the
spoil material from the adjacent construction site.
Once finished, the partially filled containment area
will be vegetated and will act as a bird sanctuary.
Further, the crescent-shape of the containment area
is to act as a barrier to drifting ice during winter.

The construction of the containment dykes was
carried out using a double layer of geotextile tubes
of filled height 2.8 m (Fig. 7b). The reason why
geotextile tubes were used for the containment dykes
was because the locally available sand fill from the
Naviduct site was too fine and uniform to be used by
itself as the structural component of the containment
dykes. Instead, the geotextile tubes were filled with
the local fine sand, and this provided the structural
basis for the containment dykes.

The crescent-shaped containment area utilized
7.5 km of geotextile tubes, two abreast, in the
containment dyke. Before placement of the geotextile
tubes a geotextile filter layer was placed on the lake
bed at the base of the containment dykes for erosion
control purposes. The geotextile tubes were laid out
in the water, anchored in place, and then filled by
comnecting the exit pipe of the dredger directly into
the inlets of the geotextile tubes, Figure 7c.

Once filled, the geotextile tubes were covered
with a geotextile shroud to protect the tube from
long-term UV exposure. On the ouiside of the
containment dyke the tubes were covered with rock
armour for the final, long term, protection (Fig. 7b).
Finally, the dyke was raised to its finished height by
using the local fine sand fill, and vegetated.

CONCLUSION

Geotextile containment utilizing geotextile tubes
can provide interesting solutions to hydraulic and
coastal engineering applications. By containing
sand and other similar materials geotextile tubes
act as mass-gravity structures in hydraulic and
coastal applications. Sand, or like fill, is used for




these applications because it does not undergo
consolidation once installed and the units can
maintain their existing shape and height. Geotextile
tubes provide environmentally friendly solutions as
they utilize local materials, and in many cases, avoid
the use of more costly rock and concrete solutions.

When installed in ~hydraulic and coastal
environments care is required especially if the
geotextile containment structures are continually
exposed over long periods of time. In these situations,
aspects such as UV resistance, abrasion resistance
and liquefaction of the sand fill may need to be taken
into account.
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Physical parameters of two mangrove habitats on Carey Island,
Peninsular Malaysia
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Abstract  This study is an evaluation of different physical parameters of the mangrove habitat in Carey
Island. Several parameters were recorded at three stations in the mangrove habitat (Site 1) along the Langat
River which contains a good community of mangrove forest. A similar study was also conducted at four stations
in a degraded mangrove habitat along eroding sea line (Site 2). In Site 1, the water parameters featured high
and almost constant salinity, high water temperature, high conductivity but relatively low dissolved oxygen
concentration and high Total Dissolved Solid {TDS). On the other hand, Site 2 recorded high salinity but lower
water temperature. Site 2 also featured relatively low dissolved oxygen and high TDS. The water pH for both
sites ranged from 6.54-8.16. The light intensity for Site 1, where data were taken under canopy and gap area,
ranged from 21,550 to 45,303 Lux. In the degraded mangrove site (Site 2), the light intensity was higher,

ranging from 24,000 to 88,375 Lux, as the habitat was more exposed.

Keywords physical parameters — mangrove — Carey [sland

INTRODUCTION

Mangroves are defined as woody trees and shrubs
which flourish in mangrove habitats, which is almost,
but not quite, a tautology [1]. The mangrove trees
and the other inhabitants of the mangrove ecosystem
are adapted to their unpromising habitat, and can
cope with periodic immersion and exposure by the
tide, fluctuating salinity, low oxygen concentration
in the water, and (being tropical) frequently high
temperatures [2].The study was conducted at Carey
Island, situated south of Port Klang in the state of
Selangor. It is a large island separated from the
mainland by the Klang River and is connected by a
bridge from Chondoi and Teluk Panglima Garang
near Banting. The main objectives for this study
were to determine variation in physical parameters at
selected mangrove habitats and also to differentiate
physical environment between pure mangrove and
degraded mangrove habitat.

MATERIALS AND METHODS

Description of study site
The location of the two study areas (Site [ and Site
2} was recorded by using Global Positioning System

(GPS). Site 1 (N 02°54°26.4” and E 101°21°07.2™)
contains good community mangrove forest (Fig. 1)
while Site 2 (N 02° 49°26.4” and E 101°20°26.9”) is
a mixed sandy-mud degraded mangrove habitat (Fig.
2), facing the Straits of Malacca,

Three stations (1, 2, 3) were laid in Site 1 and
four stations (1,2,3.4) were laid in Site 2 for data
collections. Data were collected once every month for
a total period of six months. The parameters chosen
followed Ahmad Shah [3].

In-situ water quality data measurement

Data collected were temperatore, pH, salinity,
conductivity, dissolved oxygen (DQ), total dissolved
solid (TDS) and light intensity. Dissolved Oxygen
and temperature of seawater were taken and measured
by using M1 605 portable dissolved oxygen meter for
DO value and temperature of water surface. Unit of
dissolved oxygen is expressed as part per million
(ppm). pH, conductivity and TDS were measured
by using MIS05 combined meter. Salinity was
determined by using salinity refractometers and the
unit is part per thousand (ppt). Light intensity was
determined through Digital Light Meter and three
measurements taking randomly from each station
under the canopy and in the gap.




RESULTS

Dissolved oxygen (DO) and water temperature
Dissolved oxygen concentration ranged from 2.41
to 5.02 ppm in Site 1 while Site 2 recorded 0.56 to
6.02 ppm. For Site 1, the value of dissolved oxygen
dropped slightly from February to April but increased
after that period. At Site 2, the concentration of
dissolved oxygen was quite high in February but
dropped in March and remained low until July (Fig.
3). Water temperature in Site T was higher compared
to Site 2.The water temperature ranged from 28.18
°C t0 33.03 °C in Site 1 and Site 2 ranged from 26.73
°C to 27.9 °C. Water temperature in Site 1 and Site 2
increased from May to July 2008 (Fig. 4).

pH, conductivity and TDS

The range of pH in Site 2 was slightly acidic 6.44 to
neutral 7.63 but in Site 1, the pH values were slightly
alkaline from 7.11 to 8.05(Fig. 5). The conductivity
ranged from 54.51 mS (milliseimens) to 77.02 mS for
Site 1 and 22.69 mS to 54.51 mS for Site 2 (Fig. 6).
At Site 1, the conductivity increased from February
to April, dropped in May and increased again. At Site

Figure 1. Site 1 with good community of mangrove habitat
facing Langat River.

Figure 2. Site 2 with degraded mangrove site at the coastal
area facing Straits of Malacca.
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Figure 3. The average monthly dissolved oxygen
for February to July 2008 at Site 1 and Site 2.
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Figure 6. The average monthly conductivity for
February to July 2008 at Site | and Site 2.
(mmmmmm L T , Site 15 ~---- B, site 2).
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Marine biotechnology

There are as yet many undiscovered and liftle known marine organisms (and their metabolites) in
our marine waters that could be exploited for the production of useful products, including medicine,
nutritional products, novel compounds, biofuel, etc. This is one potential area for collaboration
amongst scientists in the South China Sea rim. Malaysia should tap the expertise of our neighbours
from Thailand and Vietnam particularly the latter that has made significant headways in DHA
biosynthesis from heterotrophic algae. This research area has a high potential for commercialization
including biofuel production.

Harmful algal blooms (HAB) is another topic discussed in the conference. It appears that we still
do not fully understand the processes involved and the causal factors triggering HAB. Given the
occasional happenings of shellfish poisoning in our waters and including SCS, there is a need for
further research in collaboration with scientists from outside the SCS rim, in particular China and
Japan. An effective networking among HAB scientists and reporting centres (if not in existence) is
important to facilitate rapid communication and reporting.

Marine biodiversity

The session on marine biodiversity which made up of both oral and several poster presentations,
did illustrate and further substantiate the biodiversity richness of the SCS. Coral reefs are the best
known marine habitats, and they indeed attract a lot of attention in terms of ecotourism and research.
Tronically, uncontrolled development plans for ecotourism in such areas pose damaging threats to
these beautiful marine habitats. This problem similarly appears across the SCS regions. In addition to
human-induced elevated turbidity and sedimentation rate, these have taken their toll on coral health
resulting in regular episodes of coral bleaching thought to be exacerbated by sea temperature rise as
result of global climate change.

Maritime societies and cultures

In this session, the speakers offered various interesting insights and dimensions in the understanding
of the marine ecosystem. Instead of the regular scientific analyses of species, taxonomy and
biotechnology, the speakers touched on culture and heritage, morals, voice and art. Research discussed
here remained largely qualitative and the importance of the human aspect to the marine environment
was brought to light.

Fisheries

A total of six oral papers were presented including one invited paper given by Co-Chairperson on
marine habitat enhancement using artificial reefs namely Reef-Dome. Artificial reef is one important
option given the rapid degradation of coastal habitats lining the SCS. However, it is important to put
in more research here to investigate if they are rehabilitating the area or they are just fish aggregating
devices. One paper evaluating and forecasting the east coast fisheries scenario has cautioned that the
Malaysian side of the SCS may be suffering from serious overfishing, and in particular the possibility
of stock collapse of certain small pelagics. Unregulated traditional fisheries may be a cause of
concern.

The papers advise against continued government effort to maximize fish landings to increase
value, but rather to encourage post-harvest value creation so as to improve food security, income
and poverty alleviation. This seems to contradict government effort to increase fisheries production
through fish forecasting system, e.g. via satellites, which targets fish stocks and rich fishing ground.
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2, the lowest conductivity was recorded in March.
For TDS, the content of dissolved solids increased
from February to April in Site 1 while in Site 2 there
was not much difference in average TDS for the 6
months but high value of TDS was recorded in June
2008 (Fig. 7).

Salinity

The average monthly salinity from February to
July 2008 at Site 1 varied from 26.67 to 28.75ppt
(Fig. 8). At Site 2, the average monthly salinity
ranged from 25.42 to 29.58 ppt. The higher salinity
occurred in March for Site 1. At Site 2, the higher
salinity occurred from February to April but dropped
drastically in May.

Light intensity

At Site T which supported a good community of
mangrove forest, lower light intensity was recorded,
The range of average light intensity was from 21,550
Lux to 45,303 Lux (Table 1}, In Site 2, the range
of average light intensity was about 24,000 Lux
to 88,375 Lux and the higher light intensity was
definitely due to direct sunlight.

5000
4000 -
3060 ; 4./.\4
w000-|

1000 <

February  Mareh April May June Juiy
MONTH

TDS (PPM)

Figure 7. The average monthly TDS for February
to July 2008 at Site 1 and Site 2.(=~---= & --eee, site 13
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MONTH

Figure 8. The average monthly salinity for
February to July 2008 at Site A and Site B.
(-——- @ , site 15 ~---- B, site 2).

Table 1. Average light intensity of Site | and Site
2 for 6 months {February-July 2008).

Month Light intensity (x 100 Lux)
Site 1 Site 2

February 326.83 +327 208 + 73.85

March 2155+298.63  883.75+ 828.66

April 222.08 £208.08 240+ 47.47

May 31046 £221.49 9995+ 127,33

Jun 45333 +29485 861.5+125.75

July 364.17+£ 31847 585+£249.52
DISCUSSION

Surface water temperature at Site 1 was higher
compared to that at Site 2 and between May to July,
the surface water temperature at Site 2 had increased
to almost similar levels as those at Site 1. This was
probably due fo the direct sunlight that reached the
surface water without shade from degradation of
mangrove trees at site 2. Both sites recorded high
and almost constant salinity (25.42-29.58 ppt) but
became slightly lower during May to July. The low
salinity values recorded in May to July were due to
seasonal factors. The lower salinity occurred during
the beginning of Southwest Monsoon which starts in
May and ends in October. Mangroves grow in areas
with surface water salinity ranging from 0 to 40 parts
per thousand (ppt) [4].

The pH values recorded during this study were
quite neutral to alkaline for Site 1 (7.11-8.05) but
slightly acidic {6.44-7.63) for Site 2. These values are
still within the accepted limits of the pH range for
primary contact recreation and agriculture, which is
6.6 to 8.5 [5].Dissolved oxygen concentration in Site
2 wasalso lower compared to Site 1. Lack of dissolved
oxygen at this site may cause solids from dissolved
solids in water to decrease the photosynthetic rate in
water. The presence of solids 3 could be attributed
to the eroded coastline that occurred at Site 2.The
concentration of dissolved oxygen in water depends
on temperature, salinity, depth and turbulence [6].

Both sites have high total dissolved solids (TDS).
High contents of TDS in Site 1 could be due to wave-
energy transport of soil and suspended particles in
seawater while in Site 2, 1t could be due to erosion
of the coastline. The range of conductivity value for
both sites was high (22.69-77.02 mS) compared to
the normal range of conductivity. The normal range
of conductivity level in full strength of seawater (35
ppt) has a conductivity of 53 miliSeimens [7].




CONCLUSION

The coastal water of Site 1 featured high and almost
constant salinity, high surface temperature, high
conductivity, high TDS but relatively low dissolved
oxygen concentration. On the other hand, lower
surface temperature, lower conductivity and relatively

low dissolved oxygen were recorded at Site 2 but the
TDS and salinity values were still high.
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Abstract Concentration of organochlorine pesticides (OCPs) in the tissues of oyster (Crassostrea iredalei)
and sediment in Merchang River, Marang were investigated. The distribution of OCPs in the Merchang River
involved seven sampling stations. Oyster, a filter feeder and sedentary organisms, was used to test the
OCP pollution level in the area. Samples were extracted using soxhlet and analyzed using GC-ECD. OCP
compounds were widely distributed in Merchang river environment, with BHC, cyclodiene and DDT group being
particularly prevalent. The results showed that OCPs widely existed in the sediment samples compared to the
oyster samples. During the first sampling, the concentration of total BHC in sediment samples ranged from
3.67 to 136.78 ng/qg, followed by total cyclodiene (6.32 to 42.72 ng/g) and total DDT (5.32 to 35.71 ng/g). The
concentration of total BHC in oyster samples varied from 0.0344 to 0.6154 ng/g, foliowed by total cyclodiene
{0.1731 to 83.9308 ng/g) and total DDT (5.519 to 8.6939 ng/g). However, OCPs were detected in oyster only
at three stations during the second sampling, with concentration of total BHC from 4.7566 to 31.7238 ng/g,
total cyclodiene 26.3713 to 82.8942 ng/g, and total DDT 17.7318 to 80.1095 ng/g. The concentration of total
BHC in sediments at different stations varied from 0.0008 to 151.994 ng/g, followed by total cyclodiene (0.17
to 83.93 ng/g) and total DDT (5.52 to 8.69 ng/g). The occurrence of these residual pesticides in the Merchang
River could be attributed to the intense agriculture, aguaculture and urban activity around the area.

Keywords

INTRODUCTION

Over the last decades aquatic ecosystems have been
contaminated by persistent pollutants of agricultural
and industrial origin [1]. Agriculture contributes to
a wide range of water quality problems and several
kinds of pesticides used over the decades associated
with contamination of the water. The impact of food
consurnption on the agriculture activities had led to
the increasing usage of synthetic pesticides such as
organochlorine pesticides (OCPs). These pesticides
have been used for controlling or destroying any pest
on the crops. OCPs are usually: divided into three
main families which are DDT, BHC and cyclodiene
groups such as aldrin, dieldrin, endrin and heptachlor.

OCPs can enter into the aquatic ecosystem in a
variety of ways including run-off from non-point
sources, discharge of industrial wastewater and wet or
dry deposition [2]. Accumulation in biological tissues
is due to their lipophilic nature, hydrophobocity and

crganochlorine — sediment — oyster — Merchang Rive

low chemical and biological degradation rates [3].
Therefore, the production and use of these chemicals
were banned in the early 1970s in developed countries
because of their persistence in the environment,
bioaccumulation and adverse effects on wildlife and

human [4].
Merchang River is located in the district
of Marang, Terengganu, Peninsular Malaysia.

Aquaculture activities like oyster cultivation and
cage culture are the main economic activities.
The present study aims to evaluate the distribution
of the organochlorine compounds namely DDTs,
BHCs and cyclodiene groups in the oyster and
sediments of Merchang River.

MATERIALS AND METHODS
Sampling

The locations of the sampling sites are shown
in Figure 1. Seven sampling stations along the




Merchang River (Table 1) were chosen based on
strategic points of pollution along the river such as
agriculture and aquaculture activities. The samplings
were conducted during pre-monsoon and monsoon
seasons. Sediment samples were collected by using
Van Veen grab and biota samples (oyster) were
collected by hand. Locations of the sampling stations
were determined by using global positioning system
(GPS 315, MAGELLAN). In-situ hydrological
parameters such as depth, temperature, pH and salinity
were recorded by using Hydrolab Datasounde 4a. All
the samples were wrapped with aluminium foils and
covered with plastic bags and stored at -20°C prior to
analysis.

Sample analysis

Organochlorine insecticides such as DDT and its
metabolites, hexachiorobenzene isomers (BHCs) and
cyclodiene groups were analyzed using the method
described by Geochemical and Environmental
Research Group [3].

Briefly, sediment samples were freeze-dried and
then sieved with 2.5 mm mesh. A subsample of 10 g
was Soxhlet extracted with 200 mL dichloromethane
and spiked with internal standard (PCB 198,
AccuStandard, Inc.) prior to extraction. After the
extraction, the solvent extracts were concentrated to
about 1 mL. by rotary evaporation and blowed down
under gentle nitrogen flow. Clean-up procedures and
fractionating using copper column and silica/alumina
column were carried out. The biota samples were
analyzed with the same procedure but the cleaned-up

procedures were by using florisil column.

Sample extracts were analyzed using a Hewlett
Packard HP-6890 Series 1I gas chromatograph,
equipped with an electron detector capture detector
(ECD) and a DB-5 fused silica capillary column (30
m length x 0.200 mm t.d. x 0.25 pm film thickness).
The column temperature was programmed at 100°C,
held for 1 min, increased to 150°C at the rate of 10°C/
min, ramped to 230°C at 7°C/min and the rate of
oven temperature held for 10 minutes. The injector
and detector temperatures were maintained at 275°C
and 325°C, respectively.

RESULTS AND DISCUSSION

Organochlorine distribution

Organochlorine pesticides such as DDT groups,
cyclodiene groups and BHC groups were all detected
in the sediments and oyster (Crassostrea iredaler)
samples in the Merchang River. The concentration
and distribution of OCs in the sediment and oyster
from seven sampling sites are summarized in Tables
2-5. The concentration of the OCs in the sediment
ranged from 0.03 to 94.19 ng/g dry weight for pre-
monsoon season and 0.002 to 139.78 ng/g dry weight
I MonsQon season.

The residual levels of OCs in oyster were
dominated by cyclodiene groups, followed by BHCs
groups and lastly DDTs groups for both sampling
times. The ranges of these OCs were 0.0126 to
40,2566 ng/g dry weight for the pre-monsoon and

EB00T [t EGX0 e 528200 008 531000
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Merchang, Terengganu
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B st
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South China
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34000 [ 61000
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Table 1. Locations for the samples collection.

odiag

Station  Latitude Longitude
. 1 05702703 N  103°17.538E
= 2 05°03.623 N  103°17.088E
3 05°03.52I N 103°17.196 E
g 4 05704179 N 103716843 E
5 05°04.743N  103°16.501 E
B 6 05°05.150 N 103°16.348 E
) 7 05°05.86IN  103°15.969E

LT

6000 o mer E3008 1T T BIxe

Figure 1. Sampling site at Merchang River with
sampling location.
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0.5087 to 56.7046 ng/g dry weight for the monsoon
season. Cyclodiene groups and DDTs groups were
highly detected in St. 1 during the pre-monsoon
season. However, all compounds were detected in all
stations during the monsoon season with high levels
in St. 2.

BHC (hexachlorebenzene) group
BHC concentrations (sum of o-, B-, y- and 0-

isomers) in the sediments for both sampling seasons
ranged from 0.03 to 94.19 ng/g dry weight and 0.002
to 139.78ng/g dry weight, respectively (Tables 2, 3).
In general B-BHC and o-BHC were highly present
compared to y-BHC (lindane) and 8-BHC during
pre-monsoon season (Table 2). Lindane was highly
present in St. 6 with the highest value 44.77 ng/gdry
weight (Table 2). BHCs were mostly abundant in
St. 6 and St.7 but low concentrations were found in

Table 2. Total OCPs in sediment samples of Merchang River during pre-monsoon {(ng/g dry

weights).
Compound St 1 St2 St3 St4  St5 St6 St7 Z0CPs
a-~- BHC 38.86 1.48 4336 0.83 nd 423 2069 10945
B- BHC 9419 091 06052 04 066 278 1.2 160.66
y- BHC 3.7 3.92 nd 2,14 098 4477 nd 55.51
8- BHC 0.03 374 068 678 2.03 nd 2.85 16.11
Aldrin 122 384 372 709 ad 2344 33,57 7488
Dieldrin 042 015 407 222 nod nd 4.18 11.04
Endrin 233 1.54 1.27 082 262 0.62 nd 9.2
o- Endosulfan 0.2 224 0.8 016 nd 3.25 1.81 8.5
- Endosulfan 0.73 2.26 .04 125 1.8 nd 0.14 7.22
Endrin aldehyde 027 207 277 558 236 2.63 nd 15.68
Endosulfan sulfate 0.33 0.16 239 019 nd 38 3.02 9.89
Heptachlor 0.27 204 236 094 nd 3.78 nd 9.59
Heptachlor epoxide  0.55 0.74 008 043 nd nd nd 1.8
4,4 -DDD 3.02 2049 779 852 1074 2254 nd 73.1
4,4-DDE 0.64 202 229 2435 7.03 7.48 1.85 23.76
4,4-DDT 1.66 0.19 464 22 244 569 506 21.88
Z0CPs 14842 4979 138.02 42  30.66 125.01 7437
Table 3. Total OCPs in sediment samples of Merchang River in monsocon season {ng/g dry
weights).
Compound St St2 St3 St4 Sts Steé St7 =Z0CPs
- BHC 0.7 nd 0.01 197 0.53 7.34 9.24 19.79
- BHC 1.17 nd 001 219 0.71 3.39 16.04 23.51
v- BHC 0.91 nd 0.01 0.32 1.33 1.47 1.81 5.85
5- BHC 2.68 00008 0.002 454 145 139.78 nd 148.4528
Aldrin nd (.96 nd nd nd nd 22.01 22.97
Dieldrin nd 0.0005 0.005 nd 249 1409 5396  70.5455
Endrin 3.29 5.01 nd nd 0.79 1.09 0.69 10.87
¢~ Endosulfan nd 0.21 0.007 nd nd nd 63.01 63.227
- Endosulfan 0.78  0.003 0002 123 341 0.78 2.29 8.495
Endrin aldehyde nd nd nd 245 44] nd nd 6.86
Edoslih  nd 0017 0006 nd  nd 238 nd 2403
Heptachlor 7.3 nd 0.089 232 126 207 2726  40.299
Heptachlor 000 nd 454 nd  nd 1162 1625
epoxide
4,4 -DDD 5.19 nd nd 587 296 nd 3.97 17.99
4,4 -DDE 503  0.0132 0013 569 125 nd nd 11.9962
4,4-DDT nd 245241 nd nd 2347 21.02 1399 83.004]
ZOCPs 27.05 30.8286 0.154 31.12 44.06 19341 225.89




other stations (Table 3). Furthermore, St. 7 showed
the highest concentration of B-BHC while 8-BHC
was highly detected in St. 6 (139.78 ng/g dry
weight). Low concentrations of BHCs were detected
in 8t. 3 during the monsoon season.

The BHCs concentrations in the oyster samples
for both seasons (Tables 4, 5) ranged from 0.0438 to
1.3961 ng/gdry weight and 0.7007 to 14.4077 ng/g
dry weight, respectively. Oyster samples were not
available in St. 7 during the pre-monsoon season

Table 4. Total OCPs in oyster samples of Merchan

and St. 4 to St. 7 in the monsoon season. 8-BHC
was the highest detected in St. 1 which was 1.3961
ng/g dry weight during the pre-monsoon season.
However only one compound was detected in St. 3
and St. 6 which were 8-BHC and B-BHC (Table 4).
The concentrations of BHCs were greater in St. 2
and St. 3 during the monsoon season. B-BHC was
the dominant compound in St. 3 while a- BHC was
dominant in St. 2 but not detected in St. 1 (Table 5).
The levels of all the detected BHCs in the

g River during pre-monsoon (ng/g dry weights).

Compound St1 St2 St3 St4 St5 Ste St7 ZOCPs
o- BHC 0.6388 nd nd nd 0.3802 nd n.a 1.019
- BHC 1.0188 nd nd nd 0.1197  0.0572 n.a  1.1957
¥- BHC 0.2573 nd nd nd 0.0717 nd na 0329
8- BHC 1.3961 nd 0.0344 nd 0.0438 nd na 14743
Aldrin 8.8916 nd nd 0.266 0.0848 0.0629 na 9.3053
Dieldrin 16.4509 nd nd 00308 0.1184 00181 na 16.6182
Endrin 40.2566  0.0481 nd 0.0659  0.6043 0.0126 na 409875
¢~ Endosulfan 1.2654 nd nd nd 1.2954  0.028 na 2.6188
f3- Endosulfan 3.4421 nd nd nd 0.1408 nd na 3.5829
Endrin aldehyde 4.0322  10.8117 nd nd nd nd na 14.8439
Endosulfan sulfate nd 0.2248  0.1731 nd nd 0.5622 na  0.9601
Heptachlor 0.9983 nd nd nd 0.1101  0.0232 n.a 1.1316
Heptachlor epoxide  8.5637 nd nd nd 0.8442 nd na 94079
4,4 -DDD 4.8587 nd nd nd nd nd na 48587
4,4 -DDE 0.6603 nd nd nd 0.2872 nd na 0.9475
4,4-DDT nd nd nd 8.6939 63589 8.0922 na 23.145
Z0OCPs 92,7608 11.0846 0.2075 9.0566 10.4595 B8.8564 -
Table 5. Total OCPs in oyster samples of Merchang River in monsoon season (ng/g dry
weights).
Compound St St2 5t3 St4 St5 St6 St7  ZOCPs
a- BHC nd 11.9032 34614 na na na na 153646
- BHC 0.7007 2.1914 144077 na na na na 172998
¥- BHC 3.0444 9.0478 43206 na na na na 164128
& BHC 1.0115 8.5814 1.3929 na na na na 109858
Aldrin nd 55994 121014 na na na na 680954
Dieldrin nd 12.7775 nd na na @na na 127775
Endrin nd 3.006 nd na na na na 3.006
a~- Endosulfan 1.7939 45962 23411 na na na na 87312
[3- Endosulfan 1.7493 nd nd na na na na 1.7493
Endrin aldehyde 221377 nd 92201 na na na na 313578
Endosulfan sulfate nd 37358 27087 na na na na 64445
Heptachlor 0.5087 nd nd na na na na 05087
Heptachlor epoxide  56.7046 nd nd na na na na 567046
4,4 -DDD 6.6002 nd 116049 na na na na 18205
4,4 -DDE 9.0796  55.6562 14.065]1 na na na na 788009
4,4 -DDT 2.052 69245 28194 na na na na 11.7959
Z0OCPs 105.3826 174414 784433 - - - -
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Merchang River were above the USEPA maximum
contaminants level (MCL) which was 1 ng/L in
drinking water [8]. y-BHC levels in this study was
also above the USEPA MCL value (0.2 ng/L). It
indicated that this river was contaminated with this
compound. BHCs concentrations in the monsoon
season were lower than pre-monsoon season due
to precipitation and run-off from rainfall. However,
8-BHC was highly detected during the monsoon
season because it could exist in the environment for
several years because of its stability and resistance to
microbial degradation [2].

Cyclodiene group

The most commonly detected cyclodiene group in the
sediment samples, at high concentrations were aldrin
during pre-monsoon and dieldrin during monsoon
season. The ranges of cyclodiene group in the
sedimentwere 0.08t0 33.57 ng/g dry weightand 0.002
to 63.01 ng/g dry weight, respectively. It is surprising
to note that at St. 6 and St.7 which were located in the
upstream of the river where there were no agricultural
activities, various compounds were detected during
the monsoon season. The highest concentration
of aldrin was 33.57 ng/g dry weight (5t.7) and the
lowest concentration was heptachlor epoxide which
was 0.08 ng/g dry weight (St. 3) during pre-monsoon
{Table 2). However a-endosulfan was highly present
in St. 7 (63.01 ng/g dry weight) followed by dieldrin
(53.96 ng/g dry weight) and heptachlor (27.26 ng/g
dry weights) (Table 3).

Overall, the concentration of cyclodiene group
in oyster samples was highly detected in down
stream area compared with sediments level. The
range of cyclodiene group for both sampling seasons
were 0.0126 to 40.2566 ng/gdry weight and 0.7007
to 14.4077 ng/g dry weight, respectively. All the
compounds were detected in St.1 except endosulfan
sulfate during pre-monsoon (Table 4). The highest
concentration was endrin (40.2566 ng/g dry weight)
followed by dieldrin {14.4509 ng/g dry weight) and
aldrin (8.8916 ng/g dry weight) (Table 4). Endrin
aldehyde was highly detected in St. 2 (10.8117 ng/g
dry weight) during pre-monsoon. High concentration
of heptachlor epoxide was found in St.1 (56.7046ng/g
dry weight) followed by aldrin and endrin aldehyde,
respectively (Table 5). However, B-endosulfan was
only detected in St. 1 (Table 5).

According to USEPA maximum contaminants
level (MCL), the endrin, heptachlor and heptachlor

epoxide values should be less than 2 ng/L, 0.4 ng/L.
and 0.2 ng/L, respectively in drinking water [§].
Concentrations of endrin, heptachlor and its epoxide
in sediments were generally higher than MCL value
for drinking water. High concentration of dieldrin
present during the monsoon season may be due to
run-off and erosion from agricultural sites. Erosion
can be an important transport of pesticides residues
from the sites [3] and these residues were brought to
the river basin and then sank to the sediment. Besides
that, dieldrin and endosulfan were used in agriculture
in order to control pests in vegetable, tea and cotton
plantations while heptachlor was used as seed and
soil treatment against soil insects.

DDT group

DDTs were found to range from 0.19 to 22.54ng/g
dry weight and 0.0132 to 24.5241 ng/g dry weight
{Table 2) for sediment samples. 4, 4° DDD was the
most abundant followed by 4, 4’ DDE and 4, 4’ DDT,
respectively (Table 2). 4, 4* DDD was highly detected
in agricultural and aquaculture sites (St. 2 to St. 6)
during pre-monsoon. The highest concentration of 4,
4* DDD was found in St.6 (22.54 ng/g dry weight)
near the cage culture area and the lowest was 4, 4’
DDT (0.19 ng/g dry weight) (Table 2). However,
4, 4 DDT was the dominant compound during the
monsoon season and low concentration was found for
other residues (Table 3).

The 4, 4° DDT residues were the most abundant
residues in oyster as it was detected in St.4 to St.6
at relatively higher concentration compared to other
residues (Table 4). The DDTs ranges for both sampling
scasons were 0.2872 to 8.6939 ng/g dry weight and
2.052 to 55.6562 ng/g dry weight, respectively. 4,
4’ DDD was only present in St. 1 (4.8587 ng/g dry
weight) during pre-monsoon (Table 4). In contrast,
4, 4> DDE was the most prevalent during monsoon
seascn (Table 5) compared to the other residues. The
highest concentration of 4, 4’ DDE was found in St.
2 (55.6562 ng/g dry weight) followed by 4, 4’ DDD
{11.6049 ng/g dry weight) and 4, 4° DDT (6.9245
ng/g dry weight) (Table 5).

The DDTs values were comparable with USEPA
guideline and was lower than the critical value for DDT
{1000 ng/L) levels in drinking water [8]. It indicated
that Merchang River was not contaminated with
DDTs and the river water is safe for drinking usage.
High concentration of DDT found in the sediment and




oyster samples was due to agricultural applications
and it clearly indicated that it has continuous input
of DDTs in Merchang River. Low concentration of
4, 4 DDE was due to slow degradables of DDTs
in the environment [6] because DDT is a persistent
pesticide that can remain in the soil for up to 30 years
with half-life of 15 years [7].

CONCLUSION

This study determined the OCPs concentration in
sediment and oyster samples from Merchang River
during pre-monsoon and monsoon seasons. Sixteen
compounds were detected — a- BHC, 3-BHC, y-BHC,
0-BHC, aldrin, dieldrin, endrin, a-endosulfan,
ff-endosulfan, endrin aldehyde, endosulfan sulfate,

heptachlor, heptachlor epoxide, 4,4°DDD, 4,4°'DDE
and 4,4’-DDT. Cyclodiene group (aldrin, dieldrin,
endrin, a-endosulfan, B-endosulfan, endrin aldehyde,
endosulfan sulfate, heptachlor and heptachlor
epoxide) was the main contaminant in Merchang
river for both the sampling seasons. It indicated that
this river was highly polluted with these compounds.
Generally, St. 1 to St. 3 (agricultural sites) were
more contaminated compared to the other stations. It
suggests that there has been recent input of pesticides
whether in agricultural or aquaculture application into
this river. The concentration of OCPs during monsoon
season were lower than pre-monsoon season due to
precipitation and dilution of rainfall. In conclusion,
sediments and oyster can be useful indicator for
assessing and understanding these pollutants.
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Biodiversity and ecological conservation of mangroves in Indonesian South
China Sea Areas: a botanical exploration of mangrove ecosystems
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Abstract A recent botanical exploration to collect specimens of Indonesian mangroves has revealed new
records of true and associated mangrove species. With an estimated area of about 9.7 million ha (3.9 million
ha belonging to State Forest Area and 5.8 million ha as Non-state Forest Area), Indonesia’s mangroves are
the largest in the world. On the basis of occurrence of true mangrove species, it is also the world’s most
bicdiverse. Of the 2.7 million ha, more than 50% are considered to be degraded mangrove forest (partially and
heavily damaged). Consequently, invading non-mangrove species are present in the mangrove ecosystem
and/or mangrove forests. New records of the non-mangrove species andfor associated mangrove species
can be found in different sites in Indonesia. A brief synopsis of major mangrove plant communities and their
correlation with various anthropogenic disturbances are provided. A checklist of 204 angiosperm plants and
ferns are given. These species regularly occur in Indonesia’s mangroves under different levels of disturbance
(good, partially and heavily damaged) found in the 13 provinces in the SCS area. If considerations are given
to the associated mangrove species that occur in the peripheral sites in the landward areas, 295 angiosperm
plants are reported to be found in Indonesia’s mangroves, of which 91 species are considered true mangrove
species. Indonesia with 17,504 islands is interesting scientifically as the epicentre for mangrove species
diversity in the world. Botanical explorations to evaluate its mangrove plant diversity are recommended for

global research collaboration.

Keywords

INTRODUCTION

Indonesia (6° 08 N Lat. to 11°13°S Lat., and 94°45° to
141°05° E. Long), a group of 17,504 islands scattered
overa large body of water, is an archipelago of which
about 12,000 are inhabited. Indonesia is one of the 17
biologically richest countries in the world [1]. More
than half of the biodiversity in Indonesia is found
nowhere else on earth. Botanically, Indonesia is a
part of the plant unit known as Malesia (comprising
Indonesia, Singapore, Malaysia, Philippines, Brunei
Darussalam and PNG) [2], and is interesting for
their plant geographical divisions, e.g. the origin of
geographical centre for mangrove genera and species
distribution [3-7]. There are many more species that
remain unknown to science.

Indonesia stretches over 35,700 km from the
Indian Ocean to the Pacific Ocean. Seventy percent
of the total territory of Indonesia is covered by
seas, 30% island, and the transition between them

biodiversity — conservation — botanical exploration

is a small to wide flat strip coastal zone. Indonesian
coastlines are estimated to be about 96,181 km in
length which compose a variety of habitats for many
marine ecosystems. Indonesia’s marine biodiversity
is equally exceptional [8). The natural vegetation
fringing the coastline of Indonesia is mangrove
forests, and is dominated in Indonesian South China
Sea region (ISCS).

Administratively, mangrove forests consist of
State Forest Area (SFA) and Non-State Forest Area
(NSFA). SFAs are managed by the Ministty of
Forestry (MOF), Government of Indonesia (GOI),
and classified according to their function, namely
as: Protected Forest for the preservation of pristine
forest for catchments management, biodiversity
and scientific studies; Production Forest for the
conservation, responsible development (conversion)
and management of remaining mangrove areas; and
Naiure Reserve (NR: nature reserve, WS: wildlife
sanctuary, HP: hunting park, NP: national park,




NRP: nature recreation park, GFP: grand forest
park) for research, heritage, ecotourism, wilderness,
scenic and beauty. NSFAs are partially managed by
Local Government, adat rights and/or hak ulayat
(customary laws), e.g. hutan adat (customary forest).

ISCS consists of 13 provinces (or west Malesia)
(Table 1) with a total land arca of about 759,364 km?,
and more than a thousand small islands, ¢.g. 3,214
islands are found only in Riau. The small islands
of ISCS are less explored botanically, e.g. Bangka-
Belitung [9, 10], Pari Island-Jakarta [11], Lampung
Bay [12], Mapor Island [13], and Natuna and Anambas
islands — Riau Islands Province (RIP) [14, 15]. Over
the last 10 years, ISCS coastal ecosystem has been
subjected to over-increasing human population and
economic pressure, e.g. Batam Island-RIP [16, 17].
In addition, with increasing pressure for land in
most ISCS provinces, coastal mangroves are being
irreversibly excised and alienated for other land uses
such as business area, housing, harbors, settlement,
agriculture and aquaculture [18].

The State Ministry of Environment (SMOE)
developed a National Biodiversity Strategy in the early
1990s. Also, within the framework of the International
Convention on the Conservation of Biological
Diversity (agreed during the Earth Summit in Rio de
Janeiro, Brazil in 1992), a conference of parties was
held on 6-17 November 1995 in Jakarta, Indonesia
on the topic of coastal and marine biodiversity. ISCS
mangrove forests have become important and support
a rich biological community, including a number of
endemic and endangered species, e.g. migratory birds
(Limnodromus semipalmatus) along the east coast of
Sumatra [19, 20].

Floristically, ISCS mangroves are interesting for
their new record and rediscovery [21, 22], and to
updated biogeographic sites as mangrove biodiversity
hotspot. ISCS is facing tremendous biodiversity loss
[8]. The fundamental cause of mangrove forest loss
is the increase in human population living near the
coastal zone. Approximately 65% or more of ISCS
population, estimated to total at least 145 million by
the year 2000 [23], live adjacent or very close to the
coastal zone, thereby increasing the complexities for
resource management and the likelihood of coastal
degradation [24]. Moreover, Indonesia has high
expectations of rewards from sustainable integrated
coastal zone management (¢.g. PEMSEA) for this
rapidly developing nation where population in 2020
may exceed 265 million, i.e., population growth rate
of 14.91% per year in 1997-1999 [25] and 13.60% in
2002 [23] at Batam Island-RIP.

The impact of human activities in ISCS mangrove
forests is variable depending on the site and in terms
of their physical forest quality and biological quality.
The reduction in mangrove species richness, tree size
and tree density therefore, is typical of this activity.
Also, human activity can expand the natural range
of mangroves by expanding the degree of salinity
intrusion in the coastline, e.g., Muara Angke, Jakarta
[26]. I consider that burgeoning populations (density
of 11.75-12,673/km* in 2000) and considerable
economic growth are possibly the biggest cause of
mangrove destruction and degradation in ISCS, e.g.,
Lampung [27, 28]. Today, ISCS mangroves are a
socio-political trove in Indonesia. This paper presents
the result of mangroves surveys and/or botanical
exploration and ecological conservation status in the
ISCS under the above circumstances.

Table 1. Areas visited for botanical exploration and sample plots for mangrove vegetation analysis in the ISCS region.

Province Botanical Sites Number of Plot Size  Remarks
I. Kepulavan Riau Batam, Bintan and Natuna districts 10plots of 0.25ha  2000-2002
2. Riau Bengkalis district 20mx 1000 m 2000

3. Jambi BerbakNational Park (NP) 20 mx 2000 m 2000-2001
4. South Sumatra Sembilang NP ‘ 20 m x 2500 m 2000-2003
5. Bangka Belitung Belitung, Klabat Bay-Bangka 15 plots of 0.25 ha 2003

6. Lampung Way Kambas NP, LampunBay 20mx 750 m 2002

7. Banten Uiung Kulon NP, northern coast, Dualsiand 25 plots of 0.25 ha 2001

8. DKI Jakarta Kep. Seribu NP, Rambut and Muara Angke 30 plots of 0.10 ha 2001

9. West Java Northern coast and BiawakIsland 45 plots of 0.25 ha 2001

10. Central Java Northern coast, Segara Anakan, Karimun Jawa NP 20 plots 0 0.25 ha 2001

11. East Java Northern coast, Alas Purwo, Meribetiri, Baluran NPs 35 plots of 0.25 ha 2000

12. West Kalimantan Gn. Palung NP, Batu Ampar district 20m x 1000 m 2004

13. Central Kalimantan  Tanjung Puting NP 20mx 1000 m 2003
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A paper highlights the importance of featureless near shore waters along the entire coast of Pahang,
which apparently function as important feeding/nursery areas even without the obvious benefit of
coastal biotopes such as mangroves and coral reefs. This finding indicates that more research 1s
required to investigate such coastal areas in the SCS. Although not of direct fishery importance, the
deep waters of Philippines in the SCS reveal spectacular biodiversity of deepwater crab and mollusk
species, including some that were unknown to science before.

In summary, this session on fisheries show that the SCS is indeed an area of high biodiversity,
in both shallow and deep waters, and that the biodiversity supports the potentially rich fisheries
resources that are so valuable to the coastal communities. However, it seems more crucial now that
the fast dwindling fisheries resources require a management system that also considers the ecosystem.

Safety of navigation, maritime security and marine pollution co-operation

in the South China Sea

A speaker addressed the importance of China's perspective on developing the economic aspects
of the South China Sea and looked to national laws for the governance of the various legal issues
involved in the South China Sea. China's emphasis is on wealth creation from the seas. A delegate
spoke on the overall claims of states in the region and the efforts that Vietnam is making in building
regional peace initiatives. A paper addressed the importance of regulating marine scientific research
and suggested that such a centre may be set up for the South China Sea.

The current laws offered protection for the fisheries regime in Malaysia, whilst suggestion on
the way forward, given the international law obligations and pressures that Malaysia as part of the
region faces, in this context. The session was lively and more work needs to be done with regards
to marine scientific research and harmonization of laws and policies for various issues in the South
China Sea as a regional or semi-enclosed sea were recommended. According to the keynote speaker,
Dr Kenneth Sherman, legal work on the South China Sea as a scientific LME would start soon.

Education, awareness and community development in coastal ecosystems

In this session, various illustrations of environmental education at work were presented. Most
papers emphasized the importance of involving the local community in environmental conservation.
Environmental education helped to increase community awareness about the environment around
them and encouraged them to protect it.

The session was a discourse on current approaches in coastal protection in general and the application
of eco-engineering technologies for coastal works in particular. Several presenters elaborated on the
fundamentals of coastal processes as well as the specifics of conventional engineering and eco-
engineering in coastal protection and coastal rehabilitation. Various aspects were discussed on the
needs to appropriately analyze, design, build, and monitor coastal works.

Eco-engineering technologies for coastal protection

Eco-engineering, the use of living or dead plant materials in combination with conventional
construction materials like cement or steel for engineering works had also been discussed. The use
of recent technologies e.g. geo-tubes and Modified L-Block Breakwater, for coastal protection had
also been elaborated upon. The Modified L-Block Breakwater, a product developed at the University
of Malaya, had been successfully incorporated in a mangroves rehabilitation project to help dissipate
wave energies and stabilize coastal habitats. Geo-structures such as brush faschines and bamboo
piles had also been incorporated as wave breakers and sediment traps.

[
Q
S
3
S
|
Y
|Wa
o
1)
=
]
Q
>
Q
)
o
.}
S
S
T
S
=
v}
3
9,
a
™
2
=’
o
(W
o
™



e
Q0
“n
\O
O
Vsl
O
=)
o
o
k€
Q.
O
b=
W
=
S
ey
>
S}
]
-
ey
D
[
=
oy
<
L
]
<
B
(W
v
e
(@]
S
=
>
O
=

MATERIALS AND METHODS

Botanical exploration in the 13 provinces which
interact with the South China Sea has been conducted
to determine species growth performances in the
mangrove forest and/or mangrove ecosystems.
Species are categorized into true and associated
mangrove species based on the voucher specimens
following the Tomlinson’s classification [29]. All
specimens were deposited at the Laboratory of
Marine Botany at the Center for Oceanological
Research and Development, Indonesian Institute of
Sciences, Jakarta. The identification of specimens
and taxonomical nomenclature follows Becking et
al. [29-37]. Cross reference was conducted at the
Herbarium Bogoriense, Bogor. It is noted that not all
areas of the 13 provinces have been explored in detail
due to time and budget limitations. Areas visited for
surveys and/or botanized at ISCS are presented in
Table 1. However, three botanical sites have been
chosen for the representation of each province; at the
three sites, vegetation analysis was conducted using
the transect method for structural characteristics, e.g.
importance values of species [38] and plant diversity.
Secondary information has been obtained from all
available reports and/or publications concerned with
mangroves from the 13 provinces.

RESULTS

State of the art of ISCS mangroves
[SCS mangrove wetlands include forests, waterways,
mudflat, and saltpans that play significant roles in the
economic growth and as coastal barrier for the land-
ward side. ISCS mangrove forests have provided
vital protection and livelihood support to community
in the region since ancient time. The largest and most
extensive of ISCS mangrove forest, with the largest
sizes of commercial trees (Rhizophora and Bruguiera),
was found in Sumatra and Kalimantan, e.g., Riau
[39], South Sumatra [40] and West Kalimantan
[41]. Man uses ISCS mangrove forest areas for the
establishment of brackish water ponds (tambak) for
culture of fish and prawn, e.g., Lampung [42], Java
[43, 447 and for forestry purposes for example in Riau
[45]. Tambak fish farming in Indonesia is a centuries-
old technique [24].

Mangrove exploitation for timber, construction
materials, tannin bark extraction, charcoal and

firewood are common in ISCS since the colonial era,
e.g., Riau Lingga archipelago [46-48]. Consequently,
ISCS mangrove forests (e.g. Sumatra and some
inKalimantan) have been subjected to over-cutting
for a long period of years and became degraded.
The common management practices, therefore,
correspond to the most favorable girth only. For the
mangrove forests in Riau-Lingga archipelago, 15
years of rotation yielding trees on the 10.6 cm in girth
average [47], and their annual yield per ha can be
estimated being well over 5m*[48].

Sustainable production of mangrove logs and
chips for the mangrove forests in Tembilahan, Riau
under exploitation licenses of PT. Bina Lestari was
873,575 m* of logs from 11,310 ha mangrove forests
logged between1978-1994 and potentially 1,498,518
e’ of logs from 12,250 ha [39]. Logs production
during the period 1994-1998 (PELITA VI) in Riau
province was 769,036 m® from concession of the
mangrove forests of 7,980 ha [49]. Today, 229,150
ha of mangrove forests are under the concession area
for four forestry companies [49]. In 2000-2005, the
mangrove forests in Bengkalis district produced log
of 14.54 m*/ha and 2.96 m*/ha for commercial and
non-commercial species, respectively. Also, the TEV
of mangrove ecosystems are estimated to be Rp
11,055,324,117/ha/year (NPV 10% in 2004) [50].

ISCS mangrove forests have also been subjected
to conversion. Conversion of ISCS mangrove areas
for tambak (e.g. Lampung, Java: Banten, Jakarta,
West, Central and East Java), housing and settlement
(e.g. Banten, Jakarta, Jambi, South Sumatra, Way
Sekampung Lampung), agriculture (e.g. Riau, Jambi),
industrial facilities (e.g. Kepulanan Riau: Batam
island, Jakarta) and other infrastructure for human
being (e.g. Tanjung Api-Api, South Sumatra) are
rapidly increasing and according to the national and/
or provincial economic developments are considered
as threats.

The common phenomena of conversions and
exploitations at ISCS are those with mangrove forests
which resulted in degradation or deforestation (e.g.
Central Java: 2,848.03 ha mangroves are degraded),
erosion/abrasion (e.g. northern coast of Central Java:
4,755.08 ha are eroded), changes of coastline (703.06
ha of coastal lands are lost) [54], pollution (e.g.
Jakarta, Banten) and lost of mangrove forest (e.g.
during 2001-2007 in Batam island-RIP §,448.35 ha
mangrove forest are lost) [17].




The degraded mangrove forests and/or overlogged,
eroded coastline areas, abandoned tambak areas at
ISCS are being rehabilitated [27, 39]. The principles
underlying these planting developments are already
being put into practice in a man-made mangrove
forest since 1990 in Bengkalis Island, Riau (in 1995:
64 ha) by Mr. Sakdullah {who in 1995 received
Kalpatare Environmental Award from GOI), in
Curah Sawo, Probolinggo East Java (in 1982: 60.5
ha) by local people in conjunction with the Army and
State Forestry Corporation. Planting activities follow
biophysical criteria, e.g., suitable species (Choice
procedure: undesirable — acceptable — preferable —
desirable species), sites and seasons, to avoid high
mortality rates [cf. 51]. Planting activities require the
full cooperation of local communities with sufficient
motivation and incentives to participate. Priority
isgiven to the preservation of critical mangrove
areas (e.g. Berbak NP, Jambi) including coastal
and estuarine strips (e.g. beachfront, riverfront) for
shoreline protection, and in sensitive coastal areas
where mangrove would be difficult to replant due
to existing wave action or thin soil. Fire effects may
also favor the perpetuation of the mangrove species —
Avicennia, Excoecaria agallocha, Lumnitzera which
are capable of re-growing in coppiced form from the
oot base.

Recently, GOI has initiated a national
rehabilitation program with the participation of local
communities called GNRHL (National Movement
for the Land and Forests Rehabilitation; MOF Decree
No.20/Kpts-11/2001: General design, Standard and
Criteria for GNRHL) and lead by the MOF. ISCS
mangrove areas are being included in the GNRHL.
The GNRHL activity is intended both to improve
the quality of life of people living in mangrove
environment and to rehabilitate a mangrove forest
ecosystem and its original biodiversity [52, 53].
The basic concepts include a task of income
generating  activity, employment opportunity,
strengthening capacity building (both central and
local governments), empowering local community
(LCOs, NGOs, WID-Women in Development, FWM-
Family Welfare Movement), cultural institution
development (e.g. Lembaga Adat, Extension and
Community Organizing, Village Deliberation
Council, Village Self-reliance Organization), and
market-oriented development (e.g. private sectors).
Due to the national development commitment (e.g.

PROPENAS) and public awareness, GOI legalized
the GNRHL to rehabilitate 900,000 ha up to the
year 2009, and 94,077 ha degraded mangroves in
STFA have been approved for rehabilitation during
2005/07 (Government Regulation No.89/2007). The
implementation by MOF in 2005/06 was 17,400 ha
including Lampung (7.880 ha) [27].

The GNRHL program is expanded into the NSFA
for a different objective. The main objectives for
both SFA and NSFA are for improving the ecological
role (e.g. fisheries, biodiversity) and the function of
mangrove ecosystem {e.g. coastal protection: tsunami,
typhoon, erosion; timbet/charcoal; multi-objectives)
with special reference for income-generating
activities of the local people as the lower level of the
stakeholders —e.g. in Central Java: 3,825 ha mangrove
rehabilitation includes Japara Fish Sanctuary [54].
During the period 2002/04, 2,115 ha of degraded
mangrove area inn NSFA have been rehabiiitated with
the total budget of Rp 48,885.4 million for the fisheries
objectives. Recently, 306,333.22 ha mangrove areas
at NSFA in 24 provinces (ISCS: Lampung, Banten,
Jakarta, West, Central and East Java) have been set-up
for rehabilitation plan by the Annual National Budget
(APBN) 2006 of the Ministry of Marine Affair and
Fisheries (MOMAF).

Rehabilitation of abandoned tambak and other
damaged sites in both STA and NSFA has been carried
out by silvofisheries and naturally by restoring tidal
flow to allow entry of propagules and mangrove
hydrodynamic [cf. 55] e.g. Margasari village, East
coast of Lampung. Silvofisheries alone is not the
solution to the problem of co-existence between
mangrove and tambak. Silvofisheries or mangrove-
friendly aquaculture or tambak tumpang-sari can
be useful for sustained foresiry and fisheries yields,
which integrate the rearing of aquatic organisms
and the maintenance of healthy mangrove trees [24,
56]. Mangrove commodities (e.g. trees species, mud
crabs) and silvofishery technologies are also being
developed and socialized for people who need them
{e.g. Batu Ampar West Kalimantan) [41]. Replanting
mangroves in abandoned tambak with commercial
mangrove tree species has mulliple functions
ecologically e.g. in Lampung. Weinstock [57]
reported that mono-cultural plantings of Rhizophora
mucronata in blocks along the coast have mitigated
erosion and reduced flooding, and protected fish
and shrimp ponds located inland. Important areas of
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research included the development of silvofisheries
at the local sites, e.g. West Java. Data from rapid
environmental and socio-economic assessments at
the ISCS provides a base for identifying priority sites,
e.g. Banten, Jakarta, West, Central and East Java.
The management classification is still practiced
today with some arcas administratively changed
their sizes due to development, e.g. 12.87% (6,269
ha) changes in Bengkalis district, Riau for the period
2000-2002 [50], 44.04% (8,448.35 ha) changes in
Batam island for the period 2001-2007 [17]. A total
of 9.7 million ha (SFA: 3.9 millionha, NSFA: 5.8
million ha) of mangrove areas in Indonesia represent
a recent calculation by MOF (Table 2). Not all of
the SFA and NSFA in the 13 provinces {ISCS) are

surveyed in detail. Also NSFA has been overiooked.
There are many remaining areas in ISCS that have
not been surveyed yet (e.g. Bangka Belitung, RIP),
and therefore not included for the calculation. Many
evidences indicated that ISCS mangrove forests
are under stress from the existing level of human
activities, e.g. Lampung and Java. The present
condition of ISCS mangrove forests (SFA: 1,696,588
ha, NSFA: 3,597,051 ha) has always been influenced
by the anthropogenic disturbances in the local sites
and changeable or event loss (Table 2}. For the period
of 1982 to 1999 the extent and loss of ISCS mangrove
forests are presented in Table 2. The figures in Table
2 are conservative and debatable but accepted to be
clarified; and up-to-date maps of their boundaries

Table 2. Mangroves distribution in 126 Kabupaten (District) at 22 provinces along with their damaged category in
Indonesia (Source: Ditlen RLPS MOF 2003-2007). Note: Partially damaged — Large branches and stumps from
nearby dead trees, household herbage, and small solid materials. Heavy damaged — covered with landfill (e.g. housing,
settlement, conversion lands), dead trees, abandoned tambak and tambak, canal water drains, pathways, urban debris,

and large pieces of flotsam.

Mangroves (ha)

Province (Number of

Total Mangroves (ha)

district) Undamaged/good  Partially damaged Heavy damaged

SFA NSFA  SFA NSFA SFA NSFA SFA NSFA
Aceh (6) - 31,544 2,443 286,205 - 26,693 2,443 344,402
North Sumatra (3) - 387 26,640 6,876 - 2,007 26,640 9,270
Riau (5) 36,140 27814 399,154 524210 11,646 51,315 446,940 621,339
Bengkulu (3) 239 45 10,230 35,521 - - 10,469 35,566
Jambi (1) 834 2,462 12,449 - 23,371 224,185 36,654 226,647
West Sumatra (5) 486 425 5,576 12,830 - - 6,062 13,255
South Sumatra (4) 247,951 14,882 305459 431,743 34471 12,393 587,881 469,018
Lampung (2) - - 6,180 5,763 4,583 1,846 10,763 7,609
West Java (8) - 77 4,211 57,136 29,243 37,631 33,453 94,844
Central Java (12) 2,907 - 523 30,715 15,503 45,631 18,933 76,407
East Java (11) - - 43 40,388 - 57,303 43 97,691
Bali (6) 492 - 3,051 11,183 3,382 7.338 6,925 18,521
NTB (6) 2,994 6,303 729 8,563 36 1,612 3,759 16,478
NTT (11) 836 3,455 23,897 103,473 - - 24,733 106,928
East Kalimantan (4) 34,335 315,574 33,606 302,556 9492 25,370 116433 643,510
Central Kalimantan (3) 31,975 221,136 151,199 621,327 291,828 908,125 475,002 1,750,588
West Kalimantan (3) - 2,789 54,473 158,151 32446 91,968 86,919 252,908
South Kalimantan (4) - - 73,879 116,751 2,288 15,703 76,006 132,454
North Sulawesi (5) 8,130 3,581 13,718 23,153 - - 21,848 26,734
Central Sulawesi (4) 1,360 9,299 4,741 101,680 7 232 6,108 111,211
South-East Sulawesi (3) - - 28,601 59,887 - - 28.60 59,887
South Sulawesi (17) 6,868 8,619 39,710 430,573 18,025 4,401 64,603 443,602
Total 22 (126) 395,547 648,352 1,219,512 3,368,694 476,321 1,513,814 2,091,380 5,530,860
% province 64 73 100 05 64 77 100 100
% district 36.50 44.45 61.90 92.85 23.35 60.30 100 100

Maluku -+ Irian Jaya - - -

1,808,620 269,140

Indonesia - - -

3,900,000 5,800,000




were needed as a planning tool, Recently, based on the
country’s National Agenda 21 and Law No.27/2007:
‘Coastal Zone and Small Islands Management’,
it is stated that the focus should be on improving
efficiency in spatial and land resources planning
{e.g. for tambak), developing, and sfrengthening
related regulations and laws (e.g. Law No.24/2007:
Catastrophes Mitigation, Law N0.26/2007: Spatial
Planning), streamlining institutional arrangements,
and developing sound data and information systems.
Sharing of information and expertise (e.g. JICA,
KOICA and IUCN) will greatly enhance the success
of botanical exploration of ecach province for
integrated coastal zone management post tsunami of
26 December 2004.

Conservation ecology of ISCS mangrove in
protected areas

A humid tropical climate with more than 1500 mm
rainfall annually is quite favorable for the growth of
mangrove forest in the ISCS coastal plain. Ground
water properties such as salinity and nutrient content
are strongly influenced by rainfall. Consequently,
ISCS coastal area has diversed geomorphic unit,
and creates a variety of habitat for mangrove
development. The nature of geomorphic changes
is commonly found, and the plants play minimum
roles in the modification of habitat conditions. The
eco-geomorphology of islands and the geo-physical
processes such as river flow, interact with other local
scale factors that result in specific patterns in soil
conditions, describing the structural and functional
characteristics of mangrove forests, and affecting the
spatial distribution of mangrove communities at ISCS
(Table 3). The east coast of Sumatra, for example,
according to Troll and Dragendorf [58], is fringed
with an almost unbroken mapgrove belt which in
many places is several kilometers wide. Also, the
area is among the most dynamic in the world [59].
Scientifically therefore, it represents an important
area for protection and conservation of mangrove
forests. At ISCS, 11 NPs with mangrove forests as
their major vegetation element have been set-up by
GOI [19]. All of the NPs developed well floristically
and faunistically, e.g. Berbak, Sembilang and Way
Kambas NPs in Sumatra, and Gunung Palung and
Tanjung Puting NPs in Kalimantan. Water flow in
tidal creeks fringed by different mangroves types is
very different from that in rivers without mangroves.
If flooding of fresh water along with their sediment

occurs constantly, the coasts along with their
estuarine vegetation is very dynamic. The dynamism
of the herbaceous pioneer flora on such coasts has not
yet been fully studied. However, that in the Cimanuk
delta, northern coast of West Java the recent alluvial
deposits are colonized by Cyperus malaccensis and
Scirpus littoralis (Cyperaceae), and in the landward
edges of the delta the pioncers are other grasses,
Paspalum vaginatum, Sporobulus sp. [60]. Poaceac
and Cyperaceae seem to be better adapted to the
hydromorphic conditions.

ISCS coasts are meso-tidal (tidal range less than
4 m} or macro-tidal (tidal range over 4 m) and have
relatively low wave energies except occasional
cyclones and/or tsunami. A wide horizontal tidal
range and tropical temperature has been cited as
requirement for extensive growth of mangrove
in ISCS [3, 40]. The mangroves grow and form a
fringe wetland vegetation zone between land and
sea or intertidal zone (ITZ), which in many places
is referred to as forest. Some of the virgin mangrove
forests contain trees of remarkable sizes, with trees
reaching up to 55 m in height and DBH over 30 cm
[40, 61].

The ITZ is the area that stretches from the lowest
point at which the land is exposed at the lowest low
water level (LLWL) to the furthest point at which
the land is immersed at the highest high water level
(HHWL). Mangroves thrive particularly well in
sheltered situations on deep accreting mud in the
ITZ of many sites in [SCS. They are often prominent
features in estuaries and deltas in Sumatra, West and
Central Kalimantan, where they grow on sediments
deposited by the rivers. In areas along gentle coastal
slopes, mangrove forests can extend 10-20 km inland
and it is here that the most complex and biologically
diversed mangrove ecosystems exist, and develop
luxuriantly as mangrove Torest types [62] in their
proper habitat, All true mangrove genera Avicennia,
Bruguiera, Ceriops, Kandelia, Rhizophora and
Sonneratia are known to occur frequently in tree
torest types (Table 3) [4, 40, 63]. Individual plants
in tree mangrove forests frequently exceed 40 m in
height (e.g. R. apiculata 62.5 m tall) and many trees
are single stands with high density. Sukardjo and
Kartawinata [40] found that the height of Avicennia
alba trees (65 m tall) is strongly associated with the
degree of drainage of the soil. However, tree height
of the same species may range from several meters to
over 45 m at maturity. A large number of species in
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Table 3. Mangrove community along with their number of species, tree (DBH>10cm) density/ha and basal area/ha
in Indonesian South China Sea region.

Number of true  Tree density/

Province and community type tree mangrove  ha (D), dbh > Basal Area/ha
O . {m2/ha)
0 species 10 em
e Lampung: - - -
8 i. Avicennia maring - A. marina (Way Sekampung) 8 197-339 14.30-20.66
v 2. Rhizophora apiculata — Bruguiera gymnorrhiza {Way Kambas NP) 10 400-750 25.55-49.10
,\2 South Sumatra + Bangka Belitung: - ;566 _14 4
= L. Rhizophora apiculata — Avicennia alba 8 244 1421
o 2. R. apiculata — Bruguiera gymnorrhiza 9 . A
eV . . 380-386 21.24-21.30
- 3. R. apiculata — Nypa fruticans 4.7 196 1289
3 4. A. alba — R, apiculata 6 )
= R N 425 15.53
Q. 5. A. officinalis — R, apiculata 9 395 2255
< utt - 22.
= 6. N. fruticans — R. apiculata 5 528 59 44
7. Pure stand R. apiculata (Sembilang NP) l ’
U : 603 4241
< 8. Pure stand R. mucronaia (Sembilang NP) l 656 45 88
9. Pure stand B. gymnorrhiza (Sembilang NP) l ’
£ . 301 42.96
= 10. Pure stand Xylocarpus granatm {Sembilang NP) l 1000-3100 27 10-55
[N L1, B. eylindrica — R. apiculaia (Simpang Alang river) 4-8 2000 38.10
L 12, X, granatum — B. eviindrica (Simpang Alang river) 4 ;00_] 600 7 -70-8 540
CO: 13. B. cylindrica — B. gymnorrhiza — X. granatim (Simpang Alang river) 4-9 1806 22°20 ’
= 14. N. frutican — B. gymnorrhiza (Simpang Alang river) 7 ’
. e . 5400 25.30
& 15. Oncosperma tigillaria {Simpang Alang river) 2 750-800 40.25-50.05
- 16. R.apiculata — R. mucronata (Bangka-Belitung) 6-7 ’ ’
% Riau + Riaulslands: - -
W 1. R. apiculata — A. maring 5-7 188-524 p
& 2. Ceriops tagal — R. apiculata 5-7 188-588 l;gg:;gégsg
Y 3. A. afficinalis — A. marina 6 264 ]7'25 ’
UL{ 4. 8. alba - R. stylosa (Natuna-Riaulslands) 9 1373 5 4'3 0
% 5. B. gymnorrhiza — R. styfosa (Natuna-Riau islands) 7 1032 5 6-33
— 6. E. apiculata — B. gymnorrhiza (Natuna-Riaulslands) 5 783 17' 65
8 7. R. apiculata — Terminalia catappa (Natuna-Riau islands) 6 1060 . 6- 61
5 8. X. granatum — Lumnitzera racemosa (Batam-Riau islands) 4 104 : 5:8— 497
_Q 9. X. granatum — R. apiculata (Batam-Riau islands) 3 276 3'04 4.16
10. R. apicutata ~ X. granatum (BatamRiaulslands) 3-3 164172 T
Jambi: p - -
1. C. tagal — B. gpmnorrhiza (Berbak NP) 2_8 448-760 23.21-37.25
2. C tagal - R. apiculata (Berbak NP) 4 504 19.40
3. Sonneratia alba — §. caseolaris (Berbak NP) 4 199 17.30
4, 8. caseolaris — C. decandra (Berbak NP) 5 206 20.79
5.8, obovata - R. apiculata (Berbak NP) : 262 39.23
6. Pure S. caseolaris (Berbak NP) 229 31.42
West and Central Kalimantan: - - -
L. R. apiculata — A. marina 13 308 2577
2. R. apiculata — B. evmnorrhiza 10-12 448-551 25.68-76.59
3. R. apiculata - §. obovata 8-12 276-399 17.17-29.95
4. R. apiculata — Xylocarpus granatum 12 170 22.84
3. Pure 4. alba 1 314 20.55
6. Pure R, apiculata 1 385 29,39
Central Java + East Java: - ) -
1. R, apiculata — C. tagal 3-6 ;’?(2):;22, 8.13-8.66
2. R. mucronata — R. apiculata 6-8 160 3.25-7.39
3. R apiculata — A. officinalis (Segoro Anak Alas Purwo NP) 9 340
Banten + Jakarta DKI1 + West Java: - - _19 97
1. A. alba — R. apiculata 7 399 6 3;5
2. R. mucronata — R. styfosa (Pulau Rambut) 13 533 l. 555
3. Rhizophora (P.Dua) 12 75 3'2_ 45
4. R. apiculata — R, stylosa (Ujung Kulon NP) 20 382-4346 13-57

5. R. apiculata — X. gfranatum (Ujung Kulon NP) 18 285-1469




cach forest types are found throughout Indonesia and
the seres are correspondingly the most complex.

The ITZ of ISCS are usually harsh, restrictive
and dynamic, e.g. east coast of Sumatra. Also, ITZ
are subject to both shorter term rhythms of tides and
season, as well as longer term changes of climate
and sea level. Therefore, the spatial distribution
of the various mangrove forest types (viz. riverine,
basin, fringing etc.) in ISCS depends very largely
on physiography, e.g. open protected coasts, large
estuary or small river.

Elsewhere in the islands of RIP — for example,
on reefs, coralline tidal flats or sandy beaches open
to the sea — mangrove trees may grow in the tidal
zone, but extensive forests are less likely to develop.
Twelve true species of the mangal (after Macnae)
[64] are present in Natuna islands, and in Bangka-
Belitung such mangal occurs primarily on coral reefs
[65]. In small islands, mangroves form assemblages
containing a few species and/or a single species
which dominate the structure, e.g. the mangrove
fringing Mapor island-RIP dominated by Rhizophora
stylosa and Pemphis acidula [13], and in small island
associated with coral reef ecosystem, the mangrove
assemblages are dominated by a single R. stylosa
stand e.g. Pari island Jakarta Bay [11]. R. stplosa is,
therefore, the pioneer species in the sandy shores of
islands e.g. Bangkalsland [65] and offshore islands of
West Kalimantan [66].

Mangrove forests occur in fully saline waters
and are associated with estuaries. Mangrove
estuaries and creeks usually have significant salinity
fluctuations. It is well known also that mangrove
plants can be grown outside their habitat in fresh
water in greenhouses [4]. Mangrove species can
penetrate inlands extensively along the river, e.g.
in West Kalimantan mangrove forests which reach
up the Kapuas river for 240 km, and their floristic
composition includes species of transition zone, ¢.g.
Heritiera globosa, Combretocarpus rotundatus, 1f
tidally determined circulation of salt stops altogether
and if no more organic material is deposited,
the vegetation changes to the gelam, Melaleuca
leucodendron or characterized by the presence of the
nibong, Oncosperma tigillaria, e.g. in South Sumatra
[67], or some other type of non-maritime vegetation.
Nibong stand in south of Ngerawan River, South
Sumatra, is the typical ecotone of the transition zone
between mangroves and peat swamp forests. Once
again they may merge with freshwater swamp forests

or to be backed by extensive peat swamp forests and
climax rain forests, e.g. in Kalimantan and Irian Jaya.
Consequently, other species may mark the transition
zone but they differ in various parts of the country,
e.g. in Sumatra by an Aistonia-Campnosperma
community or by certain forest trees (c.g. Glufa
velutina, Scolopia macrophylla, Ficus spp). They can
also mark the transition to freshwater swamp forests
[67]. The precise environmental factors which control
the different transition zones or ecotone community,
along with their floristic richness, are worthy of
further investigation.

The silt that forms the mud, so characteristic of
mangrove forest areas in particular sites, has its origin
in the load brought down by rivers [40, 68]. Troll and
Dragendorff [58] and Postgate [68] considered that
the black color of many mangrove mud is produced
by acrobic bacteria reducing sulphates to sulphides.
Also, occasional influx of fresh water from the river
is necessary for the full development of single stand,
e.g. R. mucronata forests., The quality of the soil in
mangrove forests depends ultimately on the source of
its alluvinum [68, 70], e.g. species of Avicennia and
Sonneratia are consistently the pioneer on coastal
deposition shore in Indonesia. In such areas generally,
the mangrove species exhibit zonation in a spatial
context from shore inland [cf. 71], which has been
related to a complex of environmental factors such as
salinity [cf. 72], tidal flushing [cf. 73] and soil types
[74], e.g. in Segara Anakan Cilacap [75]. In this case
locally, the soil may be of considerable importance.
For instance, Lumniizera littorea is commonly found
associated with creek banks. This species is typical of
loamy soil whereas on clay soils it is replaced by L.
racemosa [71]. Over such a vast area habitat factors
and the resulting pattern may vary enormously.
Consequently, there are many major types of
communities in or associated with the mangrove
forests [76] (Table 3), and many single stands of
mangrove species along with their variants, e.g. in the
mangrove forests of Segara Anakan Cilacap, de Haan
[75] recognized a Bruguiera gymnorrhiza association
with their three variants. At the muddy substrates with
abundant silt along the sea coast of the lagoon, R.
mucronata appears to thrive very well in those areas
with high salinity. It is asserted that R. mucronata is
the pioneer colonist, e.g. in Segara Anakan Cilacap
[61]. However, it is believed that occasional influx
of fresh water from the river is necessary for the
full development of R. mucronata forest. Another
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brackish-water community common in the landward
edge in Sumatra, Kalimantan and Irian Jaya is
represented by a mixture of Sonneratia caseolaris,
Nypa fruticans and Heritiera littoralis. Mixed
vegetation of N. fiuticans and many other mangrove
species, including abundant Xylocarpis are common
in Simpangalang River, South Sumatra. Moreover, in
Sembilang, an area dissected by a complex of rivers
and streams, offers a vista, which is rare in Asia today,
the Rhizophora, Bruguiera, Xylocarpus association,
as the most widespread community.

Mangrove taxa including Avicennia marina,
Osbornia  octodonta,  Excoecaria  agallocha,
Lumnitzera racemosa and Ceriops tagal are also
common elements fringing the chenier ridges in
small islands of ISCS, and the ecological importance
is needed for further discussion, e.g. RIP [16]. 4.
marina in particular occurs in small and discontinued
groves at the chenier/mudflat interface on sites which
are reacheable by only a few tides each year, but
subject to reliable wet season flooding.

Mangrove forests or mangrove ecosystems by
their nature include an aquatic element. During high
tide, mangrove forests are areas of little wave-action
and swell, but variable sediment loads depending
on weather conditions. During low tide, organisms
living in mangrove forests are shaded by an
expansive canopy of leaves and are subjected to great
humidity. The Indonesian mangrove forests in most
of the 95,181 km coastline are ecologically unique.
The unique associations of animals and plants that
dwell upon the roots of mangrove in seas have long
attracted the attention of naturalists and have not been
adequately studied.

At present in Indonesia, 30 marine conservation
areas constitute 4.6 million ha, and mostly mangrove
forests being a core area. Also, 1.8 million ha
are proposed by MOMAF in 2007 to be declared
as provincial marine conservation areas. The
conservation is a difficult conceptimplemented locally
at ISCS. There are many statements of definitions and
aims which cover a wide spectrum of public opinions
[77]. However, it attaches considerable importance
to the management of natural resources as part of a
conservation ethic and the local community has also
issued statements that highlight the importance of
wise utilization of such resources. The protected ISCS
mangrove forest at SFA implies that any exploitation
or harvest from an ecosystem, or any interference
with the normal evolving processes and feedback

mechanisms within the system, and is incompatible
with conservation e.g. NPs at Way Kambas Lampung,
Sembilang South Sumatra and Berbak Jambi, Tanjung
Puting Central Kalimantan and Gunung Palung West
Kalimantan [19].

ISCS mangrove flora

The ISCS region or west Malesia has 295 angiosperm
plants of mangrove flora and only 91 species are true
mangrove species (Tables 4-5). More than two-thirds
of the mangrove species in the world exist in ISCS
region [29, 37]. Tables 4-5 show the occurrence of
[SCS mangrove flora for a range of 13 provinces. East
coast of Sumatra has completely the true mangrove
species (Table 4) and the list of associated mangrove
species recorded in Table 5. This list is compiled from
the data (Tables 1, 3) and my personal knowledge
of species distributions with additional data from
the available literature and herbarium records, e.g.
Avicennia lanata occurs in RIP, Brownlowia argentata
(Tiliaceae) are absent in Java to Nusa Tenggara.

The best developed mangroves in terms of stand
structure and number of tree (DBH >10 cm) species
are found in the east coast of Sumatra (Riau, Jambi,
South Sumatra and Lampung) (Table 3). Sumatra is
the distinct, floristically rich biogeographic region
comprising peat and fresh-water swamp forests and/
or other coastal wetland vegetation. ISCS mangrove
forests are three-dimensional, that is, they have a
horizontal spatial component from open sea to land,
and a vertical component from roots to leaves. This
has resulted in the largest number of species in any
mangrove community (Table 3), and floristically
consist of specific true mangrove species and its
associates such as algae [78, 79], diatoms, fungi and
lichen [80], epiphytic plants {Hova sp, Dischidia
benghalensis), mistletoes (Amyema gravis, Viscum
orientalis), marginal and undergrowth species [4, 7].

Generally, ISCS mangrove forests are dominated
by two orders, the Myrtales and Rhizophorales, of
which their tree species are common and their density
in the natural stand vary considerably with the soil
characters (Table 3). Heavy loam, for example, affects
water movement and same species cannot tolerate
water logging viz. Bruguiera parviflora usually
indicates such a site. The fern, Acrostichum aureum,
a vegetable pest occurs in the landward fringe of all
the mangrove forest types [81]. At the higher levels
the fern can form dense undergrowth and so inhibit
regeneration, e.g. in Banyuasin mangrove forests




[82]. In Bangka-Belitung islands, this fern community
also includes Xylocarpus granatum stands. The fern
probably has a wide tolerance range in terms of light
and soil salinity.

Field data (Table 1} shows a high diversity of
associated plant {Table 5) and animal life is also
found in the mangrove forest arcas [83-87]. Very
few lianas are recorded from mangrove forests (e.g.
Derris spp., Dalbergia caudenatensis, D. menoeides,
Smiythea lanceata), and epiphytes are generally few,
though species of the ant-harboring Rubiaceous
genera  Hydnophytum  (H.  formicarum) and
Myrmecodia are regular features of mangrove forests
in Sumatra, Kalimantan to Maluku and Irian Jaya.
Epiphytic orchids and bromeliads are the only other
higher plants present in the mangrove forests with
high rainfall and wet season of almost sixmonths.
Van Steenis [7] refers to records of epiphytic orchids
from Anambas islands in the South China Sea and
Java viz Dendrobium rhizophoreti, D. prostratum, D.
callibotrys and Bulbophyllum xylocarpi. Epiphytic
ferns (e.g. Humata parvulla, Vittaria sp., Davalia
sp.) are not common and they appear to be restricted,
at least in Sumatra, Kalimantan, Sulawesi and Irian
Jaya, to areas where there is no pronounced dry
period.

Human activities such as conversion of mangrove
forest areas for the construction of tambak and its
canals, roads, dredging and filling, greatly destroyed
mangrove forest conditions, and facilitate the invasion
of native and/or alien species (e.g. Podocarpus
polystachyus, Gluta velutina, Glochidion littorale,
Scirpusiittoralis, Paspalum vaginatum, Cyperus
malaccensis, Pluchea indica) into those mangrove
habitats [43, 44, 88]. Conversion of mangrove
forests for human being, i.e. tambak, settlement,
road and other developmental facilities, reduces the
biodiversity oftrue mangrove species and increases
the associated non-mangrove plants, e.g. in Java:
Pithecellobium dulce, Samanea saman, Lannea
grandis, Pluchea indica, Zyzyphus mauritianus,
Moringa oleifera, Morinda citrifolia, Albizia retusa
[44]. Different islands and/or sites therefore produced
specific flora of the mangrove forests, e.g. coastal
wetland of the Solo-Brantas, East Java [88]. ISCS
mangrove flora is very specialized, consisting of
mangrove proper (major and minor, principal and
subsidiary mangrove species), associated mangrove
species and/or back mangrove species (marginal
species, facultative species, epiphytic plants,

mistletoes: Amyema gravis, Viscum orientalis,
fern, fungi, lichens, algal: Bostrychia rivularis, B.
radicans, Cladiphora sp., Muryella sp., Polysiphonia
sp.). The mangrove flora is very incompletely known,
both owing to the fact that a large part of the existing
collections are unidentified and that many parts have
never been botanized (Table 1). The enumeration of
mangrove flora and their associated plants in ISCS
and/or Indonesia is interesting geographically [78].
Intensive plant collection would be most rewarding
and international collaboration to undertake this work
is much welcome,

DISCUSSION

[SCS are large marine mangrove forest areas in an
environment characterized by tidal ranges of 2-5 m,
fluctuating salinities of 28-35%, high atmospheric
humidity and constant sub-equatorial temperatures.
Variation in the degree of inundation of mangrove
forests by sea water in particular islands and/or sites
also controls soil salinities, which are important in
regulating forest structure [40, 61]. ISCS mangroves
can grow in different salinity regime from marine to
freshwater, e.g. in Danau Sentarum, West Kalimantan
[89], and attain their greatest development both
with regard to their physical dimensions and to the
number of genera and species (Tables 4, 5). Data
on the extent of the ISCS mangrove forests are not
complete yet (Table 2), but recently a figure has
been reported, e.g. Belitung island (19,393 ha) [9].
The data indicated that the mangrove forests have
been altered by several processes viz. the effect of
deforestation and fragmentation. Deforestation has
caused a 22.80% and 27.40% decrease (to heavy
damages) of mangrove forests in the SFA and NSTA,
respectively. Fragmentation has resulted in much
of the current mangrove forests remaining in small
parcels with a high edge to area ratio. In many small
islands of ISCS mangroves have been inventorized,
e.g. Natuna islands [15]. The populations of the
small islands represent the new undescribed species.
Aerial photographs of the coastal regions of the
islands concerned would undoubtedly produce a
very important acreage of potentially rich mangrove
forests.

In Sumatra, West and Central Kalimantan where
rainfall is high and not seasonal, the mangrove forests
reach its optimum development, and in exceptional
cases, attain a height of 60 m [40]. Thus ISCS
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mangrove forests cannot be embraced under any
single structural form. In structural term mangrove
forests range from tall closed form (trees over 50
m tall, 80-100% canopy cover) to more complex
structure. The ISCS mangrove forests are a series of
integrated communities (Table 3), and the most diverse
mangrove flora occurs in many communities of the
mangrove forests where trees are usually the dominant
life form, e.g. Rhizophora apiculata trees 50 cm DBH
which are larger, and attain a height of 62.5 m which
are common in mature riverine forests in Sumatra
[40]. The discontinuous distribution of their tree
height at the border between the fringe and riverine or
basin mangrove forests suggests that environmental
conditions determine their occurrence. These forests
are very dynamic locally and their growth and decline
often reflect the changing conditions of the coastal
environment in which they grow, and are influenced
by seasonal changes in climate. Salinity regimes
on tidal flats are important in regulating aspects of
mangrove recruitment, survivorships, growth and
zonation [64, 71-73]. Little or no information is
available about the effect of man’s manipulations of
the hydrology of mangrove forests upon their survival
and their ¢cosystem. Ecologically, ISCS with highest
density of mangrove trees, represent an area of new
revelation of mangroves distribution and source of
their genetic centre (Table 3).

ISCS region has the highest diversity of mangrove
species. The exact number is, of course, debatable
and also depends on taxonomic classification and
the botanical exploration [11, 14, 66, 78, 90-92], and
in deciding what is, and what is not, a mangrove —
a problem of better defining them. For instance,
Diospyros ferrea, Inocarpus fagiler are species
commonly found in the mangrove flora, and well
known in Maluku. The taxonomy of the mangrove
flora in Central Malesian or western Indonesia is
very incompletely known if compared to ISCS and
some species are at risk, e.g. mangrove flora in Bali
and Lombok includes 32 true mangrove species and
19 mangrove associate species [36]. [ISCS mangrove
floras currently recorded in the 13 provinces are
affected considerably by the extent and the duration
of the biotic and anthropogenic factors, e.g. in Java.
To give a few examples — Lumnitzera littorea,
Scyphyphora hydrophyllacea, Sonneratia alba and
Xylocarpus australasicus are on the way to rare
species in the central Malesian or eastern Indonesia,
and have practically disappeared from the Aru islands.

At ISCS the species are found to be common. Also,
Rhizophora lamarckii is centered on the Coral Sea;
and Camptostemon as a whole is restricted to Central
Malesia [93], but its affinities are unclear since the
species is found in East Java, Bali, Lombok, Lesser
Sunda Islands, and Borneo, respectively [94]. Even
floristic enumerations of plants in any Indonesian
mangrove forests are scanty [36, 44, 61, 95, 96], the
reports of Giesen and Wulffraat [83] and Giesen et al.
[37] show the presence of native and/or alien species
in Indonesian mangroves. It is interesting to note that
even the Rhizophoraceae, often referred to as the true
mangrove family, has only 4 (Bruguiera, Ceriops,
Kandelia and Rhizophora) of its 16 genera inhabiting
mangroves (Carallia are found in mountain forests).
All six described Bruguiera species are found in
ISCS but their spatial distribution is still uncertain.
For example, B. exaristata and C. tagal var australis
are found in northem Australia and Southern New
Guinea [63, 97], but also accurs in East Java to Timor
island of NTT province as the dominant stand in the
11,001.46 ha of mangrove forests [98]. Both species
are types or paratypes of two key coral/Arafura sea
taxa. Another example is Brownlowia argentata, a
tiliaceous tree that is absent in Java and Nusa Tenggara
but common in Sumatra and Kalimantan. Aegialites
annitlate (Plumbaginaceae) is an eastern Indonesia
prominent mangrove species with Java as their limit
of distribution, but Aegialites rotundifolia is missing
in Indonesia [99]. Avicennia rumphiana is most
common in central Malesia or western Indonesia, but
according to my field data, it occurs in Kalimatan and/
or Borneo to the east coasts of the Malay Peninsula.
From the species distribution point of view, there are
many gaps to be investigated. Botanically, ISCS is an
area of promise for rediscovery and new records of
mangrove flora (Tables 1, 4, 5).

There is still very little comprehensive study on
the ecosystem of any of the Indonesian mangrove
forests [100]. The floral and faunal ecology of
mangrove forests in the various parts of Indonesia
has not been adequately studied. Numerous factors
affect the distribution of mangrove plants [101]. At
ISCS, a more complete analysis of the distribution
of plants and animals in the mangrove forests and
their dispersal mechanisms are information types that
once filled, will allow fine-turning of a provincial
conservation plan for the mangrove forests. Thus,
mangrove conservation education is promoted on
the background of sustainability and biodiversity




Table 4. Flora mangroves: true mangrove species recorded during botanical survey (1-13: province as in Tablel) (x:
present with voucher specimen, very common. 7: present with sterile voucher specimen, occasional to very rare).

Species

Family

Province of 1he [SCS

I 2345678091011 12 13
1. Aegialitis anmulata R, Br. Plumbaginaceae, Sh, S «x T 7
2. A. rotundifolia Roxburgh Phlumbaginaceae, Sh, S x
3. Amoora cuculiara Roxb. Meliaceae. Sh, § X X X X X X X
4. Aegiceras corniculatum (L.} Blanco Myrsinaceae, Sm, P X X & XX X XX X X X
5. A. floridum Roem. & Schult. Myrsinaceae, Sm, P X
6. Avicennia alba Blume Avicenniaceae, T, P X X X X XX XXX X X X X
7. A. integra N.C. Duke Avicenniaceae, T, P x ?
8. A. lanata Ridley Ayicenniaceae, T, P X
0. A. marina {Forsk.) Vierh. Avicenniaceae, T, P X X X X X X X XX X X X X
10. A. marina var australasica (Walp.) Moldenke Avicenniaceae, T, P ?
11. A. marina var eucalyptifolia (Zipp. Ex Miq.} N.C. Duke Avicenniaceae, T, P ? ?
12. A. marina var intermedia {W. Griff.) Bakh. Avicenniaceae, T, P XX X X X X ?
13, A. marina var marina Avicenniaceae, T, P X X X X XX
14. A. marina var resinifera (Forst.f.) Bakh. Avicenniaceae, T, P 7?2
15. 4. officinalis L. Avicenniaceae, T, P x x x x x x x x x X x x x
16. A. rumphiana Hall.f Avicenniaceae, T, P E x 7
17. Brownlowia argentata Kurz. Tiliaceae, T, S ?7 x ?7x X ?70? x o
18. B. lanceolata Bth. Tiliaceae, T, S X X X X X X
19. B. tersa (L.) Kosterm, Tiliaceae, Sh, 8 X X X X XX
20. Bruguiera cylindrica Blume Rhizophoraceae, T, P x x x X ¥ X X X X X X X X
21. B. exaristata Ding Hou Rhizophoraceae, T, P x x x X x x x X X X X X
22, B. gymnorrhiza (L) Lamk. Rhizophoraceae, , P x x X X ¥ x X X X X X X X
23, B. hainesii C.G.Rogers Rhizophoraceae, T, P x X X X
24, B. parviflora (Roxb.) Wight and Arn. Ex Griff. Rhizophoraceae, , P x x x x x x x x x X X X
25, B. sexangula (Lour.) Poir, Rhizophoraceae, T, P x x x x x x x x X X x X
26. Camptostemon philippinensis (Vidal) Becc. Bombacaceas, T, P ? 7 7
27. C schultzii Masters Bombacaceae, T, P 7
28. Ceriops decandra (Griff.) Ding Hou Rhizophoraceae, T,P % X x x x x X X X X
29. C. tagal (Perr.) C.B.Robinson Rhizophoraceae, ;P  x x x x x ¥ ¥ x X X X X X
30. C. ragal var qustralis Rhizophoraceae, T, P 7
31. C. tagal var tagal Rhizophoraceae, TP ?
32. C zippeliana Blume Rhizophoraceae, T, P  x ? 2
32. Cerbera manghas L. Apocynaceae, T, S X X X XXX XXX X X X X
33. C. floribunda K. Schumann Apocynaceae, T, S ? 7
34. C. odoliam Gaertner Apocynaceae, T, 8 X X X X X
35. Cynometra ramiflora L. Leguminosae, T, 8 X XX X XX
36. Dolichandrone spathacea (L.1) K. Schumann Bignoniaceae, T, P X X X X X X X X
37. Excoecaria agallocha L. Euphorbiaceae, T, P X XX XX XXXX X X X X
38. Heritiera globosa Kostermans Sterculiaceae, Sm, S X X
39, H. littoralis Dryand. Ex W. Ait Sterculiaceae, T, P X X X X X X X
40. Intsia bijuga (Colebr.) O. Kuntze Leguminosae, T, 8 XX X X XX
41, Kandelia candel (L.) Druce Rhizophoraceae, ;P x x = x x x x 7 x x X X X
4ta. K. obovata Sheue.Liu & Yong Rhizophoraceae. T.P. -
42, Lumnitzera littorea (Jack.) Voigt. Combretaceae, T, P X XX X X X X X
43, L. lutea Presl. Combretaceae, T, P ? ? 7
44, L. racemosa Willd, Combretaceae, T, P X X X X X % X XX % X X X
45. L. rosea (Gaud.) Presl. Combretaceae, T, P ? ?
46. L. (littorea x racenosa) Combretaceae, T, P ? ?
47. Nypa fruticans (Thunb.) Wurmb. Palmae, Tp, P X X X X X X XXX X X X X
48. Osharnea octodonta F. v.Muell. Myrtaceae, T, P X X X X XXX X X X X
49. Oncosperma figillaria (Jack.) Ridl, Palmae, Tp, P X X X x X 7 % X
50. Pemphis acidula J.R. Forsk. & G. Forsk. Lythraceae, Sm, P X X X XXX X X X
51. Paramignya angulata (Willd.) Kurz. Rutaceae, S, S XX X X ?7 0?7 x X
52. Phoenix paludosa {Jack.) Ridk. Palmae, Sh, S X XX XX
53. Rhizophora apiculata Blume Rhizophoraceae, ;P x x x & X x ¥ x X & X X X
54. R. lamarckii Montr, Rhizophoraceae, T,P 7 X
55. R. mucronata Lam. Rhizophoraceae, ;P x x x ¥ x X X X X X X x X
56. R. stylosa Griff. Rhizophoraceae, ,P % x x x x x Xx x X x X
57. Scyphyphora hvdrophyllacea Gaerin. f. Rubiaceae, Sm, P X N X X X X XXX X X X X
58. Sonneratia alba J. Smith Sonneratiaceae, T, P ¥ XX XX X XXX X X X X%
59. S. apetala Buck.-Ham Sonneratiaceae, T, P X X X 2 7 7
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Panel discussion

The conference concluded with a Panel Discussion chaired by Prof. Phang Siew Moi to further
deliberate on South China Sea Regional Co-operation. The panel comprised members of the countries
bordering the South China Sea namely Dr Li Jianwei (China), Dr Fadli Syamsudin (Indonesia),
Dr Tan Koh Siang (ASEAN-COST; Singapore), Dr Abdul Kadir Bin Ishak (Malaysia —~ NOD), Dr
Kenneth Sherman (USA - NOAA), Dr Vo Si Tuan (Vietnam), Dr Koch Savath (Cambodia) and Prof
Abraham Sakili (Philippines).

Acknoledgements - We wish to extend our heartfelt gratitude and appreciation to the Honorable
Chief Minister for his presence to grace the event. Our special thanks for the valuable input given by
the distinguished speakers and participants.

Lastly, we would like to congratulate and thank everyone for the support and hard work provided
by the teams of the organizers MOSTI, UM and MSMS.

Co-Chairpersons

Professor Dr. Nor Aieni Haji Mokhtar
Director, National Oceanography Directorate
Ministry of Science, Technology and Innovation
and

Professor Dr. Phang Siew Moi

Director, Institute of Ocean and Earth Sciences
University of Malaya
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60. S. caseolaris (L.) Engl,

61. 8. gulngai N.C. Duke

62. 8. griffithii Kurz.

63. S. lanceolara Bl.

64. 8. ovata Backer

65. 8. (alba x caseclaris)

66. S. {alba x lanceolata)

67. 8. (alba x gulngai}

68. S. species

69. Xylocarpus australasicus Ridley.
70. X. granatum Koen.

71. X. moluccensis (Lam.) M. Roem.
72. X rumphii (Kostel.) Mabb,

73. X. species

74. Acanthus ebracteatus Vahl.

75. A. ilicifolius L.

76. A. volubilis Wall.

77. Acrostichum aurewm L.

78. A. speciosum Willdenow

79. Clerodendron inerme Gaertn.

80. Cumingia philippinensis Vidal

81. Derris heptaphylla (L.) Merr.

82, D. heterophylia (Willd.) Backer
83. D. trifoliata Lour,

84. Dalberrgia caudenatensis (Dennst.) Prains
85. D. menocides Prain.

86. Finlaysonia obovata Wall.

87. Cuaesalpinia crista L.

88, Gymmanthera paludosa (BL) K. Schum
89. Ixora timoriense Decne.

90. Pithecellobium tmbellaium (Vahl) Bth.
91. Smythea lanceata {Tul.) Summerh.

Sonneratiaceae, T, P X X X X X X XXX X X X X
Sonneratiaceae, T, P ? ? X
Sonneratiaceae, T, P ? 7 x 7 x x
Sonneratiaceae, T, P XX X X X X
Sonneratiaceae, T, P X X X X

Sonneratiaceae, T, P ? ?
Sonneratiaceae, T, P ? 7
Sonneratiaceae, T, P ? ?

Sonneratiaceae, T, P X X X XX XX XX X X X X
Meliaceae, T, P ? ?
Meliaceae, T, p X X X XX X XX X X X X
Meliaceae, T, P XX X XXX XX X X X x
Meliaceae, T, P X X X X x ?
Meliaceae, Sm, P 77 ? 7 T 7 7 °
Acanthaceae, H, P X X X

Acanthaceae, H, § X XX X X X X X
Acanthaceae, H, § X XX X X X x
Pteridaceae, F, Sh, P x XX X X X X X
Pteridaceae, F, Sh, § X X X ?7 07 x X
Verbenaceae, Sh, § X X X X X X X XX X X X x
Leguminosae, Sm, S ' X X
Leguminosae, WC, S ? 7?9 ?xxx x x ?2 ?
Leguminosae, WC, 8§ XX X X X X
Leguminosae, WC,§ % x % x x x ¥ X ¥ X X X X
Leguminosae, WC, S { X X X X X X X X X X X X
Leguminosae, WC, § ? 9277 XX X X X x
Aslepiadaceae, WC,8 x x x x x x ¥ x X X X X X
Leguminosae, Sh, § X X X X XX XXX X X X x
Asclepiadaceae, We, S x x x x X X X X X X X X X
Rubiaceae, Sm, S 7 XXX X X X X
Leguminosae, T, § X X X X x
Rhamnaceag, Wc, S ? 27777 xxXX X X X X

as well as including the basic concepts and ideas
of modern ecology, e.g. a relevation of genetic
source of species. Moreover, to protect the country’s
tremendous biodiversity, the government instituted
Law No.5/1990 on Conservation of Living Resources
and Their Ecosystem, as well as Law No.5/1994
which ratifies the Convention on Biological Diversity
(CBD). Indonesia has revised the Biodiversity Action
Plan for Indonesia and has named it as Indonesian
Biodiversity Strategy and Action Plan 2003-2020 [8].

Indonesia belongs to Malesia unit of plant
geography [4, 29, 30, 62, 71, 81]. ISCS mangroves
are not only exceptionally tall and luxuriant, but also
hold the greatest number of tree species {Tables 4,
5). ISCS is thought to be the geographical centre for
the mangrove forests and considered being the major
centre of origin for mangrove taxa [102], from which
these well-adapted tree species, capable of surviving
on saline soils that are subjected to tidal inundation,
have spread throughout the tropics. For instance
Sonneratia  ovata  (Sonneratiaceae), Avicennia
rumphiana {Avicenniaceae) and Aegiceras floridum
(Myrsinaceae) are basically from central Malesia
[103], but also most common in ISCS [33, 34, 94,
104). Aegialitis annulata, Bruguiera exaristata,

Camptostemon schultzii and Osbornia octodonia are
characteristic Arafura sea-centered taxa, with western
hmits in Timor and Maluku, are found in West and
Central Kalimantan and Natuna-Anambas Islands
of RIP. These need further biogeographical and
taxonomical studies on their spatial distribution [93,
94, 104, 105].

In common with Peninsular Malaysia, Thailand
and China [106], the east coast of Sumatra contains
the richest mangrove flora in the world (Tables 4-5).
Not only is there a full range of tidally influenced
habitats and an equatorial climate with a short dry
season, but there is also a biogeographic intermixture
of species which include those from Australasia,
Indo-China and the Indian Oceans, e.g. Kandelia
obovata, a new species of Rhizophoraceae from
eastern Asia can be found and/or to occur in the
eastern part of Sumatra and Natuna-Anambas
Islands in the SCS [21]. Furthermore, the varied
uses and the threats on B. gymuorrhiza have lead to
its [UCN eritical endangered status in India in 1997
[107]. To achieve such a good conservation and
appropriate management keys, a good overview and
to re-recognize the mangrove species is essential,
Unfortunately, the current situation throughout




Malesian region is that systematic studies are not
prioritized, have poor financial support and offer
low career prospects. In sum, Malesian expertise in
taxonomy and systematics has fallen to low levels.
Thus training and research need to be encouraged.
Tables 4-5 indicate that Indonesia represents a
geographic centre for some genera of mangroves [3].
The taxonomy of some genera in Indonesia, especially
Avicennia, Sonneratia and Xylocarpus is far from
satisfactory, and the list should not be regarded as
definitive {Table 4). The actual number of mangrove
species in Indonesia therefore, has long been a matter
for debate, the range of species accepted differs
considerably from Schimper [108] through Becking
et al. [30] to Sukardjo [95] and Giesen and Wulffrat
[83]. However, even taking the term mangrove in a
narrow sense [64], the mangrove flora in particular
island of Indonesia is still a matter of problem that
many characters are distinct between them, and that
recognition of a new species is warranted, e.g. the
presence of Lumnitzera littorea, L. lutea, L. racemosa,
and L. rosea or Lumnitzera hybrid in ISCS to Seram
Island, Kai, Aru and Tanimbar Islands, through
Irian Jaya [103, 109, 110]. Clearly further studies in
these islands are needed on the supposed ecological

separation of the two Lumnitzera, i.e. L. racemosa
and L. littorea [103].

Thus, with many islands for botanical exploration,
newly identified species can be expected as Indonesia
is the centre of unexplored taxon number and
phytogeographic ranges (Tables 4, 5). Vast stretches
of mangrove forests in many islands of Indonesia
(Table 3) still remain to be studied even on a simple
floristic level, while several genera widely recognized
as a taxonomically difficult genus, still need to be
bio-systematically investigated, e.g. Bruguiera
especially in ISCS, Kalimantan up to Maluku, Aru
Islands and Irian Jaya, Avicennia, Sonneratia and
Lumnitzera rosea in Sumatra to Irian Jaya. That, along
with ecological processes, account for the highest
biological and functional diversity of mangrove
forests. The botanist’s keen attention was, however,
attracted mainly on morphology of vegetative and
reproductive characters, especially on the new record
and the rediscovery of species, e.g. Bruguiera [22],
Avicennia [111] and Ceriops zippeliana [112] (from
Seram Island) are recorded in Riau Islands. Based on
the Tables 4-3, plus additional detailed morphological
comparisons of vegetative and reproductive characters
between three geographical populations in Malesia, it

Table 5. Associated mangrove species in the transects of the mangrove forests of Indonesian South China Sea region
(Life form: T: Tree, Sm: Small to medium size tree, S: Shrub, H: Herb, G: Grasses/Sedges, WC: Woody climber, Pt: Palm
tree, TT: Tree fern (1-13: province as in Table 1} (x: present with voucher specimen, very common. ?; present with sterile

voucher specimen, occasional to very rare).
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Species Family Pz:ovince of the ISCS

1 2 3 4 5 6 7 8 9 10 11 12 13
1. Allophyll cobbe (1.) Bl. Sapindaceae, Sm X X X X X X X X X X X X X
2. Ardisia ellipficausThunb. Myrsinaceae, Sh X X X X X X X X X X X X X
3. A. Inomilis Vahl. Myrsinaceae, Sh X X X
4. Azadjrachia indica L. Meliaceae, Sm X X X X X X X X X X X X X
5. Barringtonia conoidea Griff. Lecythidaceae, Sm X X X X X X
6. B. racemosa (L.) Spreng. Lecythidaceae, Sm X X ¥ X X % X X X X X X x
7. Caesalpinia bonduc (L.) Roxb Leguminosae. Sm X X X X X X XX
8. Calamus erinaceus {Becc.) Drans. Palmae, WC X X X X ? x x
9. Calotropis gigantean (L.) Dryand. ex W.T.Aiton  Aclepiadaceae, Sh. X X X X X X X X X X x X X
10. Cassine vibwrnifolia (Juss.) Ding Hou. Celasteraceae, Sm X X X X X X XX
11. Cayratia trifolia (L.} Domin Vitaceae, Cl X X X X X X X % X ®x X X X
12. Coccinia grandis (L.) Voigt. Cucurbitaceae, Cl X X X X X X X X X X X X X
13. Claoxylon polot (Burm.f) Merr. Euphorbiaceae, Sm X X X X X X X X X X X X X
14. Cryptocoryne ciliate (Roxb.} Schott. Araceae, H X X X X X X X X X X X X X
15. Cyeas rumphii Miq. Cycadaceae, TT X X X X X X X X X X X X X
16. Cynanchum carnosum Schitr. Asclepiadaceae, WC X X X X X X X X X % X & x
17. Cyperus javanicus Houit. Cyperaceae, G X X x x ? x X X X X X X X
18. C. malaccensis Lmk. Cyperaceag, G X X X X X X X X X X X X X
19. Desmodium wmbellatum (L.) DC Leguminosae, Sm X X X X X X X X X X X X X
20. Diospyros ferrea (Willd.} Bakh. Ebenaceae, T X X X x X ?7 7
21. Diplachne fusca (L.y Beauv. Cyperaceae, G X X N X X X X X X X X X x
22. Ervatamia sphaerocarpa (Bl.) Birk. Apocynaceae, Sm X X X X X X X X X X X X =X
23. Ficus annulata Blume Moraceae, Sm X X X X X X X X% X X X x «x
24, F deltoidea Jack. Moraceae, Sm X X X X X X X X XX
25. F microcarpa L. Moraceae, Sm X X % X X X X X X X X X X




O
co
v
O
O
(!
Yo
(=)
(]
1
3
&
=
L
=
=
>
n
L
o)
<
<=
9
[
o
c
[»]
3
=
Bt
[
A
e
Q
S
=
3
-‘—01

. F. trichocarpa Bl. Moraceae, Sm ¥ X X X X X X X X X X X X
27. Fimbristelis ferruginea (L.} Vahl. Cyperaceae, G X X X X X X X X X X X X X
28. F. polyvtrichoides B. Cyperaceae, G X X X X X X X X X X X X X
29. F. spathacea Roth. Cyperaceae, G ¥ X X X X X X X X X X X X
30. Finlaysonia maritima Backer ex Heyne Asclepiadaceae, WC X X X X X X X X X X X X X
34. Flagellaria indica L. Flagellariaceae, Sh X X X X X X X X X X X X X
32, Glochidion littorale Bl. Euphorbiaceae, Sm ¥ ¥ X X% X X X X X X X X X
33. Gluta velutina Bl. Anacardiaceae, Sm 7 X x X X X X
34, Guettarda speciosa L. Rubiaceae, Sm X X X X X X X X X X X X X
35. Hibiscus tiliaceus L. Malvaceae, T X X X X X X X X X X X X X
36. Hippomane mancinella L. Euphorbiaceae, Sm X X X X X X X X X X X X X
37. Hova obtusifolia R. Br. Asclepiadaceae, WC X X X X X X X X X X X x X
38. Inocarpus fagiler (Parkinson) Fosberg Leguminosae, T X X X X X X X X X X X X X
39. Melalewca leucadendron L. Myrtaceae, T 7 0% x X X X X
40, Merope angulata (Wilid.) Swingle Rutaceae, Sm X X X X X X X X X X X X X
41, Myristica hollrungii Warb. Myristicaceae, Sm X X X X X X X X X X X X X
42. Myrsine umbellulata (Wall.) Merr. Myrsinaceae, Sm X X X X X X X X X X X X X
43. Ochthocharis borneensis Bl. Melastomataceae, Sh. X X X X X X X X X X X X x
44. Pandanus affinis Kurz. Pandanaceae, Sh X X X X X X X X X X X X X
45, Planchonella obovata (R.Br.) Pierre Sapotaceae, T XX X X X X X X
46. Plicchea indica (1..) Less. Compositae, Sh X X X X X X X X X X X X x
47. Podocarpus polysrachyus R.Br. ex Endl. Podocarpaceae, Sm X X X X X
48. Ponguamia pinnaia (L.) Pierre Leguminosae, T X % X X X X X X X X X X X
49. Portulaca quadrifida L. Portulacaceae, H X X X X X X X X
50. Premna obtusifolia R.B. Verbenaceae, Sm X X % X X X X X X X X X X
51. Sapiwm indicum Willd. Euphorbiaceae, Sm X X X X X X X X X X X X X
52. Sarcolobus banksii R.& S. Asclepiadaceae, Cl X X X X X X
33. Scaevola faccada (Gaertn.) Roxb. Goodeniaceae. Sh X X X %X X X X X X X X X X
34. Scirpus littoralis Schrad. Cyperaceae, H X X X X X X X X X X X X
55. Scolopia macrophylla (W.& A.) Clos. Flacourtiaceae, T X X X X X X X X X
56. Sesuvium portulacastrum (L)) L. Aizoaceae, H X X X X X
57. Sophora tomentosa L. Leguminosae, Sm X X X X X X X X X X X X X
38, Stemonurus secundiflorus Bl. Iecacinaceae, Sm X X X X X X X X X
59. Thespesia populnea (L.} Solander ex Correa Maivaceae, T X X X X & X X X X X X X X
60. Tristania sp. Theaceae, Sm ?7 X X X X X X
61. Vitex ovata Thunb. Verbenaceae, Sh X X X X X X X X X X x
62. V. pubescens Vahl. Verbenaceae, T X X X % X X X X X X X X X
63, ¥ trifoliata (Thunb.) Makino Verbenaceae, T X X XN X X X X X X X X X X
6d. Wedelia biflora (L) DC. Compositae, H X X X X X X X X X X x x x

seems necessary to revise the genus Ceriops globally.
Also, Rhizophora lamarchii occurs in Guinea (Irian
Jaya and PNG) but reportedly found as new records in
Bali and Lombok Islands [36] and Flores Island [98]
and possibly in Natuna-Anambas Islands. My field
data indicated that Soneratia gulngai is to be found in
Bali, Lombok islands and Nusa Tenggara [35, 113],
and Avicennia integra in Irian Jaya through Aru, Kai
and Tanimbar islands[33, 34, 92, 114]. Recently,
Aegialitis rotundifolia (Plumbaginaceae), Bruguiera
hanesii, Heritiera fomes and Kandelia candel were
found at small islands in Natuna-Anambas of the
South China Sea, and at offshore islands of Aceh in the
Indian Ocean [99, 107, 115-118]. Consequently, from
present species record and its distribution (Tables
4-5), it appears that Indonesia is the interesting center
of dispersal of modern-day mangrove floras. Thus
Indonesian mangroves looking for strategic alliances
and botanical exploration are the key words [20],

GLOMIS-ISME, and World Mangrove Atlas [102]
and therefore, should be revised.

My field data (Tables 1, 3) suggested that
associate species fail to invade mangrove forests
after disturbances, both man-made and natural or
under stress. The plant communities {Table 3) which
comprise the ISCS’s mangroves are a consequence
of natural recruitment but also human cultivation.
Indonesian mangrove forests are therefore,
floristically rich with at least 295 species represented
{Tables 4-5) [83]. Most of these are migrant species
and considered to be marginal species (Table 5). The
presence of marginal species has been speculated,
less written, and little experimental effort expanded,
on the physiological relationship between the species
and salinity. The high number of epiphytic species
given by Giesen and Wulffrat [83] was found in
Sumatra, Kalimantan and Irian Jaya and is associated
with high rainfall (>1500 mm per year). The absence




tends to indicate the dry climate in Nusa Tenggara
[3L

Due to the unigue position at the two continents,
Asia and Australia and two oceans, Pacific
and Indian, ISCS mangrove forests become a
corridor and refuge habitat for migratory birds
(e.g. Limnodromus semipalmatus, Tringa gutlifer,
Pelicanus philippensis), and as habitable forest for
a specific fauna including birds (e.g. Eopsaltria
pulverulenta, Pachycephala melanura), reptiles
(e.g. Tomistoma schlegelii) and other animals of the
two continents [119]. Five hundred thousand to one
million migratory waders, including Asian Dowitcher
(Limnodromus semipalmaius), Black-tailed Godwit
(Limosa limosa), Terek Sandpiper (Xenus cinereus)
and Common Redshank (7ringa tetanus) are
dependent on the South Sumatran mangroves for
feeding, roosting and wintering. Coastal area of
the province ranks as one of the most important
stop-over sites in the East Asian Flyway. Mangrove
forests provide feeding, nesting, roosting and staging
areas for many globally threatened wildlife species,
such as Milky Stork (Mycteria cinerea), Spot-billed
Pelican (Pelicanus philippensis), Lesser Adjutant
(Leptoptilos javanicus), Great-billed Heron (4rdea
sumairana), Nordmann’s Greenshank (7ringa
guttifer), L. semipalmatus, Sumatran Tiger (Panthera
tigris sumatrana), otters, lrrawaddi Dolphin (Orcaella
brefirostis) and Estuarine Crocodile (Crocodylus
porosus). Thus these are early indications that
Indonesian mangrove forests are mega-biodiversity
cenfres and are important for managing the balance
of nature for threatened wildlife and the commercial
marine and coastal species of both continents and
oceans. Changes in the environmental settings
regulate the exchange of water, energy and materials
across coastal landscapes and can control the levels of
biological diversity as well as primary and secondary
productivity. However, it is interesting to note that
the relationship between changes in biodiversity
and ecosystem function is not easily quantified in
mangrove ecosystems despite the extensive pool of
information [120].

MangrovehabitatsinIndonesiahaveextremelyhigh
conservation value, due to their apparent importance
for marine and coastal fisheries [121] and usage by
migratory wildlife [20]. The presence of large stocks
of fishes, particularly juvenile, within Indonesian
mangrove forests are important ecological aspects to
be described more for their population dynamics such

as residence times and growth rates [122]. To preserve
and utilize the mangrove environment, it is necessary
to quantitatively understand the unique hydrodynamic
that constitutes the mangrove environment that
supports the mangrove ecosystem. Conversion of
mangrove forests destroys the natural nursery grounds
of fish and shellfish. This is further aggravated by
the conversion of inland freshwater swamp forests
that diminished the area of freshwater habitat and
affects the supply of water and nutrient to the
spawning and nursery areas. There is a direct conflict
of interest between MOMAF and MOF over the
utilization of the mangrove swamp areas in both SFA
and NSFA in terms of area as fisheries resource and
forestry value. The conservation of mangrove plants
and/or forests therefore, is of social and economic
importance to fisheries, e.g. commercial shrimp. A
statistically strong correlation between the areas of
mangrove and shrimp fishery productivity in different
parts of Indonesia was demonstrated by Martosubroto
and Naamin [122]. Removal of the rain forests in
the uplands and/or river basin or catchment’s areas
would be disastrous. The ecological basis for
economic value of seafood production supported by
mangrove ecosystem therefore should be quantified
[123].

Mangrove forests are being degraded and removed,
as people see little benefit in their continued existence
relative to the benefits of short-term exploitation and
conversion to other uses, e.g. Pantai Timur-Lampung
for tambak [28]. It has always been stated that [SCS
mangrove forests have been severely overcut, e.g.
Sumatraand Kalimantan up to Sulawesiand Irian Jaya.
Ironically, most mangrove forest areas have received
very liftle attention with respect to management
[124]. The areas being scattered over many thousands
of islands, make it impossible to establish a general
working plan, e.g. Riau Lingga archipelago [46, 48,
125]. Currently, large areas of many mangrove forests
are getting depleted and degraded at an alarming rate
(Table 2). The condition is aggravated by tsunami
catastrophes. Also, the losses of mangrove forests
(Table 2) are found in many localities along with very
diverse flora. Mangrove rehabilitation is therefore
needed to restore mangroves to productivity and to
repair their important ecological function.

ISCS mangrove forests degradation (Table 2)
and its environmental problems at local levels
(provincial and district) are major issues not only
in mangrove restoration ecology but in overall
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ecology of the coastal systems [52, 53]. Due to
socio-cultural and economic function of mangrove
forests at the local level where there are much
diversified ethnic groups living in and around the
mangrove forests, the relationship between changes
in mangrove forest loss and biodiversity benefit is
not ecasy to be quantified. Integration of multiple
disciplines for the solution is needed, but this is not
an easy task. Moreover, the integration of human
use of mangrove environments and mangrove
forest management implications through social and
economic development required appropriate local
community participation. The relation between
people and mangrove forests is not always without
problems. Different interest groups have different
objectives towards the mangrove environment.
There are many NGOs in Indonesia promoting
nature conservation and conservation education on
mangroves. Some organizations are also dedicated
to maintaining the wisdom of indigenous natural
resource management and raising awareness of local
indigenous laws. One form of mangrove management
is through the formulation of laws and rules. The GOI
recognizes that public participation is essential to
the successful implementation of National Strategy
for Mangrove Ecosysterm Management in Indonesia.

Indonesian  mangroves  warrant  detailed
consideration not only because of its commercial
importance but also in view of its widespread
distribution in all bigger islands, e.g. Sumatra,
Borneo, Sulawesi, Irian Jaya, and the far greater
amount of useful information now available on a
national basis for this sharply differentiated and
silviculturally interesting edaphic forest community.
Furthermore, many mangrove plants are useful
and are valuable in local and national economics
[123]. Local people have a good knowledge of the
flora. They depend on plants with which they make
ample use. A wealth of knowledge awaits recording.

CONCLUSION

It can be concluded generally that the value of the
Indonesian mangrove forests is not just of academic

interest (e.g. Kandelia obovata in Natunalslands)
[21], it is also telated to their cultural and commercial
values. After the 26 December 2004 tsunami much
awareness was generated, and currently, represent
an important target for ITUCN-MFF (MFF Focal
Countries: India, Indonesia, Maldives, Seychelles,
Sri Lanka and Thailand). Some Indonesian islands,
such as ISCS, Irian Jaya, Sulawesi, and Mentawai,
have been found to have very high levels of
endemism. Lack of monitoring, due to insufficient
funding and equipment, has caused many illegal
fishing ftrips to operate in the country. Foreign
fishers also often use unsustainable fishing practices
(chemicals and bombs). All may have lead to its [UCN
critical endangered status and being lost forever.
World Summit on Sustainable Development (WSSD)
or Earth Summit 2002 stated that mangrove forests
are essential for maintaining global biodiversity in
the coastal zone. The Global Environment Facility
amounts to US$1,000 million just to Initiate
biodiversity support [8]. Indonesian mangrove
forests are also a physiographic unit, the principal
components of which are organisms. The problems
therefore are predominantly of a biological nature.
Moreover, Indonesia has also ratified the United
Nations Framework Convention on Climate Change
through Law No.6/1994, The National Action Plan
has been formulated with assistance from NGOs. Past
global changes encourage paleo-envirommental and
paleo-climate rescarch efforts directed at securing
a quantitative understanding of natural and human-
induced wvariations of the earth system in the past,
in order to make informed predictions of future
climate, ecosystems and sustainability (IGBP 1991)
[126]. Wolanski ef al. [127] pointed out that each
mangrove species has a unique configuration of
trunks, prop-roots and pneumatophores that works
as a different drag force and therefore results in
a different reduction rate of sea waves. Thus,
Indonesian mangrove ecosystems reflect the
dynamics between climatic variations and localized
sea level changes of coastal processes and biological
interactions as well as interventions by human
activities — past, present/today and tomorrow,
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Malaysian seaweed resources in the South China Sea and their potential
economic and ecological applications
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Abstract  The east coast of Peninsular Malaysia and the west coast of Sabah and Sarawak border
Malaysia’s South China Sea area. Malaysia is rich in marine algae (seaweed) resources. A total of 364 taxa of
marine algae (seaweeds) are reported from the South China Sea area of Malaysia. This includes 8 families of
Cyanophyta with 17 genera and 26 taxa; 14 families of Chlorophyta with 29 genera and 87 taxa; 26 families
of Rhodophyta with 67 genera and 165 taxa and 8 families of Phaeophyta with 18 genera and 86 taxa. Many
of the seaweeds have potential for commercialization based on a variety of products and uses. Seaweeds
have been utifized in Malaysia for food, animal feed, fertiliser and traditional medicine. The search for novel
bioactive compounds from marine algae has revealed tropical seaweeds to be a potentially important source.
Seaweeds are useful for environmental management and can be used in integrated multi-trophic aquaculture
system for remediation of aquaculture wastes. The seaweed biomass generated is a potential source of

biofuel.

Keywaords

INTRODUCTION

The east coast of Peninsular Malaysia, the west coast
of Sabah and Sarawak borders Malaysia’s South
China Sea area. In the context of the Large Marine
Ecosystem (LME), the waters closer to the east coast
of Peninsular Malaysia betong to the Gulf of Thailand
LME [1}], while the open waters all the way to the
west coasts of Sabah and Sarawak are included in the
South China Sea LME. Both the LMEs are productive
(150->300 ¢C.m2.yr') with high marine biodiversity
[1, 2]. Many rivers drain into the South China Sea
and contribute to the nutrient loads, especially around
the estuaries, resulting in high productivities. Marine
fisheries provide a major protein source especially
for the coastal communities in Malaysia. Seaweeds
which have been traditionally used as food, are
now cultured for the industrial production of the
phycocollod carrageenan [3, 4].

SEAWEED RESOURCES OF MALAYSIA
Malaysia is rich in marine algae (seaweed) resources.

Phang et al. (2007) [5] reported 386 taxa of marine
algae, comprising Chlorophyta (13 families, 102

Malaysia — seaweeds — carrageenan — biopharmaceuticals — biofuel — bioremediation

taxa), Rhodophyta (27 families, 182 taxa), Phaeophyta
(8 families, 85 taxa) and Cyanophyta (8 families, 17
taxa). Many of these seaweeds are found along the
coastling and around the many islands of Malaysia,
which face the South China Sea. Appendix 1 lists
the seaweeds reported for the South China Sea area
of Malaysia. There are at least 364 taxa of seaweeds
in Malaysia’s South China area — 242 taxa (1 blue-
green, 60 green, 114 red and 67 brown seaweeds)
reported in Phang et al. [5]; 15 taxa (4 green and 11
red seaweeds) reported for Pulau Tioman, Pahang in
Phang ef al. [6]; 3 taxa (brown scaweeds) reported in
Lim er al. [7]; 1 taxa (brown seaweed) in Phang et a/.
[8]; 90 taxa (24 blue-green, 19 green, 35 red and 12
brown seaweeds) reported for Terengganu in Gan et
al. [9]; 1 taxa {brown seaweed) reported in Lim ef al.
[10]; and 12 taxa {1 blue-green, 4 green, 5 red and 2
brown seaweeds) reported in Phang ef al. [11].

UTILISATION OF MALAYSIAN SEAWEEDS

Many of the seaweeds have potential for
commercialization based on a variety of products and
uses. Seaweeds have been utilized in Malaysia for
food, animal feed, fertiliser and traditional medicine
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Abstract The Large Marine Ecosystems (LMEs) of Southeast Asia are presently undergoing change under
the influence of growing economic development and human population growth. Four of the region's LMEs
-~ South China Sea, Sulu-Celebes Sea, Indonesian Sea, and Gulf of Thailand — are undergoing ecological
disturbances from overfishing, loss of coastal habitats {e.g. sea grasses, mangroves, coral reefs) and
biodiversity, nutrient over-enrichment, increasing pellution and vulnerability to climate change. These four
LMEs produce an average annual marine biomass yield of 10.8 mmt representing 15.6 percent of the world’s
catch valued at nine billion dollars. Recent analyses indicate that climate change and global warming have
not adversely affected the continuing rapid rise of fishery biomass yields in the four Southeast Asian LMEs.
However, nutrient over-enrichment, pariicularly from dissolved inorganic nitrogen from fertilizers, manure,
and sewage estimated at 100,000 to 2.5 million tons per year is entering the four coastal ecosystems at
unprecedented rates and contributing fo the increased frequency and extent of oxygen depletion events
leading to dead zones, harmful algal blooms and fish mortalities. In recognition of the need fo introduce
ecosystem-based assessment and management actions, countries in the region have requested and been
granted financial assistance from the Global Envircnment Facility and World Bank for implementing a five-
module (productivity, fish and fisheries, poliution and ecosystem health, socioeconomics and governance)
LME approach for the recovery and sustainability of depleted fish stocks, the mitigation of nuirient over-
enrichment, the conservation of biodiversity and adaptation to climate change.

Keywords
ecosystems

Large Marine Ecosystems (LMEs) — LME Approach — Southeast Asia — sustainable marine

THE LARGE MARINE ECOSYSTEM
APPROACH

a broader, place-based approach to marine ecosystem
assessment and management, focused on clearly
delineated ecosystem units, is needed and is presently

A global movement that applies an ecosystem based underway, with the support of financial grants, and

management (EBM) approach to recover and sustain
marine goods and services is presently being practiced
in a growing number of developing countries. It
is known as the Large Marine Ecosystem {LME)
approach, and it is being endorsed and supported
by governments world-wide, as well as by financial
institutions including the Global Environment
Facility, the World Bank and by a broad constituency
in the scientific community [1].

While we concur with the movement toward an
ecosystem-based approach to the management of
marine fisheries {2], it is important to recognize that

donor and UN partnerships, in nations of Africa,
Asia, Latin America and eastern Europe.

The LMEs are natural regions of coastal ocean
space encompassing waters from river basins and
estuaries to the seaward boundaries of continental
shelves and offshore margins of coastal currents
and water masses. They are relatively large regions
characterized by distinct bathymetry, hydrography,
productivity, and trophically dependent populations
[3]. It is within the boundaries of 64 LMEs (Fig.
1), that 80% of mean annual marine fisheries yields
is produced, overfishing is most severe, marine
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[3, 12]. Seaweeds like Gracilaria changii, G. edulls,
G. salicornia, G. tenuispitata and Gelidium spp. are
used as salads and for the preparation of desserts
such as agar-agar. In Peninsular Malaysia, there is
some collection of natural populations of Gracilaria
and Caulerpa for local consumption. During fasting
raonths, fresh Gracilaria or sarer is sold in the eastern
states (Kelantan and Terengganu) of Peninsular
Malaysia for use as salads.

In Sabah Eucheuma, Solieria and Caulerpa are
collected and eaten either raw or blanched in salads.
In the Chinese medicine shops one can buy dried
Sargassum, Turbinaria and Ulva of unknown origin,
which are popularly used by the Chinese in a soup
considered as a rich source of iodine and which ‘cools’
the body system. The nutritional value of Malaysian
seaweeds is little known except for a few reports. Chu
et al. [13] reported on the lipid and fatty-acid content
of selected seaweeds. Nine species of seaweeds were
analyzed for fatty acid composition, and Dictyota
dichotoma was found to contain the highest (17.6%
ash-free dry wt) amount of lipids. All the seaweeds
contained eicosapentaenoic acid ranging from 2.4 to
10.7% total fatty acid, with Gracilaria edulis having
the highest content. Three species of Malaysian
seaweeds Fucheuma cottonii, Caulerpa lentillifera
and Sargassum polycystum, were analyzed for their
nutrient content [14]. The seaweeds were high in ash
(up to 46%) and dietary fibres (up to 40%) and low
in lipids (up to 1.11%) on a dry weight basis. The
crude protein content of Euchewma (9.76% DW) and
Caulerpa (10.41% DW) were higher than Sargassum
(5.4% DW). All three seaweeds were rich in vitamin
C and a-tocopherol {(up to 11.3 mg/100g).

Malaysia has a small seaweed industry located
in Sabah. There are three companies culturing red
seaweeds, mainly Kappaphycus and Eucheuma,
with two factories (Tacara and Omnigel) producing
semi-refined carrageenan and chips in Tawau, while
the newest factory, Genius Ocean, produces refined
carrageenan in Semporna, Sabah. In the period 2000-
2003, the seaweed production ranged from 2565 to
4101 metric tonnes bringing a revenue ranging from
RM 6 to 14 million per annum [15]. Fishing families
around Semporna are involved in the mariculture of
the Eucheuma using the monofilament techniques
in the reefs fringing the islands near Sempoma. The
monthly production from Semporna is around 60 to
100 tonnes dry wt per month [12]. The harvested
seaweed is sun dried on the platforms of houses built

on the reefs and sold at RM 1.10 (US$1 = RM3.5)
per kg dry wt to the carrageenan producers. The
carrageenan is used mainly for jelly and puddings,
processed meat and blends for sauces [16]. Gracilaria
changii, a good source of high quality agar and
agarose {3] has also been experimentally cultivated
in shrimp ponds, mangrove ponds and irrigation
canals [17]. Unlike Eucheuma, Gracilaria farming
has not gone large-scale, probably because there are
no large agar factories in the region. A small cottage-
scale agar factory was operating in Sungei Buloh,
Selangor in the 1990s but closed down after a short
period. The Gracilaria was imported from Thailand
{Shaharuddin Shaffei, personal communication).

The search for novel bioactive compounds from
marine algae has revealed tropical seaweeds to be
a potentially important source [18-21]. Bioactive
properties of seaweeds range from antiviral to
antioxidant, immunostimulatory, anti-coagulant,
anti-thrombic and anti-inflammatory. Traditionally
coralline algae like Corallina and Amphiroa
are crushed and fed to children to expel worms
[3]. Halimeda opuntia, Acanthophora spicifera,
Laurencia, Euchewma spinosum, Gracilaria sp.,
Hypnea musciformis, Dictyopteris sp., and Sargassum
spp. contain antibiotic compounds. Three species
of Laurencia collected from Terengganu and Pulau
Tioman, Pahang, contain brominated metabolites,
tiomanen, acetylmajapoleneB and acetylmajopolene
A [22]. Some of these compounds show moderate
antibacterial  activity against selected marine
bacteria. Of eight edible seaweed species from Sabah,
Caulerpa lentillifera, C. racemosa and Sargassum
polycystum show higher phenolic content and anti-
oxidant properties [23]. These tropical seaweed
resources have great potential for development as
food, feed and sources of biopharmaceutical products
in addition to industrial colloids [4].

SEAWEEDS AND THE ENIVIRONMENTAL
MANAGEMENT OF THE SOUTH CHINA SEA

Seaweeds as ‘nutrient scrubbers’
Seaweeds are good for wastewater treatment because:
1. they canusespecific nutrients and combinations
of nutrients as well as tolerate the high nutrient
levels in wastewaters — e.g. they can take up
ammonium, and can take up and accumulate
phosphorus even when external phosphorus
levels are high;




2. they have high tolerance for environmental
conditions like extremes of temperature, light,
salinity — e.g. Enferomorpha is very tolerant of
salinity which can range from >30 to <3 ppt;
they can accumulate heavy metals;

4. they can use multispecies systems with
different growth and reproduction periods to
treat wastes which may vary with the seasons;

5. they have high productivity potential; and

6. their biomass can be used as manure, fodder,
production of biochemicals or bioenergy [24].

An ecologically friendly aquaculture system where

seaweeds, herbivores, omnivores and detritivores are
cultured in an integrated multi-trophic system, can
provide for a sustainable aquaculture industry [25,
26]. The use of two seaweed species, Gracilaria
chilensis and Macrocystis pyrifera, with differing
light requirements allow the Gracilaria to be cultured
in the upper portion of the water column, resulting
in increased efficiency and effectivenss as biofilters
in an integrated aquaculture system [27]. Gracilaria
can be cultured in shrimp ponds, where the seaweed
removes dissolved nutrients from the excess feed
of the shrimps, thereby cleaning up the water, and
produce a useful biomass for extraction of agar and
agarosc or any other useful biochemicals [17]. The
seaweeds can also be used to feed aquaculture species
like abalone. The young larvae find protection
amongst the seaweeds from predators and the
seaweeds also produce oxygen and remove carbon
dioxide, thereby contributing to reduction in global
warming simultaneously.

(%)

Seaweeds as carbon sequesters

Marine photosynthesis accounts for 50% (59 Pg.C.y™")
of the total primary productivity of the earth, while
marine macrophytes like seaweeds and seagrasses
in the coastal areas contribute about 1PgC.y"' [28].
Seaweeds have high productivities and can serve
as efficient carbon removers from the marine
environment [29]. The brown seaweed Laminaria
Japonica is projected to have an annual production
of 1300 t.ha! FW or 6,5 times the maximum yield of
a terrestrial crop like the sugar cane. In the tropics,
Eucheuma have productivities around 1440g.m2.y"'C
[29]. Increased CO, concentrations have also been
shown to increase nitrogen uptake by two Gracilaria
species [30). Net primary productivity in seaweeds
ranges from 20 gC.m?.d"' (Laminaria solidungula
in the Arctic) to 1900 gC.m>.d' (Laminaria in the

temperate} and 2500 ¢C.m2.d! (Sargassum in the
tropics). In Sabah, Eucheuma and Kappaphycus are
maricultured to provide biomass for the extraction of
carrageenan [4], giving an annual production around
2800 mt and generating a revenue of US$5 million.

In line with Malaysia’s National Agriculture
Policy, aquaculture including seaweed cultivation,
has been identified as a priority development activity.
Todate only 800 ha is under seaweed cultivation,
mainly around Semporna, Sabah. More than 20,000
ha of coastal areas throughout Sabah have been
identified as potential sites for farming seaweeds [15].
The agarophyte Gracilaria has also been identified as
a potential seaweed for commercialization [4]. With
an extensive coastling of 4675 kim, numerous islands
and extensive continental shelves, the potential for
developing seaweed ‘forests’ is immense and the
mitigating effect substantial. However, whether
seaweed cultivation can contribute to management of
carbon dioxide, will reside to a large extent on the
productivities achieved with or without fertilization,
and the ultimate fate of the biomass. The carbon
budget has to be drawn for a seaweed farm and with
respect to each potential use of the seaweed biomass,
e.g. as a source of ethanol, food [13] or industrial
material [16]. In seaweed cultivation, the use of the
seaweed biomass as a source of energy will best
serve its role mm carbon reduction. The capture of
cool, nutrient-rich deep sea water for use in extending
the biogeographical range of temperate seaweeds
has also been suggested. Tank cultivation of Ulva
prolifera using deep seawater was found to produce
growth rate of 37% daily growth rates [31].

SEAWEEDS AS A SOURCE OF BIOFUEL

Malaysia has invested in the production of biodiesel
from plant sources including lipids from palm oil and
jatropha. Microalgae are being investigated as an
alternative feedstock for biodiesel production. While
high lipid microalgal strains are available, their
capacity to grow fast and produce high lipid contents
depends very much on an optimized bioreactor
system. Various designs, ranging from bioreactors
floating in the ocean to serpentine and coiled tubular
reactors, are available for culture in the sea.

The oil content of microalgae can range from
16 to 68% dry weight [32]. The oil yield from
microalgae can reach up to 136,900 L/ha compared
to other plant crops, which range from 172 to 5950
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L/ha [32]. Microalgae produce a variety of lipids
inchuding ftriglycerides, hydrocarbons, glycolipids
and phospholipids [33]. While most algae produce
triglycerides as the major lipids, Botryococcus braunii
contains high amounts of hydrocarbons, which can be
converted to gasoline and light and heavy cycle oil
after subjected to cracking process [341.

Microalgae appear to be the only source of
biodiesel that has the great potential to replace fossil
diesel [32]. Unlike other oil crops, microalgae grow
very fast, most can double their biomass within 24
h. High productivity of biomass can be attained
using photobioreactors, which do not require large
land areas compared to other crop plants. High algal
biomass production can also be attained at lower costs
using high rate algae ponds [35]. Furthermore, using
microalgae to produce biodiesel will not compromise
production of food, fodder and other products derived
from crops.

Microalgae can either be grown on organic carbon
through heterotrophic mode or on inorganic carbon
(CO, or HCO,") through photoautotrophic mode. One
of the potential microalgae for biodiesel production
is Chlorella protothecoides [36]. The microalga
produces a crude lipid content of 55.2% dry weight
when grown under heterotrophic condition on
glucose. The biodiesel produced is of high quality,
with high heating value and viscosity [36]. Cheap
organic carbon sources such as molasses can be used
to substitute glucose or acetate for growing microalgae
on heterotrophic mode [35). A slurry of Chlorella
vulgaris mixed with transesterified rapeseed oil and
a surfactant has been shown to be useful as fuel in a
diesel engine [37].

An added advantage of using photoautotrophic
microalgae is that they can fix CO,. Using such system,
any CO, released on combustion of the biodiesel will
have been previously fixed, therefore, the energy
supply will be CO, neutral [37]. Furthermore, such
system has great potential for CO, mitigation.
Recently, De Morais and Costa [38] demonstrated
that microalgae such as Spirulina and Scenedesmus
obliquus are efficient in removing CO.. An integrated
system using microalgae to remove CO, emitted
from industrial sources and power plants, and for the
production of biodiesel will be an attractive approach.

Seaweeds contain biomaterials in their cell
walls and as storage products, which are amenable
to bioconversion to bioethanol. World ethanol
production is about 51,000 million L with 73%

used as fuel, 17% as beverage and 10% as industrial
ethanol [39]. In Malaysia Renewable Energy (RE)
is considered the 5" Fuel after gas, oil, coal and
hydro. Investment in biofuels may rise to US$100
billion by 2010. Malaysia with high solar irradiance
has potential for converting solar energy into both
electricity as well as biomass which in turn can be
the sources of both biodiesel and bioethanol. Fuel
ethanol is currently produced from corn, sugar cane
and other lignocellulosic biomass [40]. Cellulosic and
hemicellulosic compounds derived from wood wastes
(e.g. from construction activities) can be freated with
yeast to produce >5w/v% ethanol. Bioethanol can be
a supplement to petrol or gasoline.

Limiting steps in the production of bioethano! from
biomass (like algae) include: appropriate species with
high quantity and quality of fermentable biomaterials
(feedstock) and high photosynthetic efficiency; mass
culture and harvest of the biomass; metabolic control
of the biomaterials; biorefining techniques to isolate
biofuel precursors; and process optimisation of the
fermentation.

Advantage of using algae is that they, unlike
terrestrial biomass resources, will not result in
higher food prices, impact on water use, biodiversity
and destruction of rain forest. The production of
renewable energy from algae can be carbon neutral, if
not carbon-reducing. With use of corn and sugar cane
for ethanol production, reduction in carbon emission
may be up to 56% but with seaweeds, carbon
reduction may be potentially up to 90%. For biofuel
production the algal biomass needs to be produced at
a cost of around one dollar or less per kilogramme. In
order to achieve this ambitious goal there is the need
for year-round reliable high productivity algal culture
and all factors need to be optimized and efficiently
integrated.

Integration of algal biomass production with
waste bioremediation is one way of reducing the
cost of production while coniributing to pollution
abatement. Effluent from aquaculture causes
eutrophication problems to surrounding waters, The
effluent contains nutrients in the form of phosphorus,
nitrogen and dissolved organic matter. Pond sludge is
also a big problem in shrimp farming. These wastes
can be used to provide the substrates for growing the
marine algae. The combined roles of the marine algae,
that is the bioremediation of aquaculture effluent
and the production of a renewable energy source
(bioethanol) make the systems an economically




viable one. Integrated farming is already being used
in some countries and can be easily incorporated into
the Malaysian scenario. In addition the growth of the
algae will also be removing carbon dioxide from the
environment, thereby contributing to the reduction
in global warming. In Sabah, the red seaweeds
Eucheuma and Kappaphycus give productivities of
up to 46 gDW per m? per day, indicting the potential
of seaweed biomass production for fuel [4, 41].
Analysis of selected Malaysian seaweeds show
that the carbohydrate content can reach 24% DW

(onpublished data). This indicates their potential for
bioconversion to bioethanol, a potentially important
source of renewable energy.

The integration of seaweed culture with
bioremediation of wastes like aquaculture effluents
and carbon dioxide from industries and oil refineries,
will contribute to both economic and ecological
enhancement in the South China Sea region. This will
bring great benefits to the aquaculture industry, the
biofuel industry as well as the global environment.
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Appendix 1. Checklist of South China Sea marine algae.

Taxa

Location

Reference

Division Cyanophyta

:_f'Oifi'i_cE-Nos_tpcﬂes
Family Nostocaceae

Anabaenopsis sp V.V. Miller
Trichormus variabilis (Kiitzing) Komdrek & Anagnostidis

Family Rivulariaceae
Calothrix contarenii (Zanardini) Bornet & Flakault

Calothrix crustacea Thurel

Dichothrix sp Zanardini
Rivdaria afra Roth ex Borntet & Flahault

Family Seytonemataceac
Seytonema sp C. Agardh

“Order Oséillatorialos.

Marine Park, Pulau Pinang, Terengganu
Pantai Chandering; Terenggana
Pantai Kuala Abang, Terengganu

Pantai Marina, Terengganu

Pulau Bidong Laut, Terengganu

Chagar Hutang, Pulau Redang, Terengganu
Pulau Tioman, Pahang

Pulae Bidong Laut, Terengganu

Pantai Kemasik, Terengganu

Teluk Kalong, Terengganu

Pulau Bidong Laut, Terengganu

(9]
[

(9

f3]

il
9]

9

Family Oscillatoriaceae
Blennothrix lvnghyacea (Kittzing) Anagnostidis & Komarek

Lyngbya confervoides C. Agardh
Lyngbya mafuscula (Dilbwyn) Harvey

Lyngbya meneghinianu (Kiitzing) Falkenberg ex Gomont
Lyngbya penicitlata (Gomot) Hoffmann

Lynghya semiplena (C. Agardh) J. Agardh
Lyngbya sordida Gomot

Oscillatoria subbrevis Schmidle

Oscillatoria yonedae 1. Umezaki

Family Phormidiaceae

Brachytrichia Zanardini ex Bornet et Flahault

Phormidium gracile West & G.5. West

Phormidiun laetevirens (P.L.Crovan & H.M.Crouan ex Gomont)
Anagnostidis & Komaérek

Phormidium nigroviride (Thwaites) Anagrostidis & Komarek

Planktothrix rubescens (De Candolle ex Gomont} Anagnostidis & Komérek
Symploca hydnoides (Harvey) Kiitzing
Symplocastrum coceineun {Gomont) Anagnostidis

Family Pseudgxnahaen;ceae

Leprolyngbya crosbyana (Tilden) Anagnostidis & Komadrek
Family Schizotrichaceae

Schizothrix calcicola (C. Agardh) Gomont

Marine Park, Pulau Pinang, Terengganu
Pantai Chendering, Terengganu

Pantai Bukit Keluang, Terengganu
Pantai Chendering, Terengganu

Pantai Kuala Abang, Terengganu
Tanjung Jara, Terengganu

Pulau Bidong Laut, Terengganu

Pulau Karah, Terengganu

Changar Hutang, Pulav Redang, Terengganu
Setiu Wetlands, Terengganu

Teluk Kalong, Terengganu

Batu Buruk, Terengganu

Pulau Bidong Laut, Terengganu

Pantai Kemasik, Terengganu

Teluk Kalong, Terengganu

Setiu Wetlands, Terengganu

Marine Park, Pulau Pinang, Terengganu
Pantai Bari Kecik, Terengganu

Changar Hutang, Pulau Redang, Terengganu

Flora Beach Resort, Pulau Perhentian Besar
Pulau Bidong Laut

Jetty Shahbandar, Estuary of Terengganu River

Setiu Wetlands

Marine Park, Pulau Pinang
Changar Hutang, Pulau Pinang
Marine Park, Pulau Pinang

Marine Park, Pulau Pinang, Terengganu

Marine Park, Pulau Pinang, Terengganis

Family Mastigocladaceac
Brachytrichia quoyi (C. Agardh)} Bornet & Fiahault

Pantai Cheadering, Terengganu
Teluk Kalong, Terengganu
Changar Hutang, Pulau Redang, Terengganu

(9]

(9]
(9

93
[9
[9]
9]

19]
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(1
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Division Chlorephyta

Family Ulvaceae
Ulva clathrata (Roth} C.Agardh Salang Reach, Pulan Tioman, Pahang [51,[6]

[Syn: Enteromorpha clatirata (Roth) Grevillg] Pulae Perhentian, Terengganu
Pulau Redang, Terengganu

Bato Buruk, Terengganu

Pantai Chendering, Terengganu

Pantai Kuala Abang, Terengganu

Tanjung Jara, Terenggaau

Pantai Kemasik, Terengganu

Teluk Kalong, Terengganu

Pantai Marina, Terengganu

Changar Hutang, Pulau Redang, Terengganu
Pulau Sibu Tengah, Johor

Ulva compressa Linnaeus Kuala Semarak, Bachok, Kelantan {1]
Setiu Wetland, Terengganu
Ulva fusciata Delile Pulau Tioman, Pahang [5].[6]

Pulau Sibu, Johor
Pantai Bak-Bak, Kudat, Sabah
Pulau Tiga, Kota Kinabalu, Sabah

Ulva flexuosa Wulfen Sungai Semarak, Kelantan [117
Setiu Wetland, Terengganu
Kuala Besut, Terengganu
Ulva intestinalis Linnaeus [Syn: Enteromorpha intestinalis (Linnaeus) Nees]  Pulau Tioman, Pahang [5LI61.[11]
Setiu Wetland, Terehgganu
Pantai Bari kecik, Terengganu
Teluk Kalong, Terengganu
Changar Hutang, Pulau Redang, Terengganu
Pulau Ru, Terengganu
Pantai Bari, Setiu, Terengganu
Pantai Mersing, Johor
Pulau Sibu, Johor
Ulva reticulata Forsskaal Kuala Semarak, Bachok, Kelantan [6]

Pulau Tioman, Pahang

‘Order Acrosiphol

Family Acrosiphioniaceae

Spongonmorpha arcata {Dillwyn) Kiitzing Teluk Kalong, Terengganu 9]
Urospora doliifera (Setchell & N.L.Gardner) Doty Setiv Wetlands, Terengganu 91
Urospora penicilliforntis (Roth) Areschoug Setiu Wetlands, Terengganu [9]

:Order.Cladophorale

Family Anadyomenaceae
Anadyomene plicata C. Agardh Tetuk Salang, Putau Tioman, Pahang [51.06]
Kampung Mukut, Pulau Tioman, Pahaag
Tangion Datu, Sarawak
Anadyomene stellata (Wulfen) C. Agardh Membidai Beach, Pulau Labuan, Sabah [5]
Valoniopsis pachvnema (G. Martens) Bergesen Pantai Chendering, Terengganu [9]
Pantai Kuala Abang, Terengganu
Tanjung Jara, Terengganu
Pantai K ik, Tereng,
Family Cladophoraceae amia femmasix, erenggand

Chaetomorpha aerea (Dillwyn) Kiitzing Puiau Redang, Terengganu 5]
Chaetomorpiia antennina (Bory de Saint - Vincent) Kiitzing Setiu Wetland, Terengganu 9]

Tanjung Jara, Terenggaau
Pantai Kemasik, Terengganu

Chaetonorpha crassa (C. Agardh) Kiitzing Pantai Bari kecik, Terengganu [9
Chaetomorpha linwm (O.F. Muller) Kiltzing Pulau Sibu, fohor [5]
Pulau Kerengga Kecii, Pulau Redang, Terengganu
Chaetomorpha minima Collins & Hervey Pulau Tioman, Pahang [53,]9]
Pantai Chendering, Terengganu
Pulau Sibu, Johor
Chaetomorpha spiralis {Okamura} Batu Buruk, Terengganu [93

Pantai Chendering, Terengganu




Cladophora cf. aokii Yamada

Cladophora catenata (Linnaeus) Kiitzing

Cladophora coelothrix Kitzing [Syn: Cladophora repens Harvey]
Cladophora forsskeli (Kiiizing) Bornet ex De Toni

[Syn: Siphonocladus forsskalii (Kutzing) Bornet ex De Toai]
Cladophora herpestica (Montagae) Kiitzing

Cladophora prolfifera (Roth) Kutzing
Cladophora stimpsonii Harvey
Cladophora vagabunda (Linnagus) van den Hoek

Cladophora cf. patentivamea (Montagne) Kiitzing
Rhizoclonium hookeri Kutzing [Syn: Rhizoclonium afi-icanum Kuizing)

Rhizaclonium Kiitzing
Fentricaria ventricosa {§. Agardh) Olsea & J. West
[Syn: Falonia ventricosa ). Agardh]

Family Siphonocladaceae

Boergesenia forbesii (Harvey) k. Feldmann

Boodlea coacta (Dickie) G, Murray & De Toni

Boodlea composita {Harvey) Brand {Syn: Cladophora composita Harvey]

Boodlea struveoides Howe

Cladophoropsis membranaceae (Hofman Bang ex C. Agardh) Bergesen
Cladophoropsis sundanensis Reinbold

Dictyosphaeria cavernosa (Forsskal) Beergesen
[Syn: Dictyesphaeria favilosa (C. Agardh) Decaisne ex Endlicher)

Dictyosphaeria versfuvsii Weber-van Bosse

Dictyosphaeria Decaisne ex Endlicher

Struvea anastomosans (Harvey) Piccone et Grunow ex Piccone
[Syn: Strurvea delicrlata Kulzing)

Struvea ramasa Dickie

Family Valoniaceae
Valonia aegagropila C. Agardh

Falonia wiricularis (Roth) C. Agardh

Pantai Kuala Abang, Terengganu
Pulau Ru, Terengganu

Pulau Tioman, Pahang

Pulau Kerengga Besar, Pulau Redang
Pulau Redang, Terengganu

Tangion Datu, Sarawak

Setiu Wetland, Terengganu

Pulau Geluk, Terengganu

Pulau Tioman, Pahang

Pulau Kerengga Besar, Pulau Redang, Terengganu
Pantai Mersing, Johor

Pulau Sibu, Johor

Batu Rusa, Terengganu

Pulau Redang, Terengganu

Kuala Semarak, Bachok, Kelantan

Kampung Genting, Pulau Tioman, Pahang

Pulau Perhentian Besar, Terengganu
Pulan Gaya, Kota Kinabalu, Sabak

Pulau Tioman, Pahang

Pulau Redang, Terengganu

Teluk Salang, Pulan Tioman, Pahang
Palau Redang, Terenggantt

Pulau Kerengga Besar, Terengganu
Pulau Perhentian Besar, Terengganu
Tangion Datu, Sarawak

Pulau Tioman, Pahang

Pulau Sibu, Johor

Batu Buruk, Terengganu

Pantat Kuala Abang, Terengganu
Pantai Kemasik, Terengganu

Batu Rakit, Terengganu
Kampung Genting, Puiau Tioman, Pahang

Teluk Tekek, Pulau Tioman, Pahang
Pulau Kerengga Besar, Pulau Redang, Terengganu
Kampung Mukut, Pulau Tioman, Pahang

Kampung Lalang, Pulau Tioman, Pahang
Kampung Genting,, Pulau Tioman, Pahang

Island of Tanjung Paya, Pulau Tioman, Pahang
Teluk Salang, Pulau Tioman, Pahang
Pulau Kerengga Besar, Pulau Redang,

Terengganu
Pulau Tioman, Pahang

Pulau Tioman, Pahang
Pulau Tenggol, Terengganu
Pulau Sibu, Johor

Pulai: Tioman, Pahang

il
[51.[6]

£5]
£5]

9

[51.[6]
3]
13

%

(51

[11]
[51.16]

3116
(5]
[51.[6]

[31.[6]
[5]
(91

[5).16]

[51.[6]

Family Bryopsidaceae
Bryopsis corymbosa J, Agardh
Bryopsis hypnoides Lamouroux
Bryopsis indica A.Gepp & E. Gepp
Bryopsis pennata Lamouroux

Bryopsis plumosa (Hudson) C. Agardh
Derbesia profifica W, R, Taylor

Family Caulerpaceae
Calerpa lentillifera J. Agardh

Cawlerpa microphysa (Weber van Bosse) J. Feldmann
Caulerpa mexicana

Pulau Tioman, Pahang

Pulau Perhentian, Terengganu

Pulau Kerengga Besar, Pulau Redang, Terengganu
Pulau Tioman, Pahang

Pulau Kerengga Besar, Pulau Redang, Terengganu
Pulau Sibu, Johor

Pulau Perhentian Besar, Terengganu

Pulau Sibu Fengah, Johor
Pulau Tioman, Pahang

Pantai Bak-Bak, Kudat, Sabzh

Pulau Sibu, Johor

Kampung Paya, Pulau Tioman, Pahang
Pulau Sibu, Johor

Pulau Bidong Laut, Terengganu

[s1,6]
(5]
(5]
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Caulerpa nummularia

Caulerpa peltata Lamouroux

Caulerpa peltata Lamouroux [Syn: Caulerpa racemosa {Forsskaal) 1.
Agardh var, pelfata (Lamouroux) Eubank]

Caulerpa racemosa (Forsskaal) I. Agardh

Caulerpa racemosa (Forsskaal) J. Agardh var clavifera
Calerpa racemosa (Forsskaal) J. Agardh var, macrophysa (Sonder ex
Kutzing) W. R. Taylor

Caulerpa sevrulata (Forsskaal) 1. Agardh

Cuulerpa serrulata f. lata (Weber-van Bosse) C.K. Tseng

Caulerpa serrufata var boryana(), Agardh) Gilbert

Caulerpa serrulata var. boryana f. oceidentalis (Weber-van Bosse) Yamada
& Tanaka C

Caulerpa sertulariodes (S. Gmelin) Howe
Caulerpa taxifolia (Vahl} C, Agardh

Caulerpa verticillata ], Agardh

Family Codiaceae

Codiunt geppiortm Q). Schmidt
Codiun: tomentosum Stackhouse
Family Halimedaceae
Halimeda discoicdlea Decaisne
Hulimeda macroleba Decaisne

Halinteda opuntia (Linnaeus) Lamouroux

Pulau Bidong Laut, Terengganu 9
Changar Hutang, Pulau Redang, Terengganu
Marine Park, Pulau Pinang, Terengganu

Teluk Salang, Pulau Tioman, Pahang

Kampung Mukut, Pulau Tioman, Pahang
Kampung Ayer Batang, Pulan Tioman, Pahang
Kampung Mukut, Pulau Tioman, Pahang

Pulau Kerengga Besar, Pulau Redang, Terengganu
Pulau Kerengga Kecil, Pulau Redang, Terengganu

Pulau Bidong Eaut, Terengganu
Pulau Bidong Laut, Terengganu [5%

[51.[6]

Teluk Salang, Pulau Tioman, Pahang
Kampung Paya, Pulau Tioman, Pakang
Island of Tanjung Paya, Pulau Tioman, Pahang

Kampung Genting, Pulau Tioman, Pahang
Pulau Redang, Terengganu

Pulau Perhentian, Terengganu

Pulan Sibu, Johor

Pulau Gaya, Kota Kinabalu, Sabah

Pulau Rengis, Pulau Tioman, Pahang [6]

£5).16]

Pulau Kerengga Besar, Pulau Redang, Terengganu [5].[6]
Pulau Kerengga Kecil, Pulau Redang Terengganu

Pulau Tioman, Pahang

Pulau Sibu, Johor

Tetuk Salang, Pulau Tioman, Pahang [5L[6],[11]

Kampung Mukut, Pulau Tioman, Pahang
Pulau Redang, Terengganu

Pulau Perhentian Besar, Terengganu

Pulau Perhentian Kecil, Terengganu

Pulau Kapas, Terengganu

Pulau Bidong Laut, Terengganu

Flora Beach Resort, Pulau Perhentian Besar,

Terengganu
Pulau Sibu, Johor
Pantai Bai-Bak, Kudat, Sabah

Pulau Tiga, Kota Kinabalu, Sabah

Pantai Chendering, Terengganu [9]
Pufau Bidong Laut, Terengganu

Changar Hutang, Pulau Redang, Terengganu

Marine Park, Putau Pinang, Terengganu

Flora Beach Resort, Pulau Perhentian Besar, [y
Terengganu

Pulau Bidong Laut, Terengganu 91
Marine Park, Pulau Pinang, Terengganu

Pulau Sulong, Kota Kinabalu, Sabah [5]
Pulau Tioman, Pahang [5]
Pantai Bak-Bak, Kudat, Sabak

Kampung Mukut, Pulau Tioman, Pahang [2].[6]
Pulau Sibu, Johor

Pantai Bak-Bak, Kudat, Sabah

Pulau Ticman, Pahang [5].[6]
Pulau Redang, Terengganu {5
Paniai Bak-Bak, Kudat, Sabah [5]
Pulau Kapas Terengganu

Pulau Sibu, Johor

Kampung Mukut, Pula: Tioman, Pahang [5%.[6]

Kampung Genting, Pulau Tioman, Pahang
Pulau Redang, Terengganu

Pulau Sibu, Johor
Pantai Bak-Bak, Kudat, Sabah

Pulau Tiga, Kota Kinabalu, Sabah
Pulau Sapi, Kota Kinabalu, Sabah
Pulau Gaya, Kota Kinabalu, Sabah
Beach East of Sungei Kelangan, Pulau
Balambangan, Sabah




Halimeda opuntia (Linnaeus) Lamouroux var. minor Vickers Pulau Tiomas, Pahang [5].16]
Pulau Redang, Terengganu
Pulau Sibu, Johor
Halimeda simulans Howe Pulau Sibu, Johor [5]
Halimeda tuna (Ellis & Solander) Lamouroux Pulau Tioman, Pahang [51.[6]

Pulau Sibu, Johor

Pulau Tiga, Kota Kinabalu, Sabah
Pulau Sapi, Kota Kinabals, Sabah
Pantai Bak-Bak, Kudat, Sabah

Family Udoteaceae

Avrainviliea erecta (Berkeley} A. Gepp & E. Gepp Pulau Sibu, Johor [5]
Avrainviliea longicaulis (Kutzing) G. Murray & Boodle Pulau Sibu, Johor [5]
Avrainviliea obscira (C. Agardh) J. Agardh Teluk Tekek, Pulau Tioman, Pahang [5).[6]

Pulau Sibu, Johor

Puiau Sibu Tengah, Johor
Tidemannia expeditionis Weber-van Bosse Teluk Salang,Puiau Tioman, Pahang [31.[6]

Kampung Genting, Pulau Tioman, Pahang
Island at Tanjung Paya, Pulau Tioman, Pahang
Salang Wreek, Pulau Tioman, Pahang

Chebah Island, Pulau Tieman, Pahang

Pulau Tulai, Pahang

Udotea cyathiformis Decaisne [Syn: Udotea sublittoralis Taylor] Pulau Redang, Terenggant [5]
Rhipidosiphon javensis Montagne [Syn: Udotea javensis (Montagne) A. Teluk Salang,Pulau Tioman, Pahang {31,[6]
Gepp & E.Gepp] Pulau Sibu, Johor

Chiorodesmis sp Harvey & Bailey Marine Park, Pulau Pinang, Terengganu [9]

'Famlly Dasycladaceae
Neomeris annulata Dickie Kampung Lalang, Putau Tioman, Pahang 51,161
Pulau Sibu Tengal, Johor

Family Polyphysaceae

Acetabularia crennlata Lamouroux Lubok Termiang Beach, Pulau Labuan, Sabah 5]
Membidai Beach, Pulau Labuan, Sabah

Acetabularia parvula Solms-Laubach Pulau Kerengga Besar, Pulau Redang, Terengganu {5]

Acetabularia pusilla (Howe) Collins Pulau Redang, Terengganu 5]

Parvocaulis exiguus (Solms-Laubach) S, Berger, U.Fettweiss, 5.Gleissberg,  Marine Park, Pulau Pinang, Terengganu 9]

L.B.Liddle, U.Richter, H.Sawitsky, H.& G.C.Zuccarello

Parvocaulis parvila (Solms-Laubach) Schnetter & Bula Meyer Pulau Bidong Laut, Terengganu [9]

Pulau Geluk, Terengganu
Marine Park, Pulau Pinang, Terengganu

Family Boodleaceac
Phyllodictyon anastomosans (Harvey) Krafi & M.J. Wynne Pantai Bari kecik, Terengganu [9]
Batu Buruk, Terengganu
Pantai Chendering, Terengganu
Pantai Kuala Abang, Terengganu
Pantai Kemasik, Terengganu
Pulan Bidong Laut, Terengganu
Changar Hutang, Pulau Redang, Terengganu
Batu Rusa, Terengganu

Division Rhodophyta

Family Acrochaetiaceae
Acrochaetium Nageli Pulau Bidong Laut, Terengganu [5]

Family Galaxauraceae
Actinotrichia fragilis (Forsskal) Borgesen Tanjung Layar, Pulau Tioman, Pahang [6]
Kampung Mukut,Pulau Tioman, Pahang

Kampung Genting, Pulau Tioman, Pahang

Galaxaura Lamouroux Swallow Cave, Salang,Pulau Tioman, Pahang [6]
Tricleocarpa cylindrica (Ellis & Solander) Huisman & Borowitzka Pulau Tioman, Pahang [51,§%]
[Syn: Galaxaura cylindrica (Ellis & Solander) Lamouroux] Pantai Kuala Abang, Terengganu

Pulau Bidong Laut, Terengganu
Changar Hutang, Pulau Redang, Terengganu
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