T3 : root system T4 : flowers,

T5 : flowers

T7 : seedling, T8 :leaves and seédling.
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4. Rhizophora apiculata | Page.s
Rhizophoraceae

"\ e of the dominant species on BALI and LOMBOK islands, this species grows at any

. depth of tidal aiea, in good habitat up to 30r, but usually up to 20m on BALE and LOMBOK
islands. Used for tuelwood by local people and very important raw material for charcoal in
SUMATERA. .
Characteristic aerial stilt roots dcv:alop well. The number of stiltroots are influenced by location
‘of the tre_e.' Inn suitable habitat the roots are a few, when isolated, the roots numerous. Bark is gray,
smooth when juvenile, slightly lenticellate when mature.
Leaves opposite, upper surface coriaceus preen to greenish yellow, under surface greenish yel-
low, midrib on lower part sometimes reddish, 10 to 20cm long, 5 to 8cm wide, clliptic oblong,
apex pointed.
Leaves are very similar to B.gymnorrhizn, but evident differences are the black dots on the under
surface of older leaves and apex with an erectmucro 2 to 3mm long.
Flowers always twins, calyx 12 to 1d4mm long, 9 to [0mm wide, yellowish orange, slightly brown
lenticeliate on the surface. '

Seedlings development takes 22 months, heginning when peduncle is 7 mm until mature seed-
ling drops. Seedling up to 35cm long, apex not pointed, somewhat round, not warty.

‘Seedling always maturing well bellow oldest leaf of shoot.

Fruits 25 to 30mm long, 15 to 17mm wide, brown and rough-skinned,

Al : isolated tree, A2 : trees in good habitat.

A3 : shoot, A4 inflorescence.
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A5 : flowers at anthesis. A6 flower at anthesis.

All : seedling apex R.apiculata ( left )
R.mucronata ( vight }.

AlQ:

seedling of Rhizophoraceae
C.tagal ( left)

R.apiculata ( middle lett )
B.gymmorrhiza (middle right)
R. mucronata ( right )
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3. Rhizophora mucronata Page. 10

Rhizophoraceae

O ne of the dominant species in WEST BALI and on LOMBOK :island, this species
ETOWS at any depth of tidal area, usuatly not face to shoreline, though sometimes grows on sand
beaches, _ : : _ ' . : _

In good habitat this tree can grow up to 30m, but usually lip to 20m on BALI and LOMBOK islands,
Used it for fuelwood by local people and very important raw material for charcoal in SUMATERA.,
Characteristic aerial stilt roots develop well. The number of stiltroots are influenced by location of the.
trce.

Bark gray when juvenile, slightly lenticellate. Rough, flaky and with peeling patches at maturity.
Leaves largest in Rhizophora species, opposite, upper surface cortaceus green to light greenish yellow,
under surface light greenish yellow, 13 to 23¢m long, 8 to 12em wide, broadly elliptic, ovata to oval,
apex with a short persistent and erect muere 5 to 7iam long. Obvious black dots on the under sucface of
older leaves.

Flowers 4 to 16, calyx 14 to 16mm long, 7 to 9mm wide, yellowish green at juvenile, ivoryish white at.
- athensis, 4 hairly petals, style short as 1 to 2mm, ovary 3 to 4mm at base.

Fruits is largest in Rhizophora, 6 to 8cm long, 2 to 3cm wide.

Seedlings also largest in Rhizophora, up to 90cm long, apex acuminate, warty throughout.
Seedlings rarely stick in the ground when they drop. -

M3 : aerial stilt root, M4 : flowering shoot
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Page. 1]

M3 :inflorceence. M6

et 2

M7 : short style and fat oval.

M9 : sequence of developmental

MO : tirst leaves (red)
stages of fruit and hypocotyl.

in the tubular collar.
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Page. 12

6. Sonneratia alba
Sonneratiaceae

Very common species on BALI and LOMBOK islands. Grows any place in tidal area,
' usually dominantes as pioneer species. In good habitat this tree grows up to 25m, but near vil-
lages often grows "bonsai” -like, trunk base enlarged, multi-branched cause by local people cutting the
stems and branches for fuel wood or forage.

Large numbers of extensive erect pneumatophores ( aerial root ) develope, 40 to 100cm tall, 3 to 15¢m
in dmmctm, not hard when juvenile, hard when mature.

Burk gray, tiny warts throughout, at nmtunly bark fissured and peeling in narrow strips.

Leaves opposite, ovata, obavate to obocordate, surface of the both surface look same.

Calyx tube 40mm tong, 20mm wide, outside light green, inner surface vivid red or thin red, petal white,
stamen white and numerous, style light preen and long.

Fruit'grcen, 35 to 45mm in diameter, hard when mature.

Development from flower bud to anthesis about 7 weeks and from anthesis to mature fruit dropping
about 10 weeks, total development about 4 months. 0

S1: S.alba stand. 53 : root system (pneumatophores).

52 : S.alba. S4 : trunk shape caused by human activity.
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7. Xylocarpus granatum | Page. 4
Meliaceae

his specics 1s common on BALI and LOMBOKX islands, prefers to grow in higher tidal
muddy area or on the banks of shrimp pond canals.
In good habmt this tree grows up to 18m, but nsually only up to 8m on BALI and LOMBOX islands.
Root system developes buttresses, plank roots.
Bark is smooth, pale green, peeling mottled.
Leaves alternate, patippinate, 1acfus 7 to 20cm long. Leaflets 2 to 3 paxrs each, 5 to 12cm long, 3 to
7em wide, apex obtuse or emarginate,
- Flowersivory white, 6 to 8mm in diameter, inflorescence up to 10cm long.
Fruits up to 20cm in diameter, yellowish brown, 10 to 15 seeds in each fruit.

X1 : isolated tree.

X3 : fruit on the shoot.

X2 : shoot with inflorescence
left ; X.granatum right ; X.moluccensis.
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X4 : fruits on the shoot.

X6: lgitudinal scton. X : scd.
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5. RE-AFFORESTATION OF MANGROVE F()RFST IN INDONESEA

{1 ; Proceedings of the Work‘;hop on ITTO Project, 18- 20 April 1994, Thailand)

RE-AFFORESTA’ITION OF MANGROVE
FOREST IN INDONESIA

S. Soemodihardjo? and L. Sumardjani?

Introduction

It has been widely publisized that Indo-

nesia possesses the largest mangrove land in the

world. Official figures state thal it covers more
than ‘four million hectares. (Darsidi, 1984). How-
ever, it should be noted that not all this mangrove
lands are covered with forest. According to
Soemodihardjo et al. (1993), as of 1992 the
forested mangrove fand is estimated o cover
1,537,000 hectares, or around 32% of the total
mangrove land. Fig.1 shows the distribution of
the mangrove forests in ]ndoncsia.

Several decades back, mangrove land
was considered waste land which should be
"reclaimed” or converted into other uses. Fortu-
nately, this misleading perception has since been
gradually remedied and hopefully will eventually
be abandoned. Thus there is now noticeable
increase in awareness of the importance of this
resources, whether it is ecological, physical or
economical function.

Mangrove resources in Indonesia have
various functions. Apart’ from biological and
ecological functions, it serves as wood producers
for fuel, charcoal, housing material, industrial raw
material, etc. Over the past several years the
utilization of mangrove forests as tourist attraction
has become evideni. Mangrove based industries
include wood chips, pulp, brown sugars and al-
cohol.

Many human activities have negative
impacts on mangrove communities. The most ex-
tensive form of mangrove land conversion is the
brackish water fish ponds. In 1980 covered an
area of approximately 155,000 ha distributed

1) Research and Development Center for Oceanology LIPI

2) Indonesian Mangrove Foundation, Jakarta

mainly in Java, Sulawesi and Sumatra (Soewito,
1982). Conversion of mangrové land into other
land uses is undoubtedly-the most damaging,
since the end result is a completely transformed
environmenl. The demand to convert mangrove
{and for other uses has increased over lime.
Aware of the growing pressures on the resource,
the Indoncsian Government has taken steps 1o set
aside sufficient mangrove forests as conservalion
areas. It is envisaged that these conservaiion arcas
will amount ‘to 20% of the total mangrove areas.
Presently over 700,000 hectares of mangrove for-
ests have been gazetled as conservation forests.

~ The most extensive degradation of man-
groves in Indonesia occured during the World
War Il. Shortage of oil and coal al that time,
increased the use of wood for energy. Because of
that, forest destruction, including mangroves, took
place indiscriminately. On top of that people also
opened up mangrove forest for agriculture and
settlement. In Java most mangrove lands are un-
der the jurisdiction of Perum Perhutani (State
Forest Corporation). :

After the war the Department of For-
estry, in this case Perhutani, took the illegally
occupied fands back under its full control. The
first lhing Perhutani had to do was to rehabilitate
and reforest the degraded land. This report is an
attempt to collate and analyse all available in-
formation on the activities and progress of man-
grove rehabilitation carried out in Indonesia to
date. However, it should be emphasized here that
it is prepared on the basis of information that the
author managed to coltect. There is always the
possibility that some information ‘may have been
missed. ' ' '
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Plantation Areas

The need to. develop mangrove planta-
lions was felt many years back, quite likely some
years prior to the Wortd War [, during the Dutch
administration. For example, in 1932 De Yong
had carried out mangrove rchabilitation experi-
ments. It was on the planting of Rhizophora spp
using three different methads, namely (1) planting
mangrove propagules freshly picked from mother
trees, (2) keeping the propagules in a damp place
before sowing, and (3) transplanting seedlings that
alrcady have two up to four leaves.

Despite the early planting experiments,
proper’ re-afforestation activily was not started
until 1964, when Perhutani made the first attempt
to replant degraded mangrove lands in Indramayu
on the north coast of West Java (Tim Ikosistem
mangrove. MAB-LIPI 1984). This was soon fol-
towed by similar aclivities in other locations
along the north coast of Wesl Java.

All these activities were under the re-
sponsibilily of Perhutani and were carried out on
degraded coastal land under 11s jurisdiction.

It should be pointed oul here thal
mangrove rehabilitation activilies were mostly
done in Java. The main reason is the fact that
mangrove resources in Java have suffered the
most human disturbance as compared-to those on
the other islands. The fact is quile understandable
laking into account that around 70% of the Indo-
nesian population live in Java and that the coastal
region is the most densely populated area in the
country. At the same time, a significént -propor-
tion of the coastal villages are poor, consisting of
farmers, labourers and fishermen. Poor living con-
dition forced them to make use of common re-
sources available nearby to supplement their
meagre earnings, damaging and degrading these
resources.

Outside Java, the mangrove resources
are in’ much better condilion as human pressures
are much less.. Howewver, with the advent of

woodchip indusiry, the demand on mangrove:

timbers from ouiside Java has increased.The
chipwood industry has been and is being devel-
oped in Sumatra, Kalimantan and Irian Jaya. One
condition attached to industrial mangrove exploi-
tation is that the conccssionnaires must re-afforest

the logged over areas. I is in this light that some

re-afforestation aclivities are underway in Riau
and Palembang (Sumafra).
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Table 1 and Fig.2 show the distribution
and extent of mangrove rehabililation activities
that have been reported up to 1992. it is apparent
from the table that private corporalions share the
burden of rehabilitating exploited land with
Perhutani, particulary in Sumatra. In the case of
Probolinggo (East Java), mangrove rehabilitation
was carried out by the coastal population them-
selves. This action is a strong indication of the
increasing awareness of coastal populations of the
importance of mangrove forests for coastal envi-
ronments and coastal communities.

In most cases, rehabilitation programunies

have been carried out on degraded and logged-

over forest lands including abandoned fishpond
sites. Afforestation on newly formed land has
never been atltempted. This was due, among other
things 1o the fact that it is customary for coastal
inhabitants 1o claim ownership or land use right
on land that is still in the process of emerging
above sea surface in accretion areas
(Scemodihardjo, 1986). This newly formed land
will later on be transformed into brackish waier
fishpond.

Data on the annual planting areas and
budgel are currently rather scanty. Simbolen
(1984} stated that according to the official plan of
the Department of Forestry at the end of the 5th
Five Year Development Programme, i.e. March
1994, the reforested mangrove land would cover
41,500 ha. And if everything goes as planncd, in
the year 2000 the rehabilitated mangrove land
area will reach 85,000 ha. At the moment there is
still the need to know 1o what extent the afore-
mentioned target has been accomplished.

With respect to Cilacap mangrove foresl,
the local Perhutani office has a definite annual
plan for rehabilitation and budpget covering
several years (Table 2). The species planted
are Bruguiera gymnorrhiza and Rhizophora
mucronata.

Nursery Practices

Mangrove forest rehabilitation in Indo-
nesia is intended 10 serve two main objectives.
The first aimed at restoring the ecological func-
tions of degraded mangrove lands to their original
level. The second is 10 grow mangrove trees to
meet commercial as well as industrial needs. For
the first objective, theoretically any mangrove
species can be used. But the most common trees
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Table 1 Distribution and extent of mangrove re-afforesiation in Indonesia in 1992

Provinces Locality/Company Area

- (ha)
West Java - 1. Bogor 9,047
2. Purwakarta 10,531
3. Indramayu 5,422
Central Java 4. Cilacap 10,000
East Java 5. Madura 427
6. Bamyuwangi 236
7. Probolinggo 60
Riau 8. P.T. Bina Lestari 200
South Sumatra 9. P.T. Ciptamas Bumi Subur /3,000

(Palembang)

Total 38,923

Sources : State Forest Corporalion Unit 111, West Java (1993), Haditenoyo and Abas' (1984); Djojomihardjo
(1989); Sceroso and Hadipurnomo (1984); P.T. Bina Lestari (1984); Sumardjani and F. Mulia

(in press).

planted for this purpose in Indonesia are those
‘belonging to the genera Rhizophora, Avicennia
and Sonneratia; whereas for the second, it is lim-
ited {o the genus Rhizophora and Bruguiera
gymnorrhize (Sumardjani and Fairus Muha, 1993
in press).

Mature propagules of Rhizophora are
coilected from mother trees that are at least §
years old (Wirjodarmodjo and Zufri Hamzah,
1984). In the case of Bruguiera gymmnorrhiza, the
best mother trees are those that are 8-10 years old
(Mulia, 1993). According to this author old
mother trees of Bruguiera gymnorrhiza’ do nol
produce adequate quantilies of propagules. Be-
sides, the propagules from old trees are often
damaged due to attack by insects. Nol rarely
seeds of Rhizophora spp may be collected under
the mother trees or may also be retrieved from
those transported by water movement. Field ex-
perience indicated that fruiting season occured
from September to March (Mulia, 1992). Fig.3
and 4 show the propagules of Rhizophora
apiculata and Bruguiera gymnorrhiza.

Eventhough ripe propagules of
Rhizophoraceae can be planted directly in the
rchabilitation site there remains a strong indica-
tion that they may do better if they are first

grown into rooted seedling in the nursery. In
other words the percentage survival of seedlings
from the nursery is higher than that from direct

‘planting.

Nursery bed is prepared commoply in
the landward "portion of the intertidal area which
is less inundated by tides.- An embankment is
made around the nursery bed to reduce the impact

“of tidal inundation and water currents. Channels
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to regulate the inflow and ouiflow of tidal water
are constructed within the nursery area. To avoid
direct sunlight the nursery bed is mostly estab-
lished under the shade of big trees or alterna-
tively, some sort of shading using nipa leaves or
Acrostichum fronds is built (Fig.5).

Mangrove propagules are grown in
polybags (15 x 20 cm) that have been filled with
mud. These polybags are then arranged side by
side and half burried in the mud of the nursery
bed. Afier 3 to 4 months, Bruguiera seedling will
produce around 4 leaves and are ready for trans-
plantation, For Rhizephora, seedling growth 'in the
nursery requires shorter time period, i.e: between
2 to 3 months (Haditenoyo and Abas, 1984).
Fig.6 and 7 show Bruguiera gymnorrhiza and:
Rhizophora apiculata grown in polybags in
nursery.
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“Table 2 Planned annual acreage of m‘angfove rchabilitation in Cilacap, Central Java (1980-1989)

(Haditenoyo and Abas, 1984)

Yéar Area. Budget
(ha) {in mitlion rupiah)
1980 : 200 15.400
1981 500 47.926
1982 1,000 113.498
1983 1,060 147.525
1984 1,000 175.501
1985 1,000 146.483
1986 1,000 219.981
1987 1,300 282.929
1988 1,500 36K.283
1989 1,500 434181
Total 10,000 2,001.507

For Avicennia and Sonneratia, direct
planting of the seeds in the field is rather difficult
due to the small propagules and seeds. Therefore,
for these two genera of mangrove it is best to go
through nursery step before field planting. Nurs-
ery stage is done by way of polybag technique as
well as direct sced sowing on the nursery bed. In
places where greal numbers of natural seedlings
occur, wilding (using of wiid seedlings) technique
is also carried out. Fig8 and 9 show Avicennia
seeds gfown in nursery.

Direct seed sowing in the nursery bed is
commonly undertaken during the neap tide period.
The water in the nursery is regulated so that is
level with the mud surface. This condition is to
be maintained for 10 - 15 days, after which time
most of the sceds will have germinated. At the
same lime they would have developed an ad-
‘equate root system which provides strong anchor-
age for the newly developed seedlings (Perum
Perhutani Unit 111, Jawab Barat 1984). Only then
will inundation by tidal water be allowed.

Planting -Teéhnique

As mentioned in the preceding section,
mangrove rehabilitation in Indonesia has been
carried out on logger-over forests and degraded
coastal lands, including abandoned fishponds. Se-
lection of sites to be rehabilitated ‘was made on
the basis of suitability of exisling environmental
factors for mangrove growth such as frequency of
inundation, extent of muddy substrate, stability of
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substrate and fresh water supply. Sumardjani and
Mulia (1993} asserted the importance of the exisl-
ence of muddy boltom that is flooded by high
lides at least several times a month and should be
dry duning neap tides.

Preparat_idn of Planting Sites

The land selected for rehabilitation is
then cleared of plant debris left over from: the
previous logging. This cleaning operation is ab-
solutely necessary otherwise the debris will shift
back and forth with tide to the detriment of the
planted seedlings. In South Sumatra most of the
rehabilitation activities have been done on former
nipa forests and on degraded land infested with
the fern Acrostichum aureum (Sumardjani and
Mulia, 1993). The same is true in Cilacap. While
in the north coast of Java it is mostly on de-
graded lands and abandoned fishponds over
grown by Acrostichum, Acanthus and Cyperus.

Another important step taken at the
commencement of the rehabilitation process is the
construction of access passages across the area to
be rehabilitated. These access passages are 2 10 3
meters wide, parallel to one another and perpen-
dicular to the coast line or river bank. The spac-
ing between successive passages is [00 m. Past
experience has demonstrated that thesc passages
are extremely useful in the transportation of seeds
pricr to planting, in and facilitating subscquent
maintenance activity (Mulia 1993).

The next step is to prepare the land
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between the access passages for mangrove trans-

plants.. In Cilacap, parallel strips of cleared land
are made by cullih_g away all vegelation existing
along the strips. The width of each strip is one
meter whilé the spacing between strips is 3 m. In
these cleared strips mangrove seeds or scedlings
are planted by dibbling technique (taking the
form of a pointed woaden stick, used for making
holes in the ground for seeds) at a distance of
2 m. between plants. Thus the spacing of the
planted seedlings is 3 x 2 .m. In Sumalra the
spacing is mostly 2 x 2 m, Two other spacings
have also been tried, namely 1 x 3 m and
2 x ! m (Mulia 1993; Wirjodarmodjo and Zufri
Hamzah 1984).

Planting

_ Two planting techniques have been em-
ployed, 1) direct planting and 2} indirect planting.
In the former, ripe propagules are directly planted
in the field without going through nursery stage.
In the later, the propagules or seeds are grown
into seedlings prior to planting in the field.
Sumardjani and Mulia (1993) reported that direct
planting on open land required some sort of shad-
ing to reduce prolonged direct scorching by
sunlight. Nypa and Acrostichum fronds are good
shading material in South Sumatra. Shading is not
needed in direct planting on former Nypa stands
provided that the lower portions of the Nypa, up
1o about ‘one melter high above ground, are left
standing in the field to provide shade.

For direct planting, mangrove prdpagules
arc stuck into the mud up in an upright position
10 a depth of between 3 to 7 cm. In indirect
planting, the plastic bag should first be removed
before seedlings are planted in' the mud by dib-
bling technique.

One year after planting, overal! field
inspections are made o see how the seedlings
have fared. Supplementary planting to replace
dead seedlings are then carried out. This schedule
must be strictly observed, since individual plants
of more or less the same age are expected from
industrial forest plantations. -

All activities were carried ouf manually,
without use of any machinery.

Tending Practices

Successful mangrove rehabilitation and
afforestation require’ proper care and lending.

These activities are particulary needed in the garly
years of the plantation. Current tending practices
in Indonesia include weeding, thinning and re--
placement planting. Pest and disease conlrols have
so far notl been attempted.

In Cilacap, south coast of Central Java,
weeding activities are carried out twice a year
{Haditenoyo and Abas, 1984). According to
Wirjodarmodjo and Zufri Hamzah (1984) weeding
is no longer necessary after the young mangrove
plants reach two meters tall. At this stage the
mangrove plants are tall and strong enough to
compete for space and sunshine.

Locations that are of somewhat higher
elevation, in other words less inundated by tides,
usually require more intensive attenlion compared
to those that undergo daily tidal flooding. This is
because the less frequently inundated locations
are more susceptible o invasion by Acrosticlum
ferns. Therefore,- as soon as the growth of the
ferns begins to interfere with the young mangrove

-plants, a clean up operation has to be immedi-

ately carried oui.

Sites that have high natural regeneration

. “capacity approximately 5,000 seedlings per hec-

103

tare have to be thinned out. This process is meant
to provide adequate space for the remaining
seedlings 10 enable them to grow faster.

_ “According to forestry regulation (Decree
No. 60, 1978) the first. thinning has to be carried
out after the plants are 15 to 2{} years of age or
the plam densily is over 1,100 trees per hectare.
And the trees 1o be cut down must be the less
healthy or. abnormal ones. Mulia (1993) studying
the mangrove planlatlons in South Sumatra re-
ported that the annual increment of the planted
mangroves decreased afler the plants were seven
years old. He therefore, suggested that first thin-
ning should be conducted when the plants are 7
to 10 years old. '

In the l95()_s,_mangr6ve_ forest produc-
tion was slill availabte in Java, namely in
Cilacap, on the south coast of Central Java. This
covered an area of more than 5,000 hectares. in
those days the rotational age for loggmg was 5() -
years (Wirjodarmodjo and Zufri Hamzah, 1984).
For charcoal production in Bengkalis, Sumatra,
the culting cyc]c was 10 years. While for woodchips
production” in East Kalimantan, Chipdeco Lid
adopted on 20 year-cycle (Kartawinata et.al.
1979). . ' o
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Plantation Costs

Two main factors determine the budget
for establishing mangrove plantation. The first
factor is the location of the land to be rehabili-
lated or reforested, and the second is the physical
condition of the habitat. Rehabilitation areas in
remote places invariably will be more costly due
1o shortage of labour as well as high transporta-
tion costs. Likewise, a densely Acrostichuun in-
fested land will require higher development cost
compared with the less densely infesled arca, let
alone bare mud flats.

In view of the above point, direct
comparison belween differing rehabililation sites
on the basis. of expenses per unit area alone may
be misleading, since each has each own specific
characteristics.

Table 3 shows a summary of expenses
borae by P.T. Ciptamas Bumi Subur, a privale
company, in is activity to establish a mangrove
forest industrial plantation in South Sumatra.

From this table, it is apparent that indirect

planting method appears lo be preferable, due to
lower labour requiremeint, high survival rate and
moderate’ plantation costs.

In the north coast of West Java around

25,000 ha of coastal land was eventually refor-
ested by the end of 1984 The total of over 1,076

million rupiak or about 42,000 rupiah per hectare -

was spent. As for the mangrove rehabilitation in
Cilacap, aver two billion rupiah was allocated for
rehabilitation of 10,600 ha (2()(3,()()0_rupiah per
ha) of degraded mangrove land from 1980 to
1984, In the case of mangrove rehabilitation
through silvofishery system the cost of preparing
one hectare of silvofishery pond is about Rp.
1,200,000 in 1978 (approximately US$ 3,000 in
1984} or 4,000 man days (Sockartiko 1978).

Growth and Productivity

" To daie there are very few studies on

the growth of cuitivated mangrove, particularly in

terms of time series data. A number of incidental
measurements were available derived from meas-
uring mangrove plant of known ages. For instance
Wirjodarmodjo (1984) reported that four year-old
planied mangroves measured 4 m high, with an
average stem diameter at 10 cm above rool collar
of 4.5 em. Seven year-old Rhizophora apiculatu
grown in Riau, South Sumatra with spacing of 2
~x I mand 3 x | m attained an average diameter

104

of over 6 cm (Effendi and Bachtiar 1991).

In this respect it is encouraging lo siate
here that in the middle of the scanty information
there are a couple of researches that have pro-
duced time series data. Fig.10 and 11 show the
average diameter and average annual increment in
diameter resulted from the research activities done
in Riau by Mulia (1993) respectivély.

It should be stressed here that Fig11 is
derived from Fig.10 by the Figures, Mulia (1993)
indicated that the annual increment of diameter
increased until the plants reached 7 years (in year
1990). -Since then it started to decline.

In Indramayu, north coast of West Java,
Effendi {1989) measured the stem diameter and
the hieght of Rhizophora mucronata of different
ages, ie. 6,11,14 and 18 years planted in the
tumpang sari tambak (Table 4). The calculated
annual increments for the four age-classes were
.7, 0.5, 0.6 and 0.6 cm respectively. These
data are comparable with those obtained for
Riizophora apicualata from Riau plantations. At
the age of 18 years the Rizhophora mucronata
from tumpang sari tambaks in Indramayu were
estimated to reach diameter of 10 cm. From
height data however, the growlth appeared rather
slow.

In term of tmber production and anuual
timber volume increment, Mulia (1993) estimated
a standing stock of 89.99 m¥Mha/year or 11.25 m%/
ha /year for planted 8 year-old Rhizophora
apiculata.

Re-afforestation and Fisheries

The vital role played by mangrove
ecosystem is currently well recognized by all
concerned ‘in Indoncsia (Soemodihardjo, 1986).
Nonetheless, due to population and development
pressures the resource keeps on declining. Various
measures have been introduced to hall or slow
down the decline, and some show encouraging

resull. Rehabilitation of degraded mangrove land

is one of them. Silvicultural guidline on man-
grove constifutes another.

The followings are some salient points of
Indonesian mangrove silviculture (Soemodihardjo,
1986).

(1) Logging is to be carried out follow-
ing the seed trees method, whereby
40 mature trees per hectare are left
to function as seed producers.
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(2)

(3

4

These trees should have diameter of -

at least 20 cmi and are {7 m apart
from one another.

Clear felling is allowable on the
condition that 2,500 evenly distrib-
uted seedling per hectate are avail-
able. Only species of Rhizophord,
Brugiiera and Ceriops arc accept-
able as seed lrees,

Felling rofation is 30 years with
thinning when the planls reaches 15
years of age. Trees to be extracted
must have a minimum DBH of 20
cm. Only machetes, axes and saws
are to be used for felling the trees.

Slash must be removed from the

)

felling areas and the logs trans-
ported by raft or boat through riv-
ers or man-made canals. The space
between successive man-made ca-

nals must not be less than 200 m.

A 50 m wide buffer zonc is to be
maintained along the coast and H)
m wide buffer zone along the river.
These zones are designated as pro-
tection forest, hence should be left
undisturbed.

Depending on the amount of available
seedlings- on the felling sites, regenera-
tion may lake place naturally, supple-
menied by enrichment planting, or by
means of artificial regeneration through
transplantation.

Table 3 Working performance, survival and cost of various planting methods of mangrove plan-
tation in South Sumatra. ' ' '

Planting methods Labour Survival Cost per heclare
' (mandays) (%) (Rupiah)
Indirect - 25 &8s 200,000).-
~Direct with shade 50 0 275,000.-
Direct without shade 10 55 75,000.-

Source : Sumardjani and Mulia 1993 (in press).

Table 4 Mean diameter and height of four age-classes Rhdzophiora mucronata in the tumpang sari
tambak in Indramayu, en the north coast of West Java.

Plots Age Mean diameter Heigh! range
(years) {cm) {m}
1 6 4.04 35
2 4] 3.76 35
3 il 3.56 3-5
4 11 491 35
5 4 6.75 10-12
6 14 894 8-10
7 . I8 10.00 10-12
8 18 9.61 10-12

Source

Effendi (1989)

105

— 352 -



Fig.12 and 13 show Bruguicra gymnorrhiza
and Rhizophora epiculata plantations in South
Sumatra. Fig.14 shows two month-old Rhizophora
apicalata planted in abandoned shrimp farm at
Bali isfand.

Another technique of mangrove re-affor-
estation is through silvo-fishery system, which lo-
cally is called "tambak tumpang sari" or the
taungya fishpond. As-a matter of fact, this system
is a compromise between two somewhat conflict-
ing interests, namely to develop proper mangrove
forest versus to gain as much f{ish production as
possible. Therefore the end result depends muich
on the allitude and honesty of the fish farmers
who manage the fishponds. In the cases where
they play their part according to the rules of the
game, the system works well. The problem is
many among the fishfarmers which are biased lo-
ward the increase in fish production at the ex-
pense of proper miaintenance of mangrove planta-
tions.

Presently there are three models of the
tambak wmpang sari method in Indonesia (Fig.15).
The second and third models are progressive im-
provements of the first model. Currently Model |
is widely used, while Model 1f and Mocdel 111 are
still in the experimental stages or as demonstration
plots. _

Model | was the first to be introduced
and it has the simplest design, consisting of a
shallow platform with mangroves plants, encir-
cled by man-made canals of 3 o 5 m wide and
(15 m deep. The ratio between canal and plat-
form is approximately 1:4. The canal is used lo
rear mitkfish, Tifapia or shrimps. The model is
considered sufficiently profitable, but is not free
of short-comings. The followings are two. of
them:

(1) Only one watergate to regulate the
water flow to and from the pond. In
many cases waters regulation by the
fish farmers takes more attention (o
meet the need of the cultured fish
and shrimps e.g. maintaining high
water- tevel during ebb tide, hence
over flooding the mangrove plat-
foﬁn. C{Siltinuqus Submergence of
the subsirale is nol very favourable
for .good mangrove growth.

(2) As mangrove plants grow bigger
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and higher, they hamper substan-
tially the penetration of light into
the water of the pond. This in lurn
will result in the decrease of the
production of natural food upon
which the reared fish or shrimps de-
pend, thereby preventing normal fish
growth.

The second model (Fig.1-15) was de-
signed to overcome the shortcomings associated
with Model 1. In this Model II, the planted
mangrove species and the pond are quite inde-
pendent of one another. These models higher light
intensity can be able to penetrale the water of the
pond due to the less shading of the pond by (he
trees. During neap tide water gates a and b re-
mains open to let the water flow in and out the
pond freély with the movement of tide.

Model I is of a more intricate design,
but the underlying principle is no differemt with
thalt of Model 1l. Despile the improvements
made, Model Il and [II still have some minor
disadvantages, namely the need for higher invest-
ment and mainlenance cosis due to their having
longer dikes and to the three watergates instead
of one.

In financial terms, tambak tumpang sari
is reported to increase the income of the fish
farmer by more than Rp. 100,000 per -month.
Income contribution from tambak tumpang sari
was estimated to range from 44.7% to 53.8% of
the total income (Widiarti and Effendi, 1989).

Fig.16 and 17 show the tambak tumpang
sari {Model I} and the fish farmeis collected
fishes in the pond.

Re-afforestation Policy

The utilization of renewable resources
on a sustainable basis has been globally accepled
as the basic principle in the management of
nalural resources, Indonesia, whose economic
development depends a great deal on her natural
resouices, fully agree with the said proposition.
This acceptance is reflected by the introduction of
many regulations and laws concerning the above
matter. In this respect, re-afforestation pro-
grammes constitute one of the activities that is
aimed to achieve that effect. For this reason, re-
afforestation is considered a;top priority pro-
gramme.
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Past experience has demonstrated that
withoul ‘cooperalion. and active participation of the
community at grassrool levels re-afforestation ef-
forts would commonly fail. Therefore, in order 10
get some success, re-afforestation activities should
seek the cooperation and involvemenl of the local
population living near the target area. This has
been the re-afforestation policy -of the Indonesian
government for the past two decades or so.

~ The main obstacle confronting ‘the afore
mentioned policy is the poor socio-economic
situation of the population surrounding the arca to
be reforested. This condition has been identified
o be the most pronounced sfress factor ‘affecling
the health of the natural environment and the
sustainability of the resources it contains. There-
fore. to avercome the conslriinls the socio-eco-
nomic condition of these people have o be up-
lifted.

In view of the above point, the Deparl-
ment of Foreslry, in this case the State Forest
Corperation of Perhutani, is now introducing a
special programme called the "Social Forestry
Programme" which is also referred to as the
"prusperity approach forestry programme”. The
idea is to assist the surrounding populalions to in-
crease their incomes nvarious ways. As a malter
of fact silvo-fishery system is one form of the
Social Forestry Programme.

Perhaps it should be pointed oul- here
that re-afforestation policy in Indonesia is aimed
not only 1o miligate degraded coastal lands but
also 1o increase the economic condition of the
local population, to meet the needs ol industry
and lo sustain available resources.

For the rehabilitayon and regeneration of
mangrove lands in Java, the Siate Forest Corpo-
rition serves as the excculing agency. Outside
fava it is carried out by some logging companies.
[t is policy of the Governmenl that every logging
company is responsible for l‘e-aiTorcsEing the
logged over areas under its concession.

Socie-Economic Aspects

Mangrove lands in Indonesia include
those lands covered by mangrove vegefalion as
well as non-vegetaled mud flat (Socmodihardjo et
al., 1993). The latter may take the form of de-
graded mangrove land, abandoned fishpond or
bare mud flat adjacent to mangrove forest. Not
rarely, the bare mud {lat is a newly formed land
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resulting from a. continuous sedimentation proc-
s,

The largest proportion of mangrove for-
ests fall under the jurisdiction of the Department
of Forestry and its sub-ordinate agencies, like
Perum Perhutani, Inhutani, Directorate General of
Forest Protection and Nature Conservation.
Smaller portions are under the jurisdiction of the
Department of Home Affairs and Local Govern-
ments.

Soemodihardjo {1993) described the land
use pattern of mangrove lands under the juris-
diction of the Department of Forestry- according
io their designated function,i.e.(1) production’ fur-
est, which is designated to provide harvestable
production such as timber, poles, chipwood,
fuelwood, charcoal, cic; (2) protection forest,
which functions to prolect the ‘surrounding envi-
ronment from destruction by natural forces; (3)
conservation forest, with the function o preserve
the forest and its conicnis, €.g. nalure reserves,
natiopal parks, wildlife sanctuary, elc:

Some portion of the forest within the
Protection Farest and forest land under the juris-
diction of the Department of Home Affairs are set
aside for conversicn uses as appropriate. The
imporlant thing 10 note is that the type of con-
version musi be in compliance with the general
guidelines and national as well as regional land
use planning as stipulated in the "Spatial Planning
Act of 1992",

Traditional uses of mangrove resources
refer to small scale exlraction of mangrove forest
products for home consumption. Not rarely people
colleet mangrove products. also for sale to get
some additional income for their. meagre earnings.
From thal point- of view mangrove loresls are
economically important assets for the surrounding
populations. In the years long gone, the praclice
of haphazardly collecting mangrove products did
nol do much damage to the resources, since the
amounl taken was relatively insignificant com-
pared with the available resources at that time.
With the ever increasing coastal population, cou-
pled with the poor living condilions, the negalive
impact of this anthropogenic interférence on man-
grove forests have grown uncontiolably 1o such a
leve!l as 1o endanger the existence of the resources
themselves. '

Fisheries is also another important asset
of mangrove forest or the coastal population, al-
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though the: fish caught is nol a direct mangrove
product. It is widely. known thal extensive man-
grove forests are commonly associated with lucra-
tive fisheries. Capture fisheries as well as
mariculture “will” find. mangrove environment a
sitable place. for their activities.

Thanks to the untiring efforts of the De-
partment of Forestry and its sub-ordinate institu-
tions, the distressing process of ever degrading
mangrove forests in Indonesia have gradually
been brought more or less under control. It is ac-
complished not only through exercising tight
controls and supervision but more fruitfully
through persuasion and cncouragement of com-
munity parlicipation i managing the resources,
e.g. by way of silvo-fishery system. On top of
that, other means are sought to improve the
sucio-cconomic conditions of the coastal villagers
viz by creating work opportunily where possible,
provision of fuelwood by plantation of fast
growing trees elc.

The concerns of the Departmenl of
Forestry and of other relevant instilutions as to
the fale of mangrove resources have shown en-
couraging progress. Awarencess on the part of
coastal villagers on the importance of mangrove
forests as economic and ecological assets has
markedly improved. The case of Curah Sawo vil-
lage, where, by their own free will the people
rehabifitated and afforested the coastal fands of
their villages, serves to illustrale the above asser-
tion. Presently there is an NGO in Indonesia,
called [ndonesian Mangrove Foundation, which
specialises in serving the mangrove cause. Hope-
fully there will be the day when the Indonesian
people can look at their mangrove forests with a
lot of pride. ’
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