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ABSTRACT. Mala1si,'s 650,000 ha of niangrovesare underthe jurisdictionof the various State Forest DevartmLnts. Some2a; of mangroves hav'e been lost through '"reclamation'"bYithe woodchip industry in the past twenti years. Another 20%"ehas been earmarked for poss;ible aquaculture development inPeninsularMalaysia. A comparison between sustained-yield
,anagementfor foresty and conversion to aquacul ure showsthat aqutculture development is econcunically precarious. ACvSLsc7vatin pl,-n inVolving sustained-yieh management andthe establishment of mangrove protected areas is suggested.Seed materials fron the protected areas will ensure geneticvigourfor snstained-yield management, 

. INTRODUCTION 

Mangroves comprise some 650,000 ha (about 2%) of the 
total land area of Malaysia; about 110,000 ha occur inPeninsular Malaysia, while the rest areSarawak. In Peninsular Malaysia, 

in Sabah and 
some 20% of the man-


groves have 
 been reclaimed
1978). 	 in the last 20 years (Ong,The major mangrove forests in Peninsular /ia-
laysia are under some form of sustained yield manage-

ment by the different State Forest 
Departments In retet ! )S mO r, ea,ISis due m,inly to r,[ Pirt ini Iii rport raioiti t.. id stri I t tes 

.A liS,er extent, ,1gricultUre. In Sabah and Sar-awak, another 20% has been licen.ied for woodchip pro-duction (estimated from figures of annual coupes givenby Chai, 1977 and Liew, 1977). It appears that no newlicenses are being issued in Sabah and Sarawak for the
production of woodchips (the socie-economic returnsbeing poor and the degradation to the mangrove beinga problemnNair, 197i, nd Ong, 1978). 

The Ministry of Agriculture has estimated that about27,000 ha of land in Peninsular Malaysia is suitabh forbrackish water fish culture (in Gedney, et al., 1982). "his
presumably is mostly mangrove land, which means sor ie20 to 25 of the mangroves in Peninsular Malaysia hi sbeen earmarked for aquaculture use. Indeed, the Fisheries Development Authority (Lembaga Kemaj ian IkanMalaysia or Majuikan), has started the 	initial phase ofa giant aquaculture scheme by 	acquiring some 300 haof forest in the Sungai Merrok Mangrove Forest Reserve, Kedah. It would thus appear that aquaculturepresents the greatest threat to Malaysian mangroves in 
the near future.
 

The aim of
implications of developing aquaculture schemes in man
this study is to examine the various 

grove forest, as 	compared with sustained yield management for timber production and suggest the mostrational use of this so often misunderstood ecosystem. 

2. TWO MANGROVE SYSTEMS 

This will be done by examining two mangrove area in 
Peninsular Malaysia: 

i) 	 LI,. \.aiig \.iM-arove Fore:;t .eserve. which isIII161'er sustainet Vi'ed ma na emen t or charcoal,
poles and fireWood by the Perak Forest Department; and 

ii) 	 The Sungai Merbok Mangrove Forest Reserve,
which is being developed into a major aqua
culture scheme by Majuikan. 
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2.1. The Matang Mangrove 

Sustained yield use of mangrove forest is seen at its 
best in the Matang Mangrove Forest Reserve, which 
contains about 40,000 ha of forests dominated by almost 
pure stands of Rhizophora apicudata. It is situated in the 
state of Perak and is under the juridiction and man-
agement of the Perak Forest Department. Tile forest has 
been under sustained yield management since the early 
part of this century. 

2.1.1. Ma iagement plani. 111. torest II&, Ieen worked 
under a 30- to 40- %'earrotation plan is now in its third 
rotation; tile annual coupe for clear-felling is about 1,000 
ha, with trees clear-felled in p:tches of a few hectares 
in an area. Clear-felled timber is used mainly for the 
manufacture of charcoal, the rest being for firewood. 
After clear-felling, the slash (i.e. small branches, twigs,
leaves, fruits and stumps) is left to decompose naturally. 
This slash usually becomes neglible after about two years. 
In certain areas natural regeneration of young plants is 
good so no planting is necessary but in areas where 
regeneration is poor, the area is planted with Rhizophora 
apiculata propagules, at about 1.2 m intervals. In some 
areas it is necessary to manually remove weeds like the 
mangrove fern Acrostichum before replanting can be car-
tied out. It is estimated that some 50% of the clear-felled 
areas need artificial replanting. 

The seedlings are allowed to grow unattended for 
15 years, at which time the first thinning is carried out. 
A 1.2 m stick is used during this process. Any trec 
within a radius of 1.2 m (the stick) of the central tree is 
removed. The aim of thi: thinning is to obtain poles 
which have a diameter at breast height of about 15 cm. 
Poles are used for scaffolding by the local building in-
dustry, pilings and fishing stakes. Apparently this is 
not intended as a silvicultural trcatment although an 
unpublished (Gong, Ong & Wong) study indicated 
"natural thinnings" occur to a very significant extent 
between 10 and 15 years. A second thinning is carried 
out between 20 and 25 €'ears with a 1.9 in stick and the 
trees are finally clear-felled at about 30 years, ending 
the rotation. This rule-of-thumb system (Watson, 1928) 
appears to have worked rem; rkablv well although there 
has been a drop in yield between the second and third 
rotations (the first rotation figures cannot be used for 
comparison because the first fellings were of larger trees 
more than 30-40 years old); the reason for the decrease 

in yield is not known (Tang et al., 1980). 


2.1.2. Socio-economic factors. A number of villages are 
located within mangrove forests. The population is either 

involved with forestry or 
the fishing industry. It has 
been estimated that the forest industry provides ema-

ployment for a direct work force of about 
 1,400 and an 
indirect work force of ,noltler 1,000 (Ong, 1978). The 
estimated annual total value of mangrove forest prod-
ucts in the area is about US$ 9 million (Haron, 1980). 

The fishing industry in the same area provides em-
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ployment for an estimated direct work force of about 
2,500 and an estimated indirect work force of anothei 
7,500 (Ong, 1978). Based on the value of prawns and 
cockles landed in 19;9 of USS 32 million for the whole 
State of Perak (Tang et al., 1980), it is estimated the total 
annual value of the Matang mangrove fisheries to be at 
least on the order of USS 30 million.
 

Thus, it can be seen 
that the fishing industry in 
Matang provides employmen, (directly or indirectly) for 
4 times as many people as the forest industrv and the 
value from fshing i> at leas" tiln's that derived florntorestr'. Nlatang is th, best manrove ftret ill Maa.sl;Sa 
(and possiLiy in tile world). Tile returns from the forest 
industry will probably be less in lesser managed forests. 
fhis vividly illustrates the value of the fishing industn 
in tie mangrove environment. 

2.1.3. Ecological implications. Since the pioneering works 
of Heald (1971) and W.E. Odum (1971) there is now 
ample circumstantial evidence to demonstrate the de
pendance of coastal fisheries on mangroves. Certain 
species of penaeid prawns, including Penaeusindicus, P. 
inerguiensis,P. monodon and most species of Metapenaeus, 
are dependant on mangrove forests for shelter during 
their juvenile stages (Macnae, 1974). While in some areas 
the correlation between prawn landings and mangrove 
area is good the relationship does not hold in other 
areas; it is not possible to generalize and say "no man
groves: no prawns." In Peninsular Malaysia there is also 
a good correlation between prawn landings and man-, 
groves (Gedney et al., 1982) and a number of studie_, 
(T.L. Ong, 1978); Sasekumar and Thong, 1980; Thong 
and Sasekumar, 1980; Leh and Sasekumar, 1980) have 
shown the presence of significant amounts of mangrove
detritus in the guts of man) important commercial fishes 
in coastal waters. 

Unfortunately, direct or quantitative evidence to link 
mangroves and coastal fisheries appear lacking. The vi
tal question, "low much mangroves can he removed 
in any particular area without adversely affecting the 
adjacent coastal fisheries?" as vet cannot be answered. 
There is an urgent need for concerted research efforts 
in this area. 

In the Matang Mangroves sonic 10 tonof mango'e 
litter is produced pet hectare pei year (,ong el al.. 19.1; 
Ong ct al., 1980a). Slash produced by thinnings and 
clear-felling adds significantly to this amount (Wong ct 
al., 1982). Thus the practice of sustained yield produc
tion of timber in Matang can coe\ist il haiiion with 

coastal capture fisheries. Efforts should be nade to havefisheries input to the present management plan since 
any alternate use or change in management plan may
have an adverse effect on the fisheries. 

Until more information becomes available it appears 
that the system of management as practiced in %iatang 
should be mintained and encouraged, though this 
management results in almost a monoculture of Ri:, 
phora apiculata. Conservation is essentially rational uM',
and I have previously suggested a pragat c apprach 
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(for Peninsular Malaysia) of preserving about 1% ofmangroves for posterity and maintaining most of therest as practiced at Matang until such time as ,-ehave a better understanding of the ecosystem (Ong, 1982).The close association between man and mangroves hasmade it such that there is no truly virgin stand of man-groves in Peninsular Malaysia. 

2.2. Ihe Sungai Merbok Mangrove 

The Sungai Merbok Mangrove Forest Reserve is usedhere to illustrate the use of nmangroves for aquaculture.
The reserve is made up of 18 forest compartments with 
a total areaRhi:o01tora apiculata andof 4176 ha. The vegetation is dominatedPrguieraparz'ifora. Some by1,50)0h Mn the north bank of the Strl gai Nlerbok (known astile l;n .;_.rk area) ld been previously reclaimed
for rice cultivation but the development of acid sulphate 
conditions has resulted in the land lying idle. Coin-
partment 15, comprising 307 ha, has recently been excised for aquacultui-e by Majuikan. The reserve is tinderthe jurisdiction ot the Kedah Forest Department. 

2.2.1. Forest Management Plan. The forests are thinnedand clear-felled under a plan similar to that at Matangbut there is no silvicultural treatment like weed exter-
mination and planting. Regeneration is completely leftto nature, vet the forests are surprisingly good (Ong ctal., 1980a). The lack of selective planting has resultedin a forest of mixed species, some of the Compartments
in this forest are specifically set aside for the use of 
fishermen in the area. 

2.2.2. Aquaculture Development Plan. Majuikan andthe State Government of Kedah are developing an aqua-culture scheme here. Already some 51) ha have
converted into ponds and 

been 
its associated infrastructure.


The rest of the mangrove 
 is being studied foc further 

conversion. A master plan 
 for the development of the
whole mangrove estuary into a major aquaculture scheme
is being undertaken. 
 The objectives of the scheme are
to provide gainful employment to the farmers and fish-
ermen in the area 
 and to raise their living standards,
The overall development plan will "include aquaculture
installations and regional and local settlement centreswith commtnication systems, infrastnicture, and utili-
ties (water supply, electricity, sewage, roads, 
 etc.) and
amenitit,, (schois,hospitals, recreational centres, etc.),
",Il iv, t; .,w-0'~
n< ,n rcitto
evlivjilOid workin. 

,'. ,, 
I p'm inclu e ,i"ULiO-,'tWlhfliC -v',riuatiun.i,well as ai environmental
impact assessment. A baseline ecological survey has al-ready been completed (Ong, etal., 1980b). It is expected
that the scheme will involve the economically depressed
population of about 15,000 in the area. 

2.2.3. Economics of pond aquaculture. A recent assess-
rnent (Gedney et al.,1982), showed that, in the Malay-

The huhimdrahwan Ream 

sian Context, Culture Of the tiger prawn, 'cnaeusi 1onotdolnlil ponds provides the best return,. A net income ofbetween US$-4,2gf0 (i.e. net loss) to USS16,800 per haof pond per anun was estimated, depending on thesurvival rate of the prawns. Nlajuikan has started cLturing tiger prawns in their new ponds. InIput/output
calculations have shown that, unless seed and feed costs 
can be reduced, the project will face serious economic 
problems unless acan be achieved. remarkably high survival rate of 61%to reduce the costWithof seedsbetterbuttechnology,it it thatis unlikelyis possiblethe 
cost of trash fish for feeding will go down since with more ponds, demand will become greater.. Already Malavsia is a net importer of trash fish (GedneVet al.,1982). 

0111V under ideal conditionsproach the net income of overwill it be possible to ap-USS I2,i0 k-,timated byGcdnev !'t,;I. It is evident that the ri4. s are gcea' as aneconomic venture, which may account for the paucity
of private enterprise in brackish water pond aquacul
ture.
 

2.2.4. Ecological implications. The high organic content
in mangrove soils, iron in the soil and the ever-present 
sulphate from tidal seawater makes practically all mangrove soils susceptible to acid sulphate conditions shouldo\idation of the soil occur. This often happens duringpond construction, when the soil is exposed to air and
oxidized. When this Ihappens the p-I of the ponds oftendrops to 3 or less-a condition not conducive to pondculture. It is sometimes possible to control this condition
with the use of lime and careful control of water levels,but this can prove uneconomical. It is not known if 
mangroves will recolonize ponds abandoned as a resultof acid sulphate conditions. If recolonizaion can takeplace, it may be possible to restore the mangroves.

The aquaculture system used by Majuikan involves

feeding the prawns with trash fish 
 (with plans for the use of pellitized food at a later stage); it is not known
if this is more efficient than the natural system in the
 
mangrove watenvavs
 

Since the aquactilture ponds rely 
 on a supply of
water from the adjacent mangrove waterways, it is vital
that the water is of good quality and unpolluted. It is
thus important that steps are taken to ensure that pollution upstream from the mangroves is well controlled;
 
any laxity could result in catastrophe for the ponds.
Pond operators will automatically put great pressure 
onthe relevant authorities to enforce strict control, and theturroiunding mangrove areis will benefit from this cont,.
 

' . ,,inproblem i ''owr ,Ml im an is to(decidehw IMtich ot the ifangroves can be converted to aquaculture ponds and the i. ,;ociated infrastructure withoutadversely affecting the adjacent coastal fisheries. Thereis no ready answer to this; it will take some years ofconcerh, I research effort to solve the problem. Unless 
the aquaculture scheme within the niangrove ecosystemcan improve on the productivity (in terms of either qual
ity or quantity), then such use of the mangrove eco
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system is a wasteful one. This is a vital consideration 
for resource managers. The mangrove is nature's own 
aquaculture system with a number of advantages. An 
artificial system has the advaaitage of relatively easier 
harvest and selection of paruicular specie,: but nature's 
system is vastly more stable and less susceptible to dis-
ea,.es and epidemics. Unless the artificial ponds can very 
significantly surpass the natural system, hIleestablish-
ment of aquaculture ponds may be a case of robbing
Peter to pay Paul with the possible added cost of having 
to ce'mpensate Peier alter. 

3. CONSERVATION 

One concept of conservation is that of total preservation
for the sake of posterity. While such a concept may
hav'e its proponents in the developed nations (wlere 
conflict between posperity and posterity is sometimes 
thought to be minimal), a more pragmatic concept may 
ha'e to be applied in the less developed countries (where 
rapid growth in prosperity is often a primary target of 
national development). The concept that would be gen-
erally acceptible is one that regards conservation as the 
rational use and mangenent o. resources. Indeed, this 
concept does not necessarily exclude the narrower con-
cept of total preservation fcr posterity, 

Since most of the world's mangroves occur in the 
less developed countrie.s, conservation plans are more 
likely to succeed if based on the concept of rational use 
and developmcnt rather than one based on preservation 
for posterity (if a certain amount of prosperity is not 
achieved, there may be no posterity left to preserve for). 

Conservation of mangroves in Malaysia would thus 
involve a plan or strategy for its rational use and man-
agement. As a background to this, it would be necessary 
to demonstrate tile usefulness of mangroves. This can 
then be followed by a national strategy for rational use 
and management. 

3.1. The value of mangroves 

The mangrove ecosystem is in all likelihood the most 
productive (in terms of net productivity) of all natural 
ecosystems; its timber yield alone is greater than those 
of land forests (Tang et al., 1980) and its very consid-
erable contribution to adjacent coastal fisheries (espe-
cially the prawn fishery) makes this ecosystem too val-
uable to be neglected or callously ravaged (as has 
sometimes been the case in tile past). 

Ecologically these forests appear to be involved in 
stabilizing soil and checking erosion in the riparian and 
littoral zones as well as providing nourishment (from 
mangrove litter) to aquatic organisms in the mangrove 
and adjacent coastal ecosystems. 

3.2. Mz;or uses of mangroves 

At present there are three major uses of mangeves: 
sustained yield management for the production of char
coal, poles and fuelwood (as seen at its best at Matang);
harvesting of woodchips with little serious attempt at 
regeneration (as seen in Sabah and Sarawak) and the 
conversion of mangroves into aquaculture ponds (as at 
Sungai Merbok). 

The use of mangroves as now practiced by the 
woodchip industry can co irreparable daimaeC to the 
nlnldl o e'l. ' -. t\.i i a.. \oell .s alit-ii th adjaut'ill 0).14!] 
tisi'lerit,. It I-p,,iblte, howev'er, witil prper plannin, 
and good management, for the \voodchip industry to 
use the mangrove ecosystem on a sustained yield basis 
similar to that seen at Matang. 

The conversion of mangroves for aquaculture ponds
is not a use of mangrove but a replacement of the eco
system with ponds. As practiced now, it is extremely 
wasteful-especially when less productive coastal land 
can be used for the same purpose. Add to this the acid 
sulphate potential of mangrove land and the precarious 
economic returns and the balance tilts against this wasteful 
use. However, a breakthrough in the state of art of 
prawn cu!ture in the foieseeable future is a good pos
sibility (e.g., the drastic rednction in the production cost 
of seeds). If this happens, prawn culture becomes eco
nomically very attractive, and mangroves, because of 
their coastal location will no doubt be the main targets 
for conversion to ponds. 

One advantage of hving aquaculture ponds (as 
well as other aquaculture activities like cockle and float
ing cage culture) is that deterioration of water quality 
caused by pollution will have a dramatic effect in terms 
of fish kills, ensuring that the relevant authorities keep 
a close check on pollution Of the ecosystem. 

3.3. Mangrove National Parks 

The first National Park in Malaysia that includes the 
mangrove ecosystem is the Bako National Park in Sar
awak. The Klias National Park in Sabah consists of mainly 
mangroves. There is, however, no mangrove national 
park in Peninsular Malaysia, only two almost insignif
icant areas of Virgin Jungle Reserve (VJR). It is suggested 
that a mangrove national park be established in Pen
insular Malaysia, preferably in the state of Johore, where 
more natural mangroves can still be found. The number 
of mangrove Virgin Jungle Reserves should be appre
ciably increased. 

Apart from the usual arguments for the establish
ment of national parks (and VJRs) there is an additional 
strong argument here. The management system in Ma
tang (in its third rotation) has seen a drop in yield. 
Although the actual reason for this reduction in yield 
is not known, the use of selected (e.g. high yield) seeds 
could have prevenled this. Also, the current practice 
may have resulted in tile reduction of genetic vigour. 
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Availability of seeds (propagules) has also been a prob-lem. Mangrove national parks and VJRs would certainly
be excellent sources for seeds and genetic material. Theproposed mangrove national park for Peninsular Ma-lavsia should include a complete ecosystem (from thefreshwater to seawater) and it is not unWasonable to 
suggest that the area should be not less than 1 percentof 	the total mangrove area on the Peninsula. The areaof Mangrove VJRs should also be increased to at leastor 2 percent of the total mangrove forest reserves, 

* 	the use of mangroves for aquaculture should befurther researched and explored before major ef
forts at implementation;

°	the conversion of mangroves to aquaculture ponds
should proceed with extreme caution and care
fully evaluated both cologically and soCio-eco
nomically; 

°
the use of hutan, darat or land forests of the mangrovp- for conversion to aquaculture ponds shouldbe thoroughly investigated before productive 

4. 	 CONCLUSION: A STRATEGY FOR RATIONAL
USE AND MIANAGEMENT 

It 	is evident that at present the most ratitnal use (iffunding 
mangroves in Mlalasia is the sustain ed Yield sv_,ternpractised in Matang. It is also possible as 

to 	manage man-groves on a sustained yield basis for the woodchip in-
mmang ove are s
y be suiablfo con ers on 
oa ua-A
dustiv (although this is not done at the present). Certainmangrove ars may be Suitable for conversion to aqua-

Culture pon diswil
The strategy for rational use and management ofMalaysia's mangroves .hould follow a national man-grove management plan based on the following guide-lines: 

" for the time being mangroves should be used on 
a sustained yield basis aid managed along thelines used in latang;

" the management p!an used in Niatang should beimproved with greater research input. There should
also be a significant input from fisheries research; 

established in NlaLmysia Itishoped that this Committee
 
s 	 o it ef c t ie s OpVwill show its effectiveness tra tin sp omm nteb 	 drawing up a nationalmangrove management strategy for 	the Government's

consideration. This is a matter of ugency. Unless sucha strategy is adopted soon, MalaVsia's unique and rich 
mangroves will disappear, leaving the country poorerfor the loss. 
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mangrove forests are used for this purpose;
" a number of mangrove national parks and VirginJungle Reserves (each covering at least 1 percent

of the mangrove area in Peninsular Malaysia, Sa
bah and Sarawak) should be established; andshould be obtained for uch-needed si
entific and -ocio-vcomwmnic research ou 	 the moangrove ecosystem; the establishment of a NationalMangrove Research Instiute is opportune.
National Mangrove Committee has already been 
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