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Foreword
 

The coastal waters of Southeast Asia have some of the world's richest ecosy3tems and arecharacterized by extensive coral reefs and dense mangrove forests. Blessed with warm tropical climateand high rainfall, these waters are further enriched with nutrients from the land, which enable them tosupport a wide diversity of marine life. Because economic benefits could be derived from them, thecoastal zones in these countries teem with human settlements. Over 76% of the population in the regionlives in coastal areas where resources have been heavily exploited. This situation became apparentbetween the 1960s and 1970s when socioeconomic pressures increased. Large-scale destruction of thereion's valuable resources has caused serious degradation of the environment, thus affecting the
economic life of the coastal inhabitants. This lamentable situation is mainly the result of ineffective or 
poor management of the coastal resources.
 

Coastal valuable
resources are assets that should be utilized on a sustainable basis. Unisectoraloveruse of some resources has caused grave problems. Indiscriminate logging and mining in upland
areas might have brought large economic benefits to companies undertaking these activities and, to acertain extent, increased government revenues, but could prove detrimental to lowland activities such asfisheries, aquaculture and coastal-tourism dependent industries. Similarly, unregulated fishing effortand the use of destructive fishing methods, such as mechanized push-nets and dynamiting, have seiiously destroyed fish habitats and reduced fish stocks. Indiscriminate cutting of mangroves for aqvaculture, fuel wood, timber and the like has brought temporary gains in fish production, fuel wood and timber supply but losses in nursery areas of commercially important fish and shrimp, coastal erosion and 
land accretion. 

The coastal zones of most nations in the Association of Southeast Asian Nations (ASEAN) are subjected to increasing population and economic pressures manifested by a variety of coastal activities,notably, fishing, coastal aquaculture, waste disposal, salt-making, tin mining, oil drilling, tanker traffic,construction and industrialization. This situation is aggravated by the expanding economic activities
attempting to uplift the standard of living of coastal people, the majority of whom live below the official 
poverty line.
 

Some ASEAN nations have formulated regulatory 
measures for their coastal resources management(CRM) such as the issuance of permits for fishing, logging, mangrove harvesting, etc. However, most ofthese measures have not proven effective due partly to enforcement failure and largely to lack of support
for the communities concerned. 

Experiences in CRM in developed nations suggest the need for an integrated, interdisciplinary andmultisectoral approach in developing management plans that will provide a course of action usable for 
the daily management of the coastal areas.


The ASEAN/United States Coastal Resources
(US) Management Project (CRMP) arose from the
existing CRM problems. Its goal is to increase existing capabilities within ASEAN nations for developingand implementing CRM strategies. The project, which is funded by the US Agency for International
Development (USAID) and executed by the International Center for Living Aquatic Resources Management (ICLARM) in cooperation with ASEAN institutions, attempts to attain its goals through these 
activities: 

* analyzing, documenting and disseminating information on trends in coastal developresources 
ment;

* increasing awareness of the importance of CRM policies and identifying, and where possible,
strengthening existing management capabilities;

" providing technical solutions to coastal resources use conflicts; and
" promoting institutional arrangements that bring multisectoral planning to coastal resources 

development.
In addition to implementing training and information disseniination programs, CRMP also attempts

to develop site-specific CRM plans to formulate integrated strategies that could be implemented in theprevailing conditions in each nation. To date, these management plans have ecsentially reached the final
phase of completion and require approval, endorsement and 0unding for implementation. 

vii 



The Technical Workshop on Integrated Tropical Coastal Area Management, held in Singapore on 28
31 October 1988, aimed to foster regional cooperation among scientists through an exchange of ideas, 
information, experiences ar expertise on CRM and to provide a venue for them to present their scien
tific findings and discuss coastal resources issues, planning and management. 

Jointly sponsored by the National University of Singapore, Science Council of Singapore and the 
ASEAN/US CRMP of ICLARM, the technical workshop was the first regional meeting of scientists 
involved in CRM since the project's incepton in 1986. 

A total of 103 participants composed of project personnel and observers from the six ASEAN member
countries and the United States (i.e., from the the East-West Center, the University of Hawaii and the 
University of Rhode Island) presented 77 papers covering these areas: coastal resources assessment, 
environmental degradation, socioeconomics of coastal resources and communities, legal and institutional 
arrangements in coastal area management, environmenrlhabitat enhancement and production, and 
resource planning and management. The papers were based on research made and secondary data gath
ered by the various project task groups. 

These proceedings are a concrete expression of the participants' commitment to the regional effort of 
properly managing, protecting and conserving the coastal resources. 

We would like to express gratitude to the editorial staff of the ASEAN/ US CRMP: Marie Sol M. 
Sadorra, Romeo J. Santos, Mari Assunta A. Carigma, Pamela P. del Rosario, Cecille Legazpi and 
Katherine I. Chua for copyediting the papers; Rachel C. Josue and Eloisa Espiritu for typing them; and 
Rachel Atanacio for drawing the figures and preparing the layout. Appreciation is extended to Mr. Len 
G-.rces of ICLARM and Dr. Richard Tobin of the State University of New York, Buffalo, U.S.A., who 
contributed valuable technical and editorial comments; and to USAID which funded the workshop and 
the publication of these proceedings. 

The editors 
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An assessment of the coastal environment
 
of Phangnga Bay, Thailand 

PRAWIN LIMPSAICHOL
 
NIPAWAN BUSSARAWIT
 
Phuket Marine BiologicalCenter
 
DepartmentofFisheries
 
P.O.Box 60, Phuket83000
 
Thailand
 

LIMPSAICHOL, P. and N. BUSSARAWIT. 1991. An assess-
ment of the coastal environment of Phangnga Bay, Thai-
land, p. 3-11. In L.M. Chou, T.-E. Chua, H.W. Khoo, P. 
Lim, J.N. Paw, G.T. Silvestro, M.J. Valencia, A.T. White 
and P.K. Wong (eds.) Towards an integrated management of
tropical coastal resources. ICLARM Conference Proceedings 
22, 455 p. Nationa! University of Singapore, Singapore; 
National Science and T&hnology Board, Singapore; and
International Center for Living Aquatic Resources Man-
agement, Philippines. 

ABSTRACT 


Phangnga Bay in southern Thailand is one of the six pilot 
sites of the ASEAN/US Coastal Resources Management Project
(CRMP). General environmental and oceanographic parame-
ters were monitored in Phangnga Bay which covered maricul
ture sites, fishery potentials and mangal outfall areas. Out-
flowing water of net tidal transport dominated the surface 
water while the dense seawater flowed underneath. During the 
southwest monsoon with heavy rainfall, large variations in 
salinity (>5 ppt) extended more than 5 km offshore because of 
the outflow of very low saline water (<10 ppt) from mangal
canals. Coliform bacteria and other biological parameters were 
determined to assess the environmental changes diurnally and 
seasonally. The relatively calm seas during the northeast mon-
soon caused the build up of high hydrogen sulfide in the sedi-
ment while opposite patterns were observed during the south-
west monsoon when seas were rough. The deterioration of eco-
nomically important bivalve beds (Paphiaspd was observed to
be related to the concentrations of hydrogen sulfide. The 
degree of environmental variation and the extent of affected 
areas are prerequisite information that will provide a guideline
for the appropriate management of marine resources in the 
bay. 


INTRODUCTION 

Phangnga Bay is located in the Upper South 
region of Thailand facing Andaman Sea. The bay 
is surrounded by 196,428 ha of mangrove swamps
(Aksornkoae 1988). 

The hydrodynamics of the bay is mainly influ-
enced by semidiurnal tides and two seasonal 
regimes, the northeast and southwest monsoons, 

The dry northeast monsoon is from November to 
April, with an average annual rainfall of 290 mm.
It is characterized by a calm sea and weater. The 

wet southwest monsoon prevails from May to
September and is characterized by a strong south
westerly or westerly wind, which brings an aver

age annual rainfall of 1,970 mm (Yasaki and 
Jantarapagdee 1981). 

The hydrodynamics of the bay was studied from 
January 1987 to 1988 under the CRMP. The 
information derived from the study is vital in 
assessing such issues as larvae recruitment, mari
culture potential areas, pollution load, water 
quality and sedimentation characteristics in rela
tion to mining operations and the resuspension 

process.
 

STUDY AREAS 

Seven sampling stations were established. 
Three stations were located at the inner bay
within Phangnga Province where intensive aqua
culture was established. The inner ba is shallow, 

y

largely influenced by runoff, with extensive mud
flats and fringing mangroves. Two stations,

located on the eastern coast of the bay near Krabi
 

Provnce, have mud and sandy substrates. The 
coast is rocky, relatively deep and has open sea
characteristics. The other two stations, located on 
the western coast of the bay within Phangnga
Province, have the intermediate characteristics of
the above five stations. 

RESOURCE MANAGEMENT PROBLEMS 

Phangnga Bay is rich in coastal resources that 
support a broad range of economic activities. 
However, the use of these resources contributes to 
environmental degradation and overexploitation. 
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Tin mining, for instance, contributes to high 
water turbidity in the bay due to the discharge of 
mine tailings. Large areas of mangroves are 
denuded due to conversion for agricultural, indus-
trial, aquaculture and urban developments 
(Aksornkoae 1988). Increasing population and 
tourism activity in the area contribute to poor 
water quality due to the discharge of untreated 
sewage into the bay. Agricultural and industrial 
discharges also compound the water quality man-
agement problems. And there is overfishing in the 
bay. These issues stem from inadequate manage-
ment guidelines and implementation. 

Currents affect the distribution of larvae. Thus, 
knowledge of current patterns is needed to locate 
the optimum areas for larvae recruitment. 

With regard to variations in water quality 
parameters due to meteorological influences, 
these add stress on mariculture development. For 
instance, the high mortality of parent cockles was 
associated with abrupt drops in salinity from 
runoff during the wet southwest monsoon period 
(PPFO 1987). 

METHODOLOGY 

In addition to the collection and analysis of sec-
ondary information on the coastal environment of 
Phangnga Bay, several primary data were col-
lected from the seven sampling stations estab-
lished along the bay. Parameters determined 
included soil and water quality and plankton/ 
shellfish identification (Table 1). 

Current speeds and directions were measured 
hourly for 25 hours throughout the water column 
over two tidal cycles in each station. Meteorologi-
cal conditions were also recorded. 

Aside from soil and water samplings, interviews 
were also conducted. Local artisanal fishermen 
were interviewed for catch data analysis that 
could indicate possibla environmental stress on 
some species. 

Fish larvae density and identification were 
based on samples taken in 1984. The oblique 
towing technique was used with a plankton net of 
the WP-3 type (UNESCO 1986). Samples were 
preserved in 4% neutralized formaldehyde prior to 
analysis. 

RESULTS AND DISCUSSION 

Water currents and tides 
Surface water moved counterclockwise 

(maximum speed of 1.126 m/s) during the north-

east monsoon. The subsurface water intruded into 
the bay with a relatively strong flow (maximum 
speed of 0.109 m/s) from the east coast. This sub
surface intrusion turned counterclockwise along 
with the surface's circulation. A minor inflow of 
subsurface water (maximum speed of 0.014 m/s) 
was observed on the west coast (Fig. 1). 

Patterns changed during the southwest mon
soon when the surface. water moved (maximum 
speed of 0.220 m/s) northeasterly into the bay 
along the west coast in a clockwise motion. It was 
influenced by the strong winds of this monsoon. A 
minor surface pattern of inflowing water 
(maximum speed of 0.093 m/s) was observed on 
the east coast. Similarly, subsurface water moved 
into the bay (maximum speed of 0.185 m/s) along 
the east coast while a, mitor subsurface flow was 
observed (maximum speed of 0.179 mis) along the 
west coast (Fig. 1). 

During the northeast monsoon, a minor surface 
current (maximum speed of 0.099 m/s) moved the 
east coast water south while a circulating pattern 
moved.it (maximum speed of 0.206 m/s) southwest 
and counterclockwise. The subsurface water then 
reversed its flow from flood tide. Other currents 
are shown in Fig. 1. During the southwest mon
soon, minor surface and subsurface currents had 
variable patterns (Fig. 1). 

The inner bay surface runoff moved southwest 
in a circulating pattern. This affected most of the 
west side's runoff areas. This pattern changed to 
the east during the southwest monsoon. 

During the southwest monsoon, the residual 
surface's circulating pattern reversed its flow to a 
clockwise motion (maximum residual speed of 
0.072 m/s). Winds from the ocean caused a sub
surface counterclockwise circulation (maximum 
residual speed of 0.063 m/s) from the east coast. 

Water quality 

The results of the water quality assessment 
(Tables 1 to 4 and Figs. 2 and 3) showed different 
regimes in three areas: the east coast, the west 
coast and'the inner bay area. 

Total suspended solid (TSS) concentrations 
were identical (12.8±3.2 ppm) on both coasts while 
the inner bay value was higher (18.1±5.0 ppm). 
The pH values in the inner bay water, affected by 
runoff, were lower (pH 8.23±0.09) compared to 
those (pH 8.35±0.10) on both coasts (Table 2). 

Values of salinity, temperature, dissolved oxy
gen (DO) and total alkalinity were 32.0±0.8 ppt, 
28.6±0.4°C, 6.5±0.5 ppm and 134.0±32.0 ppm 

http:8.35�0.10
http:8.23�0.09
http:moved.it


5 
CaCO3, respectively, which were identical in the tides in the bay, implying uniform circulation.three areas. The salinity in the inner bay was Southwest monsoon subsurface inflow on the westlower, coast resulted in a slightly higher salinity than onNearshore DO slightly exceeded that of the off- the east coast (32.28±0.04 ppt) while relativelyshore water (6.3±0.05 ppm), which may indicate a low salinity prevailed in the inner bay waterhigher primary productivity. In general, the water (31.06±0.5 ppt). Diurnal variation (4.3 ppt) wasquality of the outer sites of both coasts was char- considerably higher during the northeast monsoonacteristic of the open sea (Limpsaichol et al. (1.6 ppt). An upstream salinity variation of 11.91987). ppt was observed.Table 3 presents the hydrological conditions During the northeast monsoon, the east coast'sobserved during the northeast and southwest salinity varied by 1.20 ppt (Table 4). This exmonsoons while the typical water quality parame- tended 2 km from the coastline beyond which theter variation along the upstream and offshore salinity remained uniform throughout (32.94±0.27 stretch is shown in Figs. 2 and 3. ppt) and relatively stable. Such a salinity varia-The TSS patterns were closely related to water tion was greatly enlarged during the southwestcirculation in the bay. During the northeast mon- monsoon. During a prolonged dry period, a 3.5 pptsoon, the relatively high TSS (14.0±_2.0 ppm) of variation extended for 5 km offshore while anthe inner bay water was probably transported, 

up
stream variation of 12.0 ppt was enhanced duringpartially settling off and being diluted along the heavy rainfall periods.counterclockwise path to the west coast, while a The buffering property of the coastal bay watersrelatively low TSS (10.1±1.3 ppm) was observed was relatively high, as indicated by the totalalong the east coast, where the partial mixing of alkalinity shown in Table 3.runoff and seawater occurs. The northeast monsoonal water temperatureSimilar patterns of TSS were observed in the (28.62±0.400C) in January was relatively lowersouthwest monsoon. The magnitude was higher than the southwest monsoonal value (32.3±0.5°C)due to strong winds, a clockwise circulation and in June. These values prevailed uniformly in thethe strong flow of the subsurface's counter circula- coastal waters where a 3C diurnal variation wastion. Thus, a very high value of TSS (96.8±13.2 recorded regardless of ebb or flood tides.ppm) was recorded in the -inner bay with an in- High nutrient contents (P0 4 and NO3) weretermediate value of 10.8±2.0. A comparatively low generated in the mangal upstream area duringvalue (20.8±2.2 ppm) was observed on the west the northeast monsoon. They were diluted by thewhere the partial Tnixing occurred. The TSS in the downstream water and moved into the bay duringinner bay varied greatly from 615.0 ppm during ebb tide. The nutrient-rich stream water was thenthe southwest monsoon to 41 ppm during the pushed backwards upstream during flood tide.northeast monsoon. Thus, high nutrient contents were again recordedThe inner bay TSS had a low organic content, in the upstream water. Although the southwestThis implies that the sediment consisted of loosely monsoon caused a fluctuation in nutrient contentscombined silt and clay derived from mine tailings, as runoff from various sources, a similar circula-The subsurface TSS during ebb tides generally tion pattern was observed.contained a lower organic load than the surface Aquaculture activities, chiefly cage culture, areTSS, which supports the above pattern, increasing and one of the sites (KK site), about 3During the northeast monsoon, the TSS content km upstream of Park Lao River called kokekraiin the bay was relatively uniform (14.0-+2.0 ppm) affected the water quality in the area. This intenthroughout ebb and flood tides. In contrast, the sive cage-mariculture site usually associated withstrong southwest monsoon's resuspending action human settlements (with 400 cages) caused veryoccurred typically along a stretch about 1 km turbid water (TSS 106 mg/1) and had exceeded thebefore and behind the coastline. Thus, a very high threshold value (NTAC 1972). The TSS consistedTSS content was observed upstream during flood of a high organic fraction (OF) of up to 63 ppm,tides and vice versa as well as during ebb tides, which was mainly the remainder of fishmealThis showed that the majority of TSS in the bay (Table 3).was derived mainly from the resuspension of The microbial decomposition caused very lowdeposited sediment along the shore. DO (<3 ppm), which further decreased at night.Similar salinity (31.93±0.27 ppt) was recorded Thukhvinars et al. (1983) reported the DO contentduring the northeast monsoon at flood and ebb in heavy culture areas to be as low as 1.5 ppm at 

http:31.93�0.27
http:32.94�0.27
http:6.3�0.05
http:32.28�0.04


6 

night, thus causing high mortalities due to 
hypoxia. 

Massive culture cages restricted the water 
movement from dispersing pollutants; this led to a 
drastic drop in total alkalinity value (<60 ppm 
CaC0 3). Such a low value is favorable for bacte-
rial development to which culture fish becomes 
vulnerable (Dharnchalarnukij et al. 1982). Thus, a 
high coliform bacteria (1,700 MPN/100 ml) was 
recorded, which exceeded the acceptable value of 
1,000 MPN/100 ml (Unkulvasapaul and 
Simachaya 1986). 

High levels of coliform bacteria (1,400 MPN/100 
ml) were also recorded in the site where the 
sewage from the kokekrai village was discharged 
(Table 3). 

Primary productivity 

Relatively high primary production was 
observed in the bay. The average annual produc-
tion rate was 384 gC/m 2/year from a range of 287- 
956 gC/m2/year (Sfindstrom et al. 1987) which was 
related to the high production of mangrove 
swamps (Christensen 1978). As a result, the 
maximum primary production of 13.5-70.0 
mgC/m 3/hour and a high chlorophyll-a content 
was noted in coastal waters (1-5 m depth). In 
deeper waters, relatively lower values of both 
parameters were observed, 

Zooplankton sampled by Boonruang (1985) in 
1981-1982 consisted of an average of 682 individ-
uals/m3 with an average biomass of about 20 
mg/m3. Copepods were the most abundant g
mg/rn%. COppodsweretheostlabant group 
(30.3%). Other zooplanktonic larvae were crabs, 
shrimps and bivalves, which shared the propor-
tion ranges of 1.2-i0.7%, 0.9-2.6% and 0.2-5.5%, 
respectively, 

High densities of zooplankton were recordedduring the northeast monsoon in the inner bay.
durinther abuno a ns on wteiner bom-
Their abundance and distribution were compli-
cated but the hydrodynamic regimes and feeding 
6bviously regulated their fate. 

Coastal sediment 

Coastal sediment cores recovered along 
Phangnga Bay (40 cm in depth) consisted of three 
layers. The top layer was mainly oxidized silt and 
clay, with low organic content. The depth of this 
layer depended entirely on monsoonal influences, 
The second layer was 11-14 cm in depth, consist-
ing of very fine silt clay sand in a high organic 
matrix. A mixture of fine shell fragments was also 

observed in some locations. The third layer con
sisted of fine and coarse sand and was low in 
organic content with coarse shell fragments. The 
texture and depth of the second and third layers, 
which indicated little or no monsoonal influence, 
were significantly uniform throughout the year 
regardless of site. 

Microbial decomposition of organic material 
occurred in the sediment layers typically under 
anaerobic condition that leads to the intensive 
generation of H2S. Sulfide level in the sediment 
was as high as 306.6 mg/kg wet wt. during the 
northeast monsoon compared to 223.9 mg/kg wet 
wt. during the southwest monsoon. Significantly 
high sulfide content was recorded in the the sedi
ments on both coasts. High sulfide content was 
likewise noted throughout the depth range of the 
inner bay sediment cores and occasionally at cer
tain depths of the east coast sediment. In con
trast, relatively low values were observed in the 
west coast sediment where there were mostly 
sand and shell fragments. 

Shrimp catch 

A survey of shrimp fishermen showed that 
during the northeast monsoon, 30 long-tailed 
shrimp fishing boats were in operation. Shrimp 
gill nets were operated during early morning 
hours, with an average catch of 2-6 kg/day, mainly 
of penaeid and metapenaeid shrimps. The average 
catch yield was 4.0±1.2 kg/day at a size range of 6
15 cm in length. Catch comparison with 15 boatsduring the southwest monsoon yielded 1-5 kg/day. 
Similar species were recorded but the catch yield 
aeaewsol .±. gdy infcn 
average was only 2.7±1.1 kg/day. A significant 
decline in yield occurred during the southwest 
monsoon.One factor affecting the shrimp yield was the 
increase in TSS, especially during the southwest 
monsoon, which caused a seaward distribution of 
m specis.
shrimp species. 

Bivalves 

Study emphasis was put on economically impor
tant bivalves, i.e., the short-necked clam (Paphia 
sp.) and the cockle (Anadara sppg. They were 
known to spend their early life as planktons 
drifting along the coastal waters for about 14 days 
before metamorphosis and settlement. However, 
various conditions limited the settlement of lar
vae. 
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Sediment cores taken during the northeast coastal areas during prolonged heavy rainfall. Onmonsoon showed that C-.e bivalve (Cuspidariasp.) the other hand, less extreme salinity changesof 5 mm inhabited the top sediment surface. It were observed during the northeast monsoon. The was much disturbed during the southwest mon- coastal water was generally saturated with dissoon. solved oxygen. The low DO (<3 ppm) and total 

alkalinity (<60 ppm CaCO3) were observed in theFish larvae intensive mariculture sites with corresponding 
high coliform bacteria (1,700 MPN/100 ml). TheThe fish larvae results were based on the anal- pH and temperature values were generally uniysis of samples taken from January to December form during the northeast monsoon while a small1984 by Janekarn and reported by Janekarn and drop in pH and a 3C increase in temperatureNatheewathana in 1988 (Fig. 4). were recorded during the southwest monsoon.Forty-nine families of fish larvae with 4,122 High nutrients (NO3 and P0 4) were generatedindividuals were identified. Of these, twenty-six in the mangrove areas, and these contributed tofamilies (63.8%) have economic importance. Sci- the high primary productivity (70 mgC/m 3/h) of

aenidae, Leiognathidae, Engraulidae, Carangidae the coastal water.and Cynoglossidae made up 84.3% of the economi- The top sediment consisted mainly of silt andcally important group. This group was more clay with relatively low organic content. Theabundant in the outer bay (15%) than in the inner deeper sediment contained finer sand and abay (2%). The highest density was observed in higher organic fraction with shell fragnents.January and the lowest in September. Monsoonal influences altered the depth of the topThe distribution dynamics of fish larvae in the sediment from around 8 cm during the northeastbay was in response to the environmental stress monsoon to 3 cm with diurnal variations duringdue to monsoon variation. The high and low densi- the southwest monsoon. Relatively high sedimentties were in close correlation with the northeast sulfide was recorded during the northeast monmonsoon where salinity and TSS variations were soon. Evidently, low survival of metamorphosedsmall but were higher during the southwest mon- bivalves was attributed to severe sediment condisoon, aside from the residual water circulation tions such as sediment perturbations.
resulting from the outer bay. Finally, the turbid water and low salinity dur

ing the southwest monsoon in nearshore areas 
resulted in the relatively low shrimp yields.

CONCLUSION AND SUMMARY 

The surface residual circulation during the RECOMMENDATIONS
 
northeast monsoon was counterclockwise. It was

accompanied by a subsurface circulation in the Shellfish larval movement, which is extremelysame direction. During the southwest monsoon, complex and difficult to discern, needs to be furthe surface residual circulation turned clockwise, ther studied before proper management measuresopposing the subsurface circulation, which caused can be proposed. The input of sediment to the bay
the resuspension of the bottom sediment. The sur-
 is generally detrimental, thus, it should beface residual circulations can make planktonic decreased. Large ranges of salinity limit the
larvae drift into the sea within eight day. before appropriate species to be reared in the bay.
metamorphosis. Management should be sensitive to the variations

During the southwest monsoon, most of the that exist in selecting species.
TSS were derived from the resuspension process Low dissolved oxygen and high coliform bacteat the coasts. Its magnitude was recorded at 96.0 ria occur locally near the mariculture sites due toppm with 615 ppm diurnal variations in the inner the accumulation of excess feed and waste. Also,bay. Similar patterns were observed during the water movement is slack because of the cagenortheast monsoon but with a smaller magnitude, setup. Thus, proper mariculture management hasThe TSS contained a relatively low organic frac- to consider the density of cages, among other fac
tion from previously discharged mine tailings. tors.The coastal area was affected by the diurnal Abundance of economically important fish larsalinity variation during the southwest monsoon. vae in the outer bay depends on water circulationThe potential variation of 12 ppt affected the and avoidance of inner bay stresses. However, 
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spatial and temporal information are still lacking 
to plan for closed seasons for trawling, push-net-
ting and use of other fishing gear responsible for 
overfishing. Public education will then be neces-
sary to disseminate the imrortance of controlling 
overfishing. 
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Table 1. Sample variables of units and techniques used In sampling. 

Variable Unit 

TSS ppm (mg/) 
Organic 
fraction 

SaIlrity ppt 
Temperature *C 
DO ppm (Mg/) 
pH
Alkalinity CaCO3
Nutrients pg-at/I 
(NOS, NO2 , Po4) 
Coliform MPN/100 ml 
Currents m/s 
Direction Degree ref. 

tonorth
 
H2S m/kg wet 

wt 

Fish larvae IndA.,0oo
3 m 

Technique Reference 

GF/C filtration APHA.AWWA-WPCF (1975) 
H2S0 4 -K2CrO4 HMSO (1981) 

digestion 
Conductivity APRA-AWWA-WPCF (1975)
ThermisterYSI 
Oxygen meterYSI 

Strickland andParons (1972)
Spectrophotometry Strickland and Parsons (1972) 

Multiple tubes 
Currentmeter 
Current meter 

Zinc acetate and Grasshoff et al. (1983), Jtrgensen and 
spectrophotometry Fenchel (1974) 

King and Zarbin (1969) 
Plankton net type UNESCO (1968) 
WP-3. I m mesh and 
4%formalin preservative 



Table 2. General monitoring (Jannary-July 1987). 

Parameter 

TSS, ppm 
PH 
Salinity. ppt 
Temperature. AC 
DO 
Alkalinity 

East coast 

12.8±.2 
8.35±0.10 
32.0±0.8 
28.6±0.4 
6.W±0.5 

134.0±32 0 

West coast 

12. t3.2 
8.35±010 
32.0±0.8 
28.8±0.4 
6.5±0.5 

134.0±32.0 

Inner bay 

18.1± .0 
8.23±0.09 
M1.7±1.3 
28.6±0.4 
6.IS-0,5 

134.0±32.0 

Table 3. Hydrological conditions. 

Northeast monsuon (January-February 1988) 

Parameter East coast West coast 

TSS, ppm 10.1±1.3 7.8±1.0 
ATSS 18.1 181 
OF (TSS) LT 16.4±2.1 31.0±4.6 

HT 28.1±4.7Salinity, ppt 31.93±0.27 31.93±0.27 
ASalinity 1.20 1.57 
DO, ppm 6.84±+0.34 6.26±0.31 
ADO 2.05 1.82 
Alkalinityppm CaCO3 160.0±1.0 160.0±1.0 
AAlkalinity 3.0 3.5 
pH 8.27±0.02 0.12±0.04 
ApH 0.08 0.16 
Temperature, C 28.62±0.40 28.62±0.40 
ATemperature 2 2 
Coliform bacteria,MPN/100 ml 

Notes: YK =Kokekraicage mariculture; A = variation. 
Data enclosed in parentheses were collected in August 1987. 

Inner bay 

14.0±2.0 
41.0 

18.2±6.1 

31.93±0.27 
1.56 

6.26±0.31 
2.41 

160.0±1.0 
5.0 

8.12±0.04 
0.36 

28.62±0.40 
3 

23-260 

KK site 

5.3-7.3 

31.96-63.66 

27.84-30.8 

3.80-4.45 

157-158 

7.53-7.78 

29.6-29.9 

34-2,400 

Southwest monsoon (May-June 198P) 

East coast West coast 

28.7±5.0 20.8±22.2 
115.3 48.C 

18.S±1.4 10.8±2.0 

32.28±00.04 32.41±0.02 
1.0 1.0 

Saturated Saturated 

182.2±2.1 160.0±4.0 
27.5 5.0 

8.08±0.03 8.18±0.01 
0.57 0.09 

32.6±0.5 32.7±0.5 
2 1.2 

4-350 

Inner bay 

96.8±13.2 
615.0 

10.8±2.0 

31.06±+0.5 
4.3 

Saturated 

160.0±4.0 
6.0 

7.97±0.04 
0.62 

31.6±0.5 
1.8 

9-17. 

KK-site 

48.1±55.1 
(75-106) 

26.9-28.4 
(14.5-15.6) 

158.0-160.0 
(59.0-64.0) 
7.49-7.72 

(7.35-7.41) 
2.95-29.6 

Z3-1,400 

Table 4. Uputream-offshore stretch salinity variation. 

Location Northeast monsoon 

East coast Salinity 1.20 ppt 
Offshore 2km 

Inner bay Salinity 1 ppt 
Offshore 3km 

West coast Salinity 1 ppt 
Offshore 2 km 

Southwest monsoon 

3.5 ppt 
5km 

2.5 ppt 
6 km 

I ppt 
2 km 

Potential 
variation 

11.90 ppt 
8km 

3.0 ppt 
10 km 

-
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ABSTRACT 

Fisheries, while a small contributor in terms of national gross domestic product (GDP), is important to Brunei Danis-
salam. There is a high per capita coisumption of fisl'. and 
many people are engaged in fishing, especially on a part-time 
basis.This paper reviews the surveys and studies that have beencarried out to assess the fish stocks in the country. Surveys
have been conducted since the late 19MOs; the early ones were
incomplete. The demersal trawl survey condacted in 1979.1980with K/P Lumba-lumba was more comprehensive, the results 
of which were used to deve'op the fisheries. Subsequent
monitoring of the fish stocks has included regular trawlingstations at selected grid squares and the collection of catchstatistics from fishermen. 

INTRODUCTTON 

Fishing has traditionally been an important'

occupation inBrunei Darussalam (Fig. 1). Lately,

however, there has been 
a shift from the sea to 

more secure and comfortable land-based 
 voca-
tions. Despite this trend, there are still part-time
fishermen who fish during the holidays or non-
working hours. '.hey outnumber full-time fisher-
men (i.e., in 1987, there were 1,948 and 523 part-
and full-time fishermen, respectively).

In spite of the low contribution of fishing to the 
country's GDP (see Table 1) in comparison to the 

oil and gas industry, tha former is still importantgiven the national policy of diversifying the econ

omy.
Fish stock assessment began in the late 1940sand has continued until the present, with variousperiods of inactivity in between. The gear and

fishng metho 
ds have become more sophisticatedover the years. The results of the latter surveys,

especially those by K/P Lumba-lumba,have been 
used to expand and develop the fisheries in con
trast to the earlier surveys, which remained in theform of unpublished catch records. Beales (1982)has dealt extensively with the surveys by vessels 
in deiearussaly wit thsurv ctby

in Brunei Darussalam up to that conducted 
 byK/P Lumba-lumba in 1979-1980. This paperreviews these sureys and other subsequentworks on the stock assessment offish resources in
 
the country.
 

MV SaripahMFV Tinggiri 

The first survey was by MV Saripah whichlasted from June 1949 to January 1950 when 
another vessel, MFV Tinggiri, continued the sur
vtey untl September 1950. MFV Tinggiri was a75-foot long vessel of 160 hp. The gear used
 
included a demersal trawl Danish seine, fish pots
(bubu) and long lines. Very little information was
 
given on the vessels, gear used, survey areas,
species composition or weight of the catches. 

The reports also gave a very pessimistic view of 
the fisheries resources with statements like, "A 
four-hour trawl over 30 mls (miles) of sea bottom 
produced practically nothing" (Beales 1982).
These first attempts at surveying seemed to lack 
scientific methodology; thus, the results retarded,
instead of advanced, the development of the fish
eries. 
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R/VManihine 

In 1955, R/V Manihine, as part of the fisheries 
investigation of the waters of Malaysia and Bor-
neo, carried out eight demersal trawl hauls off the 
coast of Brunei Darussalam from November to 
December 1955. A "Peter Carey-type" commercial 
otter trawl with a headrope of 22 m, a footrope of 
28 m and an 89-mm stretched mesh cod-end was 
used. The hauls were made at water depths 
greater than 36 m because the inshore subsistence 
fisheries were believed to be fully exploited. This 
belief may have been based on the MV Sari-
pah/MFV Tinggiri results. The catch rate from 
these hauls did not exceed 100 kg/hour, and the 
reports concluded that commercial trawling was 
not economically viable. The hauls were done in 
areas that presently have low fish biomass. The 
operating cost used for assessing the viability of a 
commercial trawl operation was based on large 
European-type trawlers. Alfred (1980) gives a list 
of the fish species collected by R/V Manihine off 
Brunei Darussalam. 

MFVArapan Tei and MFVBerjaya 

In 1968, further surveys were carried out over 
four periods using small prawn trawlers, namely, 
MFV Arapan Tei and MFV Beijaya, which were 
chartered from the Government of Sabah, 
Malaysia (Table 2). These vessels were about 13 m 
in length with 60 hp in each engine. The trawl 
had a headrope of 17.8 m and a footrope of 21.3 m 
with a cod-end mesh size of 38 mm. 

Trawling was carried out between 3 and 30 nm 
(nautical miles) from the coast at depths of 11 to 
46 m, where tows of 1 to 1.5 hours were made 
(Fig. 2). The mean caich rate was 59 kg/hour for 
the entire survey area. A predominance of low 
market value fish was found, especially of the 
family Leiognathidae, particularly Leiognathus 
splendens and L. equulus. Even th ugh the trawl 
used was actually designed for catching prawn, its 
composition in the catch was only 1.3% of the total 
catch. 

R/VPenyelidek I and II 

The Malaysian research vessels R/V Penyelidek 
I and II conducted surveys northwest of the 
Borneo coast between 29 March and 1 May 1972. 
Brunei Darussalam was included in the surveys 
due to the continuity of the Sabah and Sarawak 
sectors, but there was insufficient coverage of the 

inshore waters of the Brunei Darussalam sector 
(Beales 1982). 

The two vessels were 23 m in length and were 
powered by engines between 320 and 365 brake 
horsepower (bhp). They were equipped with 
"Engel" German otter trawls with 40 mm cod-end 
mesh size and 20 m wide at the mouth of the nets. 
The vessels made 24 valid hauls for the 1-hour 
duration, mostly at depths of greater than 37 m 
for each. The survey area was in a region subse
quently called Stratum 2 in the following survey 
by K/P Lumba-lumba in 1979-1980 (Fig. 3). The 
mean catch rates and densities observed are given 
in Table 3. 

As the survey covered only the month of April, 
the results should not be directly extrapolated 
throughout the year; subsequent studies showed 
that seasonal fluctuations of biomass do occur. 
However, the densities obtained compared well 
with those of a survey conducted by K/P Lumba
lumba. 

KIPLumba-lumba 

In September 1978, the Fisheries Department 
of Brunei Darussalam purchased a 15.2-m steel 
stern trawler for use as a research and training 
vessel. Named K/P Lumba-lumba, it was used for 
the demersal resource surveys conducted in the 
country's waters in 1979 and 1980 and for other 
stock moiitoring work. The vessel could also be 
used for various fishing operations including 
pelagic trawling, long lining, potting and gill net
ting, although it was primarily designed as a 
stern trawler. 

Previous surveys did not comprehensively cover 
the country's demersal stocks and generated only 
patchy information. The surveys conducted by 
K/P Lumba-lumba were different--they were well 
planned and comprehensive, i.e., the report gave 
not only stock size and yield but also guidelines on 
the development of trawl fishery. Beales (1982) 
has dealt extensively with the KIP Lumba-lumba 
surveys. The following summary is based on his 
report. 

The demersal trawl used during the 1979 and 
1980 surveys was a Boris "Goshawk" 57-foot 
headline box trawl. In calculating the swept area, 
a figure of 30 ft for the mouth opening was used. 
The area surveyed was generally in the waters 
between 6 and 100-fathom isobaths (Fig. 4). It was 
divided into two strata based on depth. Stratum 
1, from the coast to the 25-fathom isobath, has an 
area of 3,533 km2, of which 1,466.0 km2 or 41.5% 
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was taken to be accessible to trawling. Stratun, 2 per hour and catch per unit effort (CPUE) werestretched from Stratum 1 seawards, approxi- computed. From early 1979 to the end of 1986, amately up to the 100-fathom isobath. It has an total of 163 hauls were conducted. area of 5,848.0 km2, of which 4,905 km2 or 83.9% The preliminary analysis (Fig. 6) suggested that was 	considered to be accessible to trawling. The the demersal stocks may be declining at the rate area 	was then divided into grid squares of 64.75 of 7.7% per year. In terms of Fox's model, thekm2. maximum sustainable yield (MSY) is reached
The m3an catch rates were from 205 valid hauls when the biomass is reduced to 37% of its originalof the 1979-1980 survey. The composition of the value (Fox 1970; Ricker 1975) and, thus, overexmarketable catch was: 55.4% Leiognathidae, 6.3% ploitation of the stocks would begin in mid-1991, ifMullidae, 5.2% Carangidae, 4.8% Ariidae, 3.9% the present depletion rate 	of 7.7% per year con-

Scianidae and 3.4% Nemipteridae. The remaining tinues.
21% 	consisted of trash fish. Because only four trawlers have been licensed

The estimated standing stock and potential to operate in Brunei Darussalam sin--e 1984,yield are given in Table 4. The potential yield was Halidi's preliminary analysis (1987a) did appearestimated using Gulland's equation: rather alarming and odd. The possible reasons 
proposed by Khoo et al. (1987) for the apparent 

Py = M 0.5 Bo decline were (with our comments added):
where, 1. 	 Catch rate in grid squares sampled may
M = potential yield; 	 of thePy = coefficient of natural mortality not be representative total area.(This would mean that the decline is posset at unity; and sibly localized in the particular grid 

Bo = unexploited stock size. 	 squares and, thus, does not reflect thewhole situation.) 

2. 	 Illegal fishing activity 
(There is not much evidence of illegal 
trawling activities in these areas but a

CATCH RATE MONITORING IN thorough investigation is necessary toSELECTED GRID SQUARES eliminate this reason for the apparent 
decline of the demersal fish stock.) 

Following the 3. Statistical artifacts1979 and 1980 surveys, KIP (Since the data analyzed were limited toLumba-lumba was used to monitor stock sizes in total catches and their distribution wasthree selected grid squares monthly. This moni- extremely skewed, the result could be a
toring was very important in gauging the state of statistical artifact.)

the stocks through a standardized catch rate, as 
 4. 	 The apparent decline in CPUE could betrawl fishery was progressively developed and due to the natural, long-term fluctuations
expanded through the increase in the number of of recruitment. (Unlikely.)
trawlers. Whatever the reasons, the Fisheries D6part-Halidi (1987a) analyzed the monitored data up ment of Brunei Darussalam is presently engagedto 1986. He concentrated the analysis on two grid in redoing the survey conducted in 1979-1980 to squares, namely, P35, Q35 (Square P38 was ascertain whether there has been any decline inignored as this is located within the 3-mile coastal the stocks and to provide details on the present
zone where trawling is prohibited.) (Fig. 5). stock composition.
Squares P35 and Q35 are situated well within the 
permitted trawling zone and, thus, should give an
indication of the exploitation level or any changes CATCH STATISTICS FROM FISHERMEN 
in the fish stock abundance for the entire Stratum
1. The 1979-1980 survey results for the two grid Inshore fisheries (Figs. 7 and 8) are still the squares were also used to observe any differences mainstay of the fisheries sector. Various fishingin the unexploited stocks of Brunei Darussalam's gear are operated (Khoo et al. 1987). Catch andmarine fisheries. effort statistics from the Brunei Muara District 

For each grid square, three hauls of about a have been recorded from these fisheries since latehalf-hour duration were made, and the total catch 1982 from the full-time fishermen (Fig. 6). In 1987 
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and 1988, data collection has been extended to the 
full-time fishermen of Tutong and Belait Districts, 
respectively. Data collection will be expanded to 
include Temburong District's part-time fishermen. 
(There were no full-time fishermen in this district 
in 1987.) 

Halidi (1987b), in his preliminary analysis of 
the Brunei Muara District statistics from 1982 to 
1986, notes the seasonal nature of the catches of 
the ten most abundant species. There were gener-
ally peak catches between March and May 
(postmonsoon) and around September and Octo-
ber (premonsoon) when Brunei Darussalam 
receives most of its rain from the northeast mon-
soon (around November to March). Halidi also 
observed that two groups of fish, Leiognathus spp. 
and Lutjanus spp. showed distinct changes in 
total catches over the years, whereas the other 
groups did not show any clear trend. The total 
catches of the Leiognathus spp. increased, 
whereas the Lutjanus spp. declined. This was 
thought to be due to a predator-prey relationship 
in which the large species such as Lutjanus spp. 
feed on small fishes such as Leiognathus spp. The 
removal of the piscivorous lutjanids (by trap, line 
and trawler) may have caused the increase of the 
leiognathids. 

Khoo et al. (1987) analyzed the same data and 
estimated the MSY for inshore fisheries at about 
13,300 t. This estimate exceeds prawn catches. It 
appears then that the fishery could support an 
increase of fishing effort. These observations, 
however, are preliminary, 

In view of the importance of inshore fisheries, 
the Fisheries Department initiated plans in late 
1988 or early 1989 to conduct an extensive survey 
of the fish and prawn resources available. With 
the results so obtained, the Department plans to 
establish a comprehensive management strategy 
for inshore fisheries. 

A comprehensive statistics collection system for 
full- and part-time fishermen will also be 
established. This is important because a 
substantial amount of the fish being caught off 
Brunei Darussalam by part-time fishermen is 
possibly not recorded. 

CONCLUSION 

Fish stock assessments have been carried out 
since the late 1940s. The earlier surveys, however, 
provided little or no direction or guidelines as to 
the development of fish resources. 

The surveys conducted by K/P Lumba-lumba 
proved to be a watershed in this respect; the 
report provided definite guidelines for the subse
quent commercial development of the fisheries. 
The trawl fisheries in Brunei Darussalam devel
oped largely on the results of these surveys. 

The demersal stocks in three selected grid 
squares have been monitored since 1980. Halidi 
(1987a) suggested that the stocks declined but 
this must be read subject to the above-mentioned 
caveats by Khoo et al. (1987). In any case, the 
Fisheries Department is conducting another dem
ersal resource survey that will answer some of the 
questions raised by Halidi's investigations. 

The assessments of inshore fisheries were 
based on catch and effort data obtained from full
time fishermen. The data are not comprehensive 
as they do not cover the whole country or include 
a very substantial number of part-time fishermen. 

Thus, the MSY estimates obtained by Khoo et 
al. (1987) should be considered preliminary. Here 
again, a future survey on fish and prawn 
resources in inshore waters will be instrumental 
in preparing development and management 
strategies. 

Length-frequency data have been collected on 
an ad hoc basis in the past. But due to the poor 
sampling design devised in gathering them, they 
could be of little use in deriving the population 
parameters (e.g., growth mortality) of fish. 
Obtaining reliable length-frequency data must be 
emphasized because they can be used to expand 
and develop the fisheries. 
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Table 1. Estimates of GDP by kind of economic activity at 1988 value (million 

dollars). 

Economic activity 1988 

Forestry and logging 14.8
Fishing 14.9
Electricity, gas and water 17.7
Agriculture and hunting 78.0Banking and finance 180.1Construction 233.5
Mining, quarrying and manufacturing 2,920.2
Others (e.g., trade, restaurants, insurance) 2,185.2
Total 5,644.4 

Source: Economic Planning Unit. 

Table 2. Survey data and number of hauls made by MFIArapan Tel and 

MPVBerjaya in 1968 (from Beales 1982). 

Survey Date No. ofhauls 

1 14-16 March 1968 29
2 1-13 July 1968 31
3 14-27 September 1968 24 
4 9-23 November 1968 31 

Table 3. Mean catch per unit effort and estimated fish density of surveys by R/V
Penyelidek I and 11 in Brunei Darussalam waters. 

Category Catch/effort Densityb
(kg/h) +IaM2 t/nm2 

Commercial fish 144 1.4 4.8 

Trash fish a 
114 1.1 3.8 

Total 258 2.5 8.6 

GIncluding all members of the family Leiognathidae, except Leiognathus 
splendens.
bThe trawlable areas cover 1,400 nm2 and exclude reefs. 
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Table 4. Unexploited standing stock size (Be) and potential yield (Py) in tons in areas accessible to 
trawling (Beales 1982). 

Stratum 1 2 

Area accessible .,466.0 4,905.0 
to trawling (km 2) (41.5%) (83.9%) 

Be Py Do Py 
Trash fish 3,461.6 1,730.8 3,142.8 1,571.4 
Marketable 15,388.4 7,694.2 5,515.4 2,757.7 
Total 18,850.0 9,425.0 8,658.2 4,329.1 

Leiognathidae 9,245.0 4,622.5 790.4 395.2 
Marketable excluding 

Leiognathidae 6,143.4 3,071.7 4,725.0 2,362.5 
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Fig. 1. Brunei Darussalam and its districts (adapted from Chua et al. 1987). 
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ABSTRACT 

A study of push-net boats operating in Ban Don Bay was 
conducted between March 1987 and May 1988 in response toincreased concern for the destructive effect of such operations,
A total of 47 push-net boat-trips was sampled in the course of 
the study. Mean catch per unit effort (CPUE) was about 316 
kg/boat/day with a "commercial" to "trash fish" catch ratio of 
4:6. The "commercial" component is composed largely ofpenaeid shrimp (65%) and swimming crab (15%), while the 
"trash fish" component is composed of more than 60% "true 
trash fish" (i.e., species groups not preferred for human con-
sumption) and less than 40% undersized individuals of com-
mercially important resource organisms. This implies thatapproximately a quarter of push-net CPUE--and hence, 
landings-.is composed of undersized individuals, thus hinting
at tremendous growth overfishing. Such growth overfishing is 
a direct result of the mesh size used (1.5 cm) and the concentration of activities by push-net boats in nearshore and shallow 
areas. Push-net operations compete with the important arti-

sanal gill net/trammel net sector for similar target species (i.e.,

shrimp and crab). A ban 
on punh-net operations within 3 km 

from the shore is proposed so as to reduce immediately their 

damage to the fisheries. The phase-out of push-net boats over 

the medium-term is likewise recommended. 


INTRODUCTION 

Ban Don Bay is a shallow, soft-bottom area off 
Surat Thani Province in the Upper South region
of Thailand (Fig. 1). Fishing in the bay is largely
small-scale in nature and is an important source 
of income for coastal residents. The main types of 
fishing gear employed are gill net (drift gill net for 

catching crab and threadfins and trammel net for
catching shrimp), push-net and otter trawl (NSO1987). Penaeid shrimp (largely Penaeusmerguien
sis) and swimming crab (Portunidae) dominatethe landings in terms of value and account for
about 150 and 30 million baht per year, respec
tively (Lohsawatdikul 1988).

As described in the coastal environmental pro
file of Ban Don Bay, Paw et al. (1988) poifit to the 
excessive fishing effort and the capture ofundersized fish as pressing issues for the capture 
fisheries in the area. The bay is a spawning and nursery ground for various marine organisms, and 

particular concern has been raised about the
destructive nature of push-net operations in the
shallow areas. The push-net, an adaptation fromthe scoop net used in catching Acetes, consists of 

two poles arranged in a cross to spread the netattached to it (SEAFDEC 1986). It is widely used 
in Thai coastal waters (DOF 1987a; 1987b) and
varies in size from the simple, manually operated 

version to those involving the use of converted 
trawlers. 

Eiamsaard et al. (1985) conducted a prelimi

nary study of the push-net boats in Tha Chang
and reported a catch rate of 187 kg/boat/day ofwhich 57% were "trash fish." Of the "trash fish"
 
component, 47% were juveniles (2-6 cm) of com
mercially important resource organisms. This


imp ora rer(% org pshT

implies that over a quarter (21%) of push-net

landings consists of undersized fish of commercial 
importance. Under the auspices of the ASEAN/US
Coastal Resources Management Project (CRMP), 
a more comprehensive study of the push-net fisheries of Ban Don Bay was conducted to follow-up 
the efforts of Eiamsaard et al. (1985) and elabo
rate on the extent of growth overfishing. This 
paper presents the initial results of the study cov
ering catch rates and composition of push-net
landings between March 1987 and May 1988. 
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MATERIALS AND METHODS 

Data for this study were collected from landings 
of push-net boats in Don Sak, Kanchanadit and 
Tha Chang (Fig. 1). Four sampling trips to these 
landing sites were made between March 1987 and 
May 1988 to correspond to the monsoons (i.e., one 
each in March, August and November 1987 and in 
May 1988, corresponding to the late northeast, 
late southwest, early northeast and early south-
west monsoon periods, respectively). During each 
sampling trip, information on the magnitude of 
landings and general area of operation was 
obtained for each boat that left port that day. 
Catches are usually sorted into market categories 
by the time they are landed (i.e., into 
"commercial" and "trash fish" catch). The 
"commercial" category is further sorted into 

grades consisting of "large" shrimp, "small" 
shrimp, crab, squid and fish. These components of 
the landings were sampled and farther sorted into 
species whenever possible in the course of the 
study. 

The catch rate of a push-net boat depends on 
the length of the pole or pushing beam used in 
gear construction. The greater the length of the 
pole, the bigger the spread of the net and thus, the 
volume filtered. For purposes of this study, data 
generated were grouped according to the length of 
the push-net pole, as follows: small push-net (<18 
m pole length), medium push-net (18-26 m pole 
length) and large push-net (>26 m pole length). 
Treatment of the data was done separately for the 
three push-net types, and for the weighted mean 
of all push-net boats combined (weighted by the 
number of boats sampled per push-net type). 

RESULTS 


The push-net boats in Ban Don Bay make daily 
trips and land their catches in Don Sak, Kan-
chanadit and Tha Chang. Most of the boats used 
are converted "baby" and otter trawlers, while the 
push-nets used have 1.5 cm stretched mesh cod-
ends. Fig. 1 gives the operational range of boats 
with small, medium and large push-nets in the 

bay in the course of the study between March 
1987 and May 1988. The push-net boats operate 
in the shallow areas of the bay, the depth of oper-
ations increasing sequentially from small, 
medium to large push-nets. 

A total of 47 push-net boat-trips were sampled 
during the study--8 from small, 18 from medium, 

and 21 from large push-nets. Table 1 gives the 
mean CPUE (kg/boat/day) for the three types of 
push-nets. The CPUE varied from 233 to 367 
kg/boat/day, increasing progressively from small 
to large push-nets. For all push-nets combined, 
CPUE was about 316 kg/boat/day of which only 
38% is of "commercial" importance; the rest is 
composed of "trash fish." No marked difference 
exists in the "commercial" to "trash fish" ratio in 
the catch of the three push-net types. 

The "commercial" component of the catch is 
mostly supplied to the fresh fish market while the 
"trash fish" is used for duck/fish meal. The 
"commercial" catch is dominated by "small" and 
"large" shrimp (which accounted for nearly a 
quarter of combined push-net catches and the 
bulk of its value) followed by swimming crab or 
portunids (6%). The fish and squid components of 
the "commercial" catch are largely treated as by
catch and seldom marketed, as their quantity is 
sufficient only for crew consumption. Thus, the 
push-net fishery in Ban Don Bay is primarily a 
shrimp fishery. The activities of the push-net 
boats pose serious competition for similar 
resources exploited by the artisanal gill net sector. 

Table 2 gives the relative abundance (%) of 
species comprising the "large" and "small" shrimp 
components of "commercial" catches. The "large" 
shrimp category is dominated by Penaeus mer
guiensis and Metapenaeus brevicornis which 
together make up around 70% of the catch. Small 
push-nets deviate from this overall trend, showing 
a greater dominance of P. merguiensis (60%) and a 
higher contribution of P. semisulcatus (15%) in 
the catch. 

The "small" shrimp category is composed pri
marily of Metapenaeopsislysianassa (35%), Para
penaeopsis spp. (23%) and M. stridulans (18%). 
Some variations in relative abundance among the 
three push-net types are evident, with small push
net catches dominated by M. lysianassa(88%) and 
medium push-net catches showing a relatively 
even distribution among the five species listed in 
Table 2. The variations in the catch composition 
among the three push-net types suggest that some 
of the species may be abundant in specific areas of 
the bay. 

The "trash fish" catch is composed of the "true 
trash fish" (i.e., species groups not preferred for 
human consumption and with very low market 
value) and undersized individuals or juveniles (2-6 
cm) of commercially important components of the 
catch. Of the "trash fish" CPUE of about 196 
kg/boat/day, around 36% (114 kg/boat/day) is "true 
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trash fish," while the rest is composed of under- catch rate is reflective of the trend in the push-net
sized demersals (8%), pelagics (12%) and inverte- fishery from small to larger-sized push-net gear.brates (6%). Overall, undersized individuals of In view of these findings, a licensing schemecommercially important species groups comprise should be implemented to prevent the increase of26% (82 kg/boat/day) of the catch for the combined push-net units in the area. Efforts to reduce thepush-net fleet (i.e., except for the "large" shrimp number of push-net boats in Ban Don Bay, viaand squid).- accretion of older vessels and/or conversion toTable 3 gives the relative abundance of fami- drift nets for pelagics or crab, should be given prilies/groups comprising the various "trash fish" ority. Over the short-term, push-net operationslandings for the three push-net types. The "true can be banned within 3 km of the shore to minitrash fish" group is composed primarily of slip- mize their damage to the fisheries. An increase inmouths (Leiognathidae) and nonswimming crab mesh size may be desirable (and requires further(i.e., other brachyurans excluding portunids), investigation), although mesh size regulation maywhich collectively account for over 60%. The dem- be impractical since shrimp are the main target

ersals are primarily fish of the family Sciaenidae species.
and Cynoglossidae (56%), the pelagics, chiefly
Engraulidae and Clupeidae (81%), and inverte
brates, mostly shrimp (54%). REFERENCES
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 (eds.) 1988. The coastal environmental profile of Ban Donspecies exploited by artisanal drift gill nets for Bay and Phangnga Bay, Thailand. ICLARM Tech. Rep. 20,crab and trammel nets for shrimp. The results 78 p. International Center for Living Aquatic ResourcesManagement, Manila, Philippines.herein obtained largely agree with those given by SEAFDEC (Southeast Asian Fisheries Development Center).Eiamsaard et al. (1985), with the exception of the 1986. Fishing gear and methods in Southeast Asia: 1.higher catch rate currently obtained. The higher 
TD/RES/9. 326 p. Southeast Asian Fisheries Development
Center Training Department, Thailand. 
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Table 2. Relative abundance (%) of species comprising shrimp landings of variousTable 1. M an catch per unit effort, CPUE (k/oatday), of various push-net types operating in Ban Don Bay, push-net types in B&.n Don Bay, Thailand. (See Table 1 forcatch rtes ofr"laie" andThailand for the period March 1987-May 1988. "small"shrimp by the three push-net types.) 

Type ofpush-net
Resource/group Type of puah-netSmall Medium Large Weighted mean Grouptspecies Small Medium Large WeightedCPUE % CPUE % CPUE % CPUE % mean
 
"Commercial" catch 79.7 34.2 
 106.3 36.3 40.1147.2 120.1 38.0 Large shrimp 100.0 100.0 100.0 100.0"Large" shrimp 25.0 10.7 6.218.0 30.6 8.3 24.5 7.9 Me.npereuasa4i.3 259"Small" shrimp 20.4 8.8 13.4 10.0 9.5 8.839.2 76.2 20.8 62.5 16.6 M. bretns is ,1.3 25.6Squid 11.3 4.8 11.7 4.0 15.6 4.2 13.9 4.2 7.4 22.9M. ei 6.0 4.4 14.5 10.0Swimming crab 19.7 8.4 21.4 7.3 17.6 4.8 19.4 6.2 Peneus merguiensia 60.6 49.4 41.5 47.0Fish 3.2 1.4 3.1 1.0 3.8 1.1 3.4 1.1 P. enesuica ia 15.0 9.4 1.0 4.7Others (!j <0.1 12.9 4.4 3.4 0.9 6.4 2.0 Others 3.3 1.8 0.2 1.2
 
'"rash fish" catch 15.4 65.8 186.6 63.7 219.8 59.9 195.8 62.0 
 "Small"shrimp 100.0 100.0 100.0 100.0"rue trash fish" 76.6 32.9 109.2 37.3 132.6 36.1 114.2 36.2 Metapenneopsisbarba,, 0 17.2 6.3 8.4Demersal fish. 23.9 10.2 19.9 6.8 8.129.6 24.9 7.9 M.flcus 0 21.8 8.3 11.6Pelagic fish 42.5 18.2 38.1 13.0 35.3 9.6 37.6 11.9 M. lyaianauc 88.3 17.7 37.6Invertebrates 10.4 4.5 6.6 35.319.4 22.2 6.1 19.1 6.0 M. #tridulans 0.6 19.3 19.2 18.0 
Total catch 233.1 100.0 Parapenoenpsi app. 9.0 21.9 24.9 23.0292.9 100.0 367.0 100.0 315.9 100.0 Others 2.2 21 4.7 3.7 

Table 3. Relative abundance (%)of famillea/groups comprising "trash fish" landings
of various push-net types in Ban Don Bay, Thailand. (See Table 1 for catch rates of 
"trash fish" by the three push.net types.) 

Tpofpuah-net
Family/group Small Medium Large Weighted 

-

., 

mean .. 
"True trash fish" 100.0 100.0 100.0 100.0 ,..*... . ..
 

Apogonidae 8.6 4.8 3.3 4.4 
ii
Bothidae 0 
 0.1 1.6 0.9 

Bregmacemtidse 0.4 
 .8 2.0 3.2
Callionymidae 2.2 3.4 1.4 2.2
 
Gobidan 2.2 0.8 1.2 1.2 
 s,
 
Leiognathldae 34.6 28.1 44.9 37.5 QOther crab groups 15.5 20.8 25.5 22.7 . .
Others 36.5 36.2 20.1 27.9 [ io0..
 

Demersal fish 100.0 100.0 100.0 100.0 
Cynogloasidae 24.2 15.0 28.7 23.8Platycephabidre 10.7 0 2.7 3.2 

CDSokSciaenidae 8.5 66.0 19.9 32.2 Ban Don BoySillaginidse 18.2 2.2 1.2 4.3
 
Others 38.4 
 16.8 47.5 36.5 

Pelagic fish 100.0 100.0 100.0 100.0
 
Carangilse 7.8 9.2 8.0 8.4
 
Clupeidse 7.0 23.1 21.6 19.3
Engranlidae 71.3 57.8 60.3 61.4
 
Others 13.9 9.9 10.1 10.9 Mdk.
 

Invertebrates 100.0 1CO.0 100.0 100.0 Thoni " 
"arge shrimp" 0 29.2 25.4 24.6 am
"Small shrimp" 47.2 33.6 23.7 29.7 
Squid 
 2.6 

Swi ing crab18 

7. 9.0 7.8 Fig. 1. Operational range of boats using push-net in Ban Don Bay, Thailand.Others 1.63 .8 9.831.8 "16.6 36.1 28.1 
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ABSTRACT 

This paper presents an overview of the capture fisheries of
Lingayen Gulf (covering landings, exploited resources and cap.
ture methods) and summarizes the major findings from 
assessment studies in the area relevant to the status of pr-
vailing exploitation of the fisheries resources. The availableinformation indicates, among others, that: (1) excessive fishing
effort on the fisheries resources results in total yield to
biomass ratio of about 5.2 and reduction of demersal biomass 
to about 18-35% of its original levels in the late 1940s; (2) 
growth overfishing due to the use of small mesh (2 cm) netsresults in losses of about 20% and 40% relative to maxima in 
yield and value, respectively; and (3) species composition
changes reflect overfishing. Rents from municipal and corn-
mercial fishing operations, when evaluated, indicate that these 
are negative or negligible, and show signs (albeit preliminary)of overfishing. The high population density, low income and 
poverty of fishermen, the intense competitior for fishing
grounds and resources, the rampant use of explosives in fish-
ing, and the high level of malnutrition in the coastal areas do 
not represent optimally sustainable conditions. The paper recommends more efficient management, in general, and reduc-
tion of fishing effort, in particular. 

INTRODUCTION 

Assessment of the status of exploitation of 
Philippine fisheries resources shows that the 

country's capture fisheries suffers from consider
able biological and economic overfishing. The
Natural Resources Management Center-Fishery 

Industry Development Council (NRMC-FIDC)
(1980) and Smith et al. (1980) provide a review ofsiudies conducted up to the late 1970s. Assess
ment during this period principally relied on noncentina or idrcpetod (egied is
conventional or indirect methods (e.g., yield is 
compared with productivity per unit area) to infer 
the status of exploitation. While these do not
allow for strong and solid inferences, they point to 
an increasing trend of overe.ploitation in variousfishing areas, especially in the nearshore, tradi
tional fishing grounds. Studies based on conven
tional surplus production and analytic modeling 

confirm overexploitation and the serious biological
overfishing problem (e.g., White and Yesaki 1982;
Silvestre and Pauly 1986; Silvostre et al. 1986;Dalzell et al. 1987; Ganaden and Stequert 1987; 

and Silvestre and Pauly 1989). In the case of the
neritic pelagic and demersal fish stocks alone, the
magnitude of rent dissipation due to overfishing is

about US$400 million per year. Moreover, area

specific studies (e.g., Pauly and Mines 1982; Silvestre 1986; and Silvestre et al. 1987) reaffirm

that overexploitation is more serious in nearshore
fishing grounds and semi-enclosed seas such as 

shallow bays and gulfs. Thus, a shift in govern
ment concern from resources development to 
resources management is becoming apparent.

Lingayen Gulf (Fig. 1), the site of intensive
studies under the ASEANIUS Coastal Resources 
Management Project (CRMP) in the Philippines,
is an important traditional fishing ground in 
northwestern Luzon. With an area of slightly over 
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2,000 km2, the gulf produced landings of about 
11,800 t/year of fisheries products worth approxi-
mately P150 million in the first half of the 1980s 
(Mines 1986). These landings met the demand for 
cheap fish protein in Pangasinan and La Union, 
and the neighboring landlocked provinces (Aprieto 
and Villoso 1982). As early as 1976, however, Lin-
gayen Gulf was assessed by the Bureau of Fish-
eries and Aquatic Resources (BFAR) as "either 
fully exploited or overfished" together with 13 
other traditional Philippine fishing grounds. 
Despite the signifiance of the capture fisheries in 
the gulf and the apparent resource-related prob-
lems, the quantitative information necessary to 
assess and manage these fisheries properly has 
remained scattered and patchy. In this context, 
the Resource Assessment component of the 
ASEAN/US CRMP in the Philippines was formu-
lated and tasked with two objectives: (1) describe 
the nature (i.e., magnitude of landings, exploited 
resources, capture methods) of the capture fish-
eries; and (2) assess the status of exploitation of 
the fisheries resources. To fulfill these objectives, 
secondary data--both published and unpublished--
were collated and analyzed to infer and identify 
important data gaps (McManus and Chua 1990). 
Subsequently, catch and fishing effort information 
from the commercial and municipal fisheries were 
monitored from April 1987 to October 1988. 
Detailed treatments of the research methodology 
and preliminary results from the original data are 
given in Calud et al. (1989) and Ochavillo et al. 
(1989). This paper summarizes the major findings 
relevant to the two objectives mentioned above, 
based on a synthesis of the secondary and original 
data. 

The Lingayen Gulf capture 
fisheries: an overview 

Philippine capture fisheries has been tradition-
ally subdivided into the "commercial" and 
"municipal" fisheries sectors on the basis of vessel 

gross tonnage. Presidential Decree No. 704--
commonly known as the Philippine Fisheries 
Decree of 1975--defines commercial fisheries as 
those fishing operations involving the use of-
vessels of over 3 GT. Municipal fisheries, on the 
other hand, include fishing activities using vessels 
3 GT or less, including operations that do not 
involve the use of a watercraft. Based on this 
definition, the municipal sector roughly translates 
into small-scale, artisanal or traditional fisheries. 

Similarly, the commercial sector is roughly 
equivalent to large-scale or industrial fisheries. 

The capture fisheries of Lingayen Gulf is char
acterized by a multiplicity of gear used to harvest 
the exploited multispecies mix. Twenty-eight dif
ferent types of fishing gear are used by municipal 
or artisanal fishermen, while only one type of 
gear--the trawl--is used by commercial fishermen. 
Monitoring of landings during the one-year period 
between May 1987 and April 1988 indicates that 
landings from the gulf total about 13,900 t of fish 
and invertebrates worth approximately P200 mil
lion. About 75% of the total landings were 
accounted for by the municipal sector, the 
remainder coming from commercial trawling 
activities. Table 1 gives the relative contribution 
of the commercial trawl and major municipal 
gear/methods to marine fisheries production in 
the gulf during the period. 

Trawling represented the only form of commer
cial fishing activity in Lingayen Gulf at the start 
of monitoring activities in May 1987. The rest of 
the commercial catch reported for the gulf in the 
BFAR statistics was taken outside the geographi
cal limits of the gulf. These came primarily from 
purse seine operations with the aid of fish aggre
gating devices (payao) off Lingayen Gulf. These 
operations are a relatively recent development. As 
late as 1979, all commercial landings reported by 
BFAR came solely from trawl operations inside 
the gulf. However, three commercial vessels based 
in Dagupan City and using Danish seines, began 
operating in the gulf in April 1988. Initial findings 
indicate that these vessels came from the Samar 
Sea area, attracted by more favorable fish prices 
in the Pangasinan-La Union region. 

Lingayen Gulf is a traditional fishing ground 
for trawlers. Before the outbreak of World War II, 
15 beam trawlers were already operating in the 
area. After the lull in fishing activities brought 
about by the war, trawling operations resumed. In 
1949, seven otter trawlers (10-30 GT) using 
reconditioned diesel engines (50-225 HP) were 
fishing in the gulf (Warfel and Manacop 1950). 
However, subsequent information on trawl effort 
was unavailable until 1976 because of the lack of 
quantitative studies in the intervening years and 
the aggregate nature (on a countrywide basis) of 
statistics on trawler size and number. BFAR 
statistics for the period 1976-1984 indicate that 
the number of trawlers in Lingayen Gulf varied 
between 20 and 36 units, with aggregate tonnage 
varying from 365 GT to 910 GT. Trawler landings 
for the same period ranged from 1,185 t to 2,110 t. 
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Mines (1986) reports that the trawl fleet in nathus bindus, made up 18% of the catch, fol1983 was composed of 40% medium (10-20 GT) lowed by Trichiurushaumela (9.0%), Gazza min
and 60% large (over 20 GT) trawlers, and that uta (7.1%), Saurida tumbil (5.6%) and Atule mateonly 23 of the 34 units registered by BFAR were (5.5%). These five species made up almost 45% of
actually operating. Signey (1987) reports that the trawl catches.
about 345 fishermen were employed directly in Sixteen towns and one city border Lingayen
trawl operations in the gulf at the time. The 12- Gulf from Cape Bolinao to Poro Point. In 1985,month monitoring of trawlers in the gulf between BFAR reported the existence of 12,500 municipalMay 1987 and April 1988 has clarified the compo- fishermen in these places (Calud et al. 1989).sition and operational details of the trawl fishery. About 46% of these fishermen are in Sector I (seeThe trawl fleet in 1987 is composed of 24 medium Fig. 1), while 36% and 18% are in Sectors II andand 2 large trawlers (20-30 GT). rThere are 17 (i.e., III, respectively. A total of about 7,050 banca (60%16 medlium and 1 large) and 8 (i.e., 7 medium and of which are motorized) was reported from the1 large) trawlers that are based (and land their area, giving a banca-to-fisherman ratio of 0.56.
catches) in Damortis and Dagupan City, respec- Mean municipal landings in 1983 were 8,700 ttively. One medium trawler is based in Sual, Pan- (Mines 1986) and this figure implies that eachgasinan. Large trawlers make trips lasting 10 municipal fisherman lands about 0.70 tlyear on
days and land their catches with the help of car- the average, or about 58 kg/month.rier vessels. Medium trawlers, on the other hand, The municipal fisheries in the gulf are complex
operate at sea for two days and are back in port as can be seen from the various methods/gearfor a day before the. next trip. Vessel and gear used by the small-scale fishermen (McManus and
dimensions of typical medium trawlers operating Chua 1990). The variety and seasonality of fishingin Lingayen Gulf are given in Fig. 2 and 3, respec- gear used are influenced by the bottom
tively. Generally 13 m long and 3 m wide, medium topography and substrate of the fishing ground,trawlers use two-seam 
rope 

bottom trawls with head- the fauna or target species in the area ofand groundrope lengths of 40 m and 45 m, operation and the level of capital input andrespectively. Cod-end mesh sizes vary between 1.5 returns that the gear/method entails. Table 4 cm and 2.5 cm with a cover of about 3 cm to 4 cm. gives the frequency of use of the different
The length of towing warps is usually 275 m and municipal gear in the various municipalities
adjusted with depth. Trawling activities in Lin- bordering the gulf based on an inventory by Mines gayen Gulf are limited to the nearshore soft- (1986). Note the preponderance of simple and
bottom areas between Lucap and San Fernando inexpensive fishing gear. Surface gill nets, spear
from about right under the shoreline to a depth of 
 guns and pots or traps are preferred by fishermen
50 m (Fig. 1). in Sector I, which is characterized by coralline 

About 220 fishermen were directly employed in growth and uneven topography. Meanwhile, babycommercial trawl fishing operations in Lingayen trawls and beach seines together with gill netsGulf in 1987. Landings by the trawl fleet totaled and crab pots are common in Sector II, which hasabout 3,300 t at the time, approximately 80% of mostly soft and muddy substrate with a few
which were accounted for by medium trawlers, patches of hard/rocky bottom close to the shore.
Mean catch rate during the period monitored Bottom gill net, line gear and round haul 
seine

(May 1987 to April 1988) was 32 kg/hr, being operations in the deeper parts are preferred in
highest in June 1987 (51 kg/hr) and lowest in III,Sector which is characterized by a sandy
January 1988 (22 kg/hr). The catch during the bottom with a scattered rocky substrate. The
period consisted of 158 species/groups distributed shallow areas in this sector are limited. 
among 58 families. Table 2 gives the relative The original data gathered by the Resourceabundance of the ten most important fami- Assessment team have allowed a characterization lies/groups making up the catch of trawlers. In the of the typical design specifications, operations,
late 1980s, leiognathids made up almost one-third and catch rate and species composition of theof trawl catches (i.e., 31.4%) and, together with various municipal fishing gear used in the gulf.carangids, hairtails, scombrids and lizardfish, Detailed discussions coirering these topics aremade up 67% of the catch (Ochavillo et al. 1989). given in Calud et al. (1989). Table 1 shows theTable 3 gives the ten most important relative contribution of the various artisanal gearspecies/groups among trawl landings during the to municipal fisheries production in the gulf. Gill same period. The orange-fin ponyfish, Leiog. nets contributed 46% of the municipal landings 
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between May 1987 and April 1988, and despite 
being illegal, blast fishing accounted for 10%. 
These two methods/gear together with the hook 
and line contributed about 65% of the total 
municipal fisheries production during the period. 
The typical design for bottom gill nets, the most 
predominant gear in the gulf, is given in Fig. 4, 
while the ten most important species composing 
bottom gill net catches are given in Table 3. 

Historical information on the level of municipal 
fishing effort in the gulf is limited. This may be 
inferred only from the number of fishermen. Since 
the 1930s, the number of small-scale fishermen in 
Lingayen Gulf has declined due to World War II 
but it has tremendously increased in the 1980s 
(Fig. 5). 

Overlaps in area of operations (see Calud et al., 
this volume) and exploited resources (see Table 3) 
characterize municipal and commercial fishing 
operations in Lingayen Gulf. Conflicts between 
and among municipal and commercial fishermen 
occur and have intensified in recent years. 
Because of intense competition, some municipal 
fishermen use explosives. These activities are ille-
gal and punishable by stiff prison terms but they 
persist and are rampant. Between August 1987 
and April 1988, the mean catch rate was about 
13.0 kg per blast, varying between 1.2 kg per blast 
and 75.5 kg per blast in the same period. 
Carangids, mugilids and siganids made up 86% of 
the catch (Table 5). Fig. 6 gives the relative fre-
quency of the number of blasts per 10-16 HP boat 
(per day) involved in blast fishing in the gulf. 

Assessment of exploitation status 

The assessment of the status of fisheries 
resources exploitation in Lingayen Gulf is limited 
by the nature of the existing database. Previous 
assessments in the literature, therefore, have 
resorted to indirect or nonconventional methods 
(e.g., comparison of estimated productivity per 
unit area with current landings or harvest) to 
infer the status of prevailing exploitation. Based 
on such an assessment, BFAR declared Lingayen 
Gulf, together with 13 other traditional fishing 
grounds in the Philippines, as overfished in 1976 
(Smith et al. 1980). Using the same approach, 
NRMC-FIDC (1980) concluded that the fisheries 
resources of Lingayen Gulf are either heavily 
exploited or overfished. Fox (1986) inferred that 
Lingayen Gulf is heavily fished based on the den-
sity of fishermen in the area--there are more than 
70 fishermen per kilometer of coastline--and their 

projected per capita extraction rate. The fisheries 
resources are subjected to heavy fishing pressure 
and competition is quite intense, especially in the 
nearshore areas (Mines 1986). Available 
assessments, therefore, indicate that the gulfs 
resources are heavily exploited, if not overfished. 

The term "overexploited" or "overfished" refers 
to the unsatisfactory use by a fishery of a given 
stock or resource. The perception of what 
constitutes an overfished stock has evolved with 
the "ideal" management goal from: (1) maximum 
sustainable yield (MSY) in the 1950s; to (2) 
maximum economic yield (MEY) in the 1960s; to 
(3) optimum sustainable yield (OSY) in the 1970s. 
Correspondingly, three forms of overfishing are 
recognized, namely: (1) biological overfishing, 
associated with nonattainment of MSY; (2) 
economic overfishing, associated with 
nonattainment of MEY; and (3) "system" 
overfishing, associated with nonattainment of 
OSY. Biological overfishing results from excessive 
fishing effort and/or low length-at-first-capture 
leading to: (1) yields that are lower than what the 
stock can maximally sustain; (2) impairment of 
the reproductive capacity or sustainability of the 
stock; and/or (3) undesirable species composition 
changes. These types of biological overfishing are 
classified into growth, recruitment and ecosystem 
overfishirig (Pauly 1980). Economic overfishing 
occurs when fishing effort exceeds the level which 
will maximize rent from the resources (i.e., 
marginal cost of fishing exceeds marginal 
revenue). "System" overfishing implies that the 
"optimum" societal benefits from the resources, 
given the biological, economic, social and political 
realities of the overall system affecting fisheries 
exploitation, were not achieved. 

The secondary and original data reinforce the 
previous assessments of Lingayen Gulf. While 
some still argue that the information at hand does 
not convincingly demonstrate overexploitation, 
the authors maintain that the collective evidence 
does indicate heavy fishing pressure and 
overfishing. Evidences are described below. 

High Fisherman and Boat Density. Fishermen 
and banca in the coastal municipalities adjoining 
the gulf (i.e., 12,500 municipal fishermen and 
7,050 banca) mean that there are: (1) 78 fisher
men per km of coastline; (2) 47 boats per km of 
shoreline; (3) 12.5 fishermen per km2 of municipal 
fishing ground (defined as the area enclosed by 
the coastline and the 7-fathom, 7-km ban); and (4) 
7 boats per km2 of municipal fishing ground. The 
number of fishermen in (1) and the number of 
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boats in (2) are among the highest in the country; Recruitment and Ecosystem Overfishing. Tableit implies that the municipal fishermen and boats 2 shows that the changes in family/group composiwould be, on the average, 13 m and 38 m apart, . tion of the demersal biomass in Lingayen Gulfrespectively, when spread evenly along the reflect recruitment and ecosystem overfishing.coastline. Combined with fishing effort from the Such changes were brought about by, among oth26 commercial trawlers in the gulf, the figures ers, the increasing level of fishing effort (see Fig. 5support previous observations of heavy fishing and the previous section) that caused the declinepressure on the fisheries resources, of demersal biomass in the gulf (see Fig. 7). TheLow and Declining Catch Rates. Annual* observed changes in the faunal composition,municipal fisheries production in Lingayen Gulf which is similar to those noted in other fisheries(i.e., 10,500 t/year) in 1987 implies a catch rate of of the Southeast Asian region, include: (1)about 0.84 t/fisherman/year or 70 kg/fisher- increased squid abundance; (2) disappearance ofman/month, which is very low (in fact, one of the rays (i.e., large, long-lived species); (3) disappearlowest in the country). For the commercial fish- ance of formerly abundant lactarids; (4) increasederies sector, the catch rate during the late 1940s abundance of triggerfish; and (5) above-averageapproximates that would bewhich obtained at decline of large, high-valued species (e.g., lutnear virgin biomass due the lull inlevels to janids and flatfish).
fishing activities brought about by World War II. These changes illustrate the existence of heavyThe catch rates in the late 1980s have declined to fishing pressure on the fisheries resources ofabout 18-35% of their original levels in the 1940s Lingayen Gulf and show. symptoms of the three(Fig. 7). Surplus production models indicate that a forms of biological overfishing. While economicstock is overfished when catch rates have declined analyses of the Lingayen Gulf fisheries are quitebelow 40-50% of their value in the unexploited limited in scope to establish the elements ofstock. economic overfishing, some indications are givenHigh ExtractionRates. The harvest levels given by the works of Signey (1987) and Aflonuevoin the previous section (see Table 1) show that (1) (1989). These works estimate pure profit orthe extraction rate is at least 10.5 t per km 2 of resource rent in commercial and municipal fishingmunicipal fishing ground and (2) the yield is 6.9 t operations in the gulf to be negative or negligible.per km 2 of the total area They arguein Lingayen Gulf (i.e., also that the low profitability ofabout 2,000 km2). Moreover, Calud et al. (1989) fishing operations has resulted in very lowestimate the total yield-to-biomass ratio in Lin- repayment rates for fisheries credit programs ingayen Gulf to be about 5.2 at current production the gulf area (e.g., zero repayment rate for thelevels, and trawl yield-to-demersal biomass ratio Kilusang Kabuhayan at Kaunlaran (Nationalto be about 2.8. These are quite high compared Livelihood Program) credit scheme between 1981with the productivity of similar tropical fishing and 1986).grounds (see Armada et al. 1983). The occurrence of "system" overfishing is

Growth Overfishing. Fig. 8 illustrates, for the difficult to illustrate because availabletrawl fisheries of the Philippines, the range of information is inadequate, objectives for
eumetric lines that maximize yield from the fau-
 "optimization" of benefits are unclear, and suchnal assemblage in the mesh size (Ms), and fishing evaluations are subjective. This paper, however,
mortality (F), plane (Silvestre et al., in press). The 
 argues that the following do not constitutefigure in essence delineates the optimum opera- optimally suitainable conditions: high density,tional range for the fisheries given the two fact6rs low income and extreme poverty of the fishermen;(Ms and F) that are frequently the object of man- the increased competition for fisheries resourcesagement intervention. Note that the 2.0-cm mesh and fishing ground and conflict among them; thesize commonly used in Lingayen Gulf is appropri- high incidence of malnutrition; and the rampantate only for very low F levels. The prevailing Ms use of explosives in fishing.
and F (= 2.8 per year) on the trawlable biomass 
lead to considerable growth overfishing, resulting
in losses of up to 20% and 40% relative to maxima CONCLUSION 
in yield and value, respectively. In addition,
Ochavillo et al. (this volume) show high exploita- There is an excessively high fishing pressure ontion rates (0.23-0.72) for most species making up the fisheries resources of Lingayen Gulf. Thethe catch of trawlers in Lingayen Gulf. immediate issue confronting the capture fisheries 

http:0.23-0.72
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in the area is biological overfishing. Estimates of 
prevailing extraction rates (i.e., F = Y/B = 5.2) 
point to the need for reducing fishing effort and 
for improving management. As an initial step to 
reduce the magnitude of fishing effort, strict 
enforcement of existing fisheries laws/regulations 
is in order. Such laws include the 7-kin, 7-fathom 
ban on commercial vessels, the ban on the use of 
explosives and poisons in fishing, and the 3-cm 
minimum mesh size regulation. This would effec
tively reduce the extraction rates by trawlers 
(currently F = 1.26 overall) and perhaps those by 
blast fishing activities (presently at F = 0.40). 
Licensing or entry of new commercial trawlers 
and other commercial boats such as Danish sein-
ers should be stopped as these will put additional 

pressure on the stocks. Trawl mesh size should be 
increased to about 3.5 cm. Moreover, it would be 

advisable to reduce the number of commercial 

trawlers by accretion of the older vessels, given 

the high municipal fishing pressure (which may 
persist given the prevailing economic situation) 
and the considerable dependence of the coastal 
population on fishing. Note, however, that the 
remaining municipal extraction (F = 3.57) would 
still be very high even without the fishing pres-
sure from trawling and blast fishing activities. 
Thus, municipal fishing effort would ultimately 
have to be reduced by about half to ease fishing 
pressure on the resources and thus assure their 

sustainability. 
Over the medium-term, improved management 

of the fisheries would have to be effected. Mea-
sures toward this end include, among others, the 
following: (1) creation of a fisheries management 
council (with representatives from the various 

sectors) under the Regional Development Council 
to oversee and/or address resource allocation and 
management of the resources; (2) creation of 

alternative employment opportunities to draw 

effort away from capture fisheries; (3) identifica-
tion and/or clarification of managenient goals and 
objectives for resource utilization; and (4) 
identification and operationalization of 
supplemental strategies of viably enforcing laws 

and regulations apart from the penal provisions of 
the law. The latter can include information 

dissemination or education campaigns, extension 

activities to strengthen existing or traditional 
institutional structures, and organization of 
resource-users to manage the gulfs resources. 

Over the long-term, the ultimate solution to 
most of the problems confronting the capture 
fisheries of Lingayen Gulf (and, for that matter, 

Philippine fisheries) cannot be found within the 
fishing sector itself. Macrolevel programs that 
address the problems of socioeconomic inequality 
and foster genuine (albeit initially labor-intensive) 
industrialization are essential to increase 
opportunities outside the fisheries sector. 
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Table 1. Relative contribution of the municipal and commercial sectors to annual marine 
landings in Lingayen Gulf for the period May 1987 to April 1988. 

Sector/gear type 

Municipal 
Gill net 
Blast fishing 
Hook and line 
Lift net 
Shrimp trawl 
Danish seine 
Beam trawl 
Others 


Commercial 
Large trawl 
Medium trawl 

Total 

% oftotal %of sector 
Landings (t) landings landings
 

10,524 75.8 100.0 
4,795 34.6 45.6 
1,054 7.6 10.0 
948 6.8 9.0 
885 6.4 8.4 
826 6.0 7.8 
446 3.2 4.2 
443 3.2 4.2 

1,127 8.0 10.8 

3,351 24.2 100.0 
606 4.4 18.1 

2,745 19.8 81.9 

13,875 100.0 

Sources: Calud et al. (1989) and Ochavillo et al. (1989). 
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Table 2. Relative abundance of important families/groups in the catch of trawlers operating in Lingayen Gulf, from the late 1940s to the 
late 1980s. 

Period 
Late 1940s R Late 1970sb Early 1980s R Late 1980adRelative Relative 	 Relative Relative 

abundance abundance abundance abundance 
Rank Family/group (%) Family/group (%) Family/group (%) Family/group (%) 

1 Leiognathidae 63.0 Leiognathidae 52.4 Leiognathidae 33.6 Leiognathidae 31.4 
2 Synodontidae 7.4 Carngidae 8.2 Carangidae 12.0 Carangidae 12.9 
3 Pomadasyidae 6.7 BalisHidae 6.8 Trichiuridae 8.4 Trichiuridae 9.3 
4 Nemipteridae 6.6 Trash fish 5.1 Apogonidae 7.0 Scombridae. 6.9 
5 Lutjanidae 3.1 Scombridae 3.2 Nemipteridae 6.9 Synodontidae 6.1 
6 Psettodidae 2.5 Meneidae 3.0 Synodontidae 5.8 Mullidae 3.6 
7 Dasyatidae 1.9 Serranidae 3.0 Clupeidae 5.4 Cephalopods 3.5 
8 Lactariidae 1.8 Synodontidae 2.8 Balistidae 5.1 Nemipteridae 3.4 
9 Carangidae 1.4 Cephalopods 2.5 Scombridae 4.4 Engraulidae 2.6 

10 Serranidae 0.9 Mullidae 2.3 ,"Mullidae 4.4 Apogonidae 2.4 

Total 95.3 Total 89.3 Total 93.0 Total 82.1 

Catch rate (kg/hr) 92.1 63.7 	 40.5 31.8 

&Basedon data from Warfel and Manaeop (1950), covering the period February to April 1949.
 
bBased on data from Apriet and Villoso (1982), covering the period February 1978 to January1979.
 
cBased on data from Mines (1986), covering the period April 1983 to April 1984.
 
dBased on data from Ochavillo et al. (1989), covering the period June 1987 to April 1988.
 

Table 3. Relative abundance of the ten most important species/groups making up the catch of 

trawls and bottom gill nets in Lingayen Gulf, Philippines. 

Gear type 	 Species/Group Relative abundance (%) 

Trawl 	 *Leiognathusbindus 18.0 
*Tichiurus haumn le 9.0 
*Gazza minuta 7.1 
Saurida tumbii 5.6 
"Alule mate 5.5 
*Rastreliger brochysoma 4.6 
Loligo app. 3.3 
"Upeneus sulphureus 3.1 
Apogon spp. 2.4 
Priacanthustoyenua 2.2 

Total 60.8 

RastreUigerkanagurta 14.2 
*Gozaminute 12.7 
Leicgnathussplendens 9.7 
Trichiurushaumeae 6.0 

*Upeneussulphureus 5.8 
*Rastrelligirbrachysoma 5.8 
Alepes djedaba 4.7 
Atule mote 	 4.1 

Leiognathusbrevirostris 4.1 
*Leiognathus hindus 3.9 

Total 71.0 

*Species common to the two gear/methods.
 
Sources: Calud et al. (1989), Ochavillo et al. (1989).
 

Table 4. Frequency of uso of the more important municipal fishing Table 5. Relative abundance of the tan most important families 
gear in Lingayen Gulf. caught by blast fishermen in iUngayen Gulf. 

Sector ofoperation Rank Family Relative abundance (%) 
Type II] I 

I Carangidsa 66.2
Bottom eot gill net 	 X XX XX 2 Mugilidae 10.8 

Driftlsurfne gill net XX xX X 3 Siganidaa 9.1 
Round haul seine X XX 4 Engraulidae 2.6 
Beach seine xX = 5 Ltjanldae 2.1 
Baby trawl XX X 6 Lelognathidae 2.0 
Bag net X 7 Scombridae . 1.6 
Spear gun XX - - 8 Sphyraenidae 1.3 
Fish pot XX X X 9 Lethrlnidaa 1.1 
Crab pot XX XX' X 10 Srranldae 11 
Fish corral XX X XX 
Hook and line XX X XX Total 97.9 
Multiple hook and line X X XX 
Long line XX X XX Source: Calud et al. (1989). 
Lift net X 

Notes: 
-- notusedinthesector 

X- less common 
XX- very common 
Source: Mines (1986). 
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Fig. 4. Typical bottom set gill net design and specifications in the Lingayen Gulf (Calud et al. 1989). 
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ABSTRACT 

Growth parameters (L. and K) of the von Bertalanffy equa.tion and mortality coefficients (M, F and Z) of the exponential 
decay model (estimated via ELEFAN I and ID are presented
for the more abundant species comprising the catch of trawlersin Lingayen Gulf. The recruitment patterns and exploitation
ratios (E = F/Z), using these parameters are also given. The 
rqsults indicate high growth rates (K = 0.38-1.32) and mortal-
ity coefficients (Z = 2.59-6.87) for the species analyzed. Theseimply high turnover rates for most species composing the bulk 
of the trawlable biomass. Recruitment patterns obtained indi-
cate that the event is bimodal for most of the species. The 
exploitation levels computed, at least for the length ranges
examined, are relatively high (i.e., 0.22-0.72) and confirm pre-
vious assessments (based on yield-to-biomass ratios) of high
extraction rates. 

INTRODUCTION 

Lingayen Gulf is an important fishing ground
for pelagic and demersal fishes in the Philippines.
During the first half of the 1980s, landings in the 
area ranged from 7,500 to 11,800 t of fisheries 
products valued at P110-150 million (McManus 
and Chua 1990). Fishing provided a major source 
of livelihood for over 12,000 fishermen and cheap 

protein for the people of the neighboring land
locked provinces.

Based on the multispecies resources, the gulfs 

fisheries are characterized by a multiplicity of 
gear, most of which are simple and inexpensive.
Twenty-eight artisanal gear have been identified,
which contribute 75% to 80% of the landings.
Although purse seines are also present, they

Atoutside teigegaphialslimitseof theoperate outside the geographical limits of the gulf, 
making trawling the only form of commercial 
fishing activity. Trawlers contribute about 95% of 
the commercial fisheries production (Aprieto and 
Villoso 1982).

Lingayen Gulf is a traditional trawl fishing
ground. At the outbreak of World War II, 15 to 25 

medium trawlers were operating in the area. The 
war reduced the fisheries to seven otter trawlers
(10-30 GT), which used reconditioned diesel 

engines of 50 to 225 hp (Warfel and Manacop
1950). At present, the gulf is the most productive
trawl fishing ground in Northern Luzon. There 
are about 26 trawlers in ihe gulf, 23 of which are
medium (10-20 GT) and 3 are large (>20 GT). 

Operations are limited to the nearshore areas (0
50 m) in Sectors II and III where the substrate is 
generally muddy (see Silvestre et al., this vol.).

Due to their efficiency, the trawlers are being 
blamed for the dwindling catch of the other fish
ing gear. Municipal fishermen are vocal against
the unrestricted operations of these vessels. The 
competition for the resources is further aggra
vated by the rampant use of dynamite and 
cyanide. These illegal forms of fishing 
indiscriminately destroy marine life upon which a 
burgeoning coastal population is dependent. 
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While previous studies indicate that the fishing 
ground is heavily exploited, conclusions are often 
based on inferences or nonconventional methods. 
This paper represents an attempt to provide 
information toward validation and/or further 
refinement of previous assessment studies. Popu-
lation parameters (growth, mortality and number 
of recruitment peaks) and exploitation ratios of 
species comprising the bulk of trawl catches are 
presented. 

MATERIALS AND METHODS 

The data used in this study were collected dur-
ing the commercial trawl fisheries survey con-
ducted under the Resource Assessment subtask of 
the ASEANIUS Coastal Resources Management 
Project in Lingayen Gulf from April 1987 to June 
1988. The survey covered the area of medium 
trawl operations (0-50 m) in Sectors II and III (see 
Silvestre et al., this vol.). The researchers boarded 
an average of 2.1 commercial trawl trips and 
sampled an average of 8.8 day-hauls per month 
for an aggregate of 106 day-hauls from 25 trawl 
trips during the course of the survey. 

A typical trawl trip lasted about two days and 
each drag, an average of 3 hours. From each haul, 
samples were taken. Sorting was to species level 
whenever possible. The length distribution 
(measured from the tip of the snout to the short- 
est median caudal ray, i.e., fork length) of the 
species with a high occurrence was taken. 

The growth parameters (L, and K) of the von 
Bertalanffy aquation were estimated via ELEFAN 
I (Gayanilo et al. 1988) using the length distribu-
tion data generated for each species. 

ELEFAN II was used in estimating total (Z), 
natural (M), and fishing (F) mortalities and 
exploitation ratios (E = F/Z), as well as in deriving 
seasonal oscillations in recruitment, expressed as
"recruitment pattern." These patterns are 
obtained by back-projecting length-frequency data 
on a time axis of one year, using the growth 
parameters estimated via ELEFAN I. The peaks 
of such patterns reflect the seasonality of recruit-
ment in relative terms. 

RESULTS AND DISCUSSION 

Fig. 1 shows the results obtained via ELEFAN I 
and II for the most abundant species, Leiognathus 
bindus (orange-fin ponyfish). Estimates of the 

growth parameters (L,, and K) are summarized in 
Table 1 for the 15 most abundant species of com
mercial interest making up the catch of trawlers. 
Relatively high K and low L.o values were 
obtained, which are typical for small and fast
growing tropical species. Growth coefficients (K) 
ranged from 0.38 to 1.52. The yellow-striped 
trevally (Selaroidesleptolepis) had the highest K. 
The ponyfishes (Gazza minuta, G. acclamys and 
L. bindus), which are the most abundant species 
group in the catch of trawlers, exhibited the high
est K values as a group. The hairtail (Trichiurus 
haumela), on the other hand, had the lowest K 
while the threadfin breams (Nemirterusjaponicus 
and N. nematophorus) exhibited the lowest 
growth coefficients as a group. These estimates 
are within the range of the values in other fishing 
grounds in the Philippines (see Corpuz et al. 1986; 
Silvestre 1986; Silvestre et al., in press, and refer
ences therein). 

All the species investigated showed two 
recruitment peaks, except for the yellow-striped 
trevally (S. leptolepis) and the hairtail (T. 
haunela). 

The mortality parameters estimated are also 
given in Table 1. All the investigated species 
showed high total mortality rates (i.e., more than 
2.5). Such high Z values entail very low annual 
survival rates. The high Z and F values obtained 
for the yellow-striped trevally (S. leptolepis), the 
yellow goatfish (Upeneus sulphureus), the double
whip threadfin bream (N. nematophorus) and the 
rainbow sardine (Dussumieria acuta) may not 
reflect the true mortality rates of the species in 
question. Apparently, the trawlers did not prop
erly sample the large individuals of the popula
tion. The splendid ponyfish (L. splendens)had the 
lowest Z value. 

All the species investigated showed high 
exploitation rates (E = 0.23-0.72). Conventional 
theory suggests that E values between 0.20 and 
0.50 are optimal in maximizing biological yield 
(Gulland 1971; Beddington and Cooke 1983; Pauly 
1984). For short-lived species such as the ones 
considered here, the E values computed are too 
high, given that most exceeded the E = 0.50 level 
with the exception only of the slipmouths L. 
splendens,L. equulus andG. minuta. 

Overall, the results indicate relatively high 
growth rates and low L.. values which are typical 
of fast-growing but short-lived tropical species. 
Mortality rates, likewise, are high, which imply 
low survival rates and high turnover rates for the 
species investigated. The findings also indicate 
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high extraction rates (i.e., more than 0.20) and
confirm previous assessments based on yield-to-
biomass ratios of heavy fishing pressure (see
Calud et a]. 1989; Ochavillo et a]. 1989). 
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Table 1. Summary of relative abundance growth (K) and mortality parameters (Z), exploitation ratios (E)and number of recruitment peaks (NRP) for 15 trawl-caughtfish species in Lingayen Gull, Philippines, obtained via ELEFAN I and 11.
 
No. Species 
 Relative K L._ Z M F E NRPabundance (%) (yi-l) (cm) (yr '1) (yr,-) (,yr') (yri)1 Leiognathus bindu.y 17.64 1.05 12.3 6.87 2.372 Trichiurushaumela 4.60 0.66 2864 0.38 68.1 2.62 0.75 1.86 0.71 13 Gozzo minua 6.74 1.17 11.84 Saurid, tumbil 3.64 2.57 1.075 5.37 0.30 2Aule mate 0.52 09.0 3.335.22 0.81 24.9 1.08 2.25 0.686 Rasirelliger brachysoma 4.59 1.63 2.95 0.64 224.37 1.00 25.0 5.23 1.887 Upeneus sulphurus 3.35 0.64 23.00 1.328 Gazza acclamys 19.9 8.72' 2.40 8.32' 0.72'2.01 1.17 12.8 5.91 2
9 Seloroidesleptolepis 2.51 3.40 0.58 21.74 1.62 18.510 15.11Nemipterus nematophorus 2.69 12.42' 0.82' 11.48 0.62 27.011 L.eiognathusequulus 7.15' 1.35 5.80' 0.8101.44 1.30 19.0 2 

12 Pentaprionlongimanus 4.05 2,41 1.64 0.41 21.12 1.05 13.713 Nemipterusjoponicus 5.34 2.29 3.05 0.57 21.08 0.46 26.7 3.9914 Dussurnieriaacuta 1.11 2.88 0.720.98 1.30 18.0 2 
15 Leiognathus splendens 6.72' 2.44 4.280 0.64' 20.86 0.79 11.6 2.69 2.00 0.59 0.23 2 

*Possibly includes emigration or loss of vulnerability to sampling gear with Increasing length. 
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(a) Growth curve superimposed over restructured length distribution 
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Fig. 1. Summary of results obtained via ELEFAN I "d H for the orange-fln ponyfish, 
•Leiognathus hindus, in ingayen Gulf, Philippines. 
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ABSTRACT 
This contribution examines the issue of growth ovorfishing 

in the Lingayen Gulf trawl fisheries. Growth (Lo, Woo, K)mortality (Z, M) and selection (SF, L50, L75) parameters of the more abundant species in the catch of the trawlers are pro-sented, as compiled from studies conducted in the area and the 
existing literature. These parameters, combined with indices ofrelative recruitment and prices, were used for aggregate yieldper recruit (Y/R) analysis to determine the optimum mesh sizefor the exploited multispecies mix. A mesh size of about 4 cm was found to be most appropriate for optimizing yield from the 
species inclded in the analysis. The 2-cm mesh size commonamong trawlers in the area is inappropriate and leads to con-
siderable economic losses. 

INTRODUCTION 

Lingayen Gulf is an important traditional fish-

ing ground in northern Luzon, Philippines. In

1987, annual landings from the 
area are about15,000 t of fish and invertebrates worth approxi-
mately P200 million (US$10 million). About 80%
of the landings come from municipal or small-
scale fishing activities. The municipal sector
includes 12,500 fishermen using 7,000 banca 
(small dugout boats with outriggers) and rela-
tively simple and inexpensive fishing gear.
Twenty-eight typet of artisanal gears are used in 

the gulf, with gill net (bottom set and surface driftvarieties) being the most common. The commer
cil sector comprises 24 medium (10-20 GT) andtwo large (over 20 GT) trawlers employing about220 fishermen on a full-time basis. Detailedtreatments covering the historical landings, cap
tre methods, exploited resources and status ofprevailing exploitation are given in Calud et al. 
(1989), Ochavillo et al. (1989) and McManus and 
ChuaThe(1990).prevailing consensus 
FDGulf fisheries resources are 

is 
overfished 

that the Lingayen
(NRMC1980; Mines 1986). Silvestre et al. (this vol.) 

FID 1
give a summary of initial findings of assessmentwork conducted under the auspices of theASEAN/US Coastal Resources Management Pro
ject (CRMP). This paper refines previous assessments in that it evaluates the extent of growthoverfishing by determiniog the optimum meshsize appropriate for the multispecies stocks of 
Lingayen Gulf. 

MATERIALS AND METHODS 

The data used in this study were culled fromvarious existing literature sources. The investi
gated species represent the top 24 species from
the mean trawl landings in the Lingayen Gulf
Statistical Area for The
1980-1984. asymptotic

weight (Woo) 
 values, the natural mortality
estimates (M) and the recruitment indices were
taken from Silvestre et al. (1988) and references 
therein. The fish prices were obtained from Signey
(1987) while the L50 and L75 values were taken
from Silvestre et al. (1988); Pauly (1980); Pauly
(1985); Pauly et al. (1984) and Jones (1976). 
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The analysis involved the aggregation of indi-
vidual Y/R response surfaces as described in Sil-
vestre and Soriano (1988). This is done through a 
standardization along the three axes of the Y/R 
response surface, namely: (1) the fishing mortality 
axis, which entails the determination of the rela
tive catchabilities of the mix of species; (2) the 
age/length at first capture or mesh-size axis; and 

(3) the Y/R axis, which entails the determination 
of absolute or relative recruitment. In this study, 
the catchability coefficients of the various species/ 

taken as equal and constant throughgroups were 
the range of F. The fish prices of the investigated 
species were later incorporated in a separate 

attempt to translate the aggregate yield index 
into a gross value index. The price indices were 

taken as constant through the range of lengths for 
the various species/groups and therefore 

accounted only for value difference between 

RESULTS AND RECOMMENDATIONS 

Table 1 shows the parameter values used in the 
study. The estimates of the growth coefficient (K) 

ranged from 0.14 to 1.61 per year while the L-o 
values ranged from 5 to 140 cm. These imply high 

turnover rates. The natural mortality estimates 
imply low survival rates. were also high, which 

The fish prices show the varying preference for 

the investigated species. 
Fig. 1 shows the aggregate yield per recruit 

cm. Forthrough a range of mesh sizes from 1 to 7 

the multispecies stocks of Lingayen Gulf, a mesh 
size of about 4 cm appears to be appropriate. 
Mesh sizes smaller and bigger than 4 cm decrease 
the aggregate yield, with the loss increasing with 

increasing or decreasing mesh size. Fig. 2 shows 
the aggregate value per recruit through a range of 

mesh sizes from 1 to 7 cm. Aggregate gross value 

appears to be maximized at a mesh size of 3.5 cm. 

Fig. 3 shows the extent of loss relative to the 

optimum mesh size for the aggregate YiR and 
sizesaggregate value per recruit. Smaller mesh 

are shown to be appropriate at low F values, 

However, given the high fishing mortality 
presently prevailing in the gulf (F = 2.8 per year), 

mesh sizes smaller than 4 cm appear to be unrea-
About 20% of the Y/R is apparently lostsonable. 

because of the 2-cm mesh size used by trawlers in 

Lingayen Gulf. Value per recruit decreases simi-
larly with departure from the 3.5-cm mesh size 

(i.e., mesh sizes smaller than 3.5 cm are permissi
ble only at low fishing mortalities). 

The above results illustrate the growth over
fishing occurring in the gulf, confirming the find
ings of the previous fish stock assessments. 
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Fig. 1. Aggregate Y/R for the Ungayen Gulf multispecies Btrawl fisheries as inferred from mean landings for 1980- B 
1984 given in BFAR statistics and parameters.in Table 1.
A: mesh sizes from 1 to 4 cm; R: mesh sizes from 4 to 7cm. 	Note that Y)R is maximized when mesh size is near 4 
 20o
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Table 1. Abundant species/groups comprising the landings of trawlers in Lingayen Gulf for 1980-1984 as shown in BPAR statistics andtheir corresponding parameter values as used to estimate aggregate.yield. Parameter estimates are from Silvestre et al. (1988). (See
texL) 

Specieu/groupe W- L- K M IV P .0 L75
(5) (cm) (yr1 

) (yr') (yr) (cm) (cm) 

I. L/lognadhus bindus 44 12.1 0.98 2M 993,082 12.8 6.3 6.72. Ne .iaponicur 340 26.6 0.45 1.08 108,906 12.6 9.1 10.03. Thrcicuushaumda 247 68.2 0.44 0.83 91.664 10.5 15.3 16.74. Sauridatumbil 966 43.0 0.64 1.18 21,976 6.3 7.4 8.96. Upmcn sulphrva 146 18.8 0.55 1.33 173504 10.3 9.4 10.36. MHenmacuaat 115 22.5 1.22 2.20 129,461 9.7 6.3 6.7a7. Rastrvllgerbrachysoma 257 25.5 1.45 2.32 40,166 11.9 9.1 9.98. Stolphorusindicus so 14.5 1.30 2.6 386,412 7.0 10.3 11.59. Aepes djedaba 317 24.5 1.00 1.86 33.678 11.4 8.8 9.310. Sdarcrumanopthalmus 419 25.9 1.26 2.17 21.496 10.3 8.8b 9.3b11. Caranx arnaus 228 21.5 0.82 1.69 44,21 12.6 8.2 8.912. Rastrelligerkanqgurta 36 28.5 1.31 2.13 16,083 11 ; 9.4 10.013. Sphyracna barracuda 23.021 140.0 0.14 0.31 444 10.1 14.2 15.614. Loigo up. 150 20.7 1.00 1.18 19,906 14.0 6.2 6.815. Decapterusmacrofoma 116 23.0 1.25 2.19 35,874 8.9 10.9 11.516. Scombmroaoruscomrsoni 707 49.0 0.70 1.23 6.492 14.4 10.8 12.317. Dussuuneriocuta 66 21.0 1.06 1.97 34,963 7.1 10.6 11.18. Scrdinalla/imbriata 68 18.0 0.70 1.63 44,501 7.9 9.7 10.019. FormIon/sa  643 29.5 0.68 1.40 4,162 15.2 6.420. Prriaeus tayenue 293 29.0 0.68 1.40 4,162 16.2 6.4 6.821. Epinephduaaass;hadtoo 7.120 78.0 0.14 0.66 1,474 20.2 8.9 10.422. Penatuamergiucsia 125 &0 1.61 2.01 3,421 23.7 2.5 2.723. Lujanua vtta 446 38.5 0.70 1.28 2,077 13.5 7.1 9.124. Chlrocenbusdorob 3,703 38.0 0.90 0.30 8.8 13.4 14.7 
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ABSTRACT 

The gill net is the predominant fishing gear used bymunicipal fishermen in Lingayen Gulf, Philippines, and
accounts for about 50% of the municipal landings in the area. 
Thus, the municipal sector is primarily a gill net fishery. Thispaper describes the fishery with emphasis on catch rates,
species and length composition of landings and areas of opera-
tion. The results are compared with information pertaining to
the commercial trawl fishery as an initial step in qualifying theextent of its competition (for fishing ground and fisheries 
resources) with this sector. The results indicate, among others,that: (1) nonenforcement of the 7-kn ban on commercial fish-
ing results in tremendous overlap between trawl and gill net

grounds, and (2) the species and length compositions of trawl

and gill net catches illustrate 
severe competition for similartarget species and lengtb groups. 

INTRODUCTION 

Lingayen Gulf (Fig. 1), an important traditional 
fishing ground off northwestern Luzon, is one of
the most heavily fished areas in the Philippines.
At present, about 12,500 municipal fishermen
reside in the 16 towns and lone city bordering the
gulf, using 28 varieties of relatively simple, inex-
pensive gear. Moreover, 26 trawlers operate in the
gulf on a regular basis, directly employing about 
220 fishermen. Combined landings from these 
fishing activities is currently 13,900 t/year, about 

a quarter of which comes from trawl operationsand the rest from municipal fishing activities 
(Ca 

lud et al. 1989; Ochavillo etal. 1989). Of the
10,500 t/year of municipal landings, about half(46%) is accounted for by the mix of gill net gear
used in the gulf (see Silvestre etal., this vo.). The 

in g ethe (sf vetre e is )municipal thesector of the capture fisheries in the area is, therefore, largely a gill net fishery.
McManus and Chua (1990) give a coastal envi

ronmental profile of Lingayen Gulf and point to
excessive effort, growth overfishing and increased
competition and conflict between the municipaland commercial sectors as issues requiring attention with respect to the capture fisheries in the 
area. Under the auspices of the ASEAN/US
Coastal Resources Management Project (CRMP),
a study of the municipal and commercial fisheriessector in the gulf was conducted to elaborate onthe nature and extent of these issues and explore 

plausible management strategies. Initial resultsof the study are given in Calud et al. (1989) for themunicipal fisheries and Ochavillo et al. (1989) for 
the trawl fisheries, while Silvestre et al. (this vol.) 
give a summary of the implications of the assess
ment work conducted thus far. 

The present contribution is a follow-up to the 
report of Calud et al. (1989), which elaborates on
the characteristics of the municipal fisheries withemphasis on the design, operation and catch of
the various types of municipal fishing gear. This 
paper describes the gill net fishery with emphasis 
on catch rates, species and length composition of
landings and areas of operation, based on more
complete data collected in three coastal towns 
over a one-year period. An initial attempt to elab
orate on the extent of the gill net fishery's compe
tition with the commercial trawl fishing is also 
incorporated. 
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MATERIALS AND METHODS 

Data on gill net landings were collected 
between May 1987 and April 1988 in three coastal 
towns adjoining Lingayen Gulf, namely: Dulao 
and Bani in La Union Province and Tobuan in 
Pangasinan Province (Fig. 1). The three sites were 
selected from considerations of the level of 
municipal landings, number of municipal fisher-
men, variety of gear types employed and accessi-
bility. Details of the sampling design and research 
methodology are given in Calud et al. (1989). 
Briefly, monitoriiig of gill net catches was con-
ducted every other day in Dulao and Bani, and 
once every week in Tobuan during the course of 
the study. During each monitoring day, a sample 
of the boats that went fishing was taken. The 
catch (kg/boat-trip) of each of these boats was 
noted together with the relative abundance of the 
species/groups comprising it. The length composi-
tion of the more abundant species was subse-
quently taken. Information pertaining to the area 
of operation for the day's trip and gear specifica-
tions were also obtained for each boat sampled. 

Data on the trawl fisheries in Lingayen Gulf 
used herein for comparison purposes were 
obtained during the commercial fisheries survey 
in the area running concurrently with the gill net 
survey. Ochavillo et al. (1989) describe the sam-
pling procedure employed. Briefly, about two 
trawl trips per month were monitored by the 
research team. During each trip, the magnitude of 
the catch for each three-hour haul was recorded. 
Each haul was sorted to species level whenever 
possible and the length composition of the more 
abundant species comprising the catch was taken. 

RESULTS AND DISCUSSION 

Several types of gill net are used by municipal 
fishermen in Lingayen Gulf. Depending on where 
they are deployed in the water column, these can 
be classified into bottom and. surface gill nets. The 
latter group includes two common varieties, 
namely: tuna gill net and drift gill net (for catch-
ing 'other pelagics). Calud et al. (1989) give the 
design, specifications, mode of operation and rela-
tive contribution to municipal fisheries production 
of the various types of gill net observed during the 
course of the study. Bottom gill nets were the 
most popularly used in the gulf, accounting for 
83% of gill net landings in the area. The tuna and 
drift gill nets made up 17%. Fig. 2 gives the typi-

cal design and specifications of the bottom gill net 
used in the area. 

Motorized and nonmotorized banca are used by 
municipal fishermen in gill net operations (Fig. 3). 
The craft is a keeled dugout with a marine ply
wood siding powered by a 10-16 hp gasoline 
engine. Nonmotorized craft are essentially identi
cal in design except that they are smaller in 
length or size. Gill net operations usually involve 
the use of motorized banca, except those bottom 
gill net activities closer to the shore. Gill net fish
ermen make daily trips usually lasting about four 
to six hours. Catches are landed in the morning, 
normally several hours after sunrise. An average 
gill net unit operates 27 days of every month 
during the fishing season. 

Fig. 4 shows the mean monthly catch per unit 
effort (CPUE) (kg/boat-trip) of bottom and surface 
gill nets in the three study sites. Bottom gill nets 
were used all-year-round, with mean catch rates 
of 2.9 and 1.6 kg/boat-trip for motorized and non
motorized units, respectively. Motorized units 
consistently had higher catch rates compared to 
nonmotorized ones. This is similar to trends noted 
in other Philippine fishing grounds. However, this 
does not necessarily indicate increased productiv
ity--as motorized units made less profit in real 
terms on the average due to greater fixed and 
variable costs--but merely implies that motoriza
tion enables fishermen to exploit farther, less 
crowded grounds. The data herein further show 
that there is no pronounced seasonality in catch 
rates for bottom gill net operations. Compara
tively, surface gill nets showed a high seasonality 
in operation and catch rate levels. Surface drift 
gill net fishermen increasingly shifted to tuna gill 
net operations during the peak months of abun
dance of tuna-like species from November to 
February. Mean catch rates for tuna and drift gill' 
nets, exclusive of the lean months when such gear 
were not used, were 24.3 and 15.8 kg/boat-trip, 
respectively. 

The operational range of gill net boats based on 
data from the three study sites is given in Table 1 
and Fig. 1. Areas of operation of nonmotorized 
bottom gill net, motorized bottom gill net and sur
face drift/tuna gill net units were distributed 
sequentially with increasing depth and distance 
from the shoreline. Nonmotorized bottom gill nets 
were deployed fairly close to the shore (2.5-6.0 
kin) in depths ranging from 15 to 25 m. Motorized 
gill net units, on the other hand, went farther off
shore (at least 4.5 kin), operating in depths of 
more than 25 m. No tuna gill net units operated 
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from Tobuan because this side of the gulf is Table 3 comparatively shows the length range,
exposed to the effects of the northeast monsoon at mean length and length-at-first-capture (in this 
the time of peak abundance of tuna-like species, context, referring to length at 100% probability of 

Table 2 gives the relative abundance (%) of the capture) of ten selected species exploited by both 
various species comprising the combined catch of gill net and trawl. Fig. 5 illustrates the method 
the different gill net types in the three study sites used in computing the mean length and length-at
monitored. The catch of gill nets consisted of 118 first-capture of each species in the catch of gill net 
species/groups belonging to 49 families. The 25 and trawl, respectively, using data for Leiog
most abundant species/groups alone constituted nathus equulus. Considerable overlap existed in 
about 90% of landings, the remainder of the catch the sizes of fish exploited by both gear. Moreover,
distributed among S3 species/groups caught inci- trawlers were more likely to cause growth over
dentally in small quantities. The top ten species fishing because of their gear's lower length range
accounted for over half (55%) of gill net catches, and the onset of full exploitation that their gear 
most of which are pelagic or semipelagic species, entailed. 
Table 3 gives the length range and mean length of 
selected fish species comprising the catch of gill CONCLUSION 
net in the three study sites. The gill net, as Gill nets, the predominant gear used by munici
expected, was quite selective, with sizes caught by pal fishermen in Lingayen Gulf, account for about
species falling within fairly narrow ranges. More- 50% of the 10,500 t/year of municipal landings in 
over, the mean lengths of the catches were consid- the area. The municipal sector, therefore, is 
erably large, given the average maximum lengths primarily a gill net fishery. Mean catch rates for 
that these selected species could attain, boats using various types of gill net were rela-

As an initial step in quantifying the extent of tively low, varying between 1.6 kg/boat-trip for 
competition between gill net and trawler in the noni-otorized bottom gill net units and 24.3 
area, selected information pertaining to the trawl kg/boat-trip for motorized surface tuna gill net. 
fishery was obtained and compared with that per- Bottom gill net operations proceeded all-year
taining to gill net. Fig. 1 and Table 1 illustrate the round while those for surface gill net were highly
considerable overlap between trawl and gill net seasonal, with a pronounced shift from drift to 
fishing areas in Lingayen Gulf. Noncompliance tuna gill nets around November to February.
with the existing 7-km, 7-fathom ban in commer- Combined gill net landings were made up primar
cial fishing operations by the trawl fleet has exac- ily of pelagics, the size composition of which is 
erbated the competition for fishing grounds. composed of fish in the larger length groups.
Instances of destruction of gill net gear and con- Comparison of fishing area and exploited
flict between gill net and trawl fishermen were resources of gill net and trawl indicated, among
observed during the period of study. Trawlers pre- others, that: (1) noncompliance of the trawlers 
ferred the shallower areas because of the higher with the 7-km, 7-fathom ban on their operations
catch rates obtained there. However, even if the 7- leads to tremendous overlap between trawl and 
km, 7-fathom ban was observed by trawlers, con- gill net grounds, resulting in conflicts between the 
siderable overlap still existed between the fishing two fisheries sectors and (2) severe competition 
areas of the two sectors. It is conceivable, never- for similar resources/species and length groups.
theless, that gear conflicts would be minimized in Silvestre et al. (this vol.) present recommenda
such a case inasmuch as the overlap will be with tions relevant to these findings and the results of 
surface gill nets, which would be much easier to other assessment work conducted thus far. 
avoid physically by the trawlers. 
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Table 2. Comparison of the species composition of gill not and trawl catches in ILingeyen Gulf from May 1987 to April 1988. Gill 
net data raflect relative number of units of the various types in the three study siLtowhile the trawl data are for the entire trawl 
fleet. 

Species/group 
RInk 

Gill net 
Relative 

abundance (%) 
Bank 

Trawl 
Relative 

abundance(%) 

Meglospis cordyla 1 8.27 27 0.81 
Rastreillprbrochysomn 2 7.93 6 4.57 
Saurid tumbil 3 5.21 4 6.57 

Gazi minuta 4 4.86 3 7.12 
R. hanagurta 
Sdarcromenophtsalmus 

5 
A 

4.83 
4.80 

23 
22 

1.02 
1.03 

Eut!ynnusaffinis 7 4.74 0 
R. faughni 8 4.71 19 1.11 
Rays 9 4.29 <0.60 
A/cpu djedaba 10 4.29 <0.50 
Ldognathusaplendens 11 4.01 26 0.85 
Upeneus sulphuraus 12 3.75 8 3.08 
Xiphlasgladius 13 3.68 0 
Atule mate 14 3.47 5 5.2 

Gerresflatentosus 15 2.42 <0.50 
Trichiurushaumela 16 2.10 2 8.87 
Scomberonwruscommersonianus 17 2.14 . 0.50 
Sdarboops 18 2.04 25 0.33 
Nimipterusjaponicus 19 2.02 21 1.48 
Anodontostoma chocunda 20 1.93 0.50 

L.bindus 21 1.91 1 17.97 

CALroctntrus dorab 22 1.63 28 0.74 
Priacanthustaynus 23 1.29 10 2.18 

L. equulus 24 1.28 15 1.44 
Selaroides leptolepis 
Others 

25 1.18 
11.13- . 

13 1.74 
32.28b 

-Consists of 93 species/groups, 82% of which are also caught by trawlers. 
bConsista of 128 apeeiea/groupa. 

Table 3. Length range (cm), mean length (cm) and length-at.flrstcapture (cm) of some fish caught by gill net and 

trawl in Lingayen Gulf. (See also Fig. 5.) 

Species Gill net
Length range Mean length. 

Trawl 
Length range Length-st.flrst 

captures 

Atule mate 14.5-20.5 15.4 5.0-19.0 11.6 

Chlrocentrusdarb 2r.0-35.0 26.2 7.5-33.0 11.5 

Ganaacclamys 
G.miuda 

7.59.5 
6.5-9.0 

8.2 
7.0 

3.011.0 
3.0-11.5 

6.7 
8.3 

Le/iognathus equu/us 
L. ieuciacua 

8.5-19.5 
6.5-7.5 

10.8 
6.7 

6.0.19.0 
4.0-11.0 

7.8 
6.0 

Ratreligerbrachysoma 
R. hamnurta 

16.022.5 
10.0-17.5 

17.2 
14.6 

8.525.0 
5.6-20.0 

14.4 
11.9 

Sardlndlaflrmbria t 9.518.5 10.2 6.0-12.0 10.1 

Sdarhoops 15.5-20.0 16.4 6.5-22.5 12.8 

-Lengths deviating from the normal were excluded in the computation ofmean length (sos Fig. 5). 
bLengths at full exploitation wore estimated using catch curves generated via ELEFAN IL 
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Fig. 2. Typical bottom gill net design and specifications in Lingayen Gulf (Calud et al. 1389). 



6 Bottom*-O gill net
Motorized (mean CPUE= 2.9kg/boot-trip) 

01 

8- Nonmotorized (meOnCPUE=L6kg/boot-trnp) 

4 

297 * 2 

0 I tI l I 1 

10 L4 Wi78.70 Surface gill net 

1I 11.4 1 9, 

.-, 

60 -

Motorized eon CPUE 24.3kg/boa-.trip) 

S0-

a 50 
Drift (mean CPUE= 15.8 kg/boat-ip) 

40 

: " M J j A, S 0 N D J F M A 
q -175.3 838 1987is 987 988 

aMonth 

01a-5--- ---- 0 
- __ 

17Fig. 
_ 

4. Mean CPUE (kg/boat-trip) for the various types of gill netused in Lirgayen Gulf between May 1987 and April 1988. The zero 

V 439,4 
catch rate levels indicate nonfishing or lean months. See text. 

_________40

- 763.3 -A .+-3 

IrT-f - 30 
229 Trawl Lc Gill inet 

Z-0 

Fig. 3. Design and specifications of a typical motorized bancaused by municipal
fishermen in Lingayen Gulf. Dimensions are in centimeters. 

.2 10 

5 

0 5 6 7 8 9 10 1] 12 13 14 15 16 17 18 19 20 

Length (cm) 

Fig. 5. Length distribution of Leiognathus equuius in the catch oftrawl superimpesed over the length frequency histogram of the 
same species in tha catch of bottom gill net in Lingayen Gulf. The 
hatched portion of the frequency histogram was excluded in thecomputation of mean length (1) in gill net catches. See text and 
Table 3. 



The capture fisheries of Segara Anakan, Indonesia
 

EDI MULYADI AMIN 
TUTI HARIATI 
Research Institutefor MarineFisheries 
Agency forAgricultureResearchand Development 
J1. Kerapu 12,Jakarta14430 
Indonesia 

AMIN, EM. and T. HARIATI. 1991. The capture fisheries of
Segara Anakan, Indonesia, p. 51-56. In L.M. Chou, T..E. 
Chua, H.W. Khoo, P.E. Lim, J.N. Paw, G.T. Silvestro, M.J.
Valencia, A.T. White and P.K. Wong (eds.) Towards an integrated management of tropical coastal resources. ICLARM 
Conference Proceedings 22, 455 p. National University of 
Singapore, Singapore; National Science and Technology
Board, Singapore; and International Center for Living
Aquatic Resources Management, Philippines. 

ABSTRACT 

Segara Anakan, a mangrove-fringed lagoon in the southern 
coast of central Java, is a rich nursery ground for shrimp and
fish that are the bases of sequential exploitation by artisanal 
lagoon fisheries and coastal fisheries in the adjacent Cilacap 
area. Man-induced stresses on the ecology of the lagoon (e.g.,high sedimentation rates, mangrove denudation, intense 
fishing and the use of small-meshed nets) have caused concern
for the sustainability of fisheries. As part of the efforts under 
the auspices of the ASEAN/US Coastal Resources 

Management Project (CRMP) to formulate and implement
sustainable resource use in the area, a fisheries survey was 
conducted in Segara Anakan between July 1987 and June
1988. This paper presents the initial results of the survey and
describes the existing lagoon fisheries with emphasis on the 
types of fishing gear, their operational ranges, catch rates and
catch composition.

Fishing activities in Segarr Anakan are wholly artisanal in 
nature. The survey showed that fishing intensity was high and 
annual production was about 1,600 t valued at Rp840 million.a 
Catch rates of the various gear were low, varying between 4and 15 kg/boat-trip. Shrimp were the most important 
components of the landings. However, there is a need to reduce
fishing effort and prohibit the use of destructive fishing
methods to assure sustainability of the fisheries. 

INTRODUCTION 

Segara Anakan, the site of intbnsive studies 
under the Indonesian component of the
ASEAN/US CRMP, is a mangrove-fringed lagoon 

aApril 1990: Rpl,811 = US$1.00 

in the southern coast of central tava (Fig. 1). The area is a rich nursery ground for fish and shrimp,
which are the bases of artisanal fisheries in the 

lagoon and coastal fisheries in the adjacent
Cilacap area (Martosubroto and Sudradjat 1973).
Napitupulu 'and Ramu (1981) and Ludwig (1985)
documented the decrease in the surface area of
the lagoon while Wahyuni et al. (1987) noted a 

trend of declining catch rates in the lagoon fish
eries; all attributed these to the high sedimenta
tion rates. Guarin and White (1988) pointed out
that the loss of mangroves and tidal swamplands
together with high fishing rates and the use ofdestructive fishing methods were the factors
contributing to the decline of the lagoon fisheries.

Fishing in Segara Anakan is a traditional 

source of livelihood for residents. Stresses on the
ecology of the lagoon have posed threats to fishingand have resulted in the decline of the coastal
fisheries off Cilacap. As part of the efforts to 

rationalize conflicting and competing resources 
use in the Segara Anakan-Cilacap area and toformulate implementable management plans, afisheries survey in Segara Anakan was conducted 

between July 1987 and June 1988. The survey
aimed at establishing the status of existing fish
eries in the lagoon. Ten tips were made to the area to examine the following: (1) the type of 

fishing gear and number of units of each gear

used in the lagoon; (2) the number of fishermen

and frequency of their operations; and (3) thecatch rates (kg/trip) and their species and length 

compositions. This paper attempts to characterize 
the nature of existing fisheries in the lagoon based 
on the initial results of the survey. 

FISHING METHODS AND GEAR 

During the period of study, a total of 964 full
time fishermen operated in Segara Anakan, using 
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relatively simple gear and small dugout boats. 
The gear were trammel net (jaringkantong) and 
gill net (ciker), tidal trap made primarily of net-
tings (apong) or bamboo slats (wide tadahan); 
push-net (waring surungan); and trap made of 
bamboo (wadong) or nettings (pintur).The typical 
designs of these fishing gear are shown in Fig. 2. 

The trammel net and gill net are set in surface 
waters to drift with the currents. The nettings are 
made of hung polyamide (PA) materials (usually 
1.75 in. stretched mesh size) using polyethylene 
(PE) selvages and float/sinker lines. The outer 
nettings for the three-walled trammel net are 4 in. 
in stretched mesh length. 

The tidal traps are stationary gear set in areas 
of relatively strong tidal currents. The push-nets 
are made of polypropylene (PP) netting (3 mm 
stretched mesh length) mounted ,on wooden 
frames. These are operated in the tidal and/or 
mangrove swamps. The traps made of bamboo or 
nettings are commonly 30 cm in diameter by 60 
cm in length. and are used specifically for catching 
crabs (Scylla spp.). 

The operational ranges of the various fishing 
gear in Segara Anakan are given in Fig. 3. The 
trammel net and gill net were operated in the 
deeper and more open parts of the lagoon near the 
Majingklak and Karang Anyar areas and on the 
eastern side of the lagoon. The apong tidal traps 
were used in the shallow areas of Cibeureum 
River, off the Kayu Mati River and around 
Karang Anyar in the western part of the lagoon, 
and from around Kaces to the Kembang Kuning 
River in the southern part of the lagoon. The wide 
tCdahan tidal traps were found in the shallow 
areas in the northern and central parts of the 
lagoon. The push-nets were operated near Bugel 
in the north, Karang Anyar in the west and 
between Klaces and Motean in the south. The 
traps were set in the mangrove and tidal swamps 
in the eastern and southern parts of the lagoon, 
wadong in the shallower areas and pintur in the 
deeper ones. 

FISHERIES PRODUCTION 
AND CATCH COMPOSITION 

Table 1 gives the number of units per fishing 
gear type, fishing effort (boat-trips/month) and 
catch rates (kg/boat-trip) in Segara Anakan dur-
ing the period of study. Fishing effort varied 
between 1,117 and 7,999 boat-tripsmonth while 
catch rates were from 4.0 to 15.1 kg/boat-trip for 

the various fishing gear. Annual production from 
the mix of fishing gear was estimated at 1,593 t 
valued at Rp840 million. About 74% of the land
ings were accounted for by tidal traps, followed by 
push-nets (8.6%), wadong traps (8.1%) and 
trammel/gill nets (6.6%). 

Table 2 gives the catch composition of the 
various fishing gear, excluding the wadong and 
pintur traps, which caught crabs almost 
exclusively. The tidal traps caught shrimp 
primarily. These comprised the bulk of the value 
of landings. The difference in the value of shrimp 
landings between the two types of tidal traps was 
because apong caught mostly live shrimp that 
fetch higher market prices. About 75% of the 
catch of push-nets was composed of shrimp; the 
rest was small fish with low market value. 
Trammel net and gill net caught mostly fish 
(68%), although the bulk of the value of the 
landings was accounted for by penaeid shrimp, 
which made up only a quarter of the landings. 
Overall, penaeid shrimp were the most important 
components of the Segara Anakan fisheries. 

Among the various gear used, the push-nets 
cause the most damage because of their small 
meshes. Fig. 4 illustrates this point in the case of 
Penaeus merguiensis, the most abundant among 
the shrimp in the lagoon, which are fished 
sequentially at a later stage off Cilacap. However, 
the push-nets provide a considerable amount of 
fingerlings to aquaculture activities in the lagoon 
area. Efforts to evaluate an optimum balance 
between these competing interests are in 
progress. 

CONCLUSION 

The results of the survey emphasize the need to 
regulate the lagoon fisheries. Efforts to reduce 
fishing intensity are necessary and the high sea
sonality of fishing activities indicates that such is 
plausible. Provision for alternative sources of 
income through agriculture, aquaculture and 
animal husbandry, which are the sources of liveli
hood during nonfishing months (Anon. 1986), 
should be given priority. This provision should be 
integrated with overall measures to reduce man
induced stresses on the ecology of the Segara 
Anakan area resulting from high sedimentation 
rates, loss of mangroves and tidal swamps and 
improper use of'mangrove forests. 
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Table 1. Catch and fishing effort in the Segara Anakan fishery for the period July 1987 to June 1988. 

Gear 	 No. of Catch Fishing Monthly Operational Annual

units rate effort catch months 
 catch

(kg/trip) (trips/mo.) (t) (mo/year) (t) (%) (x108 
Rp) 

Trammel net/ 195 5.9 2,535 14.9 7 104.6 6.6 92.12 
gill net 

Tidal trap 
apong 320 15.1 5,760 86.8 9 780.8 49.0 350.03wide tadahan 421 10.0 7,999 80.2 5 401.0 25.2 178.26 

Push-net 289 7.1 3,212 22.8 6 137.1 8.6 73.16 

Trap
wadong 6,459 4.4 3,682 16.2 8 129.5 8.1 113.11pintur 6,649 4.0 1,117 5.0 8 40.0 2.5 34.28
 

Total 

1,593.0 100.0 840.96 

Table 2. Catch composition of selected fishing gear used in Segara Anakan between July 1987 and June 1988. 

Tidal trap Tidal trap Trammel net/
(wide tadahan) (apong) Push-net gill netResource/ Relative Value Relative Value Relative Value Relative Valuegroup abundance (W106 Rp) abundance (x101 Rp) abundance (x106 Rp) abundance (x0 5 

Rp)
(%) (%) (%) 	 (%)

Shrimp 77.2 166.90 47.5 297.03 73.8 72.53 26.7 76.65Penaeids 75.6 165.59 42.4 293.99 68.6 66.34 26.7 76.65Carideans 0.2 1.11 1.0 1.35 0.4 0.27 0 0Sergestids 1.4 0.20 4.1 1.69 4.8 5.92 0 0Crab 0 0 4.0 10.06 0 0 2.1 1.71Fish 	 21.7 9.75 44.7 28.37 26.2 0.63 68.2 12.81Mugilidae 1.5 3.30 1.4 2.80 0 0 15.9 8.44Scatophagidae 0 0 2.2 2.41 0 0 9.7 1.23Others 20.2 6.45 41.1 23.16 26.2 0.63 42.6 3.14Eel 1.1 1.61 3.8 14.57 0 0 3.0 0.95 
Total 100.0 178.26 100.0 350.03 100.0 73.16 100.0 92.12 
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ABSTRACT 

The mud crab, Scylla serrata(Forskal), is one of the fish-eries resources of the mangrove areas of Segara Anakan-
Cilacap. It is mainly caught by trap and lift net. The catch rate
for bamboo trap is 4.5 kg/trip/day while for lift net, 3.2kg/trip/day. In the lagoon, this crab appears to spawn all-year-
round. Some biological and socioeconomic aspects of the fishery 
are also discussed. 

INTRODUCTION 

The mud crab (Scylla serrata)is one of the main 
fisheries resources in Segara Anakan-Cilacap. Sofar, there is no report on the crab fishery in this
region but some studies on the biological aspects
have been conducted (Wahyuni and Sunaryo 1981;
Toro 1982; and Hutabarat 1983).

Local fishermen catch the crab using the 
wadong (bamboo trap, fish pot) and pintur (lift
net). This paper discusses the catch, marketing
system, income of fishermen and biology of the 
crab fishery. 

MATERIALS AND METHODS 

The wadong and pintur (Fig. 1) differ in theirlocal effectiveness and use. Table 1 shows that the 
bamboo trap operation depends on tide conditions
while the lift net is operated any time,
independent of the tide. The fishing grounds for 
each gear are shown in Fig. 2. 

The most common bait used are obtained from apong (tidal trap) catch or other gear such as eels 
(Anguillidae and Muraenidae), and scats
(Scatophagidae),among others.In Segara Anakan, crab fishery is distributed infive areas: Motean, Karang Anyar, Cibeureum 
Muara Dua and Penikel. The number of
fishermen according to region is shown in Fig. 3. 

Crab catch data were obtained from the
fishermen and were distributed in sevencategories based on marketable size and sex
(Table 2). The size and weight frequencydistribution of each category is presented in Fig.
4. 

The total production was estimated bycalculating the monthly total catch of each fishinggear using the formula: 
T = h x n x CPUE 
where T:

h: total production
average number of fishing 

n: days per monthestimated number of active 
fishermen 

CPUE: catch per unit effort 
(kg/trip/day)

The socioeconomic factors such as marketing
and income of fishermen were determined by
interviewing fishermen and fish sellers. 

RESULTS AND DISCUSSION 

Catch fluctuation 

In Segara Anakan, the mud crab is caught 
throughout the year: 77% by bamboo traps and23% by-lift net. 

The average daily catch rate by bamboo trap 
was 4.5 kg/trip/day, while for lift net, it was 3.5
kg/trip/day (Table 4). Fluctuation by catch rate is
shown in Fig. 5, and by market-size categories in 
Fig. 6. 
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The catch peak for bamboo trap occurred in 
December (west monsoon) whereas for lift net, in 
June and July (east monsoon) (Fig. 5). In general, 
all market-size categories appeared in the catch 
every month (Fig. 6), including the mature female 
crab. Thus, it can be assumed that the crab in this 
lagoon spawn all-year-round. In the Philippines, 
the mud crab spawn all-year-round with a peak 
season between May and September (Arriola 
1940). Whereas in Hawaii, the mud crab spawn 
between May and late October (Beick 1974). 

The mature crabs were in the Ia, Ib, Ila and Ilb 
categories (Tables 2 and 3). In the Karang Anyar 

at first maturity was area, the carapace length198); n 
(Hutabarat 1983); and in Malaysia, 66 mm (Ong 

(Hutbart 183)in alasia ~ng 

42.7min Tor Moean 59. mm 

an 66mm 
in Toro 1982). Based on the body condition, theHIla category was assumed to have already 
spawneategor wasysthis category was the 
spawned. Generally, ti caeoyws he 
dominant catch (31%), except during the period 
May to July 1988 for the lift net catch, when the 
dominant catch was category IV (Fig. 6). The 
latter category was the smallest-sized crab, the 
catch peaks of which probably indicate the 
spawning season. Catch fluctuation by size was 
probably related to the behavior of the crab such 
as feeding, molting and reproduction. 

Estimation of fishing days 
and total production 

From 69 fishermen using the bamboo trap and 
60 fishermen using the lift net, the estimated 
fishing intensity expressed as monthly fishing 
days and total number of trips of the fishermen is 
shown in Table 5. The monthly fishing days of 
bamboo trap fishermen were less than those of the 
lift net fishermen. Similarly, the number of active 
trap fishermen was more than that of net 
fishermen, as with the total number of trips. 

Monthly crab production by fishing gear and 
region is presented in Tables 6 and 7. Findings 
indicate that Segara Anakan produced an average
of 21.7 t of crab per month, of which 16.7 t were 

caught by bamboo trap and 5.0 t by lift net. 
Motean and Karang Anyar regions were the main 
production areas. 

Size measurement 

A total of 861 specimens were measured. The 
carapace length range was from 47.5 to 92.5 mm. 
The monthly frequency distribution of carapace 
length is illustrated in Fig. 7, while Fig. 8 shows 

the monthly movement of modal values of the 
crab--usually below the mean values--in the 
lagoon during this period. In the 1981 to 1982 
period, Toro (1982) obtained the same result and 
suggested that the crab fishery in Segara Anakan 
was overexploited. 

Socioeconomic aspects 
Generally, the fishermen do not sell their catch 

to the consumer or exporter directly. Fig. 9 shows 
the various stages in the marketing system of the 
crab caught in the lagoon and the trend in crab 
prices.

Base
Based on the price of each crab category, the 

income of a crab fisherman and the values of total 

crab production (Table 8) could be estimated. 
Bab on t e 8)mouly b eBased on the average monthly income andand 
number of trips per month, a bamboo trap 
fisherman earned Rp 3,619- per trip, while a lift 
net fisherman made Rp 3,294 per trip (Tables 5 

net fishermen had trRp324pr al5 
and 9). Since the net fishermen had substantially 
longer fishing days in the first two quarters of 
1h88, they had a higher total income compared to 
the trap fishermen. 
CONCLUSION 

The catch of Scylla serratain the lagoon fluctu
ated but occurred all-year-round with a total 
production estimated at 21.7 t per month, which 
could be a case of overexploitation. It was 
recommended that the culture of mud crab be 
instituted in Segara Anakan so that production 
could be increased while managing the wild 
population on a sustainable basis. 
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Tabla 1. Fishing grouand and matbods ofbamboo trap and lift not fshing. 

Description Bamboo trap IMnet 

Fishing ground Mangrove areas, submrged Channel in mangrove arms, river or 
at high water lagoonFishing method 

a. setting Placed at low water Used any time 
b. hauling Taken before the not 

low water
 
Neap tide Not active Active
 

Tablle Z Marke-siz ategories ofSo/iaauTta in SearsAnkan. 

Size cateozy
Desaiption Is lb Ha lib Ila Illb IV 

Averes ¢arpac
lengib(mm) 76 66 73 64 68 63 66

Avage wslght(g) 329 192 193 138 196 142 108 an m n f f m&f m&f m&f
Cost (Rpkg) 1x500 600 3B00 1500 500 30 S00 

Note m- male; f- emala 

Table . Percentage ofcatch composition of &ydn aenru82 by bamboo trap and lift neL 

KindofgSur Ia 11 Ia 
Sie categor

lIlb Ili Hlb IV Total 

Bamboo trap 
Llft ne 

13 
20 

17 
8 

9 
12 

6 
1 

7 
10 

31 
30 

17 
19 

100 
100 

Table 4. The average daily catch rate otcyil wrnto by fishing gear. 

CPUE 
Kind otgar kg Individuals 

Bamboo trap 4.5(0.8) 29(5)
Lift net 3.5C1.z 22(g) 

Note: Numbers in parentheses a standard deviation@ of CPUE. 

Table 5. Estimated number offihing days, fisherman and tripe by gear type. 

Month 
Fishing days 

Bamboo Lift 
Fishermen 

Bamboo Lift 
Fishing tripe 

Bamboo Lift 
trap net trap net trap not 

Sep. 1987 
Oct 
Nov. 

13 
13 
12 

258 
258 
258 

3,354 
3,354 
3,096 

Dee. 
Jan.1988 
Feb. 
Mar. 
Apt. 
May 
June 

13 
13 
16 
12 

22 
25 

10 
13 
23 
30 
30 
30 
28 

258 
258 
258 
258 

268 
258 

35 
36 
38 
39 
39 
48 
96 

3,354 
3,354 
4,128 
3,096 

5,676 
6,450 

350 
468 
874 

1.170 
1,170 
1,140 
2,688 

July 28 31 103 61 2,89o 1.897 

Average 17 24 242 49 3,875 1,220 



Table 6. Esthated tons orScyua srarta,by area, caught with bamboo trap. 

Karung Muara 
Month Motean Anyar Cibeureum Penikel DuN Total 

Sep.1987 8.38 5.49 0.72 0.87 3.18 18.66 
Oct. 6.26 4.10 0.54 0.65 2.37 13.92 
Nay. 6.93 4.54 0.60 0.72 2.63 15.42 
Dec. 8.48 5.5 0.73 0.88 3.22 18.85 
Jan. 1988 6.83 4.48 0.59 0.71 2.59 15.19 
Feb. 8.46 5.54 0.73 0.88 3.21 18.82 
Mar. 6.42 4.20 0.55 0.66 2.43 14.27 
May 7.96 6.22 0.69 0.82 3.02 17.71 
June 0.87 7.12 0.94 1.12 4.12 24.19 
July 4.7 23.10 0,41 0.52 1.79 10.49 

Average 7.53 4.93 0.65 0.78 2.86 16.75 

Table 7. Estimated tons ofScjyla arruta,by arm, caught with lift net. 

Karang Muara 
Month Motean Anyar Cibeureum Penikel Dua Total 

Dec. 1987 0.09 0.89 0.10 0.04 0.18 1.31 
Jan. 1988 0.07 0.72 0.08 0.03 0.14 1.05 
Feb. 0.16 1.39 0.16 0.06 0.27 2.02 
Mar. 0.23 2.23 0.26 0.10 0.44 3.25 
Apr. 0.22 2.13 0.25 0.09 0.42 3.11 
May 0.35 3.35 0.39 0.15 0.66 4.89 
June 1.02 9.77 1.13 0.43 1.93 14.28 
July 0.72 6.87 0.79 0.30 I.36 10.05 

Average 0.36 3.42 0.39 0.15 0.C8 4.99 

Table 8. Estlmated value (in million Rp) of crab production by Table 9. Estimated total monthly catch (kg) and income (1p) of a crab 
fiahing gear. fisherman by fishing gear. 

Month Bamboo trap Lift net Total Bamboo trap Lift not 
Month Catch Income Catch Income 

Sep.1987 19.57 19.67 
Oct. 11.38 11.38 Sep.1987 72.3 75,1W 
Nov. 11.61 11.61 Oct. 63.9 44,116 
Dec. 15.46 1.2 16.66 Nov. 59.6 45,006 
Jan. 1988 13.85 0.79 14.64 Dei 72.9 69,904 37. 8425 
Feb. 17.12 2.03 19.15 Jan. 1988 58.9 63,690 28.8 22,106 
Mar. 14.01 3.95 17.96 Feb. 72.8 66.84 53.8 53,475 
Apr. 3.86 3.88 Mar. 55.3 64,94 84.3 101,370 
May 16.73 4.58 21.31 Apr. 80.1 98,065 
June 19.5 9.96 29.61 May 68.7 64,834 101.1 95,320 
July 7.58 7.90 15.48 June 94.0 75,788 148 103,782 

July 101.6 756 184.2 122,729 

Average 71.0 61 A3 87.3 19,062 
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Fig. 1. Fishing gear for Scylla serrata in Segara Anakan. 0 (40-42cm) 
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Fig. 4. Carapace length and body weight frequency distribution ofScylla serratain Segara Anakan. 
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Fig. 8. Box plot of carapace length of Scylla serrata in Segara 
Anakan. 

Price (Rp) of crab per size category--- Fisherman 
Ia = 1,500 Ilia = 500 

-- Ib = 1,800 Ihlb = 35011a = 3,000 IV = 300 
lib 1,500 

.a Assembler 

la = 2,000 Ilia = 1,000 
lb = 1,000 IlIb = 50 

CO 11a = 3,500 IV = 350 

1 Tj lib =1,900
 
- Local middlemanl
 

Ia = 2,200 Ilia = 1,100 
lb = 1,100 IlIb = 630 
Ila=4,300 IV = 500 
lib = 2,200 

Regional middleman 

ClacapI Sidarja 1 Kallpucang 

b = 1,400 IlIb = 00 

Ila= 5,750 IV = 650 
lib = 3,600 

Wholesaler 

Bandung ; Jakarta 

Consumer Exporter 

Fig. 9. Marketing sstem for crab caught in Segara Anakan. 



Present status of aquaculture practices and potential

areas for their development in South Johore, Malaysia
 

HAMBAL HJ.HANAFI
 
ISMAIL ABU HASSAN
 
A. NAFIAH A. YASIN 

L.D. RAJAMANICKAM 
BrackishwaterAquacultureResearch Center
 
DepartmentofFisheries
 
81550 GelangPatah,Johore
 
Malaysia 

HANAFI, H.H., I.A. HASSAN, M.M.Y. NAFIAH and L.D. 
RAJAMANICKAM. 1991. Present status of aquaculture
practices and potential areas for their development in SouthJohore, Malaysia, p. 65-73. In L.M. Chou, T.-E. Chua, H.W.Khoo, P.E. Lim, J.N. Paw, G.T. Silvestre, M.J. Valencia,
A.T. White and P.K. Wong (eds.) Towards an integrated
managenmnt of tropical coastal resources. ICLARM Confer-
ence Proceedings 22, 455 p. National University of Singa-pore, Singapore; National Science and Technology Board,
Singapore; and International Center for Living AquaticResources Management, Philippines. 

ABSTRACT 
• 

Coastal aquaculture is becoming an important sector in
South Johore in recent years. Aquaculture prctices involvepond culture of peneid shrimp (Penaeusmonodon and P. mer-guiensis), cage culture of seabass (Lates calcarifer), groupers
(Epinephelus spJ and snapper (Lutjanusop.), and raft cu'_.ureof mussel (Pernaviridis) including hatcheries for shrimp and 
seabass. These aquaculture practices vary in each of the threedistricts: Pontian, Kota Tinggi and Johore Bahru. Further
development of aquaculture in the State of Johore may accel,
erate in response to the governmeut policy to attract foreign 
investment in aquaculture.Potential aquaculture sites have been developed in the Pon'
tian District using the Geographic Information System (GIS).Various criteria and determinants were utilized, generating 
maps showing that 17,366 ha are suitable for shrimp ponds
and 180 ha for mariculture. 

INTRODUCTION 

Johore was one of the earliest states to start
coastal aquaculture in Malaysia. In 1987, about 
600 ha of land were developed for shrimp farming;,
about 3,570 units of finfish cages and about 300
units of rafts for mussel culture were established,
the distribution of which is shown in Figs. 1 and 
2. Total gross income from coastal aquaculture for 
Johore in 1987 was estimated at M$16 million 

with shrimp farming constituting more than 50%
of the production (OJP-KPM 1987). 

The growth of aquaculture activities is expected
to accelerate with present government policy, particularly enticing foreign investors to start largescale shrimp farming. Very little study has beendon 

e to see the environmental impact of various
coastal aquaculture activities. Thus, there is aneed for proper planning and utilization of coastal 
resources with respect to aquaculture develop
ment in Johore. 

A study was conducted under the ASEAN/USCoastal Resources Management Project (CRMP)with these objectives: 
1. evaluate the present status of aquaculture 

practices in the three districts of SouthJohore: Johore Bahru, Pontian and Kota
Tinggi;

2. identify the various types of aquaculture 

practices that have potential development
in the Pontian District and its adjacent
areas; 

. identify potential areas for aquaculture
development and its possible impact; and4. generate thematic maps showing the pre
sent and potential aquaculture areas in
the Pontian District. 

The sudy, carried out using GIS, will enable the
formulation, of guidelines and strategies foraquaculture industry in Pontian District and tosome extent, in the other two districts of South 
Johore.GIS is a computer-aided resource assessment 
and planning tool for the input, storage, retrieval,
analysis and display of interpreted geogi'aphic
data. Data sets, such as water quality parameters,
land use patterns, topographic projections and' 
others, are used, analyzed and interpreted
according to a set of criteria in determining poten
tial areas for Coastal aquaculture development. 

65
 



66 

Present status of aquaculture 
practices in South Johore 

Coastal aquaculture practices in the three dis-

tricts of South Johore are shrimp (penaeid) hatch-

ery and pond culture, finfish cage culture and 

mussel culture (Figs. 1 to 3). The main species for 

shrimp hatchery and pond culture are P. monodon 

and P. merguiensis. For finfish cage culture, the 

species are seabass (Lates calcarifer), groupers 
(Epinephelus sp.) and red snapper (Lutjanus sp.), 

while the mussel Pernaviridisis cultured in rafts. 

-Marine finfish hatchery is mainly on seabass. 
A total of 365 ponds comprising 600 ha were 

utilized for shrimp culture in the State of Johore 

as of 1987. In the districts of Pontian, Kota Tinggi 

and Johore Bahru, shrimp ponds comprised about 

17%, 28% and 30%, respectively, of the total 
of arealshrimp ponds in the state. In terms 

extent, Kota Tinggi represented 60% of the total
land area utilized for shrimp culture. There were 
11 and zrimpne finfish (seabass) 
hatcheries, with Kota Ting finfish eab 
hatchries, ith Kot ngi having five estab-
lishments (Fig.3). 

Of the three districts, Pontian had the largest 

number of cages for finfish culture (76%) operated
by 69 farmers. Kota Tinggi and Johore Bahru con-

stituted 24% of the total cage culture ventures in 
Johore. Mussel culture was rather restricted to 
Johore Bahru with about 283 rafts operated by 39 
farmers. 

Although these aquaculture activities have 
been practised in all three districts since the early 
1980s, some of them have ceased to operate for 
various reasons. For example, Pontian started 
with mussel culture in 1982 with 20 rafts oper-
ated by 9 farmers and reduced to 4 rafts in 1986. 
Similarly, Johore Bahru had 141 cages in 1980 
an'd increased to 464 cages in 1987, whereas Pon-
tian had 6 cages in 1980 and increased to 2,725 
units in 1987. Such a development trend has been 
attributed to the availability of suitable sites for 
aquaculture in the respective districts, 

Potential areas for aquaculture
devlomenti reasfo Dicute 

Coastal aquaculture development in South 
Johore, particularly in Pontian, is relatively new 
and has good potential for expansion. However, it 
is necessary to identify suitable areas for aquacul-
ture development, taking into consideration the 

possible environmental impact, which had been 
largely ignored in the past. Such process of evalu
ation using both spatial and attribute information 

(empirical data sets) can be effectively generated 
using GIS. 
.The following are the general criteria in select

ing and evaluating the suitability of an area for 
aquaculture: 

quality isEnvironmental Parameters. Water 
the most important criterion in site selection. 
Water quality parameters used to evaluate the 

suitability of a site include pH, salinity, dissolved 

oxygen (DO), biological oxygen demand (BOD), 
chemical oxygen demand (COD), temperature, 
nutrients, heavy metals and microbial count. The 

choice of parameters will depend on the type of 
species being cultured. 

With respect to water quality, one must also 
as land use patterns.consider other factors such 

For instance, upland agriculture and mining
activities can cause soil erosion and, consequently, 
contribute to high turbidity and sedimentation of 
coastal waters, while agricultural farms generate 
pesticide and nutrient runoff that eventually goes 

into the sea. These factors, although quite difficult 

to control, must be determined to minimize or 
safeguard their short- or long-term adverse 

impact n aquaculture establishments. 
Other environmental parameters include soil 

types, hydrographic factors, coastal geomorphol
ogy and meteorological characteristics. These 
parameters must be assessed with respect to 
other factors such as land use patterns and 
infrastructure to establish comprehensive 
suitability indices useful for GIS operations. 

Infrastructure. Accessibility to existing infras
tructure, such as roads, water and power supplies, 

and is alsocommunication facilities others, an 
important criterion in assessing the suitability of 
an area for aquaculture. Such accessibility partly 
predetermines the ease and expenditure required 
for aquaculture operation. The distance of farm 
sites from existing roads and towns will have an 
important bearing on the cost of obtaining 
supplies and the transport of aquaculture 
products. 

Other factors, some environmental in nature, 
are covered more appropriately below since these 

are rather system-culture specific. All this 
information, particularly spatial data such as 
maps showing roads, settlements and various 
land uses, has been digitized and georeferenced 
(conforming to actual projections) for GIS analysis 
and interpretation. 
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Potential areas for shrimp pond culture To determine which areas can be developed for 
shrimp farming--those that are not mangrove

The other criteria for evaluating or determining reserves and less important to agriculture andthe suitability of an area for shrimp culture are: other land use schemes--a mangrove forest mapSalinity Requirements. Suitable salinity levels obtained from the Department of Forestry, a landfor shrimp farming are usually those that fall use map and the JPT's bunds location map werewithin the combined optimum salinity range of overlaid. Thus, resultant maps showed areasdifferent species. P. merguiensis has an optimum where shrimp farming could be sited. Severalsalinity range of 25-32 ppt while P. monodon has steps utilizing the various maps and attribute12-25 ppt. Thus, the optimum salinity range for information were also made using the GIS (Fig.shrimp farming is 12-32 ppt. 4). The areal extent of suitable sites for shrimp
Soil Characteristics. The chemical (pH) and pond culture has a total of 17,366 ha within Pon

physical (texture) properties of soils are no longer tian District (Table 1 and Fig. 5).

critical as determinants in site selection for pond

culture because mitigative measures are available Potential areas for shrimp

to improve soil quality with less capital expense. and fish hatcheries
 
However, it is best to consider existing soil char
acteristics from maps that have been classified In selecting areas 
for establishing shrimp andaccording to chemical and physical properties and finfish hatcheries, water quality and existing land are obtainable at low cost in determining sites for use patterns were emphasized. Hatchery operashrimp ponds. Data for GIS were extracted from tion requires large amounts of good quality water.existing soil maps of Pontian District and sites Distance from the water source is also importantwere ranked according to their suitability for since it will determine the cost of installing a
shrimp pond culture (e.g., excellent, good, fair, water supply system for the hatchery.poor and unsuitable). Geomorphological features like mudflats and

RainfallPattern.Rainfall affects shrimp growth sandbars are also important. Areas with sandbarsand production, water quality and incidence of or a rocky coast are more suitable than mudflats,
flooding. Slow growth and possibly high mortali- which are generally exposed during low tides andties can be experienced during heavy rainfall due easily induce water turbidity. Installing waterto acidic runoff from the leaching of acid sulfate supply lines in mudflats would entail a longer dissoils. Damage to aquaculture infrastructure can tance from the hatchery to a good water source.be exacerbated by flooding coincident with high This could increase installation and maintenance
tides. For South Johore, areas with less than 400 costs compared to a site off the sandbars or along
mm monthly rainfall are preferred. Areas experi- a rocky coast.
encing more than 400 mm of rainfall for 3 months Hatchery sites should preferably be sheltered 
or more annually are also classified with respect from strong winds as an exposed coastline norto the number of culture cycles that can be carried mally has choppy water and is often turbid, espe
out in one year. A map on the rainfall pattern for cially along shallow qreas. Finally, the sitesthe study site based on the above-mentioned should be near aquaculture farms to ensure aclassification was generated from rainfall data of viable market outlet for the produce. Based onJohore from 1950 to 1968 (JK 1971; Rosly and Ti these factors, suitable sites for hatchery have1987). been identified following a series of analytical pro-

Mangrove vs. Nonmangrove Areas (Land Use). cedures (Figs. 6 and 7).
Although mangrove areas are ecologically impor
tant as nursery and feeding grounds for many Potential areas for finfish cage culture
aquatic species (see Paw and Chua, this vol.; and raft culture of mussel 
Naamin, this vol.; and Chan, this vol.), these 
areas are also suitable for aquaculture. In this Other factors that must be considered for thestudy, however, the nonmangrove areas that were cage culture of finfish and raft culture of mussel
given priority for shrimp farm development were are bathymetry, current pattern and coastal fea
the reclaimed coastal lands (located behind the tures.
Jabatan Parit dan Taliair or JPT's bunds), Sufficient depth--at least 1 m from the cage botsecondary forests and marginally productive agri- tom to the seabed--is important for floating cagescultural lands. to minimize adverse water conditions that may be 
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due to accumulated waste feeds and feces. Cages 
with a net depth of 2-3 m require a water depth at 
lowest tide of at least 3-4 m. Tiensongrusmee 
(1977) rated depths of 4-10 m as fair to good. At 
greater depths, however, the anchoring cost 
increases from 3% in shallow waters to 6% in 
deeper water (Chua 1978). In the present study, 
4-10 m depth was considered good, while >10-20 
m was fair for cage and raft culture. 

In terms of water current, a speed of 0.2-0.5 m/s 
was considered optimal for cage culture. Sites that 
have water current below or abov- that range 
wvere rejected as unsuitable. Bathymetric and cur-
rent data were obtained from maritime charts and 
spatially presented as a base map. 

Floating cages and rafts require some protec-
tion against strong winds and waves. Since wave 
height is a function of wind speed and depth, 
normal monsoons in Peninsular Malaysia create a 
wave height of less than 0.5 m along some coastal 
waters, which is ideal for siting floating aqua-
farms. In designating sheltered areas suitable for 
siting cages or rafts, a line of 0.5 km from river
banks and shorelines was digitized, generating a 
map of such areas. 

An analysis of the above data with the use of 
GIS generated a suitability map for siting cage 
farms and rafts for mussel culture (Figs. 8 and 9). 

About 180 ha have been identified as potential 
sites within Pontian District. 

CONCLUSION 

The study identified potential areas for aqua-
culture development in the Pontian District using 
GIS. About 17,366 ha of land have been identified 
as suitable for shrimp pond culture, with 

mangroves comprising about 33% or 5,864 ha. If 
the mangrove areas are protected as reserves, the 
remaining area for shrimp culture is about 11,500 
ha. The potential sites for mussel and finfish cage 
culture have a total area of 180 ha, with many of 
these located in sheltered areas along river 
systems. 

The criteria in determining potential sites 
under various suitability indices for the diverse 
aquaculture practices within Pontian District are 
not limited to what have been discussed. The 
other factors that must be considered are the 
number of cages and the environmental impact of 
petrochemical* factories or agroindustries. The 
number of cages per site must be controlled to 
minimize adverse environmental impact due to 
overcrowding of cages and wasteload. Agroindus
tries or chemical factories must be properly built 
in areas farther from the coast to minimize the 
negative impact of effluents on the aquaculture 
activities downstream and along the coast. 
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Table 1. GIS results for land use types and areas 
for shrimp farms in Pontian District. 

Present Soil category (ha) 
land use Excellent Good 

Mangroves 5,800 15 
Mixed horticulture 510 1,504 
Coconut 4,997 784 
Coconut and banana 1,281 24 
Rubber 617 1,538 
Oil palm 142 5 
Pineapple 105 17 
Newly cleared land 0 27 

13,452 3,914 

available 

Fair 

0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 

0 
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ABSTRACT 

Coastal aquaculture plays a significant role in Thailand's
Upper South Region, especially in the Bay Don Bay area. 
Existing aquaculture activities in the area are shrimp pond
culture and oyster and cockle culture. This paper summarizesthe aquaculture practices in Ban Don Bay and the potential 
areas for their expansion. Some constraints have been under-
scored such as pollution from land-based activities that greatly
affects mollusk culture. Some strategies are recommended toaddress the management issues affecting coastal aquaculture
in Ban Don Bay. 

PRESENT STATUS OF 

COASTAL AQUACULTURE 


Rapid expansion and development of coastal 
aquaculture in Thailand's Upper South Region
have been attributed to declining fish catch due to 
the overexploitation of marine fisheries resources 
and the reduction of Thailand's fishing ground
resulting from the imposition of the 200-mile 
Exclusive Economic Zone 1Yv its neighboring
countries and high oil prices. A study was made 

under the ASEAN/US Coastal Resources 

Management Project (CRMP) to assess the status 
and potential of aquaculture in the Upper South 
Region, particularly in the Ban Don Bay area. 
Field surveys were undertaken from December 
1986 to January 1988. Field survey includes 
sampling and analysis of biological parameters 
(plankton and nekton) and water and soil quality, 

In 1985, there were about 3,341 ha of shrimpponds distributed in the provinces of Surat Thaniand Nakhon Si Thammarat. as of
However, 1987,the total area for shrimp culture in the twoprovinces was 11,356 ha, based on interpretations

of aerial and satellite photos. Notwithstanding
this difference, shrimp pond culture appears to bethe dinant aqua culture a n an on
the dominant aquaculture activity in Ban Don 
Bay. Other aquaculture activities (in the order of 
importance) are cockle (Anadaragranosa)culture 
and oyster and fish culture. For cockle culture,
total culture area in 1985 was 388 ha while that ofoyster was 259 ha. Fish culture is of two types:
pond culture and cage culture. Pond and cage 

culture have a total culture area of 13 ha and 33
ha, respectively (Fig. 1). 

POTENTIAL FOR
AQUACULTURE EXPANSION 

Coastal aquaculture in Ban Don Bay has greatpotential for expansion. Several areas have been 
assessed for possible development. Potential areas 
for shrimp pond culture in the two provinces areabout 14,242 ha in five districts: T Chana,
Chaiya, Tha Chang, Kanchanadit and Khanom. 
Kanchanadit District in Surat Thani has, by far,
the largest area at 3,715 ha. For cockle and oyster
culture, the study showed that only a number of 
areas in Surat Thani are suitable for further 
expansion. In the case of cockle culture, the possi
ble areas are Chaiya and Tha Chang Districts 
with an aggregate total of 1,790 ha. For oyster
culture, mainly in Chaiya, Kanchanadit and Don 
Sak Districts, potential areas are estimated at 
2,458 ha. Mussel (Perna viridis) culture is 
possible in Ban Don Bay. While there is no 
natural occurrence of spat in the area, the study
showed that about 10,315 ha are suitable for 
mussel culture. 
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Aside from potential culture areas, a number of To manage coastal aquaculture in Ban Don 
areas have been assessed to serve as preservation Bay, these strategies must be implemented: 
areas for mollusks, especially as spawning and 1. Protect the seed beds for mollusks from 
rearing grounds for Merethrix merethrix, M. illegal fishing gear and land-based 
lusoria, Arcuatula arcualaand cockle. In Chaiya
 
District, the preservation zone for Merethrix is pollution sources.
abou 70 tat rcutul in 2. Give alternativeabout 700 ha while hawhie or 	 livelihood opportunitiesthat for Arcuatula intofsemnngedipuhetn.to fishermen engaged in push-netting
Kanchanadit District is about 300 ha. For cockles, 
spawning ground is about 800 ha in Tha Changand Phunphin Districts. 

CONSTRAINTS AND STRATEGIES 

The use of illegal fishing gear (push-nets) 
infringes on the preservation zone. for mollusks. 
The discharge of water with high saline and high 
nutrient content from shrimp ponds and the 
release of pesticides into coastal waters affect the 
water quality for mollusk culture. These are the 
constraints to mollusk culture in Ban Don Bay. 
On the other hand, the expansion of shrimp 
culture conflicts with mangrove reforestation 
activities. 

Tho Cano 

3. 	 Confront pollution problems by 
establishing proper procedures and aetbihn rprpoeue n 
sewerage system to control indiscriminate 
effluent discharge into coastal waters.

4. 	 In shrimp culture, demarcate zones for 

aquaculture activities and for mangrove 
reserves. 

To reach the various sectors of the aquaculture 
industry, a strong public information program 
should disseminate an understanding of the 
interdependence of the coastal resources in Ban 
Don Bay. This program should advocate pollution 
management and aquaculture practices that 
minimize the discharge of pollutants. 
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ABSTRACT 

Thirteen sites along the western coast of Lingayen Gulf 
were surveyed to assess the general status of coral reef 
resources in the area. The reefs were found to be in relatively
fair condition with living coral cover ranging from 29.5 to 51%.Coral growth was dominated by the low-lying species making 
up about 40% of the total coral cover. The fish population wasdominated by pomacentrids, labrids and scarrids, while only
3.7% was accounted for by the higher-priced target species.Human.made stresses such as enhanced s'ltation and destruc-

tive fishing practices, together with excessive fishing pressure,

were 
 the factors behind the classification of reef condition as
fair and the relatively low densities of reef fish. 


INTRODUCTION 

Coral reefs are highly productive communities 
and serve as a crucial resource base for the coastal 
fisheries of the Philippines. Murdy and Ferraris
(1980) calculated that 9.8% and 8.4% of the total 
finfish production, in 1976 and 1977, respectively, 
were derived from coral reefs. Carpenter (1977)
gives a higher estimate, 15%, considering the
quantity of fish caught directly and consumed by 

sustenance fishermen, which are not reflected infisheries Statistics. 
shees tatistfcs.
The reefs of Lingayen Gulf provide a year-roundfishing ground not only for the 6,000 fishermen

(Ferrer et al. 1985) there but also for the rest ofthe 14,000 artisanal fishermen of the gulf. Ahabitat for numerous invertebrates and finfish, 
these reefs are accessible sources of cheap protein
and income. 

This paper summarizes the results of surveys
conducted along the major reefs of Lingayen Gulf 
to assess the general status of the coral reefresources in the area. It also identifies the more 
dominant human-made stresses responsible for
reef degeneration. 

METHODS 

Detailed habitat surveys in selected sites in 
Santiago .and Cabarruyan Islands (Fig. 1) 'weremade to determuine the abundance of coral reeffish, percentage cover of hard and soft corals,algae, seagrasses and macroinvertebrates 

associated with the reefs. Essentially, the conduct 
of the surveys was based on the ecological concept
that habitats with a large number of lieorganisms are in good condition, and vice versa. 
The method of underwater survey used was thelife-form transect technique adapted from the
ASEAN-Australian Coastal Living Resources 
Project as described in Dartnell and Jones (1986).
In each site, three or more 100-m fiberglass
transect lines calibrated in centimeters were laid 
along the same depth using a scuba (self
contained underwater breathing apparatus). One
line was placed on the reef flat in 2-3 in of water 
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while two others were set up on the fore reef slope 
at 6 and 9 m. A pair of divers proceeded along the 
transect and recorded the abundance of finfish 
within a 10 : 100 m2 corridor. Size estimates of 
commercially important fish, here referred to as 
target species, and their numbers were obtained, 
Fish that indicated the relative health of the 
reefs, called indicator species (e.g., butterflyfish), 
were also counted. Other fish species were 
grouped according to families and their numbers 
estimated. 

The fish monitoring team was followed by a 
second set of three to four divers spaced 20 m 
apart along the transect, recording the length of 
each life-form or substrate type (e.g., sand, rubble, 
rock, etc.) found along the line. Organisms 
recorded were live hard corals of the Acropora and 
non-Acropora types, dead corals, sp6iges; etc. The 
reefs were then arbitrarily classified as excellent, 
with 75-100% live coral cover; good, 50-74.9%; 
fair, 24-49.9%; and poor, 25% live coral cover 
(Gomez andI Alcala 1979; Gomez et al. 1981). 

RESULTS 

Benthic life-forms 

The coral reef resources of Lingayen Gulf are 
concentrated on the western coast (Fig. 1) with a 
few coralline nonreef patches on the northeastern 
section. An extensive reef complex fringes the 
islands of Santiago and Cabarruyan, reaching 3 
km from shore to crest north of Santiago Island. 
The reefs have varied topography consisting of 
broad seagrass beds along the shallower portions, 
lagoons 3-4 in deep cutting across the generally 
shallow reef flat, wide sand flats mostly emergent 
at extremely low water, and an abundance of 
coral-rock and rubble substrate occurring toward 
the reef crcst. 

Assessment of reef condition was made 
primarily on the fore reef slope at depths of 6 and 
9 in. Samplings conducted on the back reefs were 
not considered in the analysis of reef condition 
since the areas were predominantly seagrass beds 
and including them would give a biased estimate 
toward lower live coral cover percentages. A total 
of 38 transects were made along 13 study sites 
from Trinchera, Bolinao to Batiarao, Anda. The 
percentage composition of the benthic components 
of 'the reefs are summarized in Table 1. The 
percentage of living coral cover (both scleractinian 
and alcyonarian species combined) ranged from a 

minimum of 29.5% north of Silaqui Island to a 
maximum of 51% along Malinap Channel with a 
mean of 41%. Based on standards established by 
the Marine Science Institute (Gomez and Alcala 
1979; Gomez et al. 1981) for reefs throughout the 
country, the results indicate a generally fair con
dition in terms of coral cover. Of the 13 sites 
visited, only 18% were assessed to be in good 
condition (51% and 50% for Malinap and 
Cangaluyan Islands, respectively), with the rest 
heving relatively fair cover. Except for a few sites 
(e.g., Batiarao, Guyoden and Sablig), the deeper 
portions (9 m) of the reefs exhibited a relatively 
higher percentage of live coral cover compared to 
the upper slopes (6 in). 

Dead coral cover, consisting of those considered 
"recently" killed (coral colony identifiable), those 
overgrown by algal growth and coral rubble, 
accounted for the next higher percentage 
composition with a mean of 26%. This was highest 
in Dewey Island, where up to 45% of the reefs 
were dead followed by Cabungan, Tanduyong and 
Cangaluyan with 38%, 33% and 30%, respectively. 
The reefs north of Silaqui Island, despite showing 
low coral cover, had the lowest amount of dead 
coral (7%). The reef along this area is generally 
made up of a broad rocky platform covered with 
dense algal assemblages with up to 41% cover. 

The general growth forms of corals in the area 
show a dominance of low-lying forms consisting of 
encrusting, submassive and mushroom species 
with an average of .6% cover or 40% of the total 
coral cover in the area (Table 2). The branching 
species (both Acropora and non-Acropora) and soft 
corals are the next dominant group followed by 
the massive and foliose types, the latter mostly 
encountered on the deeper slopes. A higher 
percentage of dead corals consisted of the 
branching species and in several instances, these 
were overgrown by algae or were recolonized by 
encrusting and submassive species (Dewey, 
Cangaluyan and Cabungan Islands). 

Present in relatively lesser quantities along the 
fore reef slopes were other invertebrates such as 
sponges, zoanthids, echinoderms, gorgonians and 
hydroids. 

Reef fish population 

Fish population densities computed per 1,000 
M2 are given in Table 3. Reef fish were classified 
according to target species, which include the 
commercially important (relatively higher-priced) 
serranids, lutanids, lethrinids and haemulids, the 
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indicator species (butterflyfish), and all other Although natural stresses are responsible formajor fish families visually dominant in the area. the destruction of large portions of reefs, these areOverall, the highest density was observed along exacerbated by human activities ranging fromTrinchera with 576 per 21,000 m followed by poor land management to pollution and the use ofSablig and Silaqui, with 552 and 512, respec.. destructive fishing techniques.tively. Lowest density was observed at Tanduyong Common to fringing reefs is the perennial
(186) and Caniogan (114). Cob m o s i gin,which is thepe rA total of 40 families of reef fish was recorded, problem of siltation, which is one of the majorPomacentrid and labrid fishes dominated, with causes of reef degradation in the area. Beingdensitiesrespectively,reaching up to 289 and 191 individuals, adjacent land, reefs affected byper 1,000 n2 . Those belonging to sediment 

to these are 
families Scaridae, runoffs particularly during aAcanthuridae and heavySiganidae downpour. Increasedweriless comon. e sediment production is thehe, resfthu fandmiieswerewere less common. The result of a number of development activitiesrest of the families were only along the shore but also as much as notseveral 

The higher-priced species made up only 3.7% of kilometers upland. Farming,the total population with an average of 4 individ-
building, road 

uals per 1,000 construction and deforestation all increase2 theand a density range of 0 to 18.Of the four families of target species 
rate of soil erosion and sediment input into riversmentioned and streams (Hodgsonearlier, serranids were the more and Dixon 1988), whichdominanto eventually empty into the gulf. Those reefs alonglowed by haemulids. These were found to be rela- the passageways connectingtively small with a total length from 5to 30cm. Tambac Bay (ant inner bay where mostwas of the rivers oflikewise observed that more individuals were northwesterncnfined the Pangasinan empty--seeto Fig. 1) tolower slopes (9 mn). Indicator Lingayen Gulf have been found to be silted, withspecies constituted up to 8% of the total number of turbidity increasing during tidal ebb. Althoughspecies with an average density of 15 individuals, coral coverand Batiarao),is comparatively high (Cangaluyancontinued siltation of these reefs 
would result in either a shift in the generalDISCUSSION growth form (if it has not yet occurred) or species

The general health reefs has always towardof coral composition more silt-adapted types orbeen associated with the amount of living coral outright decimation of the reef.
(both hard and soft coral species) present. This is Destructive fishing methods such as the use ofdue to the basic role these organisms play in the dynamite and sodium cyanide have likewiseconstruction and maintenance of the reef ecosys- caused significant damage to reefs. Both methodstem (Endean 1976). The reef, where andfood are illegal but continue to be used not only in Linshelter are always available, serves as a refuge for gayen Gulf but also all over the country. There isnumerous organisms. The alteration of the basic a high incidence of blast fishing operations aroundstructure such as the removal of the corals or Santiago and Cabarruyan Islands, with an averforms of perturbation would result in the deterio- age of six explosions per hour recorded during theration of this highly productive environment, months of July, September and November 1987The condition of coral reefs in Western and April 1988 (this study). The relatively highLingayen Gulf reflects the present state of reefs percentage of dead corals along the rtafs fronting
throughout the Philippines. Studies made by the 
 Dewey Island is also largely due to blasting.Marine Science Institute (MSI) from 1978 to 1980 Although some fishermen use sodium cyanide in(Gomez and Alcala 1979; Gomez et al. 1981), coy- gathering food fish, it is primarily utilizedering most of the major reefs throughout the 

for 
catching aquarium fish. Studies conducted by thecountry, indicate that as many as 70% of the reefs Bureau of Fisheries and Aquatic Resources of thesampled had less than 50% living coral cover. Philippines indicate that the repeated exposure ofSimilar observations were made by the UNEP- corals to this chemical eventually kills them.Natural Resources Management Center Coral Damage to the reefs along Tanduyong and Canio-Reef Monitoring Project of Silliman University gan has been attributed by the fishermen of(1984) and the ASEAN-Australia Coastal Living Tondol in Cabarruyan Island to the use of sodiumResources Project of MSI in more recent surveys cyanide. According to them, reefs treated withwhich included areas declared as marine reserves sodium cyanide become unsuitable fish habitats,(Table 4). and they take several months to repopulote. 
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The relatively low density of reef fish, 
particularly the commercially important species,
is 	 an indication that the area is heavily fished. 

The decrease in average mean length and 
declining catch per unit effort (CPUE), both of 
which have been observed in the area, are 
likewise signs of an overexploited fishery. In an 
area where a large portion of the fishing 
population is below the poverty threshold (Yazon 
and McManus 1987) and where no other jobs are 
available, fishing effort to sustain or maintain 

income is greatly increased. This results in 
further depletion of the fish stocks, thus reduc.ng 
the adult/spawning population and consequently 
decreasing the number of young fish that would 
eventually repopulate the area. Increased effort 
often leads to the use of more efficient but more 
ecologically destructive tools such as dynamite 
and sodium cyanide, which are primary causes of 

reef degradation. 
In general, fish are sensitive to habitat 

degradation like massive coral mortalities 
(Buchon-Navaro et al. 1985). Once the coral cover 
has been reduced to rubble, the area becomes 
unsuitable for successful recruitment and growth 
of most reef-associated species (Pfeffer and 
Tribble 1985). 

REFERENCES 

Buchon-Navaro, Y.C., C. Bouchon and M.C. Harmelin-viven. 
1985. Impact of coral degradation on a Chaetodontid 
assemblage (Moorea, French Polynesia), p. 427.432. In 
Proceedings of the Fifth International Coral Reef Congress. 
Tahiti. 

Carpenter, K.E. 1977. Philippine coral reef fisheries. Philipp. 
J. Fish. 15(1): 92-125. 

Dartnell and Jones. 1986. A manual of survey methods for 
living resources in coastal areas. Australian Institute of 
Marine Sciences, Australia. 

Endean, R. 1976. Destruction and recovery of coral reef corn
munities. p. 215-282. In O.A. James and R.Endean (eds.) 
Biology and geology of coral reefs. Vol. 3. Academic Press, 
New York. 

Ferrer, E.M., M.C. Pagaduan and RA. Rivers. 1985. Socioeco

nomic studies of fishing communities bordering Lingayen 
Gulf. Tambuyog Stud. Ser. No. 1. Tambuyog Development 
Center, Philippines. 

Gomez, E.D. and A.C. Alcala. 1979. Status of Philippine coral 
reefs, p. 663-669. In Proceedings of the International 
Symposium on Marine Biogeography and Evolution in the 
Southern Hemisphere. 2:663-669. 

Gomez, E.D., A.C. Alcala.and A.C. San Diego. 1981. Status of 

Philippine coral reefs, p. 275-282. In Proceedings of the 
Fourth International Coral Reef Symposium, May 1981.
Manila. 

Hodgson, G. and J.A. Dixon. 1988. Measuring economic losses 
due to sediment pollution: logging versus tourism and 
fisheries. Trop. Coast. Area Manage. 3(1): 5-8. 

Murdy, E.O. and C.J. Ferraris. 1980. The contribution of coral 
reef fishes to Philippine fisheries production. ICLARM 
Newsl. 3(1): 21-22. 

Pfeffer, R.A. and G.W. Tribble. 1985. Hurricane effects on an 
aquarium fish fishery in the Hawaiian Islands, p. 331-336. 
In Proceedings of the Fifth International C:ral Reef
Congress. Tahiti. 

Savina, G.C. and A.T. White. 1986. Reef fish yields and non
reef catch of Pamilacan Island, Bohol, Philippines, p. 497
500. In J.L. Maclean, L.B. Dizon and L.V. Hosillos (eds.) 
The First Asian Fisheries Forum. 727 p. Asian Fisheries 
Society, Manila, Philippines. 

UNEP-NRMC (United Nations Environment Prog-,amme-
Natural Resources Management Center). 1984. Effects of 
fishing and protective management of four coral reef study 
sites in the Visayas, Philippines *(Phase I). Silliman 
University Marine Laboratory, Philippines. 

Yazon, 	L.S. and L.T. McManus. 1987. The coastal resources 
profile of Lingayen Gulf, Philippines. Trap. Coast. Area 
Ma.age. 2(3): 1-4. 

Table I. Average percentage compomition of the benthic components ofreefs surveyed and general condition of the area. 

Site No. of Live coral Dead coral Algae Other benthic Nonliving Reef 
transects (%) (%) (%) organisms (%) (M) condition 

Santiago Island, Do!iao 
Trinchera 2 43.8 29.1 3.5 7.6 14.6 Fair 
Lucero 2 40.3 16.2 7.1 8.2 7.0 Fair 
Silaqui 4 29.6 6.6 46.6 1.8 4.2 Fair 
Malinap 4 61.0 26.7 7.4 2.2 10.2 Good 
Guyoden 4 49.6 18.3 18.4 1.1 6.3 Fair 
Dewey 4 34.2 45.2 2.3 2.8 10.0 Fair 

Cabarruyan Island, Anda 
Cangaluyan 4 50.4 29.9 4.9 3.5 6.3 Good 
Cabungan 4 42.0 37.6 9.0 1.8 6.5 Fair 
Tanduyong 4 32.9 33.3 18.5 1.2 3.2 rair 
Caniogan 2 27.8 24.1 6.8 3.0 8.3 Fair 
Sablig 2 43.4 22.8 13.4 2.4 4.9 Fair 
Macaleeng 2 47.2 21.1 21.6 2.2 6.8 Fair 
Batiarao 2 44.1 26.1 19.5 1.6 10.8 Fair 

Not-: The above percentages represent the averages of resuitp,obtained from several tranects. 

http:reduc.ng
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Table . Percebnlage composition ofcoral growth forms. 

Hard coral Solt coralsitw Branching Lowlying Massive Folio 

Santiago Island, Bolinao 
Trinchora 4.9 8.1 2 2.9 22.7Lucero .2 15.8 6.0 6.0 4.48ilaqui 14.7 7.1 8.7 0.1 8.9Malinap 20.5 8.9 &1 &1 12.4Guyedn 11.1 18.3 5.1 1.9 13.2Dewey 13.6 8.5 4.2 3.2 4.7 

Cabamrruyan Island. Anda
Cangaluyan 8.4 22.6 &9 ,.4 12.2Cabungan 8.5 20.4 4.0 2.8 .,Tanduyng 3.3 18.9 6.2 0.7 0.7Canlogan 3.7 7.8 7.9 0.8 8.1Sablig 7.9 17.2 .4 2.2 10.8Ma'caleeng 4.5 31.6 5.7 0.7 4.7aaw 4.5 26.8 8.8 5.1 1.6 

Avera 9.7 16.3 5.4 2.6 8.4 
(21%) (40%) (13%) (0.1%) (20M) 

Table 3. Population densities of reef fish in study stes (individualal ,000m). 

Site Total
density 

Target
species' 

Indicator 
pecies Pomacentridne Labridae Acanthurida. Scarridae Sigauide Others 

Santiago Island, Bolinao
Trnchera 
Lucero 
Silaqui 
Malinap 
Guyoden 
Dewey 

576 
446 
512 
333 
324 
304 

0 
6 

.5 
4 
2 
4 

18 
6 
4 

15 
8 
2 

158 
194 

41 
85 

114 
40 

28 
96 

160 
74 
47 

114 

20 
24 
62 
27 
28 
26 

12 
18 
34 
20 
23 
20 

0 
7 

11 
12 

6 
8 

340 
95 

215 
96 
96 
90 

Cabarruyan Island, Anda
Cangaluyan 
CUbungan 
Tanduyong 
Caniogan 
Sablig 
Macaleeng 
BatiLrao 

250 
277 
186 
114 
62 
346 
295 

3 
.3 

2 
18 
6 
2 
2 

16 
12 
16 
5 

33 
26 
34 

97 
106 
64 
22 
96 
84 
30 

52 
59 
54 
26 
68 
60 
46 

5 
3 
4 
1 
2 
3 
0 

26 
35 
12 
8 

86 
24 
2 

4 
0 
4 
0 
5 

10 
0 

48 
60 
M 
34 

256 
137 
181 

Table 4. Comparison of coral cover and reef fish density from various localities. 

Sumilon, Apo, Balicasag, PuertoBantayan, Pamflacan, El Nido, Galera, WesternCebua Negroe a 
Bohol& Negroe Bohob Palawant lMndoro Pangasinand 

%Lving coral coverSoft 9 22.8 12.3 1.3 4.8 32.6 14.5Hard 8.426 29.8 23.1 17.6 12.1 41.3 28.1 3.9 
Total 35 62.6 35.4 1M.9 16.9 73.9 42.6 12.3 

Density of target species (individuals/1,000)Serranldae 7 0 7 1 0 15 5Lutjanidse 29 1 8 0 6 0Lethrinidae 2 14 0 2 0 1 32 4Hamulidae 00 2 0 0 1 0 3 1 
Total 20 3 17 1 8 47 14 4 

UNEP-MC (1984). 

'Savlns and White (1986). 
eMSl, University ofthe Philippinesl. 

aThl.study. 



82 

P,1"Malinap LuJzon 

Ieef flat 

sea 

Trin ra 
Santiago

Island Dewey 

, ol:'ao Jreef crest 

Caborruyan Island 
awiCanogan 

Bln AaiasIoIs~~ 

rombac 
" I 

r,.8."1 

NAlaminos Is,=land5 

0 2 4 6k. 

Fig. 1. Reefg fringe the islands of Sntiago and Cabarruyan, located 
at the northwestern section of Lingayen Gulf. 
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ABSTRACT 

The Coastal Zone Management Plan (CZMP) for Sri Lanka 
includes estuaries as a class of coastal habitats requiring man-
agement. The national objective for estuaries is to manage
them to ensure sustainable development of these resources for 
multiple uses. Broad national objectives have to be translated
into implementable activities for particular estuaries toachieve the desired results. A special area management plan
(SAMP) provides such a plan of action. The first SAMP for an 
estuary under the Coast Conservation Depart. 
ment/USAID/University of Rhode Island Coastal ResourcesManagement Project in Sri Lanka was prepared for Negombo
Lagoon. A SAMP, however, must be responsive to the needs of
the actual resource users, their conflicts and concerns; it must
take into account the etiology of these issues to ensure their
participation in the plan's implementation. Therefore,n . 
agement issues must be identified, assessed and prioritizedbefore a SAMP is drafted. The ecological history for a special 
area provides the mechanism to meet this requirement. 

INTRODUCTION 

The national plan and estuaries 

The CZMP for Sri Lanka was prepared by the 
Coast Conservation Department in accordance 
with the Coast Conservation Act No. 5 of 1981. 
The general objective of the plan for estuaries is to 
ensure the sustainable development of these 
resources for multiple uses. Its specific objective is 
to maintain these brackishwater bodies as fish-
eries habitats while accommodating other uses. 
As long as the ecosystems of these estuaries are 

not impaired, they will remain available for other uses. Anent to this concept, sewage can be seen as 

a source of nutrients that could enhance fisheries
productivity ifcontained within desirable levels.

Recognizing the need to manage estuaries asfisheries habitats has an important socioeconomic 

implication. At the broad economic level, estuarine fisheries yield, although marginal, contributes 
to the gross national product and is thus included 
in local and national planning. At the social level, 
the traditional practices and lifestyles of the estuarine fisherfolk identify them as a community and 
have a role in the framework of modem
approaches to natural resources management.
This recognition is significant today precisely
because of its absence in the planning framework 
of post-independent Sri Lanka ad its declared 

commitment to modernization (Myrdal 1972). Left 
out from the planning process, estuarine fisher
folk eventually became impoverished and had to 

resort to destructive fishing for their subsistence.
Thus, the broad objectives of a national plan, how
ever inspirational, have to be translated into clear
and implementable activities to let the plan
acquire value as a seminal document. A special 

area management plan performs this task. 

Special area management plan 

A SAMP responds to the particular needs of 
diverse users of a defined unit of water and land space. In this instance, the unit of management is 
the estuary and a contiguous belt of land. Estuary.users in Sri Lanka do not have any experience
with SAMP. Therefore, the first SAMP to be cho
sen for the estuary had to have users who could 
clearly recognize the benefits of adhering to a set 
of rules and guidelines that are not necessarily
confluent with their traditional worldview. It had 
to possess attributes that would make benefits 
readily apparent. Negombo Lagoon selectedwas 
for this pioneering exercise. 
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The next logical step to make the SAMP more 
zesponsive to the needs of estuary users was to 
prepare an ecological history that will identify and 
evaluate these needs in a management context. 

Ecological history 

An ecological history documents the functional 
status of a natural ecosystem (e.g., an estuary) by 
analyzing the relationship between its resource 
users and the productive processes it undergoes, 
and by identifying the relevant management 
issues it affects. Its important feature concerns 
the etiology of resources use conflicts that it traces 
and finds to have an adverse impact say, on the 
Negombo Lagoon as fisheries habitats. An ecologi-
cal history is expected to yield valuable informa- 
tion in a year's time. 

METHODS 

The preparation of an ecological history is a 
multidisciplinary exercise. In this case, it involved 
a fisheries biologist, an estuarine ecologist, a 
social anthropologist, an urban planner/ 
geographer and a demographer/geographer. Three 
of the investigators were already working on an 
ongoing research project at Negombo Lagoon 
when the others arrived. Three important consid-
erations guided the assembly of the investigative 
team: familiarity with the lagoon and some of its 
resource users, knowledge of the relevant litera-
ture and a strong constitution. 

Published and unpublished literature consti-
tuted the major source of data. Fresh ecological 
data collection was kept to a minimum. A ques-
tionnaire was designed to yield data that could be 
adopted for use in the most important manage-
ment issues. The main aspects of the question-
naire pertained to: 

the household, family size, occupations of 
income-earning members, ownership of 
land and house, pattern of inheritance and 
kinship ties; 
income and expenses; 
community relations, participation in 
community activities, leadership roles, 
social identity and political relationships; 
ahd 
dependence on fishing in the lagoon, gear 
and 	methods, changes in catches, charac- 
teristics of superior fisherfolk and market 
relationships. 

During the interviews, the respondents were 
also indirectly asked about: 

• 	 state authority over and control of lagoon 
use; 

0 	 the possibilities of lagoon management by 
the resource users without the interven
tion of the state; 

• 	 the expectations of present resource users 
with respect to the achievements of their 
children; 

.	 any relationships arising from changes in 
the lagoon's fisheries productivity and in 
their methods of fishing; 

• 	 the impact of local and national politics on 
the relationships among lagoon users; and 

° the acceptable role of the state in the 
management of the estuary. 

The ecological history of the lagoon was 
intended to serve as: (1) the basis for the working 
documents to be used in the workshops that 
would precede the SAMP's formulation; (2) an 
educational material for participants at the work
shop and generally for persons associated with the 
estuary as a resource system; and (3) an educa
tional material for the secondary schools in the 
Grama Sevaka Divisions, areas associated with 
the Negombo Lagoon. 

The resource users were mostly artisanal fish
ermen and mechanized fishing fleet owners who 
used the estuary as a fishing harbor, children of 
lagoon fishermen and politicians who regarded 
the lagoon fishermen mainly as a source of votes 
during elections. Consequently, data interpreta
tion had to take into account the differences in the 
interests of the various sources so that the ana
lytical framework would be relevant to the needs 
of the preparatory workshops. 

The analytical framework consisted of the fol
lowing major elements: (1) the management objec
tives of the CZMP for estuaries; (2) the ecological 
interaction between the estuary and its resource 
users; and (3) the sociopolitical factors at the local 
and national levels that shape estuary use. These 
elements were chosen for the following reasons: 
(1) the resource users had to be oriented on the 
purpose and intent of the CZMP and the possible 
regulatory activities of the Coast Conservation 
Department; (2) the estuary's ecosystem is insep
arable from its resource users--they are, therefore, 
taken as interacting elements between which 
there are material connections such that the sus
tainability of the estuary's yields is seen as part of 
the result of the actions of its resource users; and 
(3) the resource users should be helped to recog
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nize the various sociopolitical influences that may rectangular structures without any amenities. Athave determined their actions and focus their least 50 more houses of this type have been conattention on the political representation required structed since January 1988 on the intertidal areato safeguard their interests. The unifying assump- at the southern end of the island. The number oftion underlying the analytical framework was dwellings at Munnakkare is expected to increasethat the planners and resource users were corn- further to about 500 within the next decade (denmitted to the sustainable use of the estuary. Boer et al. 1986). If the present trend continues, 

house construction will further expand into the 
state-owned intertidal areas since those who willRESULTS AND DISCUSSION be putting up these houses evidently can not 
afford to purchase land (Figs. 3 and 4).Some important issues identified in the process The population of Munnakkare exceeds 9,000of preparing the lagoon's ecological history per- and comprises a relatively uniform social grouptained to land encroachment, intercaste suspicion, (Table 1). They are predominantly Romanfragmentation of the stake net fishery and Catholic, belong to the Kurukulasuriya subcastemismatch between traditional perceptions and the of the Karawe caste, and earn their livelihoodactual functioning of the ecosystem. The complex- mainly by fishing in the sea and estuary. A speciality of the issues involved and the need to study feature of this community i4 that 90% of the resicarefully the management issues before dents have been there since birth; 82% of the chilproceeding with the plan preparation were some dren who became independent of the parentalof the lessons learned. household at marriage chose to build their houses 
also on the same island. Thus, the population ofEncroachment and landownership Munnakkare is expected to increase to 12,000 
within the next decade. Moreover, it is likely thatThe fastest rate of encroachment into estuarine the majority of this population will continue towaters is that of landfill for low-cost housing. reside there.Landfill consists of transporting earth from else- The main source of income of Munnakkare resiwhere, placing coconut trunks on the periphery of dents, as mentioned above, is fishing. A housean intended housing plot and filling the area with hold's average monthly income varies, but it ismaterial excavated from the estuary bed. A slower around Rsl,000a (US$30). The minimum monthlytype of encroachment is done by planting man- income required by a household is twicegroves on the border of an intended plot and amount. Thus, this category 

this 
of residents, theallowing natural sedimentation to forproceed squatters on state-owned intertidal land, usemonths or years before finally filling it with whatever fishing method is available to generateimported earth. Landfill generally occurs on state- income. The push-net is the most recent (1988)owned intertidal land. addition to their list of destructive fishingThe predictable impact of land encroachment on methods.

the sustainability of the fromyields Negombo Low-cost housing construction at MunnakkareLagoon is best illustrated by events at and elsewhere in Sri Lanka has been directly
Munnakkare, an island at the northern end of the 
 linked to the Hundred Thousand Houses Prolagoon (Fig. 1). The island has been occupied for gramme (HTHP) initiated in 1978 and the Onemore than 300 years. The earliest settlements Million Houses Programme (OMHP) which folpredated Portuguese rule in Sri Lanka (Pieris lowed in 1984. These programs of the Ministry of1949). This small island is linked by bridges to the Local Government and Housing were impletown of Negombo on the north and to Duwa-Piti- mented through an organizational structure (Fig.pana on the west (Fig. 2). 5) that was linked to the house owner by way ofMunnakkare has a areatotal of about 37 ha nongovernmental organizations (NGOs). Housingwhere about 1,400 dwellings stood in 1985. These construction under this program rapidly became aconsisted of a mixture of colonial-type brick- and- house-count exercise in which semipermanent andmortar houses, other permanent residences and improvised housing contributed about 50% to thesemipermanent and temporary dwellings. The target. Legalizing the ownership of housing plotstemporary houses are constructed of packed mud under these programs was greatly facilitated byand cadjan(woven coconut fronds). The floor area'
varies betwee 12 and 30 M2 . They are simple aMrch1990:Rs =US$1.00. 
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group application. Thus, housing in the intertidal 
areas of Munnakkare benefited from this scheme 
since ownership of a house was given high priority 
at the national level. 

CZMP objective: habitat functioning 

The management of the Negombo Lagoon for 
sustainable fisheries yield depends on maintain-
ing: (1) functional water space; (2) recruitment of 
planktonic larvae of commercially important fish 
and crustaceans from the sea during high tide; 
and (3) retention of seagrass beds in the shallow 
intertidal and subtidal areas that have critical 
functions as nursery and breeding areas. About 
70% of fish and crustacean larvae that support 
commercial and subsistence fisheries are carried 
into the estuary during tidal inflow (Pillai 1965). 
In the absence of such recruitment, fisheries yield 
declines drastically. Thus, the sandbars that block 
the mouths of lagoons along the southwestern and 
southern coasts of Sri Lanka already inhibit 
recruitment. Following recruitment, the early 
benthic stages of penaeid shrimp utilize seagrass 
beds in the estuary as a nursery area 
(Samarakoon and Raphael 1972). These seagrass 
beds are also used as a breeding site by the 
indigenous estuarine cichlid fish (Etroplus spp.), 
which contribute substantially to fisheries yield 
(Ward and Samarakoon 1981). Therefore, to 
maintain the fisheries, the encroachment into 
estuarine water space must be prevented. 

The socioeconomic status of the residents of 
Munnakkare who are most inclined to squatting 
on intertidal state land continues to decline. 

These residents are trapped in a spiral of activi-
ties that degrade the estuary as fisheries habitats. 
However, they may be motivated to adopt a realis-
tic approach in exploiting the estuarine habitat on 

a sustainable basis if: (1) economic activities not 
dependent on the estuary are promoted and/or (2) 
the estuary's productivity is substantially 
increased by way of novel technology. While these 
approaches are meant to stabilize the present 
incomes of the residents of Munnakkare, they can 
become ineffective in the face of inflation, rapid 
population increase and emotive politics. 

Moreover, the political objectives of the national 
housing programs do not accommodate the envi
ronmental stability of an estuary or the sustain
able use of its natural resources. Furthermore, the 
publicity and effective campaigning that chae'ac
terize the programs overiTde such concerns. 

CONCLUSION 

This paper discussed the effectiveness of 
preparing an ecological history for the rapid 
assessment of management issues. The achieve
ment of the desired results, however, rests on the 
selection of a special target area and the well
screened assembly of an investigative team. For 
the Negombo Lagoon and the squatter area on the 
intertidal land at Munnakkare, the ecological his
tory has brought to light the complexity of the 
issues they face. Without this ecological history, a 
simplistic and self-destructive management 
approach may have been thought of instead. 

ACKNOWLEDGEMENT 

I thank the Director of the Coast Conservation 
Department, Mr. S.R. Amerasinghe; CRMP Direc
tor, Mr. B.W. Perera; the USAID; and the Vice 
Chancellor of the University of Kelaniya, Prof. 
M.M.J. Marasinghe, tbr making it possible for me 
to participate in the ASEAN/US Technical Work
shop on Integrated Tropical Coastal Area Man
agement. 

REFERENCES 

den Boer, W., et al. 1986. Development prospects of the 
Negombo Islands. Final Rep. 134 p. Technical University of 
Delft. 

Myrdal, G. 1972. Asian drama: an inquiry into the poverty of 
nations. Vintage Books. 

Pieris, P.E. 1949. The Ceylon littoral. Times of Ceylon Publica. 
tions. 

Pillai, T.G. 1965. Brackishwater fishery resources. Bull. Fish. 
Res. Stn. Ceylon 18(2): 7-85. 

Samarakoon, J.I. and Y.I. Raphael. 1972. On the availability of 
seed of culturable shrimp in Negombo Lagoon, p. 251-259. 
In T.V.R. Pillay (ed.) Coastal aquaculture in the Indo-Pacific 
Region. Fishing News Books, Surrey, England. 

Ward, J.A. and J.I. Samarakoon. 1981. Reproductive tactics of 
the Asian cichlids of the genus Etroplus in Sri Lanka. Envi
ron. Biol. Fish. 6(1): 95-103. 



87 
Table 1. A general socioeconomic profile of the Munnakkareresidents (den Boer et al. 1986). 
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Fig. 3. The pattern of housing expansion atmost intensive Munnakkare. Squatting occurs on the intertidalcolonization of the intertidal areas is occurring areas (noteat Sirikurusawatte (den Boer et al. 1986). 

patches at the southern tip of 
Sirikurusawatte). 
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linking the squatters on intertidal land atMunnakkare with the Offices of the President and the Minister of Local Governmental. 1986). Over the long term, the existing
channels may 

and Housing. (NWSDB: National Water Supply and Drainage Board; NHDA: Nationalclose or become severely Housing Development Authority;constricted. These channels GCEC: Greater Colombo Economic Commission;are already getting HCDC: Housing Cormunity Development Committee; NJPO: Negombo UnitedPeople's Organization; and NGOs: Nongovernmental organization.) 



Session IA
 
Environmental Degradation
 



Environmental impact due to pollutant
 
discharge in Johore Strait 

KOH HOCK LYE
 
LIM POH ENG
 
Universiti Sains Malaysia
 
11800 Penang
 
Malaysia
 

SIEH KOK CHI
 
ZAMALI BIN MIDUN
 
Drainage and IrrigationDepartment
 
JalanMahameru
 
50626 Kuala Lumpur
 
Malaysia 

KOH, H.L., P.E. LIM, K.C. SIEH and B.M. ZAMALI. 1991. 
Environmental impact due to pollutant discharge in Johore 
Strait, p. 91-93. In L.M. Chou, T..E. Chua, H.W. Khoo, P.E. 
Lim, J.N. Paw, G.T. Silvestro, MJ. Valencia, A.T. Whiteand P.K. Wong (eds.) Towards an integrated management of 
tropical coastal resources. ICLARM Conference Proceedings
22, 455 p. National University of Singapore, Singapore; 
National Science and Technology Board, Singapore; andInternational Center for Living Aquatic Resources Man-
agement, Philippines. 

ABSTRACT. 

Rapid development and industrialization in Southern 
Jolhore are likely to cause significant environmental derada-
tion in Johore Strait due to the large quantity of pollutants
being discharged into it. An assessment of these possible envi
ronmental impacts is needed to provide crucial planning

parameters to preserve and enhance environmental quality

consistent with the needs for development. This paper presents 

such an assessment using simulation models. 

INTRODUCTION 

Johore Strait (Fig. 1) receives domestic and 
industrial waste discharges from Johore Bahru 
and Pasir Gudang and from a number of rivers, 
The two major rivers which discharge into the 
straits are Skudai and Tebrau between the estu-
aries of which lies Johore Bahru. Other rivers 
draining into the straits are much smaller and not 
of much consequence in terms of pollution load, 
except Segget River, which is grossly polluted by 
domestic sewage. The fecal coliform (FC) level was 
estimated to be about 107 MPN/100 ml (Envilab
1985) near the mouth of the river. 
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The causeway effectively divides Johore Strait
into the eastern and western portions. This
results in stagnant bodies of water on both sides 
of the causeway extending to the Skudai and
Tebrau estuaries. Since Segget River discharges
into the western portion of the strait close to the 
causeway, and the seafront of Johore Bahru west
of the causeway possesses a high amenity value,
there is an increasing concern about the capability
of the western portion of the strait to dilute and 
disperse the urban waste effectively.This paper presents an assessment of the 
impact of urban waste discharge on Johore Strait 
(western portion) close to the causeway using
simulation models. 

SIMULATION MODELS 

The transport, dispersion and eventual degra
dation of pollutants in Johore Strait depend on
the strength and direction of the tidal current, the 
dispersion coefficients and the FC decay rate,
respectively. Simulation of this phenomenon sub
ject to various operating conditions can be 
achieved by computer models (i.e., hydrodynamic
and advection-diffusion models). This section 
describes the advection-diffusion model that uses 
the tidal flow regimes generated from the 
hydrodynamic model and other inputs to simulate 
the transport and decay of pollutants. It is 
assumed that the water column is shallow and 
vertically well mixed. 

The advection-diffusion model consists of the 
following vertically integrated two-dimensional 
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equation, which is solved by the finite element 
method: 

ac ac ac 1 a ac 1 a ac 
-+u-+v. .(H.k-)-----(-.ky -)+ac.R=0 
at ax ay H ax ax H ay a) 

where k., ky are the dispersion coefficients in x, y 
directions, respectively; c, the vertically averaged 
concentration of a single neutrally buoyant pollu-
tant; a, the decay constant; H, the total depth of 
the water column; and R, the source-sink term. 

RESULTS AND DISCUSSION 

Fecal coliform (FC) was chosen as the pollutant 
model since the proposed water quality criterion 
for bathing waters is based on the FC level. The 
most frequently quoted criterion of 200 MPN/100 
ml was recommended by the United States Envi-
ronmental Protection Agency (USEPA 1976), 
which is also the proposed criterion for bathing 
waters in Malaysia (DOE-UM 1986). 

Since dye tracer studies have not yet been con-
ducted to determine the dispersion coefficients in 
Johore Strait, it was decided that the results 
obtained from a similar study conducted at the 
Western Channel of Penang (Koh et al. 1987) be 
used. This study site shares similar hydrographic 
and meteorological conditions as Johore Strait. 
The Western Channel study estimated the fol-
lowing values for the input parameters required 
in the simulation model: 

= 1 m2 S-I,kc 1k, = 30m2 s " andT = 3 M2us 


3hours 


where kc and k a are the cross-flow and along-flow 
dispersion coefficients, respectively; and Tgo, the 
time needed for a 90% reduction to take place in 
the FC density. 

The discharge rate of Segget River into the 
stfait is taken to be 5.3 x 103 m3 day-' with a 
mean FC density of 1 x 107 MPN per 100 ml based 
on the findings of Envilab (1985). 

Fig. 2 shows the simulated tidally averaged FC 
concentration contours. The FC level is in the 
region of 4,000 MPN/100 ml at the river mouth 
and decreases rather drastically to less than 50 
MPN/100 ml near the Lido Beach area. This indi
cates a highly localized polluted area due to a 
practically zero flow near the causeway. 

The mean FC levels determined at the Depart
ment of Environment's (DOE) marine monitoring 
stations located at the western portion of Johore 
Strait for 1985-1987 are shown in Table 1. It was 
observed that the FC levels measured off the Lido 
Beach and the surrounding areas were very much 

higher than the simulated results. This indicates 
that the microbial pollution at the beach area was 
most likely contributed by other nearby sources 
such as Skudai River, which has a mean 
discharge rate of 2.0 x 105 m3 day' (JICA 1985) 
with a mean FC density of 6.3 x 103 MPN per 100 
ml at station 1536610 (DOE-UM 1986 data). 

The simulated FC level at Segget River is about 
one order of magnitude lower than the measured 
value (at about 1 x 104 MPN/100 ml). This indi
cates that there are other significant sources 
nearby contributing to the microbial pollution. 

Even at the present input of pollution load, 
close to the causeway Johore Strait is found to be 
incapable of providing adequate dilution and dis
persion to reduce the pollutant (FC) level to sat
isfy the water quality criteria for recreational 
waters. If no physical modifications to the cause
way are anticipated to enable better tidal flushing 
of the strait, the only effective measure that can 
be adopted to preserve the amenity value of the 
area is to reduce the microbial load of the dis
charges from Segget, Skudai and other major 
sources to an acceptable level. This would entail 
the implementation of a comprehensive water 
quality management scheme at both regional and 
local levels. 

REFERENCES 

DOE-UM (Department of Environment-University of Malaya).
1986. Water quality criteria and standards for Malaysia. 
Final report. Department of Environment, Malaysia, and 
the Consultant Group on Water Quality, Institute of 
Advanced Studies, University of Malaya, Kuala Lumpur. 

Envilab. 1985. EMuent characteristics study along Sungei 
Segget, Johor Bahru. 

JICA (Japan International Cooperntion Agency). 1985. 
National water resources study, Malaysia. Regional water 
resources study of South Johor. Vol. 4. 

Koh, H.L., C.S. Chong and P.E. Lim. 1987. The transport and 
dispersive capability of Westeirn Channel for sewage dis. 
charge. A Consultancy Repci.it prepared for the Penang 
Is!.xnd Municipal Council, Malaysia. 

USEPA (United States Environmental Protection Agency). 
1976. Quality criteria for water. US Environmental Protec
tion Agency, Washington, D.C. 

http:Repci.it


93 

Table 1. Mean FC levels in the western portion of Johore Strait for 1985-1987. 
(See Fig. 2). 

FC (MPN/100 ml)Section name 1985 1986 1987 

Melayu River 1.5 x 102 4.7 x101 4.3 x101
Skudai River 4.0 x103 3.2 x10 6.9 x102 
Lido Beach 2.2x 104 9.8 x 102 6.5 x 102 

Hospital 7.3 x 103 6.9 x 10 1.3x 103 
Segget River 1.2 x 104 4
1.5X 10 1.3 x104
 

Source: DOE-UM 1986.
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ABSTRACT 

The inland and coastal waters of South Johore are subjectto various types of pollution arising from human activities. 
Aside from domestic sewage, other materials discharged intothe receiving waters include organic waste from agro-based
industries such as palm oil mills and rubber processing
factories and industrial waste from factories. If left unchecked,
pollution would result in the degradation of the water quality
and ultimately limit the beneficial uses of inland and coastal 
waters. 

This paper plesents an assessment of the status of thewater quality of rivers and coastal waters in South Johore and 
analyzes the water quality trend over the past 10 years.
Management strategies to mitigate water quality degradationare also discussed. 

INTRODUCTION 

South Johore is among the fastest growing 
regions in Malaysia in terms of population and 
economy. Within Johore Bahru, there has been a 
great increase in industrial activities, with the 
setting up of various industrial estates and the 
concomitant increase in population. The increase 
of sewage and industrial waste discharges into the 
waterways has resulted in the gross pollution of 
some rivers and surrounding coastal waters. 

North of Johore Bahru, in the hinterland ofJohore, there have also been rapid land use 
changes in which vast tracts of forests have beenconverted into tree crop plantations, notably rubber and oil palm. The processing of theseagricultural crops has generated a large amountof waste, which is eventually discharged into the 
rivers and thus greatly increases the organic load 
of the water. 

Besides these pollution sources, livestockindustries found in various parts of South Johore 
also generate considerable waste.

In view of such rapid changes and, 
consequently, pressure on the waterways, there is 
an urgent need to manage the water quality ofSouth Johore to minimize the pollution problemsand optimize the beneciai uses of inland and
cotiwate 
coastal waters. 

THE RIVER SYSTEMS OF SOUTH JOHORE 

The Department of Environment (DOE) hasplaced water quality monitoring stations in nine 
major rivers. The total catchment area is about6,000 km2 . The rivers in the Pontian District are 
Benut, Air Baloi, Pontian Kecil and Pontian 
Besar, which drain toward Malacca Strait. In
Johore Bahru, the rivers are Skudai, Tebrau and 
Johore, which discharge into Johore Strait. In 
Kota Tinggi, the major rivers are the Sedili Besar 
and Sedili Kecil, which drain into the South China 
Sea. The general location of these rivers is shown 
in Fig. 1. 
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Water quality status 

DOE has been monitoring water quality of 
rivers and coastal waters since 1978. Over the 
years, the number of water quality parameters 
used for monitoring rivers has increased to over 
20 variables in 1987. However, it is difficult to 
assess .the water quality status based on so many 
parameters as some may be able to meet 
prescribed standards while others may not. Thus, 
the use of an appropriate water quality index 
(WQI) (i.e., a set of parameters considered 
important in characterizing water quality that are 
related to a common scale) would be more 
beneficial for administrative and management 
purposes and for meaningful communication with 
the public. 

The computation of the general WQI of the 
rivers was based on the procedure adopted by the 
United States National Sanitation Foundation 
(USNSF) WQI (Brown et al. 1970). A total of 
seven parameters--biochemical oxygen demand 
(BOD), chemical oxygen demand (COD), dissolved 
oxygen (DO), pH, suspended solids (SS), 
ammonia-nitrogen (NH4-N) and nitrate-nitrogen 
(N0 3-N), were selected with the weighted factors 
to compute the mean WQI at each water quality 
monitoring station. The index values were then 
related to five descriptor words on water quality 
as suggested by McClelland et al. (1976). These 
were: 

WQI Descriptor Words 
0- 25eryo Wds0 25 Very bad 

6 - 50 Badim 
5 - 70 Medium 
71 - 90 Good 
91 - 100 Excellent 

Fiually, the water quality data of the nine major 
rivers collected over the years were conwerted to 
their WQI. Lim and Leong (1988) presented the 
current water quality status of the rivers using 
different colors to indicate the existing water 
quality at various stretches of the rivers, 

To compare the water quality status of the 
rivers and their changes over the past three years, 
the maximum, minimum and average values of 
the annual mean WQI for each river in 1985, 1986 
and 1987 are plotted in Fig. 2. The water qualities 
of the Tebrau and Sedili Besar Rivers are 
consistently better than those of Benut, Pontian 
Besar, Pontian Kecil and Skudai for the past 
three years, based on their general WQI. There is 
a noticeable decline in the overall water quality of 

the rivers in 1987 compared to earlier years. 
Nevertheless, most of the rivers are still 
categorized as "medium" or "good" except for 
certain stretches of Air Baloi and Skudai, which 
have been categorized as "bad". 

Fig. 3 displays the ,.va.er quality trend at each 
monitoring station for the period that the 
monitoring program was implemented. The rivers' 
water quality generally deteriorated toward the 
estuaries, indicating multiple inputs of pollutants 
along the river systems. Fig. 3 also indicates that 
the water quality of Benut, Skudai and Sedili 
Besar declined significantly from the late 1970s to 
1983. But this downward tre-Id was arrested and, 
in fact, there was a marked improvement in the 
water quality in subsequent years until 1986. 
With regard to the water quality classification, 
only two monitoring stations consistently belong 
to the "bad" category. These are Station No. 
1632601 and Station No. 1633602, which are 
found at Benut and Air Baloi Rivers, respectively. 
Both stations are located relatively downstream of 
these rivers. 

Pollution sources 

The main pollution sources in the region are: (1) 
domestic waste from cities and towns; (2) agro
based waste from palm oil mills, rubber and 
pineapple-processing factories; (3) waste from 
factories in industrial estates and (4) animal 
wastes from stock farms. 

Organic wastes from these identified sourcesconstitute the most significant form of pollutants 
adversely affecting the water quality of inland 
and coastal waters. 

According to DOE (1968), the percentage of the 
BOD load being discharged into the rivers by 

various pollution sources in 1987 was estimated 
as follows: domestic sewage (54%); animal waste 
(26%); iidustrial waste (17%) and agro-based 
waste (3%). These show that domestic sewage 
demands attention as a pollution source and has a 
bearing on the type of management strategies to 
be adopted in mitigating water quality 
degradation in South Johore. 

COASTAL WATERS 

Coastal waters receive pollutants either 
through direct discharges from coastal activities 
or indirectly through rivers which may be polluted 
from inland activities. Special attention has been 
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given to Johore Strait, in particular, since it noticeable reduction in the FC levels detected atreceives waste discharges from human activities Pantai Lido and Kuala Sungai Skudai in the pastin South Johore and Singapore. On the Johore two years, the overall microbial pollution remainsside, the strait receives water discharges from high and has certainly decreased the recreationalJohore Bahru, Pasir Gudang and also river potential of the western portion of the strait.

discharges from 
 Skudai and Tebrau, which flow
 
past the most populated areas in South Johore.

Thus, out of the 13 DOE marine water quality Aquaculture use

monitoring stations, nine are located in Johore
Strait (Fig. 1). Over 20 water quality parameters The setting of water quality 
 criteria forof coastal waters, including physicoch 3mical and aquaculture use of coastal waters is necessary formicrobial parameters and heavy metals, were the protection of human health as well as for themonitored at these stations. propagation of aquatic species. However, water 

quality criteria for human healthWater quality status protectionshould be of paramount importance. Among the 

Unlike rivers, there is as yet no value 
aquatic species cultured for human consumption,single shellfish, being filter feeders, require water ofindex that can be employed to characterize sea- high quality to be microbiologically safe for eating.water quality. Consequently, the water quality One of the most widely quoted criterion forstatus is assessed using the proposed criteria for shellfish-harvesting waters is thai of the USEPAthe specific beneficial uses of the coastal waters of (1976), which recommended that the medium FCSouth Johore, primarily recreational, aquaculture bacterial concentration should not exceed 14and navigational uses. MPN/100 ml for harvesting shellfish. 

Based on the USEPA criterion for shellfish-Recreational use harvesting waters, only one site--Luar Pantai 
Kukup (1 3 34 925)--was found to be satisfactory forTo protect human health, the need for water all three years of data.quality criteria for coastal waters used for The microbial criteiion for harvesting shellfish,primary contact recreational purposes, such as however, is considered to be too stringent forbathing and swimming, has long been recognized. other marine species that are not filter feeders.In response to this need, various andcriteria Thus, other less polluted sites such as Kualaguidelines have been established based on Sungai Melayu and Kuala Sungai Masai may bemicrobial indicator systems. Among others, the suitable for finfish and prawn cultures fromUS Environmental Protection Agency (USEPA) 

the 
human health protection standpoint.(1976) recommended that the fecal coliform (FC) At this stage, it is still not yet possible to gradebacterial level should not exceed a log mean of 200 the suitability of the coastal waters for theMPN/100 ml, 'ased on a minimum of five samples propagation of aquatic species due to the lack ofover a 30-day period, for bathfng waters. This is field data and the absence of published criteria.

also the proposed criterion for bathing waters in
 
Malaysia (DOE-UM 1986).


The mean FC levels determined at the 13 DOE 
 WATER QUALITY MANAGEMENT 
monitoring stations from 1985 to 1987 are shown
in Table 1. Based on the proposed Malaysian As can be seen in the preceding sections, the'
criterion for bathing waters, this table shows that water pollution problems of rivers and coastalonly two sites in the strait, which are located at waters, especially at the strait, are serious andthe estuaries of the Melayu and Masai Rivers, are expected to increase given the projected ratesatisfied the criterion. The four other monitoring of economic development and population growth.sites outside the strait also met the criterion. A number of different approaches hove beenThe FC data also indicate that the western taken for the control and management of theportion of the strait close to the iscauseway water quality. One approach was the adoption ofconsistently more polluted than the eastern various legal measures that would specify theportion in terms of microbial pollution as most of permissible levels of pollution of the differentthe urban wastes from Johore Bahru are being sources. This was seen in the enactment of thedischarged there. Although there is some Environmental Quality Act of 1974 and the 
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subsequent enforcement of various regulations 
under the provisions of the act. 

In the enforcement of regulations, the 
underlying principle is that of pragmatism. This 
means that the effluent standards are set, taking 
into consideration the practical situation. For 
instance, the effluent standards for agro-based 
industries were progressively tightened over the 
years to allow the industries time for compliance 
and to ensure that enforcement is not 
economically disruptive, 

Nonetheless, there are still shortcomings in the 
act's regulations as they are not comprehensive 
enough. There are -various types of discharges 
that are not covered such as those of hazardous 
and piggery wastes. It is hoped that, eventually, 
such shortcomings will be redressed *and 
standards set for these wastes. Another problem 
is the weakness inherent in the establishment of 
effluent standards aS a means of environmental 
protection. While it is possible for all the factories 
to comply with the standards, the total levels in 
the environment would still be unacceptable when 
all the discharges are added (Lirn 1983). 

The other approach was through some form of 
environmental planning that would seek to 
prevent or at least minimize environmental 
problems in the planning stage. At the project 
level, this can be seen in the introduction of the 
requirements of an Environmental Impact 
Assessment (EIA) for various projects, which 
came into effect on 1 April 1988 in Malaysia. At 
the level of program or policy, environmental 
considerations have not been legally mandatory. 
For example, in the planning of land development 
schemes, implementation of industrialization 
policies and regional development plans, 
environmental considerations are taken into 
account only occasionally. 

At present, the EIA requirement is still in its 
early stages of implementation, thus how effective 
it will be in minimizing the adverse environ-
mental impacts of development projects remains 
to be seen. However, it is a tangible indication of 
the intention of the government to improve envi-
ronmental quality, 

Since EIA deals with environmental issues at 
the project level, it is possible that environmental 
conflicts would still occur even if EIAs were 
conducted for projects, when incompatible forms 
of coastal zone uses have already been established 
such as the siting of industries next to 
aquaculture areas. This can, and should be, 
avoided at the regional plan level, 

ENVIRONMENTAL MANAGEMENT ISSUES 

Incompatibility of coastal zone uses 

The coastal zone can be regarded as an 
ecosystem in which different components are 
linked together by the various ecological 
processes. The modification of one part of the 
ecosystem can have adverse impacts on its other 
parts. For example, the destruction of mangroves 
affects the productivity of the surrounding coastal 
waters because the mangroves are the feeding and 
breeding grounds of many commercially 
important species of prawns and other finfishes. 
These impacts are well documented in scientific 
literature. 

Because the various components of the 
ecosystem are linked together in many ways, 
some activities in one part of the coastal zone may 
also be incompatible with another. An example 
would be the siting of aquaculture areas close to 
industrial estates or urban centers in South 
Johore. The industrial wastes and sewage 
discharged into the waterways would result in the 
contamination of the sediments and coastal 
waters, rendering .,quaculture activities, such as 
shellfish culture or fish cage culture, unsuitable. 
Given that industrial activities, urban centers, 
aquaculture, agriculture and recreation will 
increase in the future, one of the key 
requiremerts in avoiding conflicting coastal zone 
use would le to ensure compatibility by some form 
of coastal use zoning. The planning of a coastal 
zone's use would need to consider all competing 
uses of the area. 

Poor coordin.ation of pollution control 

Some of the water pollution problems of South 
Johore do not fall under the jurisdiction of any of 
the government departments and agencies that 
normally deal with water pollution problems. A 
case in point is that of piggery waste and that of 
the livestock industry's. Despite the attention to 
this problem over the years, there is no one 
department or agency that has direct jurisdiction 
in managing and controlling this problem. As yet, 
the DOE does not have any effluent standards for 
such a type of waste, unlike the case of palm oil 
mill effluents or industrial discharges. The 
jurisdiction of the Department of Agricultv .-does 
not extend to discharges into water,.ais, while 
that of the Fisheries Department covers the 
situation only when fisheries are affected. 
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Therefore, there is a need for better coordination untreated or partially treated sewage and sullageto deal with all the various forms of water water. ,.A the population of South Johorepollution and to strive for an improvement in expected to grow about 5% a year, this means thatwate' quality. the population would double approximately everyThere is also a need for better coordination of 15 years. This would place great stress on thewater quality management across the national existing treatment systems that are alreadyboundary. In view of its proximity to Singapore inadequate (Bumi-Watson 1982). Thus, sewageand the significant contribution of pollution to the and sullage water pollution are anticipated tocoastal waters, particularly Johore Strait, water become the two major problems in the water
pollution control will have to be coordinated with quality management of South Johore. 
Singapore f it is to be effective. 

Absence of certain
 
environmental information 
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Table 1. Mean fecal coliform (FC)levela of coastal waters in South Johore for 1985-1987.
 

WQMS 
 WQMS FC (MPN/100 ml)Name No. 1985 1986 1987 
(L) LuarPantai Kukup 1334925 3.0 x 100 3.8 • 101 3.0 X100(A)Kuala Sungal Melayu 1437941 1.6 X 102 4.7 x 10' A.3 x 101(B) Kuala Sungai Skudal 1437922 4.0 • 103 3.2 x 10 6.9 X 102(C) Pantai Lido 1437921 2.2 1 104 9.8 X102 6.5 X102(D) Hospital 1437920 7.3 x 103 6.9 x 103 6.6 x 103(E) Kuala Sungai Segget 1437919 1.2 x 104 1.5 X 104 1.3 X 104
(F) Tunku Ismail Power

Station 1437951 6.8 x 102 5.5 x102 3.5 x 102(G) Kuaa Sung.l Tebrau 1438943 2.9 x 102 . 3.4 x 103 8.4 x 102(H) Kuala Sungal Masal 1438918 2.8 x 101 3.4 x 104 7.0 x 101(2)Pasir Gudang 1438939 1.6 • 102 1.1 X10 7.4 x 102(J) Kuala Sungai Johor 1440916 5.0 1 100 7.0 x 100 4.0 x 100(P) Pantai Dearu 1542914 1.7 x 101 1.4 x 102 ND(T) Teluk Mahkota 1841911 2.5 x 101 1.0 X 102 

Source: DOE 1988. 
'1D-Not detected. 
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ABSTRACT 

Johore Strait (Selat Johor) separates the island of Sin-
gapore from Peninsular Malaysia over a distance of about 50 
km between the estuaries of Sungai (Sg. throughout this text; 
it means "river") Pulai to the west and Sg. Johore to the cast.The strait is divided by the causeway linking Singapore to 
mainland Malaysia.

The primary hydrodynamic force acting on this semi-
enclosed body of water is tidal. The current is driven primarily
by the astronomical tide entering at the end near Tanjung (Tg. 
throughout this text; it means "cape") Changi in the east andTg. Merawang (Singapore) in the west. Since the end of the 
causeway is closed due to the shutting of the balancing cul-
verts across the causeway, the normal flow at the causeway'send is essentially zero, thus resulting in a standing wave prop-
agation.

The characteristics of these tidal movements will signifi-
cantly influence the transport characteristics of the strait and
the dispersion of pollutants into the causeway. This paper pro-
sents a finite element analysis and simulation of the tidal 
moveme nts. 

INTRODUCTION 

Johore Strait separates the island of Singapore
from Peninsular Malaysia over a distance of about 
50 km between the estuaries of Sg. Pulai to the 

west and Sg. Johore to the east. The strait isdivided into two by the causeway linking Singa

pore to the mainland. Fig. 1 shows the location of
Johore Strait while Figs. 2a and 2b show some
salient features in the eastern and western por
tions of the strait, respectively.

Located around latitude 126'N and from longi

tude 103035'E to longitude 104oE, the eastern por
tion of Johore Strait is about 26 km long and 
varies in width from 1 km at the causeway to 
about 3 km at the eastern end(Singapore). The near Tg. Changiwestern portion is roughly simi

lar to the eastern portion in length and shape.
The primary hydrodynamic force acting on this

semi-enclosed body of water is tidal. The current 
is driven primarily by the astronomical tideentering at the end near Tg. Changi in the east 

and Tg. Merawang (Singapo-e) in the west. Sincethe end of the causeway is closed due to the shut
ting of the balancing culverts across the cause

way, the normal flow at the causeway's end is
essentially zero, thus resulting in a standing wave 
propagation.

Urban centers, industrial estates and a wide 

spectrum of developments exist on both sides of
the strait. Since the strait is at the receiving end
of the sewage systems on both of its sices, it isessential to study its hydrodynamic regime for 
this has a significant influence on its transport
characteristics and the dispersion of pollutants
into it. This paper presents the results of a finite
element analysis and simulation of the tidal 
movement in the eastern portion of the strait. Anattempt is also made to simulate the tidal move
ment in the western portion by using similar 
input conditions as those for the eastern portion. 

t~109
 

.. o 
7i 



104 

HYDRODYNAMIC MODEL 

Since the entrance to the strait is quite wide, a 
two-dimensional horizontal model is required to 
simulate the hydrodynamic regime in this area. 
No data on the degree of mixing in this area are 
available. However, in this model, the strait is 
assumed to be well-mixed--the variation of water 
density over depth is negligible and the driving 
force is the horizontal variation of pressure caused 
by the surface slope of the water.This assumption
by te srfaewtersope Thi asumpionforf te 
is plausible since there is no major river with a 
large upland catchment in the area. A vertically 
well-mixed condition waF also observed in the 
western and southern channels of Penang by Koh 
and Zubir (1987). Since the climatic and meteoro-iogical conditions and the physical configurations 

of the western and southern channels are similar, 
the same holds true for Johore Strait as far as the 
mixing regime is concerned. 

Based on the equations of fluid motion and con-
tinuity, the depth-integrated, two-dimensioual 
models used by Koh (1986 and 1988) are: 

an a a 
*T (u1) + 7v) 0 	 M 

av+U3 + a+ /2 72 TaV n 
E + g + K u v y 0

H H 

au 	 +u aun +-K 1-+jV T' 
+t w - 7- H _---H 0 (iii) 

In the above formulation, u and v refer to the 
current velocities in the x and y directions, respec-
tively; g, the gravity; H, the depth below mean sea 
level; %j,the water elevation above mean sea level; 
and K, the bottom friction coefficient. 

In the tropics, the Coriolis term f may be set to 
zero. The second to the last term in equations (ii) 
and (iii) above accounts for the frictional losses at 
the bottom of the channel, with the friction coeffi-
cient taken as K = 0.0025. The last term in the 
same set of equalions refers to the wind stress, 
which is conceived to act as a body force through-
out the water column. 

The complete set of equations is solved numeri-
cally. Although various numerical approaches are 
available to solve problems involving tidal phe-
nomena, a finite element method is used in the 
study. General implementation of the hydrody-
namic model by the finite element method has 
been discussed by many researchers such as 
Kawahara et al. (1983) and Koh (1986 and 1988). 

Boundary conditions 
There are two standard ports inlthe area (i.e., 

Pasir Gudang rnd Sembawang Shipyards on the 
Malaysian and Singapore sides, respectively). 
After analyzing the spring tidal heights at Pasir 
Gudang for the period of 1-8 January, the follow
ing major tidal components were found: 
1. 	semidiurnal tide: amplitude 0.94 m, 

accounts for 66% of the variation; 
2. 	 diurnal tide: amplitude 0.64 m, accounts31% of the variation; and 
3. 	 mixed te apitde. a c t 

3. 	 o the aitudn.
 
97% of the vaiation.
 

inote std th effect of diurnal tide wa 
ignored and an equivalent semidiurnal tide of
amplitude 1.25 m during mean spring tide, which 
appears to be consistent with the value for mean 
spring tide given in the Admiralty Chart 2586 
(1983), was assumed. A similar conclusion was 
arrived at for the neap tide, which has an average 
amplitude of 0.65 in. The tidal period used was 12 
hours 25 minutes. 

The geometry of the strait is schematized to the 
shape shown in Figs. 2a and 2b. 

Model calibration 

At present, there is no systematic measurement
of current carried out in the area to calibrate the 
model. The nearest area where some information 
on tidal current is available is at Malang Beldaun 

(Singapore) and Sg. Beiungkor, located at the 
seaward extremity of the eastern portion of the 
suirait. However, the information available is 
incomplete, so only a partial calibration of the 
model has been done at this stage. 

RESULTS AND DISCUSSION 

Figs. 3a to 3h show the tidal tream plots for 
the eastern portion of Johore Strait for an average 
tide of amplitude 1.20 m at Tg. Punggul, with a 
time difference between two successive plots of 1.5 
hours or one-eighth of a semidiurnal tide. The 
results show that the tidal currents near Tg. 
Punggul are about 0.25 m/s, 0.37 mis and 0.25 m/s 
for 1.5, 3 and 4.5 hours before a high water slack, 
respectively. Compared to the tidal currents mea
sured at a depth of 4.5 m below the water surface 
from 13 December 1985 to 14 January 1986 at Sg. 
Belungkor and Malang Beldaun (KEJORA 1986), 
these computed velocities appear to agree reason
ably well with the measured values. For example, 
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the tidal velocities measured at the Malang Bel- this stage because reliable, measured fielddaun station on 30 December 1985 were 0.24 mis, 
data 

'were unavailable. T'he results clearly show that a0.52 m/s and 0.34 rn/s for 1.5, 3 and 4 5 hours standing wave with an almost zero horizontalbefore a high water slack, respectively. This mea- tidal velocity occurs on both sides of the causeway.surement was done at 4.5 m below the water level This is expected to influence significantly the disduring spring tide. Assuming that the water persion of pollutants in the strait and the transdepth is 10 m, then the point measurement gives port characteristics of the strait, which is at theapproximately the mean velocity at that particu- receiving end of the sewage systems of the Johorelar depth. Bahru township and the northern part of Singa-Figs. 4a to 4h show the tidal stream plots in the pore.
western portion of Johore Strait, which employed
the same input conditions in the simulation model
 
as those in the eastern portion. The western por- REFERENCES
 
tion of the strait exhibits a similar flow behavior.
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ABSTRACT 

In 1974, the Malaysian government obtained a World Bank 
loan to develop agricultural land in the Southwest JohoreAgricultural Development Project area (Johor Barat). The
project entailed the construction of 198 km of river
improvements, 1,041 km of drains, 1,486 km of farm and
secondary roads, 942 structures, 66 km of coastal earth work(bunds), a dam and the necessary extension facilities. 

The coastal bund, which excludes seawatcr from the agricultural area, was previously built inland with a belt of man-
groves protecLing it against direct wave action. However, man-
groves along the coast have vanished, thus exposing the bund 
to direct wave action. Protecting the threatened coastal bund 
has now become a necessity. To date, a total of 4.8 km of bundrevetment has been built at a cost of M$2.5 million. This mnca. 
sure protects thousands of hectares of coconut and cocoa plan-
tations from seawater inundation, 

This paper discusses the causes of. erosion in the area, theeconomic analysis of coastal protection work and the recommended solutions for the protection of a highly developedcoastal plain, 

INTRODUCTION 

The Western Johore Agricultural Development
Project area is essentially agricultural, covering 
some 148,517 ha of Johore's western coast.
Flooding, water logging and saline intrusion into
the coastal area and the valley plains commonly
occurred before the project's implementation. To 
alleviate these problems and to increase the area's 

economic potential, the government implementedan integrated agricultural development project in1974. The project primarily involved the 

construction of coastal embankments, canalizationand diversion of rivers, improvement of drainage
networks, construction of control structures such

dams 
as barrages and tidal control gates, road
communication, bridges and crossings, and the 
provision of important agricultural extension 
services. This paper does not deal with the project
in its entirety; it focuses only on one aspect of its 
engineering work (i.e., coastal bunding).Tidal- flooding, an intrusion into the project 
area, is alleviated by an embankment (a coastalbund or dike) built along the coast and estuaries.
Drainage of the hinterland is regulated through aseries of tidal control gates. The coastal bund,constructed from earth, is 3.3 m (10 ft) wide at the 

top with a side slope of 3 (horizontal) to 1(vertical). Its crest elevation is about +3.0 m LSD(Land Survey Datum). The spoil for the bund construction was obtained from the excavation of a 

borrow pit landward of the bund. This bund isconstructed at least 400 m (20 chains) from theseaward edge of the mangrove area so that it isadequately protected against waves by the man

grove buffer. Quite often, however, the protectionafforded by the mangrove vanishes due to erosion. 
Consequently, the waves will break directly on the
bund slope and the wave run-up generated goesover the bund. The resulting bund breach and 
seawater intrusion will then damage the crops.Therefore, in this project, bund protection work
has to be carried out along the major part of the
66-km project coastline. This paper evaluates the
technical aspects of the coastal protection work in
the project area (Fig. 1) and suggests the neces
sary improvements and economic viability of such 
a work and its impact on the environment. 
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CAUSES OF EROSION 

The consequences of erosion worldwide have 
been most severe in recreational and urban areas, 
often situated on sandy beaches. While there is 
more information available on coastal engineering 
in sandy shores, the theory regarding the erosion 
and suspension of cleave material under waves 
and current action is not well developed. Various 
researchers have given different explanations on 
the erosion process on mud coasts. 

Ueda (1980, 1982) distinguishes between ero-
sion and scouring, which he says are the mecha-
nisms by which shore retreat occurs on Johore's 
western coast. This distinction is based on the 
results of many case studies carried out in 
Malaysia over a long period of time. He believes 
that when a cohesive material is immersed under 
tidal water, its properties are changed and it 
becomes erodible. The scouring is caused by wave 
impact and proceeds shoreward by keeping a con-
stant critical land elevation. The situation is 
accentuated by the abrasive action of driftwood, 
which further contributes to the disappearance of 
coastal lands. 

Chan (1984), who did a study along the Kedah 
coast (northwestern coast of Peninsular 
Malaysia), cites the abrasive action of littoral 
shell fragments and the conditions that cause 
stress and unsuitable growth by the barraging 
and diversion of upstream freshwater supply. 
Such factors are responsible for the coastal ero-
sion there. The loss of mangroves deprives the 
mud of their stabilizing effect and the seaward 
barrier afforded by the mangrove belt. 

Freshwater supply is important to sustain the 
mangrove ecosystem. An alternative hypothesis 
explains the episodes of coastal erosion thus: 
When the freshwater supply, usually silt-laden, is 
not diverted, it brings with it a substantial 
amount of detrital materials. These materials get 
trapped in the mangroves' root system, accumu-
late and consolidate to form a relatively dense 
stratum. These materials replenish those that are 
brought into suspension by wave agitation and 
subsequently transported away by coastal cur-
rents. When the freshwater streams are diverted 
and discharged into the sea at discrete points 
through the tidal control gates, the affected 
stretch of mangroves suffers because it has diffi-
cult access to the detritus supply., 

Another hypothesis, based on field observa-
tions, concerns the underwater migration of huge 
mud waves. Moni (1970) and Allersma (1980) 

reported the longshore propagation of a mud belt 
off the coasts of southwest India and Surinam, 
respectively. The transitory mounds and troughs 
of the mud belt correspond to-the sites of accretion 
and recession along the coast, which alternate in a 
temporal cycle. This cyclic trend is also observed 
in Malaysia. 

Since there was no long-term monitoring of 
data, no conclusion can be drawn on the causes of 
erosion in southwestern Johore. Nevertheless, any 
or all of the hypotheses described above need to be 
considered. Aerial photographs have revealed that 
in the Benut Forest Reserve area--the northern 
boundary of the South Johore Coastal Resources 
Management Project--a vast generation of new 
mangroves has grown over the last 20 years. The 
total area of new mangroves is 524 ha, of which 
389 ha are in the Benut area. Concurrently, a 
total of 164 ha of mangrove forests was lost in the 
Bantu, Kukup, Piai and Chokoh areas. 

No mangrove loss was observed by Chan (1984) 
in the Rambah Rimba Terjun area since the man
grove forest there has completely vanished with 
most of the coastal bunds provided with rock 
revetment on their seaward slope. The contiguous 
accretion and erosion of a mangrove-fringed 
shoreline in this area seems to be consistent with 
the above-mentioned causes of erosion. 

With the exception of Kukup Island and Piai, 
erosion was reported in the areas where the 
upland has been bunded either for agriculture or 
aquaculture. In areas where the river systems 
retain their unaltered passage to the sea, a new 
generation of mangroves flourishes. Fig. 2 shows 
that even if the hinterland area of the Benut For
est Reserve is bunded and the local drainage is 
regulated by tidal gates to flow into the river, the 
Benut River still functions as a main drainage 
outlet for the large upland catchment. Thus, the 
river still brings sufficient sediment and freshwa
ter to nourish the adjacent coast .ontinuously. In 
other areas, small rivers and creeks have been 
closed and tidal gates constructed in their places 
to regulate the flow. This eventually deprives the 
coastal area of sediment and freshwater supply, 
thereby contributing to mangrove loss. 

Regardless of the underlying mechanism of 
mud coast erosion, man's action in the coastal 
zone serves to either initiate or accelerate further 
erosion. Bund revetment only protects the proper
ties behind it against erosion. Along the protected 
area at both ends, erosion continues and, most 
likely, becomes more severe because of the effects 
of wave diffraction. This phenomenon can be seen 
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in the Buntu and Rimba Terjun areas, where the The long-term scouring at the toe of a structureerosion down-coast of the completed revetment is not directly related to the extent of the futurebecame more severe after the completion of the scouring that is likely to occur. As a rule, therevetment in 1985-86. maximum local scouring depth in front of the 

structure is about 1.5 times the wave height. The
projected water depth in front of the structure isTECHNICAL EVALUATION: then the sum of the existing depth, the local scourTHE PRESENT PROTECTION WORK depth, known erosion rate and the foreshore slope.
This analysis leads to a maximum 2.8-m waterTraditionally, a coastal bund is built from earth depth in front of the structure during the 25 years(Fig. 3). The practice of the Drainage and Irriga- of the project's life. The maximum unbrokention Department is to construct this earth bund waves that can be sustained in this water depth isabout 400 m landward from the outer edge of the 2.2 m or 0.78 times the water depth. However, themangrove. A total length of 66 km of earth bund probability of the occurrence of a wavp of suchhas been completed to protect the project area magnitude is very small. Therefore, the cost-benefrom tidal flooding and seawater intrusion at a fit of this extreme wave height or the significantcost of M$50/m run. However, along some parts of wave height using either design should bethe coast, the removal of mangroves due to coastal evaluated. 

erosion has exposed the earth bund to direct wave
 
action. In these places, bund protection work has
 
been carried out.


Fig. 4 shows a typical cross-section of the bund 
 PROPOSED UPGRADING
protected with rock revetment. Typically, the sys- OF THE PROTECTION WORK
 
tem comprises two layers of armor rocks, with the
weight of each ranging from 200 kg to 300 kg so 
 Assuming that this area is highly sensitive andthat they remain stable under the breaking wave can not afford any damage from erosion, then-theand secondary layers made of smaller rocks and design for protection work has to be based on thegeotextile materials. The side slope of the revet- 2.2 m wave height. This will result in the use ofment is 3 (horizontal) to 1 (vertical). The armor 1.2 t of rocks if the side slope is kept at 3:1. This isrock was designed to withstand waves of up to still considered low when the effect of the impact1.05 m high and the crest to withstand waves of by drifting logs and debris is taken into accountup to 1.05 m high. The crest level is sufficiently (Ueda 1980). However, using heavier armor rockshigh to prevent overtopping by the associated may lead to foundation problems becausewave quiterun-up. The toe of the structure is located at often, the bund is built on very soft ground. Fig. 5R.L. -1.42 m LSD, which is about 1 rr below the shows the typical surface spill profile along thepresent seabed elevation. With the MHWS (mean western coast of Peninsular Malaysia (DID 1985).high water spring) level of +1.32 m LSD and an Typically, layers of soft to very soft coastal clayaverage seabed level of 0.4 in LSD, the maximum can be found from 20 to 30 m deep.water depth in front of the structure is 1.7 m. The sheer strength of this marine clay obtainedAnalysis of the structure's cross-section design from the drained striaxial compression stressreveals that it can withstand the significant wave ranges from 3 2to 45 m to 230 M 2. The bearingheights normally encountered in the Strait of pressure of a revetment using 1.2 t of rockMalacca under present seabed conditions. Wave according to a profile of the soils of the type shownreflection results in scouring in front of the struc- in Fig. 5 is 90 KN/m 2 . Thus, when the structure isture. When the water depth fronting the structure located on softer soil, the soil is unable to sustainbecomes deeper, bigger waves can reach the shore the imposed pressure of the structure. Excessiveand break directly on the structure's slope. Unfor- settlement and slip failure may then ensue.tunately, no monitoring data are available to The various ways to overcome this geotechnicalcheck the occurrence of the scouring phenomenon problem are:that may have occurred. However, monitoring a. the use of a flatter slope, hence a widerdata collected from 1979 to 1986 in Sg. Lurus, base;which is about 50 km north of this area, indicate b. soil improvement or replacement; andthat scouring occurs at an average rate of 0.23 c. the use of articulated concrete units thatm/year (C.H. Lim, pers. comm.). are lighter. 
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By flattening the slope, the revetment base 
becomes wider, which results in lower bearing 
pressure. However, the flatter section usually 
requires more macerials. Soil improvement or 
replacement is also expensive and may not be jus-
tified unless the value of the properties protected 
is exceptionally high since articulated concrete 
units derive their stability from their interlocking 
system. Also, normally, under the same wave con-
ditions, the weight required is only about a quar-
ter of the weight of a rock, However, this system 
is a civil engineering innovation, and field experi- 
ence and knowledge about its behavior is rather 
limited when compared to a rock environment 
Moreover, its cost is normally less competitive 
than the rock's. Therefore, the use of such a sys-
tem should be closely monitored. 

Fig. 6 shows the general sequence of erosion in 
a mangrove-fringed coast. Erosion normally starts 
with the lowering of the mudflats in front of the 
foreshore scarp. This is followed by the erosion of 
the scarp, thereby stripping off the mangroves. 
This leads to the concept of scarp protection. By 
protecting the scarp instead of the bund, the rock 
size can be reduced and, at the same time, two 
defense lines are created. Bigger waves break off-
shore as they pass through the scarp revetment 
and the smaller regenerated waves are filtered by 
the mangroves. Replanting of mangroves can be 
done between the scarp and the bund, if site con-
ditions permit. The possibility of using this 
method of protection depends on the foreshore 
bathymetry of the area and the availability of suf-
ficient mangroves. 

The foreshore bathymetry of the southwestern 
coast of Johore does not indicate the existence of a 
foreshore scarp, which could imply that this has 
already been eroded. This precludes the possibil-
ity of implementing the scarp protection scheme. 
Therefore, the most feasible method of improving 
the revetment is by adopting a flatter slope for the 
structure. This can be easily incorporated in the 
course of the maintenance work. 

ECONOMIC EVALUATION: 
PROJECT BENEFITS 

It is 	very difficult to separate the benefits of 
coastal protection work from the total benefits we 
can get from the project itself. The benefits 
derived from the implementation of the project 
(Nesadurai et al. 1970) are: 

a. increased productivity of existing agricul
tural crops through drainage improve
ment; 

b. increased availability of land suitable for 
cultivation; and 

c. justification of the change of the existing 
cropping pattern to maximize returns 
from lands due to improved soil and 
drainage conditions of existing arable 
land. 

All these benefits are the results of the overall 
drainage and flood mitigation improvement in the 
project area and are not exclusively due to coastal 
bunding alone, although bunding forms are major 
components of drainage improvement. Therefore, 
in the economic evaluation of coastal bunding and 
the required protection work, the above ill be 
considered indirect benefits only. The direci; bene
fit of coastal bunding is then the value of agricul
tural production from the crops planted on new 
cultivable lands, which were previously aban
doned because of tidal flooding but are now made 
available through seawater exclusion measures. 

To arrive at the benefit and cost analysis, the 
following assumptions are made: 

a. 	 an average continuous erosion rate of 4 m 
per year, without the project; and 

b. 	 land values of M$20,000/ha for first-grade 
agricultural land and M$12,500/ha for 
marginal land (MOF 1985). 

Fig. 7 shows the area subject to tidal flooding 
before the implementation of the agricultural 
development project. The total affected area is 
about 7,260 ha. These marginal lands were either 
undeveloped or of a very low yield because of their 
susceptibility to tidal flooding. Construction of the 
77-km earth bund has transformed these lands 
into first-grade agricultural lands. The area is 
now pl&a:ted with coconut and cocoa. Therefore, 
the direct benefits derived from the bund con
struction are as follows: 

a. 	 Land value has increased from 
M$12,500/ha to M$20,000/ha. With a total 
improved area of 7,260 ha, the gain in 
land value is M$54.45 million; and 

b. 	 Increase in income of the farmers working 
on 2.2 ha of coconut land intercropped 
with cocoa is from M$819.5/year to 
M$2,463.18/year (MOA 1981); the net 
increase is M$5,424Iyear. 

The National Coastal Erosion Study noted a 
total length of 13.7 km of eroding coastline in this 
area where protective measures are required to 
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prevent the further loss of properties. If nothing is ENVIRONMENTAL IMPACT
done in the next 25 years, erosion will lead to the OF COASTAL PROTECTION WORK
less of agricultural and village (kampong) lands
and damage to commercial buildings, private and The effects rf the development of coastal farmpublic houses and other amenities such as fish land for agriculture, in relation to the coastalfarms. The direct benefit of coastal protection ecosystem and the planning procedure for theirwork is then the stability of these properties (DID preservation, is discussed by Ueda (1988). How1985), which are valued at about M$39 million, ever, the Western Johore Project was planned andFor example, in the event of bund breach due to implemented since the early 1970s when envierosion, about 1,050 ha of farmland will be inun- ronmental quality was not yet an issue. Therefore,dated by seawater during high tide. Yields from it is very u. likely that this aspect of the projectthese periodically submerged lands for the current was considered adequately during the planningcrop will definitely plummet, with lower yields to stage. Also, there is still no study on the impact ofbe expected for the subsequent crops. This grad- the project the physicalon and biological enviual loss over has notof yield the years been ronments, except for a casual remark that bundincluded in the benefit qualification. ing has caused erosion in the mangrove area. 

Project cost The present physical, biological and socioeconomic environments of South Johore, which 
includes the southwestern coast of Johore, haveThe total length of the coastline that requires discussed in detail (Kadri 1987). However,been 

protection is 13.7 km, out of which a total length this study was prepared after the completion ofof 4.8 km has been completed at a cost of about the Western Johore Project and it did not includeM$2.5 million. However, as mentioned earlier, a comparison of the preproject condition. Thereupgrading these bunds alongrock this stretch fore, the impact of the project on the environment may be required as part of the maintenance pro- is still unknown. 
gram. As for coastal protection work using rockrevetment a cross-The proposed with typical armoring, the effect of the construction on thesection (Fig. 8) costs about M$1,600/m. Hence, the environment stems from the fact that rock layerstotal cost required for the balance of 8.9 km of replace the mud strata in the inner-tidal zone.eroding coast is M$14.24 million and the construc- Therefore, changes in the marine species composition period may spread over a period of five years. tion in this zone can be expected. InvertebratesBased on the scouring rate at a nearby site, the and shellfish, which attach themselves to rockexisting revetment may need to be upgraded in surfaces, will most likely replace the mudten years' time, the cost of which is assumed to be dwelling invertebrates in this zone. However, noM$1,000/m. The total revetment cost thus covers change is expected in the subtidal and the terresthe cost in constructing the existing and new trial habitats since the physical environment inrevetments and in upgrading the existing revet- these zones remains the same. The revetment willment. prevent further losses to the land behind the 

bund, and the erosion of the -nudflats andBenefit-cost analysis remaining mangroves seaward of the bund will 
continue until a stable offshore profile is reached.The benefit accrued from protecting 13.7 km of Changes, however, becan expected in the areacoastline is M$17.84 million in five years (DID both up- and down-coast of the protected area. In1985). This gives a present value of M$17.75 mil- these areas, erosion will accelerate and morelion at a discount rate of 8%. The capital cost to damage can be expected as a result of the endprotect 8.9 km of coastline is about M$14.24 mil- scouring effects. This can be alleviated if the endslion spread over the first five years, plus the of the revetment are tied to natural formations

upgrading cost for the existing revetment will such as hills, rocks or rivers.
require a total of M$4.8 million after 10 years. In 
addition, M$2.5 million has been spent for 4.8 km 
of coastline, making the total cost of M$14.42 mil- CONCLUSION 
lion at the same discount rate of 8%. Therefore,
the benefit-cost ratio of the project is 1.23 at the Although there have been numerous speculadiscount rate of 8%. tions on the likely cause and effect relationship 
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between coastal banding and coastal erosion along 
a mangrove-fringed coast, no concrete conclusions 
can be derived since there has been no thorough 
study on this subje',L. However, on-site observa-
tion has indicated some correlation between the 
alteration of the natural drainage pattern and the 
demise of mangroves. 

The existing revetment should be upgraded in 
some way to protect the area from projected long-
term wave-induced erosion. This can be done by 
flattening the seaward slope of the rock revetment 

in the course of carrying out maintenance work. 

Protecting the entire 13.7 km of currently eroding 
coastline is economically viable, even without con-
sidering the various intangible benefits and their 
general contribution to the overall success of 
agricultural projects. Further study should 
determine the revetment's impact on the physical, 
biological and socioeconomic environments. 
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ABSTRACT 

Segara Anakan, a brackishwater lagoon located in the west
side of Cilacap on the south coast of Java, is becoming
shallower and smaller yearly due to siltation. The two distinct
shrimp fisheries in the Cilacap areas are the lagoon and the 
offshore fisheries. 

Several problems have been hindering the ecological role of 
Segara Anakan and the surrounding mangroves a nurseryas 
ground for penaeid shrimp: the decreasing water volume due
to rapid siltation; the shrinking mangrove areas; the excessivefishing effort and the use of nets with very fine mesh size; and 
the deteriorating water quality. Thus, there was a need for the
research. 

As observed, one possible consequence of the siltation of the 
lagoon is the reduction of the size of the nursery ground. Sucha condition of the nursely ground will influence the recruit-
meat of adult shrimp from the offshore area and then affect itspopulation size and the magnitude of the catch. 

INTRODUCTION 

Background of Segara Anakan 

Segara Anakan ("the child of the sea") is a 
brackishwater lagoon, of approximately 4,000 ha 
in the west side of Cilacap on the south coast of
Java. It has two connections to the sea, one in the 
eastern and the other in the western part of thelagoon (Fig. 1). 

The lagoon is surrounded by about 14,000 ha of 
mangrove forests, the largest single mangrove 
area in Java. Several rivers flow into Segara 

Anakan; the m3st important ones are theSapuregel, Cibereum, Cikujang and Citanduy
Rivers. Due to upland deforestation, these rivers 

i vbring much sediment, thus causing siltation espe
cially during the rainy season.

Since it has become shallower and smaller 

yearly, the lagoon has a maxinum depth of only 2 
m during ebb tide (tidal amplitude ranges from 50 
to 150 cm). 

Occurrence of species 

Catches from the lagoon most often comprise
common fish such as: anchovy (Stolephorusspp.),
sardine (Sardinella fimbriata), ponyfish
(Leiognathus spp.), mullet (Mugil spp.) and squid 

(Loligo spp.), and these shrimp: Metapenaeus
ensis, M. elegans and Penaeus merguiensis. These 
are the species that migrate to the lagoon. 

Meanwhile, the sedentary, macrobenthic mud
crab (Scylla serrata) and cockles (Anadaragranosa and A antiquata)naturally occur in the
lagoon and its surrounding mangroves. 

In certain seasons, jellyfish in their blastula
stage form the bulk of the catch of plankton nets.During fl6od tide, the rest of the catch consists of 
copepods, mysids and sergestids. Table 1 lists 
the fish, crustacean and mollusk species thatoccur in Segara Anakan and the offshore area of 
Cilacap. On the other hand, Table 2 lists thelarvae and postlarvae stages of fish, shrimp, crab 
and mollusk species as well as zooplanktonsamples from the east and west entrances of 
Segara Anakan. 

Lagoon and offshore shrimp fisheries 

There are two distinct shrimp fisheries in the 
Cilacap areas: the lagoon and the offshore 
fisheries. The former is characterized by the use of 
tidal traps (]aringapong, wide and sero), gill nets 

4L1n 
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and cast nets, which mostly catch juveniles. In the 
latter, trammel nets and beach seines (arad)are 
used, thus yielding larger shrimp for export. 

The main shrimp spccies caught in the lagoon 
are M. ensis, M. elegans, M. dobsoni and P. mer-
guiensis. All four species can also be caught in the 
offshore area, including P. monodon, P. chinensis, 
Parapenaeopsis coromandelica, Trachypenaeus 
asper andMetapenaeopsisstridulans. 

Much of the lagoon's fish landings consisted of 
shrimp juveniles. In certain months, shrimp catch 
exceeded those of fish although the former were 
decreasing yearly prior to 1980 (Table 4).
However, from 1981 onwards, shrimp fisheries 
yield began to increase again. Crustaceans like 
the penaeid shrimp., caridean shrimp, mysid and 
crab constituted from 60 to 75% of the total catch, 
while finfish made up the rest (25-40%). 

Offshore shrimp resource exploitation can be 
divided into three periods, with the trawl ban as 
the point of reference. Before the trawl era (before 
1972), bottom gill net, Danish seine and beach 
seine were used as gear for catching shrimp. 
During the trawl period (1972-1980), trawl was 
the main gear employed, making up about 95% of 
the total shrimp catch. After the trawl ban (from 
1981 onwards), the trammel net has been used in 
the offshore area and the beach seine in the 
shallow-water portions along the beach or the 
inshore area. 

Before the trawl era, the shrimp catch 
amounted to 195 t/year, while during the trawl 
era the shrimp catch ranged from 1,614 to 5,242 
t/year (Table 3). In the period between the trawl 
era and after the trawl ban, there were some 
changes in shrimp catch composition. During the 
trawl era the small-type shirmp, krosok, were the 
dominant catch (about 53% of the total). However, 
after the trawl ban, the trammel net, a more 
selective fishing gear, has been catching mostly 
shrimp belonging to the dogol andjerbunggroups. 

Moreover, during the trawl era, the level of 
exploitation exceeded that needed to generate the 
maximum sustainable yield (MSY). The MSY of 
the offshore fishery is estimated at 5,800 t/year 
(Naamin 1980). Effort was excessive and the very 
fine trawl cod-end mesh size was used. Fortu-
nately, it seems that the shrimp stock has 
recovered since 1983. This stock has not been fully 
exploited by the present fishing effort such that 
the shrimp catch is at present much less than that 
of the trawl era. However, the value of the present 
catch is higher because the price of shrimp has 
been increasing in the last few years. 

The problems 

A number of problems have been hindering the 
ecological role of Segara Anakan and the sur
rounding mangroves as nursery grounds of 
penaeid shrimp: (1) the decreasing water volume 
due to rapid siltation; (2) the shrinking mangrove 
areas; (3) the excessive fishing effort and the use 
of nets with very fine mesh; and (4) the 
deteriorating water quality. 

Objectives of the research 

This research was conducted for the following 
reasons: (1) to identify the ecological and economic 
functions of Segara Anakan as nursery ground of 
penaeid shrimp and (2) to assess the impact of 
changes in environmental conditions (i.e., 
mangrove degradation, water pollution and size 
reduction of the lagoon's nursery ground due to 
sedimentation) on the lagoon and the offshore 
fisheries. 

MATERIALS AND METHODS 

Selection of species for study 

P. merguiensis, M. ensis and M. elegans were 
chosen for study because they are the dominant 
species in the yields of the lagoon and the offshore 
fisheries. 

Selection of stations 

The lagoon's shape, with two connections to the 
sea, dictated the choice of two stations at the east 
and west entrances for immigrating larvae and 
postlarvae to the lagoon. 

Four sampling stations were selected for 
studying the emigration of juveniles from the 
lagoon and the surrounding mangrove ecosystem. 
Stations were located close to the east and west 
entrances and the two other stations were located 
in the middle of the lagoon (Fig. 1). The selection 
was based on the presence of the tidal traps fixed 
by the fishermen in these areas. It was assumed 
that the existence of these traps indicated where 
the shrimp and fish juveniles are abundant 
during ebb tide. 

Sampling methods 

Immigration. Immigrating larval and postlarval 
shrimp and fish were sampled by setting a 
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plankton net suspended from a buoy moored near the landing places of the commercial fisheries.each entrance to the lagoon. The plankton net The abundance of the stock was estimated frommeasured 113 cm in mouth diameter and 350 cm percatch unit effort (CPUE) and the relativein length (from the mouth to the cod-end). It had a stock size was estimated using Surplusstainless steel frame and nylon netting with a Production Models (Schaefer 1957; Fox 1970). Themesh size of 170 g. This large net, when used with data collected were analyzed monthly to check the a 60 kg weight, could be handled by two people seasonality of shrimp occurrence according to itsfrom an open boat and hence used in shallow life stages. Time-series data, which were available
waters (Fig. 2). The net was set at 0.5 m from the for several years, were treated as the monthly
surface fortnightly during both flood and ebb tides average.
to monitor lunar periodicity and seasonal changes Shrimp larvae and postlarvae coming intoin the number of immigrating larvae. Additional Segara Anakan and its surrounding mangrove
nets moored in the middle of the river, about 0.5 ecosystem were sampled during flood tide, asfrom the bottom, provided information on the describedm above. To check whether these alsodepth distribution of migrating shrimp and fish. emigrate to the sea from the lagoon during ebbThe samples were identified and the numbers of tide, the plankton net was also set several timesall fish, penaeid shrimp and other crustacean in previous trips. Since approximately 90% of thespecies were then recorded. The postlarvae of each larvae and postlarvae were taken during the
species were identified from the description of incoming flood tide, sampling during ebb tide was
Hall (1962), Poernomo (1968) and Kirkegaard terminated in August 1987.
 
(1975).
 

Emigration. Emigrating juvenile shrimp, other
 
crustaceans and fish were sampled with 
set nets RESULTS
 
(jaringapong) from buoys moored near the river's

mouth at both entrances to the lagoon, at the tidal 
 Taxa immigrating into the lagooncreeks in the mangrove area and in that portion of Immigrating larvae and postlarvae consisted of
the lagoon perpendicular to outflow Immigrimp o P.the (at ebb larvae raensist
tide). A trawl-type set net with an 18-m headrope penaeid shrimp (Penaeus merguiensis, P.and with a 20-mm cod-end mesh size was set at monodon, P. chinesis, Metapenaeus ensis, M.the bottom during ebb tide once in a fortnight. Allspecies of penaeid shrimp, fish and other aquatic 

elegans, M. dobsoni and Metapenaeus spp.) in the
mysis and postlarval stages; udang rebon 

animals were identified in the field or the (Sergestidae and Acetes spp.); zooplankton
laboratory and recorded. Juveniles of each species [Lucir app , c opCps spp.);

identified from the description of Kubo Nauplius spp., Calanus spp.];were 
mesogastropods;

(1949), Dal] (1957), Racek and Dall (1965) andKirkal.(19gaad 0).larvae bivalve larvae; annelids; rotifers; Sagitta spp.; fishe and postlarvae; squids; cuttlefish, jell:fishKirkegaard et al. (1970). and crabs. Sampling results showed that the catch 
Spawning Season. The spawning season,

spawning ground and other population was usually dominated by Cyclops spp. andparameters such as recruitment patterns of certain times, by jellyfish (in blastula stage). 
at 

offshore shrimp and fish were identified by taking P. merguiensis, M. ensis and M. elegans weresamples regularly (i.e., every fortnight) from the the penaeid species of shrimp larvae that consiscommercial catches at the landing places tently occurred in the samples. Their seasonalSpawning seasons were identified by observing patterns show that they occur throughout the
the gonadal maturity stage: stage I- year, with peaks in February and June (Table 5 
quiescent/undeveloped, stage II-developing, stage and Fig. 4). 
III-early maturity/ nearly ripe, stage IV-ripe and Seasonal distribution of juveniles
stage V-spent (Fig. 3). Those in stages I and II 
were classified as immature shrimp and those in Emigration of juveniles occurred all-year-round,
stages III, IV and V as mature shrimp. A higher with peaks in February, August and Novemberpercentage of mature shrimp was considered a December (Table 6, Fig. 4). Based on the monthlysign of the spawning season. number of trips for the set net and its CPUE, itFishing season and fishing ground were was estimated that the catches ofjuvenile penaeididentified and offshore shrimp and fish stock were shrimp were high (more than 40 t/month) during
estimated from catch-and-effort data collected at May and December-February. 
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Juveniles caught by set net consisted of penaeid 
shrimp (P. merguiensis,P. chinensis,P. monodon, 
M. ensis, M. dobsoni, M. elegans, Metapenaeus 
spp.); other crustaceans (crab, Sergestidae, Acetes 
spp., Palaemon spp.); fish (Leognathus spp., 
Johnius spp., Pseudociena spp., Engraulis spp., 
Bothidae, Gerridae, Mugil spp., Trichiurus spp., 
Cynoglosus spp., Stolephorus spp., Sauridaspp., 
Sardinella spp., Apogon spp., Chirocentrus spp., 
Harpodon spp., Muraenesox spp., Therapon spp., 
Scomberemorus spp., Scatophagadidae), mollusks 
(Loligo spp., Sepia spp.) and jellyfish. 

Toward the west entrance, M. ensis was the 
dominant shrimp species caught, followed by M. 
elegans, P. merguiensis, M. dobsoni, P. chinensis 
and P. monodon. At the east entrance, the catch 
was also dominated by M. ensis, but in February 
1988 it was dominated by P. merguiensis (24% of 
the total in terms of volume and 80% in terms of 
number). Juvenile fish belonging to the Clupeidae, 
Cynoglossidae, Engraulidae, Gobiidae, Carapidae, 
Scianidae and Scatophagadidae genera were 
abundant in the catch. Sergestids were also 
abundant. 

Yields 

Maximum sustainable yield (MSY) of the lagoon 
shrimp was about 605 t/year. The population con-
sisted of juveniles with a size range of 3-12 mm 
carapace length or 0.10-2.0 g total weight. 

The shrimp resources (mainly juveniles) in the 
lagoon and the adjacent mangroves are exploited 
by artisanal fishermen living in the nearby 
village. About 74% of the population of Kampung 
Laut depends on fisheries for its livelihood. 

The tidal traps commonly used by these 
fishermen have very fine mesh (about 4 mm) and 
depend on the strength of the ebb-tide current. 
When the current is not so strong (described in 
the vernacular as ngember), there is very little 
catch, or sometimes none at all, and fishing 
activities using tidal traps are terminated, 
(Shrimp yields are listed in Table 4.) 

Seasonal distribution of offshore catch 

The growth parameters of P. merguiensis were 
estimated by Sumiono (1987) based on length-
frequency data from the offshore area of Cilacap 
from 1977 to 1984 (Table 7). 

The spawning season of P. merguiensis in the 
offshore area of Cilacap can be determined from 
the monthly average of maturity stages (in 

percentage) (Table 8). Spawning occurs all-year
round with peaks in March-April, August and 
November (Fig. 4). Schaefer's linear model and 
Fox's exponential model suggest that, based on 
the data in Table 3, MSY ranged from 5,000 to 
5,800 t/year. 

Both monthly catch and CPUE were high from 
September to December. This seasonality was 
similar to the trend during the trawl and trammel 
net era (after the trawl ban). 

The catch consisted of all the 12 species of 
shrimp covered by three resale categories: jerbung 
(P. merguiensis, P. monodon, P. chinensis); dogol 
(M. ensis, M. elegans, M. dobsoni); and krosok 
(Parapenaeopsiscoromandelica,P. maxillipedo,P. 
probata, Trachypenaeus asper, Metapenaeopsis 
stridulans,Solenocera subnuda). Krosok includes 
the small types of shrimp and this group made up 
about 53% of the catch. Dogol (endeavor group, 
Metapenaeus spp.) accounted for 31% andjerbung, 
16% of the total catch. 

Ecological parameters of the 
lagoon and offshore waters 

The shelf portion along the south co!-,t uFJava 
is relatively narrow and of this entire porition, the 
Cilacap area is the widest. Segarc Anal. :n lias in 
the west side. 

Nusa (it means "island") Kambangan protects 
Teluk (it means 'bay") Penyu in the east, 
Pangandaran Bay in the west and Segara Anakan 
against the waves and currents of the Indian 
Ocean. Many rivers flow into the waters of 
Cilacap and Segara Anakan (Fig. 1). 

The hydrology of the region is dominated by a 
seasonal alternation of the east and west% 
monsoons. There is a coastal current that flows 
east along south Java during the months of 
November to June and flows west from July to 
October (Soeriaatmadja 1957). The high tide 
current ranges from 7 to 462 cm/minute at the 
east entrance and from 5 to 110 cm/minute at the 
west entrance. The ebb-tide current ranges from 4 
to 113 cm/minute at the east entrance and from 3 
to 142 cm/minute at the west entrance. These very 
strong tidal currents considerably influence the 
recruitment of shrimp from the offshore waters to 
the lagoon and vice versa. 

The planktonic larvae and postlarvae are 
transported from the spawning ground to the 
lagoon by drifting with the flood tide current, 
while the juveniles are transported from the 
lagoon to the offshore area by following the ebb 
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tide current. During the flood tide, the juveniles There were no larvae and postlarvae of P.have a resistant mechanism against the flood tide semisulcatus, Solenocera spp., Parapenaeopsiscurrent called reotaxis. spp. and Metapenaeopsis spp. immigratingAccording to Wyrtki (1962), upwelling in south 

to 
Segara Anakan and the surrounding mangroveJava occurred during the southeast monsoon. This areas, and there were no emigrating juveniles ofwas confirmed by the results of the R.V. Oh Dae these species either. The absence of these speciesSan (1972) survey, which showed high plankton could imply that they do not need the lagoon andconcentrations of 350 in the Javamg/m3 south mangrove areas as nursery grounds.coastal area, 660 mg/m 3 in the Cilacap waters and Most of the commercially important species of50 mg/m 3 in the north Java area in November penaeid shrimp found in the Cilacap waters have1972. a very similar overall pattern of iie cycle. TheSalinity is influenced by the flow of water from cycle involves marine and estuarine or lagoonthe rivers. The effect of this is significant during phases with a shoreward migration of the larvaethe rainy season (September-December). During and seaward migration of the juveniles,low tide in the rainy season, the salinity ranges adolescents and adults.from 2 to 18 ppt. During low tide in other seasons, Based on the high percentage of gonadalthe salinity ranges from 23 to 30 ppt and during maturity in the offshore samples, spawninghigh tide, from 25 to 32 ppt. The surface tempera- strongly appears to occur in the offshore area atture of the Cilacap and Segara Anakan waters depths ranging from 20 to 30 m. Monthly samplesranges from 28.30 to 30.30'C. of gonadal maturity showed that spawningRainfall in the Cilacap-Segara Anakan area is occurred throughout the year with peaks ingiven in Table 9, and as shown, 1987 was a rela- March-April, August and November.tively dry year, compared to the previous years Samples of immigrating larvae and postlarvae(1984-1.986). from both entrances to the lagoon also showedThe fishing ground of the offshore fisheries can that they occurred throughout the year withbe divided into the Pangandaran waters in the peaks in May-August and December. Emigratingwest, and the waters of Teluk Penyu-Gombong juveniles from the lagoon and the surroundingand the waters south of Yogyakarta in the east. mangroves also occurred throughout the year withThese three divisions have approximately 1,300 peaks in February, August and November. Thekn 2, 3,100 km2 and 800 km2 of demersal ground fishing season in the offshore area occurred from
area, respectively, at a depth of 100 m. The tradi-
 August to January with peaks in September totionally exploited pelagic ground runs up to some November.10 km off the coastline. Cilacap is the main fish By correlating the peaks of each life phase (Fig.landing place on the south coast of Java. 4) to subsequent life phases through theOutside of the shelf area, upwelling occurs, progression method, it can be seen that the peakduring the southeast monsoon in an area between of spawning in the offshore area (indicated by the16 and 36 km off the coast, while during the maturity stage) occurred in March-April and thatnorthwest monsoon, upwelling occurs about 100 the peak of subsequent life phases--larvae andkm off the coast. These areas are expected to postlarvae--at the lagoon's entrances occurred inbecome pelagic fishing grounds in the future. May and June. The cycle progressed with the 

peaking of the juvenile phase at the lagoon in
DISCUSSION AND CONCLUSION July-August, and then the peaking of fishing in 

the offshore area from September to November.
Shrimp population and distribution The second peak of spawning was in August,

followed by a peak in the occurrenceA strong correlation was found between of juvenilesthe in November, and then a peak in fishinglagoon population and the offshore population. January. 
in 

The species composition of the larvae and The above observations imply that:postlarvae samples collected at the lagoon's 1. There is a strong correlation between theentrances during flood tide were similar to that of lagoon and offshore populations of comthe juveniles caught during ebb tide in the lagoon mercially important shrimp species,and offshore area. Among the commonly occurring Penaeusspp. and Metapenaeusspp.species were P. merguiensis, P. chinensis, P. 2. The catch of larvae/postlarvae, juvenilesmonodon, M. ensis, M.elegans and M. dobsoni. and adults, as well as the spawning 
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season (the maturing stage) of the above 
species in the lagoon and offshore areas of 
Cilacap seem to show a seasonal pattern, 
although factors governing this pattern 
have not yet been determined, 

3. 	 There is a time lapse of six to seven 
months between the spawning season 
(maturing stage) and the fishing season. 
(Most of the shrimp caught in the offshore 
area were from six to seven months old 
and most of the juvenile shrimp caught in 
the lagoon were three to four months old.) 

A study conducted by van Zalinge and Naamin 
(1975) during the trawl era indicated that it took 
five months from the spawning and residence 
time in the nursery grounds to the time of 
recruitment to the offshore fishery. This means 
that most of the shrimp caught by the trawlers 
were about five months old. The findings also 
indicate that the average size of shrimp caught 
during the trawl era was smaller than that of 
shrimp caught by trammel net. 

The role of the lagoon as a nursery ground 

Aside from having an important role as a 
nursery ground, the lagoon also has an ecological 
significance for supporting a large and productive 

mangrove ecosystem. Mangroves are among the 

most productive ecosystems on earth. Their 

primary productivity is up to 14 gC/m 2/day under 

favorable conditions (Snedaker and Getter 1985); 

this ranges from 430 to 5,000 gC/m 2/year (White 

1987). 
A prominent role of mangrove communities is 

of leaf litter and detrital matterthe production 
that are exported, during the flushing process, to 

and nearshorethe adjacent brackish lagoon 

marine environment. Through a process of 

microbial breakdown and enrichment, the detrital 

particles become a nutritious food resource for a 

variety of marine animals (including shrimp). The 

role of mangroves in the production and 

maintenance of a nearshore fishery is widely 

acknowledged (Snedaker and Getter 1985). 
There is enough literature (MacNae 1974; 

Martosubroto and Naamin 1977; Saenger et al. 

1983; Hamilton and Snedaker 1984; Salm and 
Clark 1984; Snedaker and Getter 1985) that 
refers to mangroves as important nursery grounds 
for a great number of shrimp and fish species. 
According to Salm and Clark (1984), for instance, 
at least 550,000 t of shrimp and fish worth 
US$194 million caught in Indonesia in 1978 were 

species closely associated with mangroves, lagoons 
and estuaries during some phases of their life 
cycles. 

Water quality and stability of the lagoon greatly 
influence the sustainability of the role of the 
lagoon and its surrounding mangrove areas as a 
nursery ground of shrimp. Even though the water 
quality in Segara Anakan is reported to be 
unpolluted and good for fisheries, there is some 
threat of water pollution in the future. 

Some other factors also endanger the stability 
of Segara Anakan. The water area of the lagoon 
decreases from year to year due to heavy siltation 
brought about by the flow of water from upland 
areas. In 1900, the area of the lagoon was 
estimated at about 6,675 ha; this declined to 3,638 
ha in 1980 and then further declined to 2,761 by 
1984. During the period 1980-1984, the average 
loss of water area was 200 ha/year (Gamaco 1984). 

The area covered by mangroves has also been 
decreasing from year to year due to the illegal cut
ting of trees and the conversion of portions of the 

mangroves for other purposes such as human 
settlement, rice farming and coconut farming. In 
1942, the area of mangroves was estimated at 
about 22,512 ha; this was cut down to 14,000 ha 
in 1982. 

About 74% of Segara Anakan's catches come 

from tidal traps and the rest come from push-net 

(9%), wadong or crab trap (8%), trammel net (7%) 

and pinturor small lift net for catching crab (3%). 

For shrimp, the bag net, wide, trammel net and 

push-net are used. Of these, the wide has the 

biggest percentage of shrimp in total catch (Table 
10). 

Total landings of shrimp during the period July 

1987-July 1988 amounted to 932.21 t, worth Rp 

627.23 million (US$349,431.75) or about 75% of 

the total value of fish landed in Segara Anakan. 

This 	 value is relatively small compared to the 
same periodvalue of offshore shrimp catch in the 

(about Rp20.44 trillion or US$12.39 million). 

The lagoon fishery is important to the people of 

the area. About 74% of the Kampung Laut popu
lation is dependent on fisheries. During the trawl 

era, many Segara Anakan fishermen worked as 

crew of trawlers in the offshore area, but they 
came back again as traditional lagoon fishermen 
after the trawl ban. Much effort has been exerted 
by the Central Java Provincial Government to 
reduce the number of fishermen in Segara 
Anakan through a program of transmigration out 
of Java or a shift from fishing to farming jobs, but 

http:US$12.39
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Table 1. Main species of fish, shrimp, crab and mollusk juveniles occurring in Segare Table 2. List of larvae and postlive of shrimp and fish found In the 
Anakan and the offshore aras of Cilacap. samples at the east and west entrances of Segare Anakan. 

Common (English) name Scientific name Indonesian name Genus or species Life stsge or type of organism 

Fish Penaeus merguknss Shrimp 
Anchovy Stolephorus app. I/o, teai P.chinenula Shrimp 
Sardine Sardinel/a flmbriata Tembang P.monodon Shrimp 
Ponyfih Leognathus app. Petek Metapcwus enst. Shrimp 
Mullet Mui Epp. Beionak M. elegan Shrimp 
Croaker Johnius app. Gulamah M. dobsoni Shrimp 
Hairtail Trichiurus app. Layur Mehopenaoe 

, spp. Shrimp 
Sole Cynogvoeus app. lAn idah Acetes Sergeetid 
Urardfish Sourida app. Boa2 Mycidsces Myid 
Wolf herring ChLrocentrus app. P1nmnSparoV Cyclops Epp. Copepod/sooplankton 
Bombay duck Harpodon nehaeus Lomat Lucifer Zooplankton 

Amphipod Zooplankton 
Shrimp Naupliu @pp. Zooplankton 

White shrimp Pennaus merguienais Udangjarbung Calanua Zooplankton 
White shrimp P. chinensia UdmgjerbAung Mesogastropoda Zooplankton 
Tiger shrimp P. monodon Udangundu Bivalve larvae Zooplankton 
Endeavor shrimp Meiapenatus enis Udano dogot Annelida Zooplankton 
Endeavor shrimp 
Western shrimp 

M. ecans 
M. dbwoni 

Udang dosol 
Udang kromoh 

Rotifera 
Sagit

f a app. 
Zooplankton 
Zooplankton 

Clupetdae Fish postlarvae 
Crab Leognathidae Fish postlarvae 

Mangrove or mud crab Scy//a uerrata Kep/tiw Snuridaspp. Fish postlarvae 
Sclanidae Fish postlarvae 

Mollusk Gerridae Fish postlsrvae 
Squid Lotigo spp. Cuml-¢cui Engrakida Fish poetlarvae 
Cuttlefish Stpia pp. so on L0o14oapp. Squid 
Cockle Aadwa ogmnomo Kerangdrah Sepia app. Cuttlefish 
Cockle A. antguata Kvrngbutu Jellyfish Blastula 

Megaloppa Crab 

Table 3. Yearly shrimp catches and nominal effort In the offshore area of Cilacap, 1971-1987. • 

Year Penaeus 
group 

Catch (tyr) 
Metapenaeus 

group 
Others Total Effort Remarks 

1971 
1972 
1973 

1974 
1975 

722 
448 

466 
481 

1,405 
870 

902 
932 

1,671 
2,169 

1,543 
1,592 

195 
3,798 
2,487 

2,911 
3,006 

50 
356 

1,395 

1,414 
1,421 

Before trawl 
era (Before 1972) 

Trawl era 
(1972-1980) 

1976 489 977 1,88 3,054 1,959a 

1977 
1978 
1979 
1980 
"1981 
1982 
1983 

1884 

784 
833 
839 
355 
262 
323 
242 

226 

568 
1,666 
1,782 

646 
497 
613 
485 

430 

2,548 
2,707 
2,621 

613 
144 
178 
139 

119 

4,900 
5,206 
5,242 
1,614 
903 

1,114 
866 

775 

2,225 
2,094 
2,124 

19,285 
24,726 
23,222 

28,052 
After trawl 
ban (1981-1987) 

1985 252 639 227 1,118 45,134 

1986 245 668 98 1,011 64 
b 

1987 493 919 291 1,703 87,640 

- Data not available. 
aEffort In boat-month. 
bEffort In boat-day. 



Table 6.Number of shrimp larvae and poatlarvas caught by plankton net per hour during high tide at the east and 
Table 4. Yearly shrimp catch in SegaraAnakan, 1976-1987. west entn ofSepro Anakan. 

Year Catch (0 East entrance West entrance 
Shrimp Fish and others Total Month 

1987 
Mysis Postlarvsa Total Mytis Pstlarvae Total 

1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 

1984 
1986 
1986 
1987 

432 
661 
404 
183 
129 
153 
161 
259 

253 
319 
445 
932 

232 
356 
218 

99 
70 
83 
87 

140 

127 
172 
240 
491 

664 
1,017 

622 
282 
199 
236 
248 
399 

380 
491 
685 

1,423 

May 
June 
July 
August 
September 
October 
November 
December 

1988 
January 
February 

144 
822 
360 

119 
14 
26 
37 
69 

128 
130 

459 
11 
20 
3 
-
5 
6 

10 
39 

144 
1281 

361 
1,039 

17 
26 
42 
75 

138 
169 

12,0 
127 

76 
-

3 
24 
13 

9 
2 

4 
120 
20 

4 

-
146 

2 
6 

12,564 
247 
96 

4 

3 
24 

159 

11 
8 

-MarchSourcus: 1976-1984 figures- after Mangrove Ecosystem Team; 1985-1987 
figures - estimated from CPUE and effort data. 

April 
Al _____ 

121136 
13___ 

44so 
0__ 

166166 
6____ 

30063570 
_0 _ 

18 31819 6589 
19_6__9 

TableS6.gAvanq r(per month)arjuvenfes emigratng &om segara Anakan to the offshore area,

Juma 1987-Septambar 1988. 

Table 7. Estimates of growth and mortality prametera of)'. nherguiensis in the offshore area of Cilacap, 1977
1984. 

Month P. Waguisais snsfe Total Average Period Sex L- K Z M 
January (CL. mm) (yearly) (yearly) (yearly)24 60 84 42.0February 210 284 494 247.0 1977-1979 females 53.1March 1.16 4.598 274 372 186.0 males 43.8 1.60 11.1April 0 262 252 126.0May 20 206 22s 1982-1984June females 53.8 0.90 4.966 260 816 158.0 males 42.4 1.60 9.5July 78 200 278 139.0August 82 621 703 35. 1977-1984 females 51.5September . 15 10 1.05 3.125 12.5 males 44.5 1.31  3.7October 
November 0 40 40 20.00 1,060 1,060 525.0 Average both sexes 49.9 1.25 7.5 3.4December 
 276 50 778 388.0 

Source: Sumiono (1987. 
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Table 8. Percentage ofP. mergzdensl and M. enal in their gonadal maturity stage 
caught in the offshore area of Cilacap, 1977-1979 and 1984-1988 (monthly 
averages). 

Month P. mnrguiensis At. etes 

January 25.7 63.0
 
February 21.2 60.8
 
March 24.2 41.2
 
April 29.8 29.4
 
May 32.4 20.1
 
June 28.8 24.3
 
July 26.8 47.1
 
August 30.7 44.4
 
September 16.6 29.4
 
October 18.3 7.1
 
November 17.8 16.6
 
December 22.9 35.5
 

Table 9. Monthly rainfall in the Cilacap and Segaa Anakan areas for the period 1984. 
1987. 

Month 
1984 1985 

Rainfall (mm) 
1986 1987 Average 

January 292 331 420 371 363.50 
February 332 174 152 170 2D7.00 
March 258 296 611 202 341.75 
April 406 257 423 380 366.50 
May 345 221 168 22 237.50 
June 228 367 673 68 306.50 
July 115 246 458 193 253.00 
August g 56 388 35 134.50 
September 998 121 660 27 426.50 
October 511 293 614 1.i0 384.50 
November 349 466 675 476 466.50 
December 268 468 683 580 499.75 

Total 4,161 3,296 5,615 2,338 

Table 10. Catch-and-effort data for different types offishing gear in Segra Anakan, July 1987-July 1988. 

Effort Catch 
Fishing No. of No. of Volume (Q value (p) CPUE (kg) 

gear units trips Shrimp % Total Shrimp Total Shrimp Total 

Tidal traps 
Apong 320 74,880 330.80 (42.4) 780.75 314.250 350.026 7.16 16.06 
Wide 421 103,987 303.39 (75.7) 401.04 169.280 178.260 7.74 10.03 

Trammel net 195 32,966 204.01 (26.1) 104.69 77.362 92.884 1.54 5.89 

Push-net 289 41,766 94.01 (68.6) 137.06 66.345 73.161 5.24 7.11 

Total 932.21 1,423.44 627.227 694.331 

Notes: 1. The percentage of shrimp catch t total catch is 47.6. 
2. Total value oflandingsef fish, sit..lp, crabs and others from July 1987 to July 1988 was Rp841.7 million. 

http:1,423.44
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ABSTRACT 

The study of Cilacap's semi-enclosed (lagoon) waters, par-
ticularly of Segara Anakan-Cilacap (Central Java), was carried 
out in relation to the effort of making use of this lagoonfisheries resource of the area. as a 

Water quality parameters measured and analyzed were
temperature, acidity, dissolved oxygen, sulfate, calcium, mag-
nesium, phosphate, nitrate, heavy metals (Pb, Cd, Fe, Ni and 
Hg), pesticides and hydrocarbons. The results of the studyindicated that the oceanographic conditions of Segara Anakan
varied considerably according to seasons and tides. 

The pollutant levels of the lagoon are attributed more to 
several rivers discharging into it than to the industrial wastescoming from the eastern part (Cilacap waters). In general, the
pollutant levels were below the upper limits allowed by the
Indonesian water quality standards established for conserva-
tion. 


Sedimentation, which is decreasing the water area, and the 

i.fluence of the incoming tide on 
the water quality are also
 
discussed. 


INTRODUCTION 

The environment of Segara Anakan-Cilacap 
and its adjacent waters, especially of Donan River 
and its surroundings, are currently subject to
land-based pollution and local industrial activi-
ties. However, pollution from these sources is 
considered negligible; seen to be dominant are the 
effects of tides and rivers. 

The importance of Segara Anakan for local and
offshore fisheries has long been known. To sustain 

these resources, good water quality must be main
tained. 

The key water quality parameters of the lagoon 
are oceanographic salinity, temperature, inorganic
pollutants (heavy metals), organic pollutants (oiland pesticides) and bacteriological pollutants. 

Segara Anakan and its adjacent waters 

Segara Anakan is a brackishwater lagoon pro
tected from the sea by Nusa (meaning "island")
Kambangan. Two openings connect this lagoonwith the Indian Ocean: one in the southwest cor
ner, close to the mouth of the Citanduy River and
the other, a narrow, long, branched and mean
dering channel known as Kembang Kuning River,
in the southeast corner, connecting a wider and 

branched channel to Penyu Bay of the Indian
Ocean. Joining the latter channel is the Donan
River-Jeruk Legi River, which runs in the north

south direction (Fig. 1). Situated along the eastern 
bank of from tothis river, north south, are a 
cement factory, an oil refinery, a fertilizer packingfactory and the Cilacap Harbor--wh;ch are sus
pected to be sources of pollutants. 

The Segara Anakan water system is influencedby a daily mixed semidiurnal tide and riverinputs. The rivers that empty into the lagoon are
 
Citanduy and Kayu Mati in the west; Cikujang,
Cibeureum, Kawunganten and Cikonde in the 
north; and Udjung Alang, Dangal and Kembang
Kuning in the east. The lagoon is threatened by
sediment brought in by these rivers at an 
alarming rate. The decrease in the water area of 
Segara Anakan by about 3,000 ha during the past
84 years is shown in Table 1 (Abadi 1984). The 
water quality is also affected by the four seasons, 
two being transitional. The dry season prevails 
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from June to August and is followed by a transi-
tional period from September to November. The 
rainy season prevails from December to February, 
bringing considerable precipitation and very often 
causing floods in the region. This season is fol-
lowed by another transitional period from March 
to May. 

MATERIALS AND METHOD 

Based on the assumption that pollutants from 
the industrial complex are brought in to Segara 
Anakan by the Donan and Kembang Kuning 
Rivers, among other rivers, 12 stations were es-
tablished: Stations A, B and C in the eastern part 
(Cilacap Harbor or Donan River), Stations 1-7 in 
the western part (Segara Anakan) and Stations D 
and E, in Kembang Kuning River, which connect 
the two other areas (Fig. 1). 

Samples were collected from these stations once 
every two months from May 1987 to March 1988, 
and monthly, from November 1987 to January 
1988. To study the influence of tides on the 
oceanographic condition of the lagoon, one diurnal 
sampling station (No. 2) was chosen in Klaces 
where three hourly samplings were carried out. 

For the analyses of water quality, water sam-
ples were collected using Nansen bottles. But 
these were collected at near-surface because of the 
shallowness of the area. Table 2 presents the 
water quality parameters and methods of analy-
sis. 

RESULTS AND DISCUSSION 

The results of the study show monthly varia-
tions in the oceanographic parameters measured 
in the three areas (Table 3). In these waters and 
in other areas of Indonesia, the seasons have 
much influence on the oceanographic condition. 
Thus, the rainy season brings high precipitation 
and the dry season often causes drought in the 
area. 

Spatial and seasonal distributions 

The nine oceanographic parameters measured 
in Segara Anakan during the sampling period are 
shown in Tables 4-12 and Figs. 2-4. The water 
temperature of this lagoon varied very slightly 
from station to station. Monthly observations, 
however, show significant variations seasonally 

(Table 4). Two maxima (29-31oC) were observed in 
May and November 1987, both of which are 
within the transition period. The minimum tem
perature (about 250C) occurred in December 1987 
during the rainy season. Birowo and Uktolseya 
(1980) reported that the mean surface water tem
perature of the south coastal waters near Cilacap 
from July to October was 260C and in April, 290C. 
This range of temperature was within the values 
of the present observation, except in December 
when the temperature was lower but was not 
reported in the previous observation. 

The salinity, sulfate, calcium and magnesium 
contents show a great variation among stations as 
well as seasonally (Tables 5-8). From May to July, 
these parameters showed increasing values. There 
were no salinity data in September, but based on 
the maximum values of sulfate, calcium and mag
nesium that occurred this month, the maximum 
value of salinity should have also occurred this 
month. In December and January, when the rainy 
season prevailed, these four parameters had lower 
values. The salinity' throughout the lagoon 
reached almost 0 ppt, which indicated that Segara 
Anakan almost became a freshwater lagoon. The 
sources of dilution are mainly from three rivers: 
Citanduy, Kawunganten and Cibeureum Rivers 
(Fig. 1). The Citanduy River has the largest con
tribution of freshwater to the lagoon (ET 1984). 
By the end of the rainy season, when the transi
tion period began, i.e., in March, a slight increase 
in salinity occurred in stations 1-3 (Table 5). 
Therefore, from May 1987 until March 1988, the 
Segara Anakan waters showed three aquatic 
characteristics, i.e., coastal, brackishwater and 
freshwater (Fig. 5). 

Spatially, almost throughout the observation, 
salinity, sulfate, calcium and magnesium indi
cated the lowest values near the mouth of the 
Citanduy River (Station 4) compared to other sta
tions (Figs. 2 and 3), indicating that this river 
contributed significantly to the Segara Anakan 
waters. 

The pH level and oxygen content did not always 
show lower values at the river mouths than at the 
other stations. Lower -values were observed during 
December to March, compared to the other 
months (Tables 9 and 10, Fig. 2). In general, the 
pH and the oxygen content of Segara Anakan 
were lower in the rainy season than in the dry 
season. At the Kawunganten Estuary, the lowest 
pH in these waters was recorded at 6.5 in January 
1988 and the lowest oxygen content, 3.45 ppm, in 
January and March 1988. 
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The highest values of phosphate and nitrate the study except in January 1988 at night (Figs. 6were found in the mouth of the Citanduy River and 7). A relatively high oxygen content was(i.e., 23-33 ppb in November-December and 337- detected during high tide (Figs. 6 and 7). The695 ppb in December-January, respectively) above observations indicate that during high tide,(Tables 11 and 12, Fig. 4). These indicate that the the Indian Ocean had brought oceanwater of reb'-Citanduy River is a potential source of these tively good quality into the lagoon.
nutrients. Brahmana (1984) stated that the
 
sources of these nutrients in Segara Anakan were Pollution
 
mostly fertilizers and domestic waste.
 

Based on the fluctuations of salinity, calcium The pollutants detected in Segara Anakan wereand magnesium (presented as R ± s.d.) at each heavy metals, pesticides, hydrocarbons and sedistation, it can be concluded that the water quality ment. The possible sources were the water fromat Stations 1, 2, 3, 5, 6 and 7 was more stable Donan where a harbor area is located, the Indianthan that at Station 4 (Citanduy River's mouth). Ocean other thatand rivers flowed into theThis suggests that the water quality of the former lagoon. The first source seemed to be unimportant
six stations is predominantly affected by tides, since the current pattern of the Cilacap waterswhile that at Station 4, by both tides and river was such that the chances of the pollutants fromflow. the Donan River to enter the lagoon were very 

low. The Ecology Team (ET 1984) explained thatDiurnal variations during the rising tide, inflowing tidal currents 
flowed into the lagoon through the eastern andThe results of the 24-hour observation of tem- western passages and met at a point (equilibriumperature, salinity, oxygen content and pH of the point) east of Motean. Water flowed back with thewaters of Segara Anakan conducted in 22-23 May; receding tides from this point eastward and west22-23 July; 25-26 September; 15-16 November; 12- ward on the same course that it entered. This13 December 1987; 26-27 January and 24-25 means that the water from the harbor wouldMarch 1988 at Station 2 are presented in Tables reach that point only and not flow further into the

13-16 and Fig. 6. lagoon.
Among the four parameters, temperature had The concentration of heavy metals in Segaralittle variation except in September when it Anakan fluctuated with the seasons and diurnallyshowed a maximum value in the late afternoon, (Tables 17-20). However, the concentrations in thewhich coincided with extremely low tide, and a water were generally very low and below theminimum value at night, which coincided with upper limits allowed by the Indonesian waterextremely high tide (Figs. 6 and 7). The effect of quality standards for conservation (Anon. 1988).solar radiation during the day coupled with the Pesticide and hydrocarbon contents were negligi

shallowness of the lagoon's water due to extreme ble (Table 21).low tide should explain why an extremely high Unlike the three other groups of pollutants,temperature (>31°C) occurred at that hour. Gen- sediment were potentially dangerous for fisherieserally, temperatures of the lagoon were kept high, activities in this lagoon. Among the three loca
between 29 and 30°C, except in December 1987 tions 
 (i.e., mouths of the Citanduy, Cibeureum
when the rainy season reached its peak and tem- and Kawunganten Rivers), the last two were
peratures varied between 25 and 27 C. much more turbid than the mouth of the CitanduySalinity of the lagoon, on the contrary, varied River (Table 22). However, this latter river congreatly. One or two peaks were found during the tributed the amountmost of sediment to the24-hour period. These peaks seemed to coincide lagoon. It was likely then that the soil particleswith the occurrence of high tides (Figs. 6 and 7). brought in by the Citanduy River were trans-An extraordinary condition occurred in December ported by the incoming tide toward the two river1987 in that the salinity of the lagoon reached mouths and deposited somewhere around those 

zero value throughout the observation and tides areas.
seemed to have little influence. This is probably At high tide, turbidity at Kaces (Station 2) wasdue to the occurrence of a flood and the excessive always higher than at Majingklak (Station 4).freshwater brought into the lagoon. Purba (1988) noted that standing water occurredA high pH was observed during high tide. In between Kaces and Motean where horizontalthe lagoon, the pH hardly reached below 7 during water movement was lacking, and this area was 



134 
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Table 1. Decrease in water area (ha) of Segara Anakan In 84 years. 

Year Lagoon area Island Lagoon Decrease of 
and island area area lagoon area 

Total Annual 

1900 6,898 223 6,675 
1924 6,791 346 6,445 230 10 
1940 6,645 596 6,049 396 25 
1946 6,061 649 6,412 637 106 
1961 5,444 707 4,737 675 46 
1978 4,431 979 3,852 886 52 
1980 4,680 1,042 3,638 214 107 
1982 4,375 1,169 3,206 432 216 
1983 4,313 1,354 2,959 247 247 
1984 4,050 1,289 2,761 198 198 

Soutce: Abadi 1984. 

Table 2. Water quality parameters and methods of analysis. 

Parameter Method 	 Instrumentation 

Oceanographic 
Temperature Mercury expansion Reversing thermometer 
Acidity Potentiometric pH meter, "La Motte" 
Salinity Electrical conduct.ometry Conductometer 
Dissolved oxygen Winkler modification (iodometry) 
Calcium, Cal. EDTA titrimety, pH = 12-13 
Magnesium, Mg2- EDTA titrimetry, pH = 10 
Sulfate, S042" Gravimetry, BaSe 4 Sarterius balance 
Phosphate, P0 4 Ascorbic acid method UV.Vis, spectrophotometer, 

L-880 am 
Nitrate, NOS Cadmium reduction method UV-Vis, spectrephotometer, 

L. 543 nm 

Inorganic pollutants
 
Heavy metals
 
a. Pb, Cd Extraction APDC-MIBK, Flame AAS 

spectrophotometric 
b. Hg Oxidation with KMnO 4 Flameless AAS 

H2S0 4 , spectrophotometric
Turbidity Nepholonetric Nephelometer 

Organic pollutants 
Pesticides Gas-chromatographic Gas-chromatography 
Hydrocarbons Concave 1/72, spectrophotometric IR. spectrophotometer 
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Table 3. Water quality of Cilacap and Segara Anakan, May 1987-March 1988.I-Segara Anakan; l1-Kembang Kuning River, Il/-Cilacap Harbor. 
May July September 

Parameter I 11 I I I I I 
Temperature,*C 1 29.8 29.5 30.3 27.7 28.8 28.1 27 28 26.7 

sd 0.5 0.2 0.5 0.5 0.3 0.5Salinity, ppt 1.4 0.6 1.61 17.7 11.5 29.5 23.2 28 28ad 5.8 2.1 2.1pH 1 7.4 1.4 2.77.5 7 7.8 7.5 7.5 7.6 7.6 7.6 7.8sd 0.4 0 0.2 0.4 0.3 0.3 0.2 0 0.3DO, ppm 1 5.8 5.1 5.5 5.7 6.4 6.3 5.6 4.8 6.3ad 0.6 0.1Sulfate (SO 4), ppm 1 1,171 
0.6 .A.1 0.3 0.1 0.8 0.1 0.71,009 2,066 1,641 1,973 2,161 2,406 2,772 2,654ad 341 146 174 540Calcium (Ca), ppm 1 190 197 125 106 104 43138 269 238 263 259 317 361 377sd 64 20Magnesium (Mg), ppm X 576 

36 56 31 39 36 28 28409 1,079 891 1,086 1,134 1,295 2,106 1,318ad 186 71 150 316Phosphate (P0 4),ppb 66 104 50 1,0772 8.5 24.9 3.9 16.1 1011.6 8.1 22.2 21.6 13.6ad 4.2 2.2 0.9Nitrate (NO3), ppb I 50 15.9 
2.5 4.9 0.8 5.2 8.2 .20.67.9 111 ND 8.3 8 10.1 8.2sd 71 5.3 10 82 NDLead (Pb), ppb 12.3 91 12.2 11.3 11.7 9.1 1.8 57.9 9.9 11.1 10.6 9.3

sd 3.5 4.9 2.7 3.5Cadmium (Cd), ppb 1.8 0.7 2.21 1.1 1.1 0.6 2.6 7.4 0 1.23.5 0.9 0.8 0.7sd 0.3 0.1 0Iron (Fe), ppb X 200 109 
4.1 8.6 5.2 0.2 0 0.143 536 406 215 776 264 284

sd 215Nickel (Ni), ppb 2 3.3 
24 
4.3 

14 353 112 68 225 139 1553 3.9 4 3.1 4.8 2.4 3.6
sd 1.6 4.6 2 0.7 0.6 0.5 1.1Mercury (Hg), ppb I 0 1.4 

ad 

ND -Not detected. 
I - mean
 

ad - standard deviation
 

November December 1987 January March 1988 

Parameter1 I 11 1 1 1 1 III 1 

Temperature, *C 2 29.8 30.1 29.5 25.4 26.5 28.5 28 28.9 29.1 27.4 28.8sd 0.4
Salinity, ppt 

0 0.5 0.2 0.5 0.3 1.0 0.12 12 20 24 0 0 0.3 0.4 1.411 0 15 18 1.9 14ad 6.5 0 3.2 0 0 8.2pH 0 0 5.3K 7.3 7.2 7.4 7.2 7 2.7 8.77.3 7.0 7 7.4 7.1 7.6sd 0.3 0.1 0.1 0.1DO, ppm 0 0.1 0.3 0 0.11 6.3 5.3 0.3 0.25.7 5.2 6.0 5.7 5.0 3.6 4.8 4.9 5.3sd 0.4 0 0.7 1.0 0.3Sulfate (804), ppm 0.9 0.8 0.6 0.11 1,359 1,687 1,660 95 77 
0.9 0.3

1.130 122 , 257 745 194 989sd 350 74 561 47 14 280Calcium (Ca), ppm 1 235 57 23 497 188 439377 397 25 30 172 30 44 65ad 94 3Magnesium (Mg), ppm 21 a 27 91 121 704 895 1,075 20 34 
28 4 

sd 583 29 105 604238 16 102 14 10Phosphate (PO4), ppb 1 18 12.9 157 19 12 1677.5 13.9 38.5 12.2 6.4 7.8 3.2 11 10.1 
Nitrate (NO3), ppb a 138 73 46 

6.0 52.5 3.7 3.0 0.7 0.7 2.2 7.9 
sd 

347 81 106 156 143 73.4 84 38 

sd 8.5 0 2.3 

103 8 43 273 0 60 107ead (Pb), ppb 2 10.3 9.4 2 41 49 329.9 9.9 11.4 7.4
sd 7.8 10.5 5.7 14.8 7.22.3 0 2.6 5.2 4.5 1.4Cadmium (Cd), ppb 1 1.7 1.6 2.3 2.1 1.4 5.2 4.71.2 0.7 1.4 0.3 0.3 0.3 0.3sd 0.4 0.3 0.51.1 0.2 0.7 1.3 0.1Iron (Fe), ppb 2 0.1 0.1 0.1 0.1 0.1448 298 234 1,190 1,593 398 904 821 204 1,112 414ad 323 61 64 601Nickel (Ni), ppb 1 241 39 372 312 53 2489.4 8.8 12 8.5 7311.6 8 12.2 7.9 9.7 23.7 16.2sd 2.2 2 2.4 2.8Mercury (Hg), ppb sd 8.4 2.8 2.7 0.8 0 10.6 2.10.3 ND 0.3 0.3 0.3

0.1 0.1 0.1 0 
ND - Not detected. 
K -mean 

ad - standard deviation 
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Table 4. Water temperature CC) In Segara Anakan, May 1987.March 
1988. 

No. May Jul. Sep. Nov. Dec. Jan. Mar. 

1 29.7 28.4 27.9 29.8 25.2 28.6 27.3 
2 29.5 28.1 26.0 29.8 25.4 28.0 27.3 
3 29.1 27.5 25.5 29.2 25.1 28.3 28.3 
4 29.7 27.3 25.3 30.0 25.6 28.6 27.0 
5 29.8 27.2 28.1 29.6 25.5 28.7 27.3 
6 30.1 27.9 30.2 26.1 27.2 
7 30.8 28.5 27.6 

1. 29.8 27.7 27.0 29.8 25.4 28.0 27.4 
ad 0.5 0.5 1.4 0.4 0.2 1.0 0.4 

Table 5. Salinity (ppt) in Segara Anakan, May 1987-March 1988. 

No. May Jul. Sep. Nov. Dec. Jan. Mar. 

1 18.0 26.0 18.0 0.0 0.0 4.0 
2 25.0 26.0 15.0 0.0 0.0 2 
3 23.0 27.0 10.0 0.0 0.0 7.0 
4 8.0 10.0 0.0 0.0 0.0 0.0 
5 20.0 27.0 16.0 0.0 0.0 0.0 
6 13.0 14.0 0.0 0.0 0.0 
7 17.0 0.0 0.0 0.0 

R 17.7 23.2 12.0 0.0 0.0 0.9 
ad 5.8 7.4 6.5 0.0 0.0 2.7 

Table 6. Sulfate concentration (ppm) in Segara Anakan, May 1987. 

March 1988. 

No. May Jul. Sep. Nov. Dec. Jan. Mar. 

1 1,200 1,954 2,239 1,742 128 119 254 
2 1,665 1,964 2,305 1,262 151 153 150 
3 1,427 1,959 2,557 1,325 66 86 595 
4 667 712 2,468 763 35 64 45 
5 1,315 1,614 2,400 1,672 94 88 113 
6 841 2,425 1,388 219 97 
7 1,088 2,450 105 

1 1,171 1,641 2,406 1,359 95 115 194 
sd 341 540 106 350 47 61 188 

Table 7. Calcium concentration (ppm) in Segara Anakan, 

May 1987-January 1988. 

No. May Jul. Sep. Nov. Dec. Jan. 

1 172 289 337 324 22 28 
2 232 281 329 289 28 54 
3 216 259 337 214 30 26 
4 92 160 241 60 28 20 
5 208 200 309 281 18 26 
6 128 345 244 . 24 
7 280 325 

1 190 238 235 317 25 30 
ad 64 56 94 36 5 12 

Table 8. Magnesium concentration (ppm) in Segara Anakan, 
May 1987-January 1988. 

No. May Jul. Sep. Nov. Dec. Jan. 

1 587 1,030 1,259 857 26 41 
2 855 961 1,274 765 39 16 
3 728 1,063 1,327 754 21 23 
4 331 331 1,391 225 2 2 
5 648 1,069 1,296 837 13 33 
6 399 1,245 788 66 
7 482 1,276 

1 576 891 1,295 704 20 29 
ad 186 316 50 238 14 19 

Table 9. pH in Segara Anakan, May 1987-March 1988. 

No. May Jul. Sep. Nov. Dec. 

1 7.0 6.9 7.6 7.4 7.1 
2 7.9 7.2 7.5 7.5 7.3 
3 7.8 7.9 7.7 7.5 7.2 
4 6.8 7.6 7.8 6.8 7.3 
5 7.8 7.8 7.6 7.5 7.0 
6 7.6 7.3 7.4 
7 7.5 7.6 

z 7.5 7.5 7.6 7.3 7.2 
ad 0.4 0.4 0.2 0.3 0.1 

Jan. 

7.2 
7.1 
7.3 
7.2 
6.7 
6.5 

7.1 
0.3 

Mar. 

7.2 
7.1 
7.4 
7.5 
6.8 
6.9 
7.1 

7.1 
0.3 

Table 10. Dissolved oxygen (ppm) in Segara Anakan, May 1987-
March 1988. 

No. May Jul. Sep. Nov. Dec. Jan. Mar. 

1 5.2 5.8 5.3 6.1 5.6 5.1 6.4 
2 4.8 5.8 5.9 6.3 5.0 5.0 3.7 
3 6.1 5.8 5.5 6.8 5.5 5.5 5.8 
4 5.8 5.8 5.7 6.2 5.7 5.7 5.9 
5 6.0 5.6 5.7 6.6 5.1 5.1 4.4 
6 6.4 4.3 5.5 3.5 3.5 3.5 
7 6.4 6.9 6.8 5.8 5.8 

rl 5.8 5.7 5.6 6.3 5.0 5.0 4.9 
sd 0.6 01 0.8 0.4 0.8 0.8 0.9 

Table 11. Phosphate concentration (ppb as P) in Segara Anakan, May 
1987-March 1988. 

No. May Jul. Sep. Nov. Dec. Jan. Mar. 

1 9.2 12.3 17.4 10.2 11.2 1.3 13.2 
2 4.6 17.8 30.7 22.3 6.8 7.1 6.9 
3 7.6 15.0 24.0 15.6 15.6 10.0 10.1 
4 17.1 17.8 22.4 33.0 23.0 5.6 11.7 
5 6.0 17.8 15.8 11.6 12.7 8.5 10.1 
6 9.2 25.7 16.6 5.6 13.2 
7 6.0 19.1 - 11.7 

F 8.5 16.1 22.2 18.0 13.9 6.4 11.0 
ad 4.2 2.6 5.2 8.5 6.0 3.0 2.2 
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Table 13. Fluctuation of water temperature (*C) in Segura Anakan, May
1987-March 1988.Table 12. Nitrate concortratiou (ppb as N) in Sogara Anakan, May1987-March 1988. 
Time May Jul. Sep. Nov. Dec. Jan. Mar.

No. May Jul. Sep. Nov. Dec. Jan. Mar. 13.30 30 30 30 30 26 30 30 
1 5 16 2 93 96 97 47 

16.30 30 29 31 29 26 30 3019.30 30 28 292 13 107 2 29 26 29 2875 105 61 17 22:30 30 283 69 87 19 232 269 133 109 
25 30 26 29 2701.30 30 284 203 241 23 28 29 26 28298 337 27695 147 04.30 29 27 265 42 106 2 29 26 28 2894 569 228 82 07.30 30 276 18 26 30 25 289 35 79 50 10.30 30 

27 
7 ud 1 28 27 30 25 29 28135 13.30 32 31 29 30 26 29 29 
i 50 111 8 138 156 156 84ad 71 i 30 28 28 3082 9 103 107 107 26 29 2849 ad 1 1 2 1 0 1 1 

Table 14. Fluctuation of salinity (ppt) in Segara Anakan, May 1987- Table 15. Fluctuation of dissolved oxygen (ppm) In Segara Anakan, MayMarch 1988. 
1987-March 1988.
 

Time May Jul. Sep. Nov. 
 Dec. Jan. Mar. Time May Jul. Sep. Nov. Dec. Jan. Mar. 
13.30 18 18 19 0 19 18 13.3016.30 24 16 22 8.1 6.8 6.5 6.3 6.09 16.3019.30 22 19 19 

0 15 6.4 7.3 7.0 6.3 5.7 5.50 5 4 19.30 7.3 6.8 6.122.30 18 21 16 0 3 4 
6.9 6.1 4.7 5.8 

01.30 10 22 8 0 3 
22.30 5.8 6.4 6.3 6.9 6.0 5.1 6.02 01.30 6.1 6.6 7.004.30 27 23 15 0 2 2 

6.1 5.6 5.7 5.404.30 5.8 5.0 07.30 25 30 6.6 5.6 5.3 5.215 0 0 210.30 07.30 4.8 6.018 26 15 5.9 6.3 5.7 5.0 3.70 0 5 10.30 5.4 5.8 6113.30 17 19 6.6 5.4 5.0 5.38 0 1 27 13.30 8.6 7.0 7.3 8.0 5.0 ,.3 5.9
i 20 22 


ad 5 4 
15 0 5 0 x 6.3 6.2 6.7 6.8 5.8 5.3 5.4
5 0 7 9 ad 1.2 0.7 0.8 0.5 0.5 0.5 0.7 

Table 16. Fluctuation ofpH in Segara Anakan, May 1987-March 1988. 

Time May Jul. Sep. Nov. Dec. Table 17. Lead concentration (ppb) in Sogara Anakan, MayJan. 1987-Mar. March 1988. 
13.30 7.2 7.2 8.0 7.6 7.2 7.5 7.8 No. May Jul. Sep. Nov. Dec. Jan. Mar.16.30 7.9 7.3 7.5 7.3 7.219.30 7.9 7.5 7.6 7.4 7.27.2 7.3 6.9 7.122.30 7.5 7.6 8.0 

1 10.1 14.0 12.5 11.1 8.2 6.5 15.07.5 7.1 7.1 7.201.30 7.6 7.7 7.9 
2 12.4 11.5 8.6 111 19.0 6.5 9.97.3 7.1 7.1 7.304.30 7.9 7.7 7.4 7.3 7.1 7.0 7.2 
3 101 6.6 14.5 9.4 8.2 12.0 17.84 18.4 6.6 12.507.30 7.9 7.8 6.0 8.2 6.5 23.27.5 7.5 7.3 7.1 7.1 5 14.8 6.610.30 7.4 7.2 10.6 12.8 5.7 9.07.7 7.3 7.0 7.2 7.2 6 7.8 

17.8 
13.30 7.7 7.6 7.8 10.6 11.1 - 6.5 9.97.4 7.1 7.3 7.3 7 12.4 8.6 - 9.9 
X 7.7 7.5 7.47.7 7.2 7.2 7.2ad 0.2 0.2 0.2 0.1 0.1 0.2 

i 12.2 9.1 11.1 10.3 9.9. 7.8 14.80.2 ad 3.5 3.5 2.2 5.22.3 2.3 5.2 

Table 18. Cadmium concentration (ppb) in Segara Anakan, May 1987. Table 19. Iron concentration (ppb) in Segara Anakan, May 1987. 
March 1988. March 1988.
 
No. May Jul. Sep. Nov. 
 Dec. Jan. Mar. No. May Jul. Sep. Nov. Dec. Jan. Mar. 
1 1.0 0.7 0.8 1.4 0.6 0.2 0.42 0.6 0.8 

1 92 1,076 748 489 1,575 1,007 1,1171.6 1.9 0.4 0.63 1.0 8.7 0.8 1.1 0.4 0.2 0.4 
2 64 702 336 190 301 1,089 666 

4 1.5 0.7 1.0 1.8 0.2 0.2 0.2 
3 49 349 792 247 1,592 1,063 989
 

5 4 423 206 717
1.2 0.4 1.2 2.0 450 829 821 1,3780.2 0.2 0.2 66 1.2 1.2 73 350 920 250 1,652 1,247 1,2722.2 0.3 6 115 1.0537 1.2 0.8 -
0.4 IGO - 199 1,025- 0.2 7 588 - p4 1,338 

1.1 2.6 0.9 1.7 0.7 0.3 0.3 2 200 776ad 0.3 4.1 0.2 0.4 0.1 
536 448 1,190 904 1,1120.7 0.1 ad 215 353 225 323 372601 248 



.138 

Table 20. Nickel concentration (ppb) in'Segara Anakan, May 1987-
March 1988. 

No. May JuL Sep. Nov. Dec. Jan. Mar. 

I 1.1 4.4 3.3 8.3 5.6 13.4 13.8 
2 4.3 44 6.2 7.4 9.2 12.2 24.7 
a 2.7 3.6 4.3 9.3 11.1 15.9 6.6 
4 3.5 4A 6.2 12.1 5.6 8.5 28.3 
5 3.5 2.8 4.3 12.1 11.1 13.4 24.7 
6 1.9 5.2 7.4 - 9.7 28.3 
7 6.9 4.3 39.2 

1 3.3 &9 4.8 9.4 8.5 12.2 23.6 
ad 1.6 0.7 1.1 2.2 2.8 2.7 10.6 

Table 21. Variation in the ranges of the average values of environmental parameters and pollutants in Segara Anakan, 

Kembang Kuning River and the harbor area. 

Segara Anakan Kembang Kuning River Harbor area Standard qualityParameter 

Oceanographic 
Natural conditionTemperature, "C 25.1 30.8 25.1 30.1 26.4 30.3 

0 25.1 0 28 11 33 10% - AlamiSalinity, ppt 
7.0 7.6 7.3 7.9 6-9pH 7.0 7.8 

Dissolved oxygen, ppm 4.6 6.3 3.6 6.4 4.6 6.3 > 4
 

SO 4, mg/I 95 2,406 77 - 2,772 745 - 2,654
 

Ca,mgil 25 317 30 377 65 397
 

Mg, mg/I 20 1,295 34 - 2,106 583 1,318
 
0.5 29.6P0 4, ppb 6.4 61.7 7.8 38.5 


NO2, ppb ND 8.1 ND 4.3 
 ND 6.5 nil
 

NO31ppb 8 347 ND 143 7.4 122
 

Inorganic pollutants 
Pb, ppb 7.8 19.8 7.9 11.4 6.7 32.4 < 75 

Cd, ppb 0.3 3.0 0.3 7.4 0.3 3.5 < 10 

Fe, ppb 200 1,190 109 - 1,593 43 536 < 10 

Ni, ppb 3.3 23.6 2.4 11.6 3 20.8 < 100
 

Hg, ppb 0.1 0.6 0.2 0.6 0.2 0.6 < 6
 

Organic pesticides 
Organochlorine 

< 20Eldrin, ppb 0.010 0.019 
<20pp DDT ND 
<20pp DDT ND 


pp DDE ND 0.015
 
< 20
BHC ND 
< 20Endosulfan ND 
<20DDE ND 

Organophosphate
 
Diazinon 0.067 - 0.36
 

<20Carbamat ND 

Hydrocarbon, ppm 0.12 - 1.05 
 0.04 0.97 < 5 

Source: Anon. 1988 ND - Not detected. 

Table 22. Turbidity (NTU) in Segra Anakan, 

March-August 1988. 

No. Mar. May Jun. Jul. Aug. 

1 21 58 210 19 56 
2 76 23 21 86 117 
a 16 22 82 29 18 
4 364 27 25 3 8 
5 80 23 167 4 16 
6 94 38 40 21 57 
7 22 45 28 61 21 

z 96 34 82 32 42 
ad 118 18 77 81 39 
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Fig. 2. Distribution of temperature, salinity, pH and dissolved oxygen in Segara
Anakan waters, May 1987-March 1988. 
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ABSTRACT 

Segara Anakan is a unique coastal ecosystem and an impor-
tant coastal resource. However, its ecological functions are
deteriorating due to poor upland management and high sedi-
mentation rates. This study was conducted to be able to predictits sedimentation patterns and future physical changes for 
management considerations.The major source of sediment into the lagoon is the Citan.
duy River. The distribution of sediment is governed by watercirculation patterns, which are mainly driven by tide and
freshwater discharge. Sediment is deposited mostly in the 
northern, northeastern and eastern shores of the lagoon and inthe northern side of the Karang Anyar Island. It is predictedthat land accretion will continue and that the lagoon will be
reduced to only tidal inlets and waterways if no action is taken 
to prevent siltation. 

INTRODUCTION 

Segara Anakan is a unique coastal ecosystem

located in Java (Fig. 1). Geologically, the lagoon

and its environs differ from 
 the general coastal
features of southern Java. Located in a lowland 
area surrounded by mangreve forests, the lagoon
has two connections with the ocean and several 
rivers and tributaries that pour their waters in,
causing it to become brackish. 

The lagoon has come under stress in the past
decade due to the increasing rate of sedimentation 
from natural processes, poor upland management
and the development of lowland areas for paddy
cultivation. The high sedimentation rate is caus-
ing its ecological functions to deteriorate gradu-
ally. Because of its location, uniqueness and eco-

logical value, government policy has been focused 
on its preservation. 

The 
lagoon has rapidly decreased in area anddepth as sediment has been filling it in the pastdecade. As it decreases in size, water movement inand out of the area has been affected by sediment 

shoals, and water movement patterns have beendisturbed, thus causing sediment accretion to
accelerate. The waterways have grown smaller 
and drainage has become more difficult. Thus,flooding in the surrounding lowlands is more 

common. Navigation waterways must be dredged
more frequently. Fish production has alsodeclined with the decrease in the fishing area.The recent decline in water volume and surfacearea has given way to the identification of mea
sures to minimize detrimental changes. Generalflow patterns of water in the lagoon have beendetermined so that the patterns of accretionresulting from sediment and the projection of 

future physical changes can be predicted.A number of studies have documented the 
causes of deterioration, although determining apractical solution has been difficult. In this paper, 
the impact of sedimentation on the lagoon and its 
resources is discussed. Recommendations on how 
to minimize detrimental changes from sedimenta
tion are also presented. 

METHODS 
Various studies on Segara Anakan's physical 

processes by several institutions and consultants 
were reviewed. Field measurements were not 
necessary to satisfy the objectives of the study.
Rather, a review of allcomplete literature and 
reports related to the lagoon and its physical pro
cesses was made. Visits were also made to insti
tutes and agencies that did the studies or that 
possess the relevant information. One field survey
helped gain a general understanding of the 
lagoon's environment. 
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RESULTS 


The Segara Anakan/Citanduy 
geological features and land uses 

Segara Anakan, which is part of the southern 
coastal plain of Central Java, is a landlocked 
embayment with two tidal inlets. One is at the 
southeast end of a sandy coastal barrier and the 
other, to the west of Nusa Kambangan, a rocky 
island (Fig. 1) (Hamidjojo 1982). 

The main tidal connection to the ocean is a 
short, narrow and deep strait between the hills of 
both sides of Nusa Kambangan and the mainland 
of western Java. It is probably a former mean-
dering river valley crossing the southern range 
now inundated due to sea level rise. In contrast, 
the eastern connection, which is a narrow, shallow 
and meandering tidal inlet, traverses a broad 
coastal plain with almost flat topography. 

Several rivers flow to the lagoon from the 
northwestern to the northeastern uplands. These 
rivers belong to the Citanduy and the Segara 
Anakan Basins. 

The Citanduy River Basin covers an area of 
350,000 ha, of which 290,000 ha are upland and 
60,000 ha are lowland. Of this total area, 30% is 
flat, 50% is undulating/hilly topography (between 
35 and 500 m high) and the remaining 20% has a 
steep slope above 500 m with fine textured soil, 
which easily erodes if not covered with vegetation. 
Some 74,000 ha of this area was categorized as a 
"critical erosion" zone in 1975 (PRC-ECI 1975). 
The watershed is used for agriculture (57%), for-
est and plantation (33%) and others (10%) (RMI 
and PRC-ECI 1985). 

On the other hand, the Segara Anakan Basin 
has an area of 96,000 ha, of which 63,500 ha are 
upland (Sidareja East and North) and 32,500 ha 
are its environs (PRC-ECI 1975). Napitupulu and 
Ramu (1980) estimated the land use pattern of 
the basin as follows: forest and plantation, 27,000 
ha (28%); upland, 11,000 ha (11.5%); 1owland rice, 
23,000 ha (24%); and mangrove and lagoon, 
24,000 ha (25%). 

Physical characteristics 
of lagoon water 

Segara Anakan consists of a main body of 
brackishwater, two inlets from the sea and tribu-
taries. Freshwater is supplied to Segara Anakan 
through stream flow and direct rainfall over its 

main body and adjacent mangrove forests. Annu
ally, the total volume of freshwater inflow to 
Segara Anakan is at least 5 x 109m3 (Table 1). 

Seawater supply to the lagoon is driven by tidal 
flow through its two inlets. The western inlet, 
however, supplies most of the seawater. The vol
ume of water passing through the mouth of the 
western entrance during flood tide is about 29 x 
106m3 for spring tide and 10 x 106m3 for neap tide. 
Since the mouth of Citanduy River is located at 
the end of the western inlet of the lagoon, the 
water passing through this inlet during flood tide 
is a mixture of freshwater and seawater. This is 
distributed up the Citanduy and other rivers and 
into the mangrove forests through the lagoon's 
main body. 

The lagoon's water properties vary in space and 
time. Vertical stratification does not occur in the 
lagoon's main body, except in the vicinity of the 
Citanduy River estuary, which shows a clear 
stratification (PRC-ECI 1987). Long-term varia
tion is caused by seasonal climate. During the dry 
season when freshwater inflow to the lagoon is 
minimal, its waters can be very saline (Table 2). 
In contrast, salinity can be low during the wet 
season when freshwater inflow is at a maximum 
(ET 1984; IHE 1984; Ludwig 1985; LON-LIPI 
1986). 

Tidal records in the lagoon show that the tide is 
mixed and predominantly semidiurnal (Fig. 2). 
Harmonic analysis to determine the type of tide 
showed that the F (Formzahl) number of 0.40 
indicated that the mixed category of the tide is 
semidiurnal (Birowo and Uktolseya 1982). Typical 
tidal records show a minimum tidal range of 0.20 
m during neap tide and a maximum tidal range of 
1.50 m in spring tide. 

Sediment source and rate 

Sediment supply to Segara Anakan comes from 
the Citanduy River, the upper watershed of 
Segara Anakan (mainly Cibeureum and Cikonde 
Rivers) and shoreline sediment (which is negligi
ble). The Institute of Hydraulic Engineering (IHE) 
conducted several studies to estimate the rate of 
sediment supply to the lagoon (Ludwig 1985). 
PRC Engineering Consultants, Inc. (PRC-ECI 
1987) reviewed these studies and found a large 
error in the method used to compute the sediment 
transport. Nevertheless, based on that review, the 
sediment transport to the lagoon was estimated to 
be somewhere in the range of 5-10 million t/year. 
A considerably larger estimate was made by 
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Napitupulu and Ramu (1980). By using an ana- between junctions 17 and 20 (Fig. 3) during floodlytical method on the sediment measurement data tide and between junctions 14, 18 and 19 (Fig. 4)of the lagoon in the 1960s and 1970s, they found during ebb tide. In general, the places for nodalthat the sediment supply was about 17.4 million points will always be in the northeastern part oft/year with 15.2 million t from the Citanduy the lagoon and somewherp between the islands inWatershed and 2.2 million t from the Segara the southeastern portion and Motean.Anakan Watershed. The model also estimated the tidal excursion ofMost of the sediment supply to the lagoon water particles. It was found that the water particomes from the Citanduy River and the Segara cles, starting at slack low tide in the mouth of theAnakan Watershed. However, during the past few Citanduy River, traveled about 7 km into the seayears, development on the tributaries in the during spring ebb tide and about 2.8 km duringSegara Anakan Basin, especially those on Cikonde neap ebb tide. During flood tide, the tidal excur-River, has increased the sediment supply from the sion is about 4 km into the lagoon for spring tidebasin. and 2 km for neap tide. Water particles down
stream of this ebb tide flow will be pushed evenWater circulation and further into the northern and eastern portions ofsedimentation patterns the lagoon. However, due to the effects of the river 
discharge from the Segara Anakan WatershedThe water circulation of the lagoon is driven and of the tidal excursion from the easternmostly by tidal energy and drainage discharge entrance, particles willthe water eventually beand guided by its morphology. The effect of the stagnant at the point of their meeting, as shownwind is minimal since it does not generate any in Figs. 3 and 4.basin oscillation. The general sedimentation pattern within theSince no study was conducted to determine sys- lagoon is very much dictated by water circulation,tematically currents in the lagoon, PRC-ECI while the fate of sediment particles within the(1987) applied a one-dimensional mathematical water mass depends the energy contained inonmodel to estimate the characteristics of the la- the latter. If the energy reflected in the watergoon's water movement. The model computed the mass movement is high, then the sediment willresponse of Segara Anakan from a combination of stay suspended and move with the water mass. Ifthe vertical tides at the western and the eastern the water movement slows so that the energy isoutlets, and the freshwater discharge from the not strong enough to keep the sediment in susrivers. Since there was no current information pension, then it will start to fall and depositionduring the study, the model has only been par- will begin. Moreover, the energy of the watertially calibrated for water level. In view of this movement will also act to limit the size of sediand the fact that the one-dimensional homoge- ment that will be deposited along the flow paths.neous flow model is a very crude representation of The distribution of the bed sediment sizethe complex three-dimensional flow of saltwater (coarseness) of the lagoon (Fig. 5) agrees with theand freshwater into the lagoon, the results are pattern of the flow rate (or energy) of its water
only indicative, but they provide a useful tool for 
 movement (Figs. 3 and 4). It is interesting to noteunderstanding the characteristics of water that fine bed sediments extend from the southcirculation, eastern portion of the lagoon, as expected, to theThe model was run to estimate simultaneous center of its main body. Medium-bed size sediflow rates within the entire lagoon after a scheme ments are found along the eastern border of the
was made to formulate a network of branches and Karang Anyar Island to the Cikonde River andjunctions representing the drainage system. extend along half the eastern shore of the lagoon,Results of the model for spring tide condition which implies that the water moves in these(using tidal records on 17-18 October 1986) are places faster than at the center.shown in Fig. 3 for the flood tide stage and in Fig. The highest deposition occurred in places where4 for the ebb tide stage. bed sediment size is fine (Fig. 5). Other places areFigs. 3 and 4 show that the real nodal point the intertidal zones in the northern, northeastern(almost no horizontal water movement) is found and eastern shores of the lagoon. During floodalong the northern and eastern lagoons between tide, these places are inundated by the tidal curjunctions 20 and 22 during both the flood tide and rent. However, horizontal water movement is veryebb tide stages. Other nodal points are also found limited since the tide and the current meet the 
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freshwater discharge from the rivers and tribu-
taries. Deposition then occurs. 

DISCUSSION 

The sedimentation patterns in the lagoon follow 
those of water circulation. Deposition occurs in 
the place where the horizontal water movement is 
very limited. Once deposition takes place, it will 
continue until the area is shallow enough for the 
mangroves to grow. Sedimentation will also con-
tinue under new mangroves until the water can 
no longer reach them. 

As a consequence of sedimentation, Segara 
Anakan's morphology has changed. The 
encroachment of mangrove forests follows shore-
line accretion or the shoaling of mudflats. Several 
studies on the changes of the lagoon's configura-
tion were made in the past. PRC-ECI (1987) com-
piled shoreline changes and mangrove forest 
growth data since 1903 (Fig. 6). In that year, 
there were only three islands, which were all 
located in the southeastern corner of the lagoon. 
All the villages were situated on the water. The 
surface area of the lagoon at high tide was 6,450 
ha, excluding the villages, 

During the period 1903-1986, sediment deposits 
covered 3,540 ha on which new mangroves had 
grown. Another 210 ha was converted to tidal 
waterways, leaving the lagoon with a water sur-
face of 2,700 ha at high tide in 1986. This repre-
sented only 42% of the total surface area in 1903. 
During a field survey conducted by the author in 
December 1987, new young mangroves had spread 
in the northern and northeastern parts of the 
lagoon. The northern end of Karang Anyar Island 
has become attached to the northern shore of the 
lagoon. The Cikonde River has extended its mouth 
in the lagoon by building up natural levels. Man-
grove seedlings were sprouting on both sides of its 
-mouth. 

Based on this historic land accretion growth, 
water circulation and sedimentation patterns, a 
prediction of future physical changes is shown in 
Fig. 7. The patterns of sedimentation, which 
resulted in shoreline growth and the encroach-
ment of mangrove forests, will continue in the 
direction of their historic growth. 

Using the same historic data, a projection of the 
filling rate of the lagoon was also made. A filling 
rate of 1.4-2.1 million t/year was estimated. The 
new mangroves have been increasing at 2 km2/ 
year for the last few years. It was predicted that 
the lagoon will be left with only tidal inlets and 

waterways (Fig. 8) by the turn of the century 
(PRC-ECI 1987). 

It is clear that if no action is taken to prevent 
siltation, the shrinkage of the lagoon's water body 
is unavoidable. The implications of this rapid 
sediment accretion include decreasing ecological 
functions of the lagoon, loss of income and 
drainage and navigation impediments. 

Segara Anakan serves as a nursery and feeding 
ground for marine fish and shrimp (ET 1984; 
Guarin and White 1988). Most people use it as a 
fishing ground. However, its real economic value 
is fisheries production in the coastal and offshore 
waters of Cilacap. Thus, coastal fisheries will 
decline, -.specially in offshore shrimp, as a result 
of its shrinkage. Naamin (this vol.) estimated that 
about 80% of the shrimp caught off the coast of 
Cilacap occupied the lagoon during the early stage 
of their life cycle. 

If the shape of the lagoon becomes that shown 
in Fig. 8, the local inhabitants will have to change 
their livelihood from fishing to farming. 

Another impact of siltation on the lagoon is on 
its drainage and navigation. As the lagoon is 
replaced by smaller waterways and tidal inlets, 
drainage from the two lower watersheds will 
become a problem. There are several irrigation 
projects in the lower Citanduy and Segara 
Anakan Watershed that end in the lagoon. These 
projects prevent the spillage of the floodwater and 
thus, bring more water and sediment into the 
lagoon. Poor drainage due to siltation will jeopar
dize these irrigation projects. Frequent flooding 
and the possible formation of a swampland are 
thus two serious threats. 

Boat and ferry navigation will become a prob
lem too as the depth of the lagoon decreases. 
Dredging is necessary to maintain the depth of 
the navigation channel. 

One way to prevent siltation is to divert the 
Citanduy River from entering the lagoon. In this 
way, its sediment supply will be reduced consid
erably. But diversion of the Citanduy River would 
also drastically reduce the freshwater supply to 
the lagoon. One consideration in maintaining the 
ecology of Segara Anakan is to avoid altering the 
freshwater supply as this would reduce the natu
ral supply of nutrients and change salinity (Clark 
1977). The diversion of Citanduy River should 
thus be avoided if the estuary is to be kept intact. 

Another way to control siltation is by altering 
the water circulation pattern so that the capacity 
of the natural water movement to carry out the 
sediment is enhanced. The flushing capacity of the 
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water flow through the western outlet could be Clark, J.R. 1977. Coastal ecosystem management: a technicalenhanced during ebb tide if the mouth of the east- manual for the conservation of coastal zone resources. Johnern entrance is closed at slack high water. In this Wiley and Sons, New York. 
way, more water would flow through the western ET (Ecological Team). 1984. Ecological aspects of SegaraAnakan in relation to its future management. 141 p. Instioutlet. The construction of a gate in the eastern tute of Hydraulic Engineering in cooperation with Facultyentrance would alter the water circulation pat- of Fisheries, Bogor Agricultural University, Bogor, Indonetern. The water from the eastern entrance would sin. 
enter it during flood tide, but during ebb tide, no 

Guarin, F.Y. and A. White. 1988. The coastal environmentalprofile of Scgara Anakan-Cilacap, Indonesia (a summary).water would flow through the eastern entrance. Trop. Coast. Area Manage. 3(1):1-4.Although water circulation would be disturbed, it Hamidjojo, P. 1982. The geomorphology of Segara Anakanmay not be serious. However, the immigration of related to the tides and current, p. 109-113. In Proceedingsmarine organisms from both entrances into the of the Workshop on Coastal Resources Management in theCilacap Region, 20-24 August 1980. Gadjah Mada Univerlagoon would be affected. The emigration of juve- sity, Yogyakarta. Indonesian Institute of Sciences andniles through the eastern entrance would also be United Nations University, Jakarta, Indonesia.
blocked and possibly more juveniles would flow M 
 (Institute of Hydraulic Engineering). 1984. Water qualitythrough the eastern of Segara Anakan. Final.Rep. 51 p. Institute of Hydraulicentrance. The ecological Engineering, Agency for Research and Development andimpact of these occurrences on the lagoon, naviga- Ministry of Public Works, Bandung, Indonesia.tion and coastline changes are several factors that LON-LIPI (Lembaga Oseanologi Nasional-Lembaga flmushould be considered before the construction of Pengetahuan Indonesia). 1986. Annual Report, 1 Aprilsuch a gate. 1985.31 March 1986. 257 p. Lembaga Oseanologi Nasional.Lembaga Ilmu Pengetahuan Indonesia, Jakarta, Indonesia.The third alternative to control siltation is by Ludwig, H.F. 1985. Segara Anakan environmental monitoringusing water movement to carry more sediment to and optimal use planning project. Final Rep. 285 p. Instithe ocean without disturbing the water circulation tute of Hydraulic Engineering, Agency for Research andDevelopment and Ministrypattern. The deposited sediment could be resus- of Public Works, Bandung,Indonesia.
pended by agitation dredging at slack high water Napitupulu, M. and K.L.V. Ramu. 1980. Development of theso that sediment-laden water would recede to the Segara Anakan area of Central Java, p. 66.82. In Proceedocean during ebb tide. This method may not be as ings of the Workshop on Coastal Resources Management ineffective as the previous the Cilacap Region, 20-24 August 1980. Gadjah Made Unione in controlling lagoon versity, Yogyakarta. Indonesian Institute of Sciences andsiltation, but it would cause the least ecological United Nations University, Jakarta, Indonesia.impact. PRC-ECI (1987), however, found in its PRC-ECI (PRC-Engineering Consultants, Inc.). 1975. Theprefeasibility study that the most effective mea- Citanduy River Basin Development Project. Master planprepared for the Directorate General of Water Resourcessure to control lagoon siltation is a combination o"r Development, Ministry of Public Works. 200 p. PRC-Engi.enhanced flushing and agitation dredging. neering Consultants, Inc., Banjar, Indonesia. 

PRC-ECI (PRC-Enginering Consultants, Inc.). 1987. Segara
Anakan engineering measures study. Main Rep. CitanduyREFERENCES River Basin Development Project. 351 p. PRC-Enginering
Consultants, Inc., Banjar, Indonesia.Birowo, S. and H. Uktolseya. 1982. The coastal and estuarine RMI and PRC-ECI (Resources Management International, Inc.waters of the Cilacap region, p. 27-39. In Proceedings of the and PRC-Engineering Consultants, Inc.). 1985. River mor-Workshop on Coastal Resources Management in the Cilacap phology and sediment study. Draft Rep. Citanduy RiverRegion, 20-24 August 1980. Gadjah Mada University, Basin Development Project. 139 p. Resources ManagementYogyakarta. Indonesian Institute of Sciences and United International, Inc. and PRC-Engineering Consultants, Inc.,Nations University, Jakarta, Indonesia. Jakarta, Indonesia. 

Table 1. Annual freshwater supply to Segara Anakan (PRC-ECI 1987). 

Sources Volume (m') 

Citanduy River 3.5 x 10'
Other rivers and tributaries 1.5 x 100
Direct rainfall 0.07 x 100
Total 5.07 x 10 
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Table 2. Surface salinities of Segara Anakan from different sources. 

Sources 

DIE 1984 

ET 1984 

Ludwig 1985 

LON-LIP 1986 

PRC.ECI 1987 

Surface salinities (ppt) 
Dry season Wet season 

13-33 (May 1980) 

24-30 (1983) 14-19(1983) 

24-25 (1983) 

25-33 (22 Aug. 1985) 12-31 (19 Dec. 1983) 

6-20 (19 Aug. 1987) -

Indon@ laa 

N 

A 
0 2D 4 ,n~k 

4. ~"U,'O ' 

OW~p 

Indlon Oceon 

Fig. 1. Map of Segara Anakan-Cilacap showing the study site (PRC-EC1 1987). 
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ABSTRACT 

The water quality of Ban Don Bay and the Tapi River.wasstudied during the dry and wet seasons, 
The water quality parameters studied were salinity, dis-

solved oxygen, pH, alkalinity, ammonia, nitrite, nitrate, phosphate, silicate, total nitrogen, total phosphorus, pesticide
residues, dissolved petroleum hydrocarbons and microbiological qualities of the bivalve-growing areas. Trace metals such as 
mercury, cadmium, chromium, copper, lead and zinc were also 
determined. 

INTRODUCTION 

The water quality of Ban Don Bay was studied 
during the period December 1986 to August 1987.
Ban Don Bay, located on the eastern coast of
Southern Thailand, is about 1,200 km2 in area 
with a maximum depth of less than 7 m (Fig. 1).
On the eastern side of the bay, at Tha Chang, are 
extensive cockle farms. On the southern part of
the bay, at Kanchanadit, are extensive oyster cul-
ture farms (Crassostrealugubris) for which Surat
Thani is famous. The bay itself used to be abun-
dant with short-necked clams, Paphia undulata,
but recently, these are fast decreasing. 

Realizing the importance of conserving the
marine environment of the bay and the aquatic
environment of the adjoining rivers and canals,
the Thai government initiated -the Upper South 
Project in 1986. It involves an intensive study of 
Ban Don Bay, the Tapi River and some canals, 

Several types of industries, such as palm oil, fishlanding and marine food canning, are situated on 
the banks of the Tapi River. Some of these stillhave no proper wastewater treatment system.Thus, the stress on the aquatic environment canbe great especially during the low flow season. 
The commissioning, since 1987, of a multipurpose
dam, the Chiew Lam or Ratchaprapa Dam, on the 
upper Tapi River has aggravated the situation.On two occasions, it was found that the deoxy
genated, high-organic-content water dischargedfrom the dam had rendered the low-flow oxy
genated water in the Tapi River anaerobic so thatthe water became smelly and unable to support
aquatic life. 

MATERIALS AND METHODS 

Field surveys 

Three surveys were conducted in Ban Don Bay,with a preliminary survey by the Fisheries Group 
in December 1986. Thirteen sampling stations were set up from which some water samples for 
analysis were taken. The dry season survey was
made during 20-25 March 1987, while the flood 
season survey was preplanned and conducted 
during the normal rainy season from 31 July to 3
August 1987. However, it was realized later that 
the latter period was not very suitable as the
rainy season in the south, which usually starts in
May, did not actually begin until late July, thus
only the characteristics of the early rainy season 
were observed. 

Two surveys were conducted on March 20 and 
August 1 in the estuarine section of the Tapi
River, which provides the most input into Ban 
Don Bay (Fig. 2). In both survey periods, zero
salinity was observed at about the same place, at
Surat Thani town, but freshwater reached out 
farther into the bay in August. 
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Water quality of the aquaculture areas was 
investigated on a limited scale in March and more 
extensively in August. 

Chemical analysis 
Reactive nutrient analyses were performed on 

the same day after filtration of the water samples(tri an d aersfiltrtion9 otal ntrenam s(Strickland and Parsons 1972). Total nitrogen and 
total phosphorus contents were analyzed in the 

analzdn ttotphoorus cBangot wre197a . 
laboratory in Bangkok (Koroleff 1976 a and b). 
Samples were analyzed for their dissolved organic 
carbon, usinga Shimadzu total carbon analyzer,

To determine the presence of trace metals, 
as possiblewater samples were filtered as soon 

through a Nuclepore membrane filter under 

nitrogen pressure. The filters were kept for analy-

sis of particulate metals by digestion with concen-

trated nitric acid (HN0 3) in a teflon bomb. The fil-
trat wa acdifed N03toithmetl-fee H 3trate was acidified with metal-free HNO 3 to pH 3 

and then kept in thoroughly cleaned Nalgene bot-

tles for later analysis by coprecipitation with 

CoCI2-APDC (Huizenga 1981). Measurements 
in an atomic absorption spectropho-were made 


tometer, using an acetylene flame for zinc (Zn) 


and a flameless graphite furnace for cadmium 


(Cd), chromium (Cr), copper (Cu) and lead (Pb). 

was made toFor mercury (Hg), the water sample 

sulfuric acid (H2SO 4) and potassiumreact with 
permanganate (KMn0 4) and then treated with tin 

chloride (SnCl2) before measured by a Hiranuma 

Mercury Analyzer model HG-i (Hatch and Ott 
1968). 

Dissolved petroleum hydrocarbons in water 
were extracted with the help of n-hexane and the 

were measured in a spectrofluo-concentrations
cnetraainst whe rne asuedina. sFig. 
rimeter against the chrysene standard. 

RESULTS AND DISCUSSION 

Study sites 

Tapi River Estuary. Samples taken from nine 
stations in the Tapi River Estuary registered 
approximate salinities of 0, 2, 4, 6, 8, 10, 15, 20 
and 25 ppt. Zero salinity was observed in a station 
about 10 km away from the river's mouth (Fig. 2) 
at Surat Thani town. Table 1 presents the water 
quality of Tapi River, which was measured by sev-
eral parameters. Based on the March 1987 survey, 
the ranges of these parameters are as follows: 
temperature (29.0-30.5°C), pH (7.5-8.1), salinity 
(0.2-27.3 ppt), dissolved oxygen (3.6-4.9 mg/I), dis-
solved organic carbon (3.43-11.37 mg/l), ammonia 

(0.70.-7.65 gM/I), nitrite (0.15-1.36 jM/I), nitrate 
(0.21-6.63 pm/), phosphate (0.17.-0.74 jiM/I) and 
silicate (16.99-158.79 jM/l) (Table 1). Other water 
parameters studied were alkalinity, total nitro
gen, total phosphate, chlorinated hydrocarbons 
and heavy metals (e.g., Cd, Cr, Cu, Pb and Zn).ThseodfedsryofteapRirEtu 

The second field survey of the Tapi River Estu
had just begun, the effect of high flow was 

sao a utbgn h feto ihfo a 
not yet evident and the zero salinity was observed 
at about the same place up the river but the salt
water end of the river (TP2-9) reached farther into 
the bay (Fig. 2 and Table 1). Most nutrient 

aryseasontook place on 1 August 1987. Since the rainy 

concentrations were also higher in August than in 
March (Table 2). 

Moreover, in March, the dissolved oxygen levels 
were considerably below saturation levels--from 

30% below (Table 1). A similar occurrence8% to 
n (imean orr")Mawa o be lo 

was observed in Khlong (it means "river") Mae
during the dry season (Hungspreugs et al. 1987). 
However, in early August, the situation somewhat 

improved although stations TP2-1 to TP2-6 still 

contained dissolved oxygen between 13% to 30% 

below the saturation level. On the other hand, 

stations TP2-7, TP2-8 and TP2-9 showed some 
oxygen supersaturation from 2 to 32%, probably 

frmng to waterobablybeauestrgin 
because of strong winds stirring the water off the 

mouth, thus increasing the dissolution ofriver's 
These generally low disoxygen into the water. 


solved oxygen levels in the lower reach of the Tapi
 
River were worsened by the release of deoxy
genated water from the Chiew Larn Dam up the
 
river. This occurred at least twice in 1987 when
 
the portion of the river down Phun Phin became
 
highly polluted for a few days. From Table 1 and
 nhgl oltdfrafwdy.Fo al 

3, it appears that the decrease in dissolved 
oxygen coincided with the increases in phosphate, 

ammonia, nitrite and nitrate downstream of the 
town where fish landings and some organic
releasing industries are situated. 

In both surveys, the concentrations of dissolved 
metals were in the ranges of: trace-0.270 jg/ for 
Hg, 0.001-0.031 jg/l for Cd, 0.011-0.318 jg/I for 
Cr, 0.286-1.507 g/I for Cu, 0.042-0.479 gg/l for Pb 
and 2.01-7.81 jg/I for Zn (Tables 3-5). There 
appears to be no source for the metal pollution in 
the estuarine section of the Tapi River. A 
comparison of the levels of some trace metals in 
other rivers of the world is shown in Table 6. 

Ban Don Bay. The bay is quite shallow with a 
maximum depth of about 6 m. The water 
appeared to be well-mixed and well-oxygenated 
(Table 7). The influence of freshwater in August 
reduced salinity slightly from a mean of 31.01 ppt 

http:2.01-7.81
http:oltdfrafwdy.Fo
http:16.99-158.79
http:0.17.-0.74
http:0.21-6.63
http:0.15-1.36
http:0.70.-7.65
http:3.43-11.37
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that month compared to 32.03 ppt in March able levels but 40% of the samples collected in(Table 8). The concentration of all nutrients August contained total coliform higher than thedecreased (Table 7) as did phytoplankton density recommended US standard. The oysters wereat most stations at an average of 7,666 cells/l in taken from the station off the mouth of KradaeMarch to 5,766 cells/l in August (Wisessang 1988). Canal. 
The nutrient concentration in the Tapi River
increased considerably in August but the increase Other water quality parameters
was not observed in the bay since the nutrients

might have been chemically bonded in the estu-
 Chlorophylls. The measurement resultsarine sedimen~t along the way. of 

chlorophylls a, b and c are shown in Table 11. TheAquacultureAreas. Results of the water quality overall mean value of chlorophyll a for both Marchsurveys in the oyster, cockle and shrimp farms as and August was quite similar although the nutriwell as in the adjacent canals in the Ban Don Bay ent concentration in the bay was much lower invicinity are shown in Tables 9 and 10. It appeared August. The increase in chlorophyll b in the baythat in August, the water samples from the might have been caused by residual chlorophyll bnearshore station off Kanchanadit contained more from freshwater influx. Wisessang (1988) studiednutrients than the outer area. Shrimp farm no. phytoplankton densities in March, August and19, where additional feed was placed, also con- November 1987 and found an overall decrease intained a considerable amount of nutrients cell density in August from the values in Marchreleased from the leftover feed. Human-made (24%). In November, however, the values wereeffects on the densely populated Tha Thong and approximately seven times more than thoseKradae Canals were seen in the high nitrate and March. No nutrient data for 
in 

November werephosphate and low dissolved oxygen concentra- available.tions. The sparsely populated Khlong Ram had a In comparison, the overall value of surmeanhigh dissolved oxygen of 4.9 mg/l. face chlorophyll a off Trengganu coast, Malaysia,The seasonal variation of nutrients in the farm was low, at 0.08 mg/m3. Ahmad and Ichikawawas affected by Kradae Canal. There did not seem (1986) explain that this was a consequence of lowto be an adverse impact on water quality caused phosphate off that coast (Law and Kamil 1986),by shrimp or oyster farming as long as no extra i.e., an overall value of 0.07 PM.mean Temiyanutrients were put in the farm. The deterioration vanish (1984) reports a mean value of chlorophyllof water quality in canals seems to be affected a in the Upper Gulf of Thailand at 3.87 mg/im3;more by human activities, chlorophyll b, 1.55 mg/m3; and chlorophyll c, 5.41Water in canals that flow through populated mg/m3 while Silpipat et al. (1984) report a mean
villages contained high total coliforms (more than phosphate at 1.35 pM. The Middle Gulf of Thai2,000 MPN/100 ml). The canals were: Kaejae land had a mean phosphate of 0.28 jiM; nitrate,Canal (2,400 MPN/100 ml), Kradae Canal (more
than 

1.80 pM; and nitrite, 0.10 ptM in April 1983. In the11,000 MPN/100 ml), Tha Thong Canal flood season of September 1983, the Upper Gulf of(4,600 MPN/100 ml) and Don Sak Canal (11,000 Thailand showed a mean value of phosphate atMPN/100 ml). Other farms and canal water con- 1.00 pM; nitrate, 0.69 pM; and nitrite, 0.17 pM.tained total coliform of 3.6-430 MPN/100 ml or a Chlorinated Hydrocarbons. Vongbuddhapitakmean of 123 MPN/100 ml. Natural shrimp farms and Atisook (1988) found that only two waterdid not cause bacterial pollution, samples out of 58 were contaminated by low levelsNear the mouth of Tha Chang Canal (Fig. 2), of endrin. DDT and dieldrin were the onlythe levels of dissolved Pb seemed to be compara- residues found in marine organisms (cockles, oystively high (4.156 gg/l) as against those in the ters, fish, short-necked clams, shrimp and squid)Tapi River (0.042-.0479 pg/I) or in the other canals at and below the quantifiable limit of 0.1 mg/kg.(mean of 0.039 jig/I) (Tables 3 and 4). The No difference in contamination was foundinfluence of Tha Chang Canal was also seen in the between seasons, and the levels were comparableTha Chang (inner line) cockle-growing area which to those in the Upper Gulf of Thailand that hadhad 2.163 pg/ of Pb. It was possible that there declined significantly since 1973 (Vongbuddhapi
was a source of Pb in that canal that made the tak and Atisook 1985).level of this metal higher. Dissolved Petroleum Hydrocarbons. DissolvedSamples of oysters (Crassostrealugubris) taken petroleum hydrocarbons in the waters of Ban Donin March contained total coliform within accept- Bay and bivalve-rearing areas were determined 
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by extraction with n-hexane. The concentrations 
were measured spectrofluorimetrically. The over-
all range in March was 0.788-2.370 and in August 
0.070-2.963 Ag/(Table 12). Sompongchaiyakul et 
al. (1986) found a range of 0.08-5.65 pg/i in the 
Upper Gulf of Thailand. The nearshore areas 
(oyster and cockle-growing areas) showed a higher 
range at 0.805-3.611 Wgfl due to human uses, ter-
restrial drainage, canal traffic, etc. 

Law and Mahmood (1987) found the overall 
mean hydrocarbon levels in the South China Sea 
from Kuantan to Pulau Tioman at 1 m depth to be 
37.77 ppb, which is interpreted as being slightly 
polluted with petroleum hydrocarbon, but still 
much lower than the levels detected in the coastal 
water off Kuala Trenggqnu (110-1,750 ppb), which 
was probably polluted due to the oil exploration in 
the adjacent area. Oppenheimer (1980) considered 
100 ppb hazardous to living organisms. Unpol-
luted seawater contains a hydrocarbon level less 
than 2.5 pg/ (FAO 1982). 

Trace metcls. Trace metal results are shown in 
Tables 3 and 4. Comparative data are shown in 
Table 5. 

MANAGEMENT RECOMMENDATIONS 

Based on the assessment of the marine envi-
ronment of Ban Don Bay and adjacent areas, the 
following management actions are recommended: 

1. 	 The water quality of Tapi River needs to 

be improved. Itis clear from the corn-

paratively low dissolved oxygen content of 
the lower reach of the river that the 
capacity of the river water to accommo-

date 	more organic waste isvery limited. 

The dam water to be released must be 
oxygenated and stringent control must be 
put on the wastewater released from 
industries generating organic waste along 
the river. 

2. 	 There is a need to set up appropriate 
microbiological standards for shellfish and 
coastal areas in the tropics suitable for 
shellfish culture. 

3. 	 The quality of shellfish should be 
improved by: 
a. 	 educating the local people on the 

importance of hygienic products and 
the possible danger that can arise 
from consuming unhygienic ones; 

b. 	 setting up inspection services as a 
joint effort between the government 

and private farmers; these would 
cover cultivation, harvesting and 
distribution; and 

c. 	 developing and demonstrating to the 
local people a purification pond 
technique to cleanse the 
microbiologically contaminated living 
bivalves; suitable sites should be 
chosen and maintained f(r this 
purpose. 
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Table 1. Water quality in the Tapi River Estuary.
Survey: 21 March 1987. 

Station Date Time Depth Temperature Salinity pH Alkalinity DO DOC Salinity
(m) (0C) (ppt) (meq/l) (mg/I) (mg/l) (ppt) 

Chiew Larn 
Dam 20 - 1.0 - 7.84 1.813 10.55TP1-1 21 13.50 4.5 30.0 0.16 7.71 1.713 4.94 3.43 0.16TPI-2 21 13.15 2.5 30.2 1.31 7.49 1.625 3.63 4.89 1.31TP1-3 21 12.52 3.0 30.2 2.93 7.46 3.631.738 11.37 2.93TP1-4 21 12.45 1.5 30.0 4.37 7.52 1.788 3.71 4.66 4.37TP1-5 21 12.30 4.5 30.5 6.78 7.56 1.788 3.78 6.03 6.78TP1-6 21 12.10 4.5 30.0 10.44 7.60 1.919 3.63 4.05 10.44TP1-7 21 11.50 4.5 29.0 14.22 7.69 2.050 4.09 5.70 14.22TP1-8 21 11.15 3.5 30.0 21.61 8.05 2.125 3.94 6.77 21.61TP1-9 21 1015 2.0 29.0 27.33 8.08 2.225 4.25 5.96 27.33 

Station 
Ammonia Nitrite Nitrate 

(M/l) 
Total N Phosphate Total P Silicate 

Chiew Larn 
Dam 

TP1-1 
TP1-2 
TP1-3 
TP1-4 
TP1-5 
TP1-6 
TP1-7 
TPI-8 
TP1-9 

N.D. 
3.75 
6.76 
3.05 
2.55 
7.65 
5.00 
1.00 
0.70 

0.25 
1.36 
1.34 
1.34 
1.06 
0.93 
0.73 
0.50 
0.18 
0.15 

1.92 
4.16 
2.21 

N.D. 
2.77 
6.61 
6.63 
1.18 
1.18 
0.21 

* 

7.38 
16.75 
19.75 
19.26 
17.75 
9.12 

12.00 
6.19 
2.47 
1.75 

N.D. 
0.64 
0.64 
0.40 
0.34 

N.D. 
0.74 
0.29 
0.17 
0.17 

0.85 
1.30 
1.55 
2.65 
2.25 
1.90 
2.15 
1.85 
1.60 
1.40 

109.31 
158.79 
127.77 
132.94 
114.48 
99.71 

103.40 
83.46 
40.62 
16.99 

N.D. -No data. Continued 



Table 1. (continued) 

Survey: 1 August 1987. 

Station 

TP2-1 
TP2-2 
TP2-3 
TP2-4 
TP2-5 
TP2-6 
TP2-7 
TP2-8 
TP2-9 

Time 

17.10 
16.10 
15.56 
15.36 
15.25 
15.09 
14.45 
14.25 
10.45 

Depth Temperature 
(in) (0C) 

3.9 29 
3.9 30 
2.5 30 
3.5 30 
5.2 30 
6.0 30 
6.0 32 
2.5 32 
2.0 28 

Salinity 
(ppt) 

0.11 
1.37 
3.61 
6.35 
6.114 

10.0" 
15.14 
19.77 
22.87 

pH 

7.44 
7.37 
7.38 
7.43 
7.61 
7.64 
7.86 
8.13 
8.01 

Alkalinity 
(meq/]) 

1.400 
1.350 
1.375 
1.450 
1.538 
1.575 
1.588 
1.788 
1.888 

DO 
(mg/) 

4.32 
3.74 
3.62 
3.80 
4.40 
4.31 
4.95 
5.58 
4.92 

Ammonia 

10.01 
16.97 
16.97 
14.83 
15.74 
15.51 
4.77 
1.45 
0.38 

Nitrite 

0.03 
0.12 
0.10 
0.06 
0.05 
0.05 
0.02 
0.02 
0.01 

Nitrate 

5.13 
14.72 
14.02 
12.12 
10.73 
8.01 
4.05 
0.28 
NJ). 

(A-MA) 
Total N 

18.76 
27.28 
40.22 
19.53 
28.13 
27.44 
17.64 
14.42 
9.03 

Phosphate 

0.27 
1.04 
1.46 
0.96 
0.84 
0.73 
0.61 
0.35 
0.38 

Total P 

0.67 
1.20 
1.63 
1.24 
1.20 
1.27 
1.44 
1.17 
0.93 

Silicate 

231.74 
215.65 
193.52 
181.45 
153.29 
132.70 

95.75 
36.76 
13.78 

Table 2. Comparison of the water quality in the Tapi River Estuary, March and 

August 1987.Mean values are enclosed in parentheses. 

Parameter March August 

Salinity, ppt 
pH 

0.16 
7.46 

-
-

27.33 
8.08 

0.11 
7.37 

-
-

22.87 
8.13 

DO, mg/i 3.63 
(7.68) 

- 4.94 3.62 
(7.65) 
- 5.58 

Alkalinty, meq/I 1.63 
(4.03) 

- 2.23 1.35 
(4.40) 
- 1.89 

Ammonia, p-M/ -c0.03 
(1.89) 

7.65 0.38 
(1.55) 

- 16.97 

Nitrite, pM/I 015 
(3.39) 

- 1.36 0.01 
(10.74) 

- 0.12 

Nitrate, .M <0.03 
(0.84) 
- 6.63 <0.03 

(0.05) 
- 14.72 

Total N, pM/i 1.75 
(2.77) 
- 19.75 9.03 

(7.67) 
- 40.22 

Phosphate, pM/I <0.10 
(11.88) 

- 0.74 0.27 
(22.49) 

- 1.46 

Total P, J.Ml 1.30 
(0.39) 

- 2.65 0.67 
(0.74) 

- 1.46 

Silicate, pM/l 16.99 
(1.85) 

- 158.79 13.78 
(1.19) 

- 231.74 
(95.57) (139.40) 
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Table 3. Trace metals in oyster, cockle and shrimp farms in Ban Don Bay and the Tapi River, 23-25 March 1987. Units are in pg/I. (D:

dissolved form; P: particulate form).
 

Ban Don Bay 

Cd Cr Cu Tlb Zn
 
Station Hg D D
P P D P •D P D P
 
BD-01-S 0.110 0.024 0.002 0.093 
 0.904 0.565 0.107 0.136 0.065 4.81 0.33BD-01.B 0.150 -BD-02-S 0.130 0.018 0.002 0.076 0.288 0.831 0.109 0.040 0.027 4.76 0.11BD-02-B 0.145 0.020 0.067 0.615 0.026 4.57 -BD-03-S 0.115 0.026 0.001 0.102 0.288 0.931 0.070 0.052 0.081 5.27 0.24BD-03-B 0.130 0.050 0.093 0.092 5.53BD-04-S 0.210 0.044 0.003 0.076 2.327 0.583 0.309 0.163 0.314 6.49 1.49BD-04-B 0.150 0.025 0.056 0.516 0.099 4.39BD-05-S 0.145 
BD-05-B 0.145
BD-06-S 0.250 0.042 0.002 0.094 0.452 0.596 0.168 0.193 0.227 4.90 0.75BD-06.B 0.155 0.020 0.002 0.080 0.429 0.484 0.161 0.150 0.217 4.25 0.54BD-07 0.135 0.026 0.006 0.092 0.480 1.050 0.256 0.184 0.106 4.79 1.29BD-08.S 0.110 0.029 0.001 0.108 0.170 1.151 0.064 0.223 0.009 5.29 0.06BD-08-B 0.130 0.035 0.0.0 1.183 0.134 4.57BD-10 0.105 0.042 0.003 0.086 0.810 1.758 0.134 0.116 0.079 4.74 0.60BD-11 0.110 0.026 0.006 0.083 1.031 1.183 0.147 0.810 4.78 2.86BD-12 0.430 0.008 0.741 0.195- 0.148 0.81BD-13 0.100 0.041 0.004 0.095 0.406 0.768 0.152 0.091 0.125 4.75 1.32 
Range 0.100 0.018. 0.001- 0.056. 0.484-0.170- 0.070- 0.026. 0.009. 4.25- 0.0560.430 0.050 0.008 0.108 2.327 1.758 0.309 0.193 0.810 6.49 2.86Mean 0.155 0.031 0.003 0.084 0.694 0.1570.872 0.123 0.184 4.93 0.87 

Tapi River 

Cd Cr Cu Pb ZnStation Hg D P D P D P D P D P 

Chiew LanDam 0.031 0.061 0.011 0.636 0.462 0.406 0.171 0.204 3.22 3.37TP1-1 0.060 0.017 0.011 0.024 1.033 0.286 0.858 0.118 1.659 2.20 2.78TP1-2
 
TPI-3 0.120 0.004 0.011 0.038 2.074 0.644 1.292TP .4 0.164 1.855 4.95 3.87 
TPI-5 trace 0.013 0.0430.007 1.586 0.867 0.758 0.118 3.32 2.15TP1-6
 
TP1-7 trace 0.032 0.003 0.061 0.719 0.917 0.312 0.197 0.248 3.70 0.77TP1-8 - - .TP1-9 trace 0.010 .0.003 0.073 1.013 0.862 0.458 0.479 0.377 4.13 1.11 

Oyster and cockle farms and some canals leading to the shrimp farms. 

Cd Cr Cu PbStation D P D P 
Zn

D P D P D P 

Tha Chang
shrimp farm 0.027 0.009 0.7980.065 0.670 0.118 1.640 3.86 3.53

Fisheries 
Station 
cockle farm

Inner 0.044 0.010 0.088 1.528 0.602 0.856 0.361 0.164 5.14 3.53Outer 0.031 0.015 0.099 1.322 0.695 0.542 0.370 1.029 4.92 2.34
Kanchanadit 

oyster farm
Inner 0.030 0.006 0.069 1.0921.174 0.992 0.173 1.080 4.87 3.31Outer 0.028 0.007 0.066 0.674 0.544 0.186 0.526 4.21 1.84

Tha Chang 
cockle farm

Inner 0.046 0.009 0.088 3.230 0.602 0.2891.199 2.393 4.35 4.41Outer 0.089 0.146 0.092 1.282 0.525 0.806 0.246 0.518 4.37 2.73 
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Table 4. Trace metals in Ban Don Bay, the Tapi River, the oyster and cockle farms and some canals leading to the shrimp farms, August 1987. 
Units are in pg/l. (D: dissolved form; P: particulate form). 

Ban Don Bay 

Station Hg D 
Cd 

P D 
Cr 

P D 
Cu 

P D 
Pb 

P D 
Zn 

P 

BD-01-S 
BD-01-B 
BD-02-S 
BD-02-B 
BD-03-S 
BD-03-B 
BD-04-S 
BD-04-B 
BD-05-S 
BD-05-B 
BD-06-S 
BD-06-B 
BD-07-S 
BD-07-B 
BD-08 
BD-09 
BD-10 
BD-11 
BD-12 
BD-13 

trace 
trace 

0.040 
0.040 
0.015 
0.035 
0.090 
0.020 
0.085 
0.030 
0.110 
0.040 
0.010 
0.005 
0.010 

0.115 
0.085 
0.270 
0.080 

0.003 
0.001 
0.004 
0.004 
0.003 
0.005 
0.014 
0.007 
0.006 
0.005 
0.003 
0.035 
0.011 
0.012 
0.006 
0.039 
0.01.8 
0.020 
0.013 
0.010 

0.002 
0.001 
0.002 
0.001 
0.004 
0.001 
0.001 
0.001 
0.002 
0.002 
0.001 
0.003 
0.001 
0.002 
0.002 
0.002 
0.002 
0.002 
0.005 
0.002 

0.474 
0.455 
0.536 
0.174 
0.567 
0.498 
0.351 
0.180 
0.209 
0.407 
0.354 
0.112 
0.421 
0.313 
0.381 
0.118 
0.278 
0.178 
0.207 
0.236 

1.043 
1.883 
1.061 
1.101 
1.049 
1.216 
1.630 
1.421 
1.332 
1.260 
0.751 
1.832 
1.175 
1.189 
1.348 
4.8q7 
2.309 
1.386 
3.478 
1.546 

0.193 
0.161 
0.107 
0.193 
0.318 
0.227 
0.372 
0.223 
0.300 
0.303 
0.434 
0.377 
0.361 
0.318 
0.338 
0.666 
1.190 
0.730 
0.513 
0.453 

0.038 
0.056 
0.111 
0.067 
0.069 
0.047 
0.095 
0.103 
0.087 
0.117 
0.111 
0.124 
0.106 
0.099 
0.118 
0.401 
0.256 
0.055 
0.281 
0.120 

0.030 
0.020 
0.027 
0.027 
0.079 
0.019 
0.186 
0.055 
0.012 
0.034 
0.022 
0.063 
0.017 
0.055 
0.019 
0.235 
0.003 
0.176 
0.013 
0.049 

N.D. 
0.057 
0.039 

N.D. 
0.068 
0.043 
0.188 
0.207 
0.024 
0.173 
0.096 
0.184 
0.181 
0.121 
0.158 
0.189 
0.452 
0.014 
0.632 
0.628 

3.60 
3.66 
3.66 
2.87 
4.06 
4.07 
3.06 
3.62 
2.84 
3.50 
3.42 
3.45 
3.22 
3.87 
3.49 

12.68 
3.16 
3.68 
2.82 
3.01 

0.03 
0.10 
0.23 
0.17 
0.07 
0.09 
0.38 
0.68 
0.10 
0.30 
027 
0.58 
0.29 
0.24 
0.51 
1.53 
0.89 
0.01 
1.40 
0.30 

Range 

Mean 

trace 
0.270 
0.057 

0.003-
0.039 
0.011 

0.001-
0.005 
0.002 

0.112-
0.536 
0.321 

0.751-
3.478 
1.432 

0.107-
1.190 
0.374 

0.038-
0.256 
0.123 

0.003-
0.235 
0.057 

N.D. 
0.628 
0.172 

2.82-
4.07 
3.34 

0.01
1.40 
0.29 

Tapi River 

Station Hg D 
Cd 

P D 
Cr 

P D 
Cu 

P D 
Pb 

P D 
Zn 

P 

TP2-1 
TP2-2 
TP2-3 
TP2-4 
TP2-5 
TP2-6 
TP2-7 
TP2-8 
TP2-9 

0.220 

0.095 

0.100 
0.160 

0.270 

0.001 
0.016 
0.011 
0.013 
0.008 
0.011 
0.011 
0.013 
0.016 

0.003 
0.004 
0.003 
0.002 
0.002 
0.001 
0.005 
0.005 
0.005 

0.056 
0.165 
0.022 
0.052 
0.068 
0.086 
0.235 
0.218 
0.318 

3.500 
3.675 
2.566 
1.944 
4.367 
1.790 
4.202 
2.545 
2.015 

. 

0.628 
1.507 
0.983 
0.895 
1.222 
0.802 
0.827 
0.849 
0.610 

0.277 
0.290 
0.334 
0.314 
0.168 
0.191 
0.707 
0.357 
0.251 

0.227 
0.477 
0.126 
0.03 
0.220 
0.018 
0.164 
0.042 
0.094 

0.234 
N.D. 
0.444 
0.642 
0.095 
0.373 
1.682 
0.853 
0.358 

7.81 
2.01 
2.05 
2.36 
2.59 
2.56 
3.05 
2.53 
3.74 

0.58 
1.01 
1.22 
1.48 
0.32 
0.83 
4.34 
2.59 
0.98 

Oyster and cockle farms and some canals leading to the shrimp farms. 

Station D 
Cd 

P D 
Cr 

P D 
Cu 

P D 
Pb 

P D 
Zn 

P 

Fisheries Station 
Cha-nge cockle farm 

Inner 
Outer 

Kanchanadit 

0.023 
0.012 

0.001 
0.003 

0.300 
0.391 

2.595 
4.549 

1.189 
0.659 

0.162 
0.551 

0.568 
0.049 

0.040 
1.057 

2.48 
4.26 

0.52 
3.84 

oyster farm 
Inner 
Outer 

0.012 
0.008 

0.013 
0.002 

0.090 
0.316 

9.257 
2.185 

2.275 
0.719 

5.178 
0.262 

0.036 
0.072 

4.032 
0.614 

2.22 
3.11 

12.82 
1.40 

Tha Chang cockle 
farm 

Inner 
Outer 

No. 3 Ehlong 
Kaejae 

No. 7 Xhlong 
Kradae 

No. 10 Xhlong 
Ram 

No. 12 Rhlong 
ThaTong 

No. 13 Ehlong 
next to Don 
Sak farm 

No. 14 Don Sak 
farm 

No. 16 Hhlong 
Tha Chang 

0.030 
0.039 

0.016 

0.009 

0.018 

0.009 

0.043 

0.006 

0.040 

0.001 
0.002 

0.009 

0.010 

0.001 

0.005 

0.004 

0.001 

0.017 

0.455 
0.118 

14.070 

2.752 

1.306 
4.887 

0.983 

2.886 

1.549 

1.430 

9.375 

0.835 

4.127 

1.520 
0.666 

2.691 

2.386 

0.463 

0.702 

2.272 

0.385 

1.762 

0.177 
0.401 

0.055 

0.074 

0.277 

0.271 

1.645 

0.041 

0.264 

2.163 
0.235 

6.511 

1.626 

0.032 

0.035 

N.D. 

0.854 

4.156 

0.806 
0.189 

2.67 

1.24 

0.491 

0.530 

2.246 

0.066 

1.455 

. 

5.79 
12.68 

14.87 

5.31 

2.98 

2.19 

4.73 

4.19 

14.77 

0.58 
1.53 

1.61 

1.43 

5.30 

0.03 

6.00 
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Table 5. Comparison of dissolved trace metals in Ban Don Bay and the Tapi River Estuary betweenDecember 1986 and March and August 1987 surveys. Units are in "I/I. 

Ban Don Bay 

Parameter December March August 

Hg 

Cd 

Cr 

Cu 

Pb 

7o 

Range 
Mean 
Range 
Mean 
Ranp 
Mean 
Range 
Mean 
Range 
Mean 
Range 
Mean 

0.018-0.029 
0.024 

0.048-0.091 
0.064 

0.370-1.002 
0.07 

0.037.0.194 
0.119 

3.45-8.63 
4.69 

0.100-0.430 
0155 

0.018-0.050 
0.031 

0.C6.03108 
0.084 

0.484-1.758 
0.872 

0.026-0193 
0.123 

4.25".49 
4.93 

traco0.270 
0.057 

0.03.0.039 
0.011 

0.1120.536 
0.321 

0-107-1.190 
0.374 

0.003.0235 
0.057 

2.82-4.07 
3.34 

Tapi River Estuary 

Parameter March August 

Hg Range trace-0120 0.095-0.270 

Cd 

Cr 

Mean 
Range 
Mean 
Range 

0.036 
0.004-0.032 

0.015 
0.024-0.073 

0169 
0.001.0.016 

0.011 
0.022.0.318 

Cu 
Mean 
Range 

0.048 
0.286.0.917 

0136 
0.610-1.507 

Pb 
Mean 
Range 

0.715 
0.118.0.479 

0.924 
0.018.477 

Zn 
Mean 
Range 

o.218 
2.204.95 

0.157 
2.01-7.81 

Mean 3.68 3.19 

Table 6. Comparison of the levels of some trace metals in the Chao Phraya, Mae Khlong, Bang Pakong and Tapi Rivers of Thailand with the Danube andRhine Rivers in Europe and the Amazon River in South America. Units are in Wg. 

Element Typical 
values 

Danube 
River" 

Rhine 
River 

Amazon 
River-

Chao Phraya 
Riverb 

Mae lXhlong 
River 

Bang Pakong 
River 

Tapi 
Rivert 

Cd 
Cr 
Co 
Cu 
Pb 

Mn 
Fe 
H9 
Ni 
Zn 

0.07 
0.5 
0.05 
2 
0.2 

<5 

0.01 
0.3 

10 

0.07.2.60 
0.4-1.0 

3-7 
2-4 
2-9 

0.1-1.0 
1-7 
7-28 

3.7 
11 

17 
4.2 

62 
67 

0.49 

201 

2.02 
0.06 
1.77 

19 
34 

0.27 

(1983) 

0.005 

33+6.5 
1.100 

N.D.-3.18 
1.1-60.1 

14.5-203.1 
N.D..0.43 

1.100 
0.55-2.74 

(Nov. 1985) 

0.005-0.080 
0.06-0.40 

0.03 
0.21-0.54 
0.01-0.34 

4.0 
29.0 

0.46 

(Feb. 1987) 

0.020-0.057 

0.047 
0.09-1.93 
0.02-0.50 

N.D.-21.0 
3.1-102.0 

1.30 
1.69-3.38 

(1987) 

0.010-0.032 
0.011-0.318 

0.286-1.507 
N.D..0.409 

2.01-7.81 

Sources: 
•Forstner and Wittman (1981).
bUmnuay (1984). 
tHungspreup et aL (1985). 
'Hungprup et aL (1987). 
ooThis paper. 
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Table 7. Water quality in Ban Don Bay. 
Survey: 23-25 March 1987. 

Station Data Time Depth Temperature Salinity pH Alkalinity DO TOC Chlorophyll (OM) 

(m) ('C) (ppt) (meqil) (mg/I) Nitrite Nitrate Phosphate Total P Silicate 

BD-01-S 25 11.30 5.0 30,0 32.33 8.18 2.287 4.38 2.74 1.264 0.1 0.26 <0.1 0.45 19.51 

BD.01-B 25 29.8 32.32 8.16 2.262 4.38 2.51 <0.1 0.26 <0.1 0.55 22.60 

BD-02-S 24 14.50 4.9 30.0 32.35 8.24 2.325 4.59 2.90 1.456 0.15 0.11 0.35 0.46 33.07 

BD-02.B 24 30.0 32.34 8.25 2.337 4.67 2.94 0.29 <0.1 0.55 0.69 15.65 

5.0 30.0 32.36 8.31 2.287 4.78 3.35 1.232 <0.1 <0.1 0.30 0.34 9.04BD-03-S 24 13.32 
8.31 2.275 4.82 2.66 <0.1 2.63 0.46 0.55 10.47BD-03-B 24 29.8 32.34 

2.75 <0.1 <0.1 0.46 0.75 9.70BD-04-S 24 10.35 5.0 29.0 32.26 8.29 2.325 4.54 
<0.1 0.97 1.45 11.46BD.04-B 24 29.0 32.26 8.30 2.362 4.39 4.75 <0.1 

5.0 29.9 32.27 8.19 2.275 4.32 3.27 1.424 <0.1 <0.1 <0.1 0.55 19.07BD-05-S 25 13.05 
BD.05-B 25 29.9 32.29 8.21 2.225 4.32 2.02 0.05 <0.1 <0.1 0.65 19.84 

4.42 2.35 2.272 0.14 0.65 <0.1 0.80 22.71BD-06-S 25 13.12 4.0 29.0 32.38 8.22 2.250 
<0.1 <0.1 1.00 24.69BD-06-B 25 29.0 32.39 8.22 2.325 4.54 0.31 

BD-07 23 12.50 4.9 29.2 32.39 8.13 2.387 3.94 6.38 1.184 0.28 0.23 0.40 0.75 27.33 

BD-08-S 24 9.05 5.5 29.0 32.29 8.23 2.237 4.28 2.96 2.288 <0.1 0.79 * 0.17 1.10 21.05 
4.59 3.26 0.03 <0.1 0.17 2.30 19.51BD-08-B 24 32.0 32.30 8.23 2.337 

BD-10 25 16.20 2.5 30.7 28.50 8.21 2.225 4.56 3.28 2.784 0.10 <0.1 0.34 0.95 14.55 

BD-11 25 15.10 3.0 30.0 32.48 8.30 2.350 4.88 3.69 3.392 0.15 <0.1 <0.1 1.70 8.16 

BD-12 23 10.30 3.0 28.0 32.41 8.28 2.425 4.75 8.75 0.18 0.29 0.40 0.75 9.48 

BD-13 23 14.10 2.5 29.0 32.46 8.26 2.344 3.94 4.49 0.20 0.96 0.40 0.55 5.84 

Survey: August 1987. 

DO (4M/)
Station Date Time Depth Temperature Salinity pH Alkalinity 

(m) (IC) (ppt) (meq/l) (mg/I) Ammonia Nitrite Nitrate Total N Phosphate Total P Silicate 

BD-01-S 3 15.50 6.8 29.5 32.59 8.22 2..50 4.37 <0.1 0.07 0.32 8.68 <0.1 0.50 4.13 
2.2a8 4.26 <0.1 <0.1 0.46 6.09 0.21 0.50 17.50BD-01-B 29.0 32.59 8.25 

0.67 0.04 0.39 7.49 <0.1 0.50 13.91BD-02-S 3 14.40 6.0 30.0 32.54 8.18 2.213 4.32 
0.49 0.23 8.64 <0.1 0.50 41.85BD-02-B 30.0 32.50 8.19 2.150 4.29 0.04 


BD-03-S 5 11.36 5.1 30.3 32.47 8.19 2.225 4.77 0.25 0.04 <0.1 6.37 <0.1 0.62 24.29
 
0.62 2.67BD-03-B 30.0 32.50 8.30 2.225 4.76 0.30 0.04 <0.1 8.40 <0.1 


BD-04-S 5 10.20 5.8 29.5 32.29 8.21 2.200 4.74 0.20 0.04 0.15 7.14 <0.1 0.50 10.19
 
4.64 0.25 0.05 0.05 8.82 <0.1 0.67 11.2432.32 2.163BD-04-B 29.5 8.20 

<0.1 0.16 8.54 <0.1 0.62 8.59BD-05-S 3 17.00 6.0 30.0 32.81 8.27 2.275 4.37 <0.1 
0.09 12.18 0.21 0.69 16.09BD-05-B 30.0 32.65 8.18 2.250 4.32 0.23 0.11 

4.33 12.46 0.53 3.59BD-06-S 3 11.45 4.5 30.0 32.49 8.20 2.225 0.30 0.12 0.07 0.12 
30.0 32.45 8.23 2.238 4.28 0.11 0.12 0.30 12.67 0.63 0.60 8.04BD-06-B 

8.20 2.125 4.74 0.23 0.05 <0.1 10.08 <0.1 0.50 14.29BD-07-S 5 12.27 4.9 30.0 31.23 

BD-07-B 29.8 31.34 8.22 1.963 4.58 0.25 0.12 0.68 11.41 <0.1 0.53 23.05
 

0.11 0.10 11.69 <0.1 0.57 19.43BD-08 5 9.14 4.2 29.5 31.45 8.21 2.131 4.49 0.30 
0.12 14.49 0.48 0.84 80.82BD-09 6 -9.00 27.45 8.01 1.925 4.14 0.29 0.06 


BD-10 3 18.15 3.5 29.5 32.43 8.10 2.188 4.06 0.11 0.14 0.12 14.57 <0.1 0.69 11.74
 

29.8 27.04 8.03 1.913 4.39 0.30 0.02 0.07 11.55 <01 0.65 27.06BD-11 3 3.6 
0.25 0.05 12.86BD-12 5 13.35 3.0 29.8 28.56 8.19 2.038 4.72 0.09 17.01 <0.1 0.77 

4.84 0.23 0.07 <0.1 18.62 <0.1 0.57 22.48BD-13 5 14.22 3.0 30.0 29.74 8.21 2.063 

Table 8. Comparison ofsome surface parameters in Ban Don Bay, 
March and August 1987 surveys. Mean values are enclosed in 

parentheses. 

Parameter March August 

Temperature, 'C 28.0-30.7 29.6.30.3 
(29.5) (29.8) 

Salinity, ppt 28.50-32.46 27.40-32.59 
(32.03) (31.01) 

pH 8.13-8.31 8.03-8.27 
(8.24) (8.18) 

DO, mg/I 3.94-4.88 4.06-4.84 
(4.48) (4.47) 

Alkalinity, meq/l 2.23.2.43 1.91-2.28 
(2.31) (2.14) 

Nitrite, pM/I <0.03-0.20 <0.03-0.14 
(0.10) (0.06) 

Nitrate, pW <0.03.0.96 <0.03-0.39 
(0.28) (0.12) 

Total N, pM/l . 6.37.18.62 
(11.44) 

Phosphate, pM/I <0.10-0.46 <010-0.48 
(0.25) (0.03) 

Total P, pM/I 0.30-1.70 0.50-0.84 
(0.75) (0.62) 

Silicate, pMi 5.84-33.07 3.69-24.29 
(16.63) (14.38) 

http:3.69-24.29
http:5.84-33.07
http:0.50-0.84
http:0.30-1.70
http:010-0.48
http:0.10-0.46
http:6.37.18.62
http:0.03-0.39
http:0.03.0.96
http:0.03-0.14
http:0.03-0.20
http:1.91-2.28
http:2.23.2.43
http:4.06-4.84
http:3.94-4.88
http:8.03-8.27
http:8.13-8.31
http:27.40-32.59
http:28.50-32.46
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Table 9. Water quality in the oyster, cockle and shrimp farms, March 1987. 
Station Date Salinity pH Alkalinity TOC DOC (Il)(ppt) (meq/l) (mg/I) Ammonia Nitrite Nitrate Total N Phosphate Total P Silicate
Tha Chang shrimp 20 7.25 0.750 11.63 12.47 0.60 0.20 0.48 0.72 N.D. 1.30 96.01farm 
Tha Chang cockle farmInner 22 23.95 7.78 1.962 5.0 6.71 0.77Outer 0.20 0.20 0.82 0.5122 24.62 7.98 1.876 1.55 27.378.83 5.61 0.82 0.18 N.D. 1.56 0.80 3.25 274.74Fisheries Station 
Cha.ngoe cockle farmInner 22 31.19 8.22 2.375 6.11 4.37 0.70 0.10Outer 0.82 1.13 1.0322 31.17 2.30 16.848.25 2.312 5.87 5.42 0.64 0.30 0.30 N.D. 0.57 1.80 158.95Kanchanadit oyster farmInner 22 28.71 7.67 2.350 6.18 4.07Outer 22 1.73 0.22 0.35 5.15 1.8930.34 8.00 2.300 3.20 269.477.48 4.31 1.05 0.10 0.59 2.58 1.26 1.85 190.53 

Table 10. Water quality in the cockle and shrimp farms and adjacent canals, 3-5 August 1987. 

Station Salinity pH Alkalinity DO Ammonia 
(9m)

Nitrite Nitrate Phosphate Silicate 
(ppt) (meq/1) (mg/l) 

Kanchanadit oyster farmInner 5.5 7.16 1.43 4.35 5.62Outer 0.48 23.78 0.58 272.821.5 7.45 1.44 3.27 1.06 0.24 0.27 0.36 79.2
Fisheries Station
 
Cha-ngoe cockle farm
Inner 22.5 7.66 1.68 4.46 0.34 0.09 0.21 1.14 80.8Outer 22.5 7.48 1.61 5.17 0.20 0.09 0.07 0.42 27.3Tha Chang cockle farmInner 30.0 7.44 1.75 3.63 1.36 0.07 0.16 0.18 186.6Shrimp farmsNo.1 Chit's Farm 20.0 7.28 1.50 0.34 068 0.09No.4 Fisheries Station 0.06 120.119.5 7.04 0.98No.6 Sutat's Farm 20.0 7.18 1.39 

2.75 0.13 - 0.30 85.2
0.60 0.13 4.46No.9 Sawas's Farm 14.5 54.67.36 2.28 0.17 0.07 0.12 0.24No.14 Don Sak Farm 222.234.5 8.01 2.29 N.D. 0.06 0.20No.18 Tha Chang Farm 46.8- 0.09 0.07 0.09No.19 New Farm 18.530.0 6.98 1.28 14.34 1.80 40.09 0.30 29.5No. 20 Vong Kacha Farm 36.0 7.19 2.28 5.79 0.18No.22 Natural Farm 32.0 0.13 0.12 176.67.23 2.04 - 1.26 0.18 0.02 75.1Adjacent canals
No.3 Khlong Kaejae 10.0 6.99 1.13 
 3.43 6.08 0.68 2.56 0.84 246.4No.7 Khlong Kradae 3.5 7.60 1.49 3.79 1.95

No.10 Khlong Ram 15.0 7.37 
0.44 25.99 2.70 287.0

2.40 4.91 0.09 0.02 0.12No.12 hlong Tha Tong 215.17.5 7.48 1.95 2.84 1.15 0.87 36.42 192.3No.13 Khlong next toDon Sak Farm 35.0 7.35 2.53 3.67 5.33 0.48 2.37No.16 lhlong Tha Chang29.0 7.29 1.79 3.79 
0.06 56.2

0.77 0.18 4.74 189.6 

Table 11. Chlonophylls a, b, and c contet of phyteplankton in Ban Don Bay,March and August 1987. Units in mg/rm 

March AugustStation a b c a b c 
BD-01 1.264 N.D. N.D. 2.960 1.686BD-02 1.456 1.088 2.992 2.067 0.463 1.708BD-03 1.232 0.112 0.640 1.537 1.250 1.485BD-04  2.122 0.943 2.835BD-05 1.424 0.112 N.D. 1.464 0.834 2.378BD-06 2.272 0.288 1.376 1.380 1.598 2.870BD-07 1184 0.208 3.872 1.451 0.007 0.463BD-08 2.288 N.D. 11.152 2.448 1.108 1.437 

BD-09
 
BD.10 2.784 0.096 
 1.104BD.11 3.392 N.D. N.D. 3.468 2.148 6.038BD.12 2.237 0.940 2.237BD.13 2.312 1.284 2.428 

Range 1.184. 0.096 0.0640 1.380. 0.007- 0.463.3.392 1.088 3.872 3.468 2.148 6.038Mean 1.922 0.212 2.348 2.131 1.115 2.171 



Table 12. Dissolved petroleum hydrocarbons 
1987. Units in go(. 

in Ban Doi Bay. March and August 

Station 
Petroleum hydrocarbona 

March August Station 
Petroleum hydrocarbons 
March August 

BD-01 
BD-02 
BD-03 
BD-04 

1.391 
1.690 
1.820 
2.370 

0.070 
0.107 
1.172 
2.900 

Fisheries Station 
Cha-ngoe 

Inner 1415 
Outer 1.725 

3.106 
T.S 4. 

BD-0 5 
BD-06 
BD-07 
BD-08 

BD-09 
BD-10 
BD-11 
ED-12 
BD-13 

1.772 
1.568 
0.788 
1.600 

-
1.408 
1.610 

0.942
0.837 

0.332 
0.928 
2.848 
1.341 

2.363 
0.696 
0.175 

1.4680.676 

Kanchanadit 
Inner 
Outer 

Tha Chang 

Inner 
Outer 

0.933 
0569 

0.805 
0.9665 

3.611 
-

2.9,63 
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ABSTRACT 

This study evaluated water pollution problems arising from 
land-based sources in the Upper South, Thailand, whichincludes areas in Surat Thani (Ban Don Bay), Phangnga andKrabi Provinces (Phangnga Bay). The study showed that mostof the major pollution sources were point sources (i.e., waste-
water from communities, industries, mines and ports). Major
environmental issues identified in Ban Don Bay were the deterioration of the water quality of Tapi-Phum Duang River and
the direct discharge of sewage into natural receiving waters. InPhangnga Bay, on the other hand, the high concentration ofsuspended solids in mine tailings was the main issue. 

Wasteloads from various pollution sources, which includedthe total generated waste from the point source or the so-calledpotential load and the actual loads that entered both bays,
were also estimated. There are immediate and long-term plans
to manage the water quality of natural receiving waters by
controlling pollution point 	 sources or land-based pollutionsources to minimize their impact on the water quality and thecoastal resources, 

INTRODUCTION 

The Upper South region ofThailand was chosen 
as the pilot site for the ASEAN/US Coastal
Resources Management Project (CRMP) for its 
rich natural resources. Like all developing areasin Thailand, the region has been degraded
through industrialization, urbanization and
upland activities. Many of its rivers and canals 
(khlong)are contaminated with sewage discharge,
organic waste, mine tailings and agricultural
runoff, 

To protect the natural resources along thecoastal zone of the Upper South, this study onland-based pollution sources was conducted. The 
results of the study include recommendations onhow 	 to mitigate the impact of those pollution
sources on natural resources. 

OBJECTIVES 

The study's primary objectives are as follows: 
1. 	 evaluate pollution problems arising fromland-based sources that contribute to 

coastal resources degradation; and2. 	 propose a management plan and mitiga
tion measures to reduce the environmen
tal impact caused by land-based pollution 

sources. 

SCOPE OF WORK 

The study focused on the inventory of pollutionsources and their wasteloads and the impact ofthose sources on the water quality of natural 
receiving waters. The scope of work includedstudies on the water quality of natural receiving
 
waters and 
 on the wastewater characteristics,
including the quality and quantity from variouspollution sources (i.e., communities, industries, 
fishing ports and mines). 

SITES AND METHODS 

The study area shown in Fig. 1 includes a "land 
bridge" and coastal areas between Surat Thani in
the northeast and Phangnga in the southwest. 
However, the major focus of the study was on the
receiving waters that discharge into the coastal
provinces of Surat Thani (Ban Don Bay) and 
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Phangnga and Krabi (Phangnga Bay). In Ban Don 
Bay, the study area was that between Sui and 
Thaut Peninsula including Samui Island, and in 
Phangnga Bay, it was the area between Thai 
Muang District (Phangnga) and Klongtom District 
(Krabi). 

Samples of wastewater from pollution sources 
and natural receiving waters were analyzed for 
physical, chemical and biochemical properties. 
The sampling was carried out four times in 1987, 
twice during the dry season and twice during the 
wet season. The analytical methods used followed 
the Standard Methods for Water and Wastewater 
Analysis of the Office of the National Environ-
ment Board (ONEB), Thailand. 

For the study of the water quality of natural 
receiving waters, the parameters analyzed were 
air temperature, water temperature, pH, conduc-
tivity, salinity, hardness, alkalinity, dissolved 
oxygen (DO), biological oxygen demand (BOD), 
chemical oxygen demand (COD), total phospho-
rus, nitrate-nitrogen, nitrite-nitrogen, ammonia-
nitrogen, suspended solids, total coliform bacteria 
and fecal coliforin bacteria. 

Sampling and analysis of wastewater from 
selected pollution sources (i.e., communities, 
industries, ports and mines) were carried out to 
determine wastewater characteristics and to 
evaluate the generated wasteloads. The analysis 
was mostly for BOD and COD and the measure-
ment of wastewater flow rates. The evaluation of 
the total wasteloads from various sources is the 
total generated load (TGL). The actual discharge 
load (ADL) into natural receiving waters'was cal-
culated from information on the efficiency and 
availability of the existing drainage systems in 
the area. 

RESULTS AND DISCUSSION 

Land-based pollution sources 

Land-based pollution sources were found to be 
scattered throughout the Upper South area, espe-
cially along the banks of major receiving waters. 
The problem associated with land-based pollution 
sources was the direct discharge of wastewater 
into natural receiving waters. Pollution sources 
discharged wastewater directly into the river or 
this was collected in the sewer lines that have 
open ends at the riverbanks.'Therefore, the TGL-
to-ADL ratio depended on the number of sewer 
lines in the community. Sewer lines servicing 

Muang Surat Thani and Phun Phin Districts were 
only 13.6% and 8.2% of the district area, respec
tively. 

In Surat Thani, the major sources of pollution 
were industries, fishing ports and communities, 
especially the small communities and small-scale 
industries along the coast. Sediment from mines 
was the only major source of pollution in 
Phangnga. In Krabi, communities and industries, 
especially oil palm mills and rubber plants, were 
also the major sources of pollution. 

The communities of Phum Riang, Tha Chang, 
Kanchanadit, Tha Thong and Don Sak along Ban 
Don Bay discharged wasteloads of 10.6, 40.6, 
100.8, 11.3 and 54 kg BOD/day, respectively (Fig. 
2). Muang Surat Thani and Phun Phin generated 
only 13.6% and 8.2% of the total wasteload, 
respectively, and discharged into Tapi-Phum 
Duang River. For the fishing port, the TGL 
equalled the ADL, which means that all the gen
erated wasteload of 2,049 kg BOD/day was 
dumped into the receiving water. This is one of 
the major sources of pollution in Ban Don Bay. 

Major industries in Surat Thani that generated 
a large amount of wasteload were the distillery 
plant, the Phun Phin industrial complex, fish 
mills near the mouth of Tapi River and the dried 
shrimp factories at Don Sak. The potential 
wasteloads were estimated at 13,200; 26,295; 21; 
and 171 kg BOD/day, respectively. However, the 
wastes from the distillery plant were not dis
charged into natural receiving waters because of 
national regulations and enforcement. 

The TGL from all the land-based sources which 
are potential waste sources in Ban Don Bay were 
calculated at 32,240 kg BOD/day while the ADL 
was 3,439 kg BOD/day. Based on these, only 9
10% of the potential wasteload had an impact on 
the receiving waters. Even with this small 
amount of waste discharged, immediate effects 
occurred and the quality of the water and of life 
and sanitation of the local people in some areas 
deteriorated. 

In Phangnga Bay, the major land-based pollu
tion sources were from communities, industries 
(oil palm mills and rubber plants) and mine tail
ings (Fig. 3). Waste generated by the Muang 
Phangnga and Muang Krabi communities were 
small in amount and wastes from oil palm mills 
and smoked rubber plants were retained within 
the plants. These sources did not have a signifi
cant impact on the water quality of the natural 
receiving waters. However, solids from mine tail
ings with a TGL and ADL of 280,000 kg sus
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pended solids/day or approximately 50,400 t/year Rivers theat section near the communities ofwere significant. It was assumed that each mine Muang Surat Thani District, Muang Phangngaoperated approximately 6 months/year and the and Muang Krabi deteriorated due to coliform,water supply was 70,000 m2/day for 14 mines with th' highest intensity occurring during thewhose effluents affected Phangnga Bay with sus- wet season. This could be caused by a flushing ofpended solid concentrations of 4,000 mg/l, which the soil and other impurities which contained colcaused the shallowness of Khlong Phangnga. This iform during the storms into the natural receivingrate of sedimentation can affect the inner part of waters. 
Phangnga Bay or 280 km2 of the coastal zone in 
Phangnga and Krabi (Fig. 4). The approximate

silt load was 180 t/km2/year. Besides causing

shallowness and creating problem for naviga-a RECOMMENDATIONS
 
tion, the suspended solids affected living organ- Don
isms in the coastal zone such as corals and man- Ban Bay had more organic pollutiongrovs, 

sources, thus the water quality ofgroves. its natural 
The TGL from all land-based pollution sources receiving waters was deteriorating. The pollutionexcept mine tailings within Phangnga Bay was sou.ces in Phangnga Bay were the mine tailingscalculated at 9,540 kg BOD/day and the ADL, 154 and, partly, the communities. Management ofkg BOD/ day, representing only 1.6% of the total these areas must then consider the improvementpotential wasteload. Even though the organic and maintenance of the receiving waters in Banpollution problem was considered small, impor- Don, Phangnga and Krabi while reducing thetant point sources from the islands of Pan Yee and sediments' transport from the mining areas.
Phi Phi, which are tourist attractions, should be 
 To achieve the management objectives in thecontrolled. long-term, the control strategies should minimizeOrganic waste generated and actual load dis- the wasteload at the sources and prevent thecharged into the receiving waters were higher in direct discharge of the wasteload into the naturalBan Don Bay than in Phangnga Bay. However, receiving waters.sediment accumulation due to mine tailings in Table 1 presents the preliminary recommenda-Phangnga was much more serious than the tions and the mitigating measures for the manorganic wasteload discharged by the communities agement of the coastal resources along Ban Donand industrial sources. and Phangnga Bays in relation to land-based 

pollution sources. These are immediate and long-
Water quality of natural term plans. 
receiving waters 

The water quality indicated by the concentra- ACKNOWLEDGEMENT 
tion of DO and BOD in the natural receiving
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Table 1. Preliminary recommendations and mitigation measures for water quality management. 

Management schemes 

Ban Don Bay 
lntermediae progrnma 

1. 	Strengthening oflaw 
enforcement, 

2. Strict implementation of 
land use development plan, 

8. Coordination and public 
relations to stimulate 
environmental awareness, 

4. Development ofcommunity 
sanitation, 

* Water quality management 
for Amphoe Muang, Amphoe 
Phun Phin, Ko Samui and 
the submuncipalities ofDon 
Sak,.Kradae and Kanchanadit. 

*Solid waste management at 
Anphoe Muang, Amphoe Phun 
Phin and Amphoe Ko Sani. 

5. Development of on-site 
wastewater treatment 
facilities for dense 
communities and small-scale 
marine industries at the 
Surat Thani Fishery Port, 
dried shrimp factories and 
fish mills, 

Justification 

Effluents discharged from the 

following industries do not meet 

the standards and regulations: 


frozen food and seafood prncessin, 

smoked robber processing, distillery
 
plant; and fish mill.
 
Encroachment of public waterways.
 
Direct disposal ofsolid waste into
 
waterways.
 

Only town planning has been done 

and implemented on the regional level 


Thisquality
In addition, local activities, such as 

aquaculture and land exploitation for 

a residential purpose, are common in
 
the area.
 
Lack ofeducation and public awareness 

in environmental issues cause Lrlire 

in the implementation phase, 


POpulation and activities In dense 

communities and developing areas 

will increase rapidly, thus, creating 

more waste. 


. water quality management plan 

mud be developed for Upper South, 

Thailnd. 


Solid waste, are not properly 
disposed and production tends 
to increase, 

Danse communities, dried shrimp 
factories and fish mills are not 
equipped with appropriate waste-
water treatment plants. :n 
addition, the effluent from these 
sources is highly organic 
and is expected to become a 
major pollution source. 

Brief description 

Concerned agencies, both govern-
ment and nongovernment, must coo-
perate-in strengthening law enforce-
mentv 

Areas fie from pollution 
and encroachment should be 

Public awareness campaign. The people 
to be approached are the local tambn, 
amphoe and changwalgroups and the 
central government officers. 

Low.cost system, (Le, on-site or 
interceptors systemon main drains 
and diversion to waste treatment 
systems) should be applied. Effluent, 
at least the primary one treated, is 
discharged Into natural receiving 
waters or collected and recycled for 
other uses. No direct discharge will 
be allowed. 

Concerned agencies must coordinate 
in setting up the plan which must 
focus on the control of pollution
point sources and .ne improvement of 
water quality of natural receiving 
waters. 

Solid waste disposal is not 
properly managed. Management 
must be cyclic (ie., collection, 
treatment and the disposal of 
garbage must be done). 

To be developed in certain 
pollution sources such as 
houses in dense communities 
and fisheries ports. Priority 
should be given tc areas with 
a serious problem ofpollution 
point sources. 

Major environmentdi effects 

Improvement ofnatural receiving 
waters and effluent quality entering 
waterways. 

Preservation ofrw water for 
supply to ensure thatits 

complies with the 
stdar s w 
standrds 

Enabling the local people to under-
stand management approaches to control 
pollution and local garbage problems. 

Improvement of the water quality of 
natural receiving waters. If no 
treatment system is in operation,
the water quality of Tapi River will 
continue to deteriorate, especially 
w n mitigation measures or the impact 
ofwater released from the Rachaprapa 
Dam are not enforced. 

Improvement ofenvironmenta] 
quality and quality oflife. 

Improvement of urban environment 
and sanitation. 

Prevention of wastewater from 
major pollution sources from 
entering natural receiving 
waters. 

Agencies responsible 

Ministry of Industry 
(MOInd.), Harbou Depart
ment (ED), local government 

Local government, ED, De
partment of Lnd Develop
ment (DOLD) 

Local government, Nongov
ernmental Organization 
(NGO), Office of the Nation. 
al Environment Board 
(ONEB), Committee on 
Public Health Ministry 
(COPHM) 
Ministry of Interior (MOint), 
ONEB, local government 

ONEB, local sanitation office 

Local government, ONEB, 
COPHM 

ONEB, local government 



6. Setting of surfac water 
quality classification 
and standards, 

7.Envlronmental monitcrlng 
program for the Tapi-Phum 
Duang River and industrial 
pollution sorces. 

8. Conseration plan for raw 
water supply at catchment 
areas at Amphos Muang and 
Amphoe Phun Phin. 

Lorm~ pk-n 

1. Zonation of industrial 
areas for Amphoe Muang, 
Amphoe Phun Phin and 
a distillery plant. 

2. Management of aquaculture 
activities. 

3. Initial environmental 
-	 e amintion of further 

development projects, 

4. Further study and 
develapment ofwater 
quality model, 

The aims are the beneficial use 

of water and maintenance of water 

quality. The progam includes 

activities to be allowed along 

natural receiving waters and 

setting of surface water quality
 
standards.
 

Seasonal data should be collected 

and compared in time and with the 

developed model 

. Effluent disctargefrom industry 


does not meet the standards, 

9 Encroachment of public waterways 


and regulation 

&Direct disposal of solid waste 

into the waterways. 


Due to the increased demand for raw 

water supply, the water quality at 

Phun Phin pumping station is deterlo. 

rating. 


Previous scattering ofindustrial 

sites is difficult to control 

and creates more impact to 

society and the environment, 


The wasteloads from aquaculture 
activities tend to have an impact 
on coastal water use, especially 
with more than 12,200 ha ofland 
developed for aquaculture in Ban 
Don Bay. 

Initial environmental exemina-
tion will be useful for setting 
up control measures. 

There is a lack ofrolationoap between 
water quality and waste quantity in 
the .rem and coastal waters which 
will influence future development 
action in both river and aquaculwre. 
There is no information on the relation, 
ship bntween upstream and downstream 
water quality from pollution sources 
and the strength ofthese sources. 
The model will be able to evaluate 
these relationships and the assimi
lative capacity of the receiving waters. 

Review of the beneficial uses of 
Ban DonBay's environmental compo-
nents and the setting of a surface 
water quality classification 
and standards to protect these uses. 

A comprehensive environmental 
monitoring program to: 
9 produce a water quality 
status report on the natural 
receiving waters; 

* detect any contamination of 

natural receiving waters;
 

*ensure that the wastewater
 
discharged from pollution sources
 
complies with effluent standards. 

Limit and inhibit the construc. 
tion of certain industries in the 
Tapi-Phum Duang catchment area. 
Control the quality of wastewater 
discharged from communities and 
industries. 
Conseration plan for the Tapi-
Phum Duang catchment area. 

Grouping large- and small-scale 

industries in specified areas. 

Common or central waste treatment 

system will be shared by these 

industries. 

Organic (and inorganif) load(s) 
in aquaculture aflluent, especially 
from shrimp farms, must be 
minimized. 
Zoning of aquaculture farms. 

Examination ofextsting environ-
mental conditions before any 
project can be developed. The 
first phase of implementation 
should be focused on small deve-
lopment projects. 

Based on existing information 
and data on tidal effects, water 
quality should be developed 
and tested for future plans. 
To test the model, the results 
developed from it and actual 
monitoring data should be 
compared. 

Improvement and sustenance 
ofenvironmental quality such 
as medium clean surface water 
resources for water supply 
and agriculture. 

Ensuring the maintenance of 
environmental quality in 
the long-term. 

Improvement of raw water quality. 

Improvement of water quality 
of natural receiving waters 
and wastewater discharged frn 
industries. 

Control and improvement 
of the quality of water supply 
for aquaculture and natural 
receiving waters. 

Improvement of environmental 
quality and preparation of 
mitigation measures for any 
impact that development 
projects might make. 

Improvement and prediction of 
natural receiving water quality. 
rhe results from the model can 
uised as guidelines for setting 
Lp environmental quality 
wntrol for other development 
Projects. 

ONED 

Phangga Fishery Office,
 
Surat Thani Environmental
 
Health Center #8, ONEB,
 
Electricity Generating Auth. 
ority of Thailand (F.AT), 
agricultural coopetives 

ONEBPWWA 

MOInd 

Ministry of Agriculture 
and Cooperatives. ONEB 
(Upper South Project, 
Tasks 210-T and 20-T) 

Ministry of Industry, ONEB 

ONEB, EGAT 

9-A 

Continued 



Table 1. continued 

Management schemes 

Ph.. nga Bay 
In rmnediaeprograms 

1. Setting of surface 

water quality clauai. 

fication and standard., 


2. Study of mine effluents. 

Review ofthe standards 

for suspended and 

settleable solids in 

minin effluents, 


3. Development ofcommunity 
sanitation at Pan Yee and 
Phi Phi Islands. 

4. Solid waste management at 
PanYee Island 

5. Develoj.ment of on-site 
wastewater treatment 
facilities atAmphoe Muang 
Krab, aphe Muang and 
PhangngaL 

6. Environmental monitoring 
program at Phangnga and 
Krabi Rivers 

Long-termpla 
1. 	Study for managemrent 

of unused mines. 

2. Study for management 
of road construction, 
especially the road to 
the mining site. 

Justification 

All rivers and their connecting streams 
are turbid and shallow from mining 
sediments, 

Only total solids in mine effluenta 

are controlled but the level is too 

arbitrary with respect to existing 

standards. It is expected that 

suspended solids, after a period of 

time, will settle at the bottom 

of the receiving water, causing 

shallowness. In addition, suspended 

solids are the major factors 

affecting the quality of life 

of living marine organisms such
 
as corals.
 

On-site environmental impact 

affecL-specific areas such as 

densely populated areas and 

tourist spots. 

Solid wastes are directly discharged 

into the receiving waters, 


On-site treatment seems 

appropriate for scattering a 

specific type of waste. 


To maintain and evaluate 
the efficiency of the management 

plan, an environmental monitoring 

program must be enforced at 

selected major waters, 

Unused mines and rodd construc-
tion cause erosion and sediment 
transport int main streams and 
the coastal zone, 

Nearshore road construction 
causes the erosion ofsediments. 

Brief description 

Review of the beneficial uses of 
Phangnga'a environmental components 
and the setting up of a surface water 
quality classification and standards 
to protect those uses, 

Effluent standards should be 
developed for both settle-

able and suspended solids, 

At present, the existing
 
standard is only applied
 
to total solids. Suspended and
 
settleable solids are the main
 
factors that cause shallowness
 
and ceate impact on agricultural
 
areas.
 

Interceptors system on main drains 

and diversion to waste treatment 

system will be used. Treated 

effiuent will be discharged into the
 
natural receiving waters. No direct
 
discharge will be allowed (e.g.,

on-site and ponding before disposal).
 
Small-scale incinerator should 

be installed on the island, 

The facilities are to be developed

in certain pollution sources such as 

hospitals, markets and hotels, 

The system must have low 

capital and operating costs
 
and be easy to maintain. 

A comprehensive environmental 
monitoring program is needed 
to enable a waterquality status 
report on the natural receiving 
waters, 

To be studied. 

Guidelines and criteria to control 
erosion caused by mad construc-
tion. 

Major environmental effects 

Improvement, maintenance and 
sustenance of environmental 
quality. Fresh surface water 
resources for water supply, fish
criesrecreation and conservation 

ofaqu cultur, organisms. 
Elimination of shallowness in 
waterways and its impact on agri-
cultural areas and corals. 

Maintenance of the water quality of 
natural receiving waters 

Minimization of solid waste dumped 
into the natural receiving waters. 

Prevention of wastewater 
(from motor pollution sources) 
from entering natural 
receiving waters. 

Although the existing water 
quality of natural receiving 
waters is within the acceptable 
range, the contamination of 
suspended solids (from mining 

activities) and total coliform
 
bacteria (from community wastewater)
 
may take place.
 

Prevention ofredimentation 

and shallowness at the mouth
 
of the river, coastal area and in
 
the bay.
 

High turbidity in coastal 

waters.
 

Agencies responsible 

ONEB 

Mineral Resources Depart
ment 

MOInt, ONEB, local govern
ments, regional public 
health office 

Pan Yee Local Health Center 

ONEB, local government,
local authority, Public 
Works Department (PD) 

Local fisheries office, ONEB 

MOInd 

PWD 
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ABSTRACT 

Oil pollution poses a potential threat to the Ban Don Bay
area where several oil terminals and ports are located. The 
area, which is rich in coastal resources, is economically impor-
tant. However, there is as yet no detailed plan that will deal 
with possible oil pollution problems, especially oil spill incidents. The National Oil Spill Contingency Plan (NOSCP) is
still being formulated. The existing safeguards may not be able 
to cope with such an eventuality on a major scale. 

This paper looks into oil-related activities and proposes
ways to control and prevent oil pollution in the Ban Don Bay
area. 

INTRODUCTION 

The Ban Don Bay area, which is rich in coastal 
resources, is the main focus of environmental and 
resources management of the ASEAN/US Coastal 
Resources Management Project (CRMP) of the
Upper South, Thailand. A potential problem of the 
area is oil pollution coming from oil terminals or
tank farms and the coastal ports of Southern 
Thailand. Although temporarily shut, offshore oil 
wells, located about 160 km northeast of Ban Don 
Bay, make the area susceptible to oil pollution.

The study area is limited to the vicinity of Ban 
Don Bay (Tha Chana District to Don Sak Dis-
trict), Surat Thani Province, Mu Ko Ang Thong
National Park, Phangan Island and Samui Island 
(Fig. 1). 

The objective of the study is to formulate
guidelines for the abatement and prevention of oilpollution in the area for consideration of relevant 
p
agencies. 

AREA, RESOURCES AND ENVIRONMENT 

Ban Don Bay is a rather shallow bay. Coastal 
tankers and passenger, fishing and cargo boatshave to use the channel dredged by the Harbour 
Department to go to Surat Thani via the TapiRiver. The general pattern of surface currents inthe bay are shown in Fig. 2. From January toMarch, circulation is counterclockwise while from 

April to December, the surface current flows fromChumphon Province to Surat Thani and Don Sak.Northeast winds blow from October to April while 
a southwest wind prevails from May to November. 

The area is rich both biologically and ecologi
cally and is thus economically important. Envi
ronmental and fisheries studies of the UpperSouth Project have shown that primary and ben
thos production is high. The bay also serves asspawning and nursery grounds for valuable
 
marine animals. The Indo-Pacific mackerel
 
(Rastrelliger brachysoma), which 
 is the major
pelagic commercial fish of Thailand, has spawning
and nursery grounds in the upper part of the bay 
(Fig. 3). 

Capture fishery activities, such as small otter 
trawl, push-net, crab trap, squid lure and carpet
shell (Paphiaundulata) harvesting, are common 
in the bay. In addition to capture fisheries, there 
are 316.48 ha of shrimp ponds, 259.2 ha of large
oysters, 12.8 ha of fish ponds, 250 fish cages and 
388 ha of blood clam (Anadaraspp.), all of which 
are major activities along the coastline of the bay 
(Fig. 4). 
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Within the study area, coral reefs are found 
fringing the islands of Samui and Phangan. Oth-
ers are in Mu Ko Ang Thong National Park (Fig. 
5). Beaches used for tourism activities are also 
found on Samui and Phangan. 

OIL-RELATED ACTIVITIES 

Surat Thani has numerous oil-related activities 
(Fig. 6). There are ports for both commercial and 
passenger use and 320 oil tankers ranging from 
500 to 2,000 GT entering the bay each year. The 
Electricity Generating Authority of Thailand 
(EGAT) has 36 oil tankers ranging from 1,000 to 
2,000 GT in Ka Nam District in Changuat, Surat 
Thani (Table 1). Apart from this, a large number 
of fishing boats enter the area annually. 

ANTICIPATED OIL 
POLLUTION PROBLEMS 

Oil spills have a serious impact on coastal envi- 
ronments and resources either by physical con-
tamination and smothering or toxicity and oil 
tainting. The contamination of coastal amenities 
and beach areas causes interference to public use 
patterns (Perkin 1972). 

In Thailand, the National Oil Spill Contingency 
Plan (NOSCP) is still at the formulation stage. In 
case of an oil spill incident, the Industrial Envi-
ronmental Safety Group (IESG) plays an active 
role in combatting the resulting oil pollution.- It 
has the capability to deal with a spill of over 1,000 
tons (mostly in the area of the inner gulf). The 
combat equipment of the group rely mainly on the 
use of chemicals to disperse the oil. 

In the study area, which has extensive coastal 
resources, it is doubtful that the existing system 
could cope with a major oil spill since the lack of a 
contingency plan or a detailed action plan that 
defines cooperation between the government and 
the private sectors is apparent. Table 2 presents 
the equipment presently used to combat oil spills 
in Surat Thani. These are limited to only 360 ft of 
river booms, 400 1 of dispersants and 1 backpack 
sprayer stationed at one tank farm at the mouth 
of Tapi River. However small the amounts that 
they discharge, dispersants still play a major role 

in combatting oil spills. Moreover, there is no 
Harbour Department officer who has direct 
responsibility for administering a clearance for 
the operations at Surat Thani. 

Considering the proposals for a deepsea port at 
Ka Nam District, an industrial site at Phun Phin 
District and at the mouth of the Tapi River, 
attention to oil spill contingencies is a must, 
especially in terms of the equipment required, 
which is totally lacking in the Upper South 
region. 

Guidelines to combat oil spills 

1. 	 Set up an NOSCP, giving priority to Surat 
Thani as a substation. 

2. 	 Set up a detailed action plan for Surat 
Thani. This will require a detailed coastal 
resources and environmental map com
bined with oil spill movement from water 
movement models. A policy for dispersant 
use should also be agreed upon in advance 
(i.e., its use should be limited and con
trolled in sensitive areas). 

3. 	 Provide sufficient equipment for oil spill 
clean-up. 

4. 	 Provide technical training for private and 
government sectors to combat oil spills. 

5. 	 Set up a provincial office of the Harbour 
Department to administer a contingency 
plan. 

6. 	 Arrange a simple communication network 
among responsible private and govern
ment agencies in the province and in 
Bangkok. 

7. 	 Convince EGAT to join forces with IESG 
for greater efficiency in case of an emer
gency. 

8. 	 Review and update the information and 
recommendations proposed in the report 
on the NOSCP. 
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 Whale fencers 

Ocean boom 
Bay boom 120mirs


Table 1. Number, size and capacity orpetroleum.related vessels in Changwat, Surat Thani. Harbor boom
River boom 
600 mira 

Oil company Capacity
(m3) Size ofvessel Number ofvesels Transf screw puI(G7) (per year) Flexible container 10Screw pump sklmmer 3 

Shell 11,900 500-6,000 84 Vacuum systemEsso 3,430 1,000 120 Disc skimmer 2
1,000
PATS 6 Rope mop skimmer 2Caltea Oil sweep

EGATb 1,000-2,000 36 Oil trawl ISiam United Sweep arm system
Service 19500 1,000-I ,500 Dispersant sprayer I
Siam Ga 

Dispersant 10,00I
Industry 2,307 1,000-1.500 

*Petroleum Authority of Thailand. 
bElectricity Generating Authority o(Thalland. 
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ABSTRACT 

Pun Yi Island in Phangnga Bay, Thailand, was studied as d 
case in natural resources use and dependence of a small com 
munity that is transiting to a tourism-based economy. Thisvillage of 900 inhabitants was formed over a century ago by
Muslim immigrants from Malaysia. Traditional economicactivities include fishing, fish culture, trading and mangrove 
harvesting. In recent years, because of its location inPhangnga Bay, the village has attracted increasing numbers of
day visitors who come to get a noon meal and to purchase sou.venirs. This influx of visitors has significantly changed the
activities of many residents and affected their historical 
dependence on marine resources for livelihood and subsistence.It is thus necessary to maintain the island's environmental 

quality, scenery and traditional culture to continue to attract

tourists 
 and, at the same time, to manage properly thetourism-based economy to sustaindents. the livelihood of its resi-

INTRODUCTION 

One major environmental problem facing
Phangnga Bay is the rapid decline and deteriora-
tion of its natural coastal resources. Thus, a study
of its natural resources utilization is required to 
formulate rational and reliable policy recommen
dations and management strategies for nature 
conservation and sustained economic growth.To achieve this purpose, Pun Yi Island was cho-
sen as the study site. For some time now, its nat-

ural resources base has been utilized by the resident population. In addition, the island's scenic 
beauty is attracting tourists and encouragingtourist organizations to promote and utilize the
island. 

Data obtained in this study were collected fromthe residents using a series of key research ques
tions as guidelines. The primary user groups were
interviewed concerning naturethe of their 
resource dependency, seasonality and frequency of 
resource utilization, including traditional practices and changes in resources use over time. The 

assistant researcher lived in the community for 
approximately six months applying anthropologi
cal methods (i.e., participant observation, in-depthinterviews with key informants, life history inter
views and focus group sessions) to collect data.The underlying theme, which the preliminary 

results bring to light, is that Pun Yi Island's pastand future rest on the preservation of its naturalcoastal resources and the careful diversification ofeconomic activities. Although traditionally 

exhibiting P. largely subsistence-level economybased on tishing over the last ten years, thisislantd has now evolved a cash-based economy centering on both tourism and market activities (i.e.,ei g o oh t ui m a d m r e 
ci ii s(~ .
the sale of seafood). 
The tourism industry is beginning to offer the

local people several alternative economic opportu
nities other than fishing. Thus, the population's
direct dependence on the harvesting of its natural
coastal resources is being reduced gradually. The 
use of more stable nonmangrove resources (e.g., 
gas for firewood) is being encouraged. 

GENERAL SETTING 

Pun Yi Island has a total of 121 households and
approximately 900 inhabitants. Every house is 
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built on the sand dune, partially fringed with 
mangrove forests. A shuttle boat serves as the 
main source of transportation. 

The island community was established over a 
century ago by Muslim immigrants from 
Malaysia. At present, Islam is the predominant 
religion. Since the people traditionally depend on 
the island's natural resources, their indigenous 
knowledge of the sea, weather, aquatic animals 
and plants and mangrove forests is relatively 
extensive. 

Overall, there are two types of natural coastal 
resources that the people rely on heavily for their 
living, namely mangroves and fisheries. 
Mangroves serve as the major material for the 
construction of houses and community pathways 
(e.g., sidewalks). Additionally, they provide fire-
wood for cooking and materials for making boats, 
fixed bag nets and portable traps. Thus, the 
islanders could harvest shrimp, fish and shellfish, 
which abound around the community and in the 
mangrove forests. 

PRIMARY USER GROUPS AND 
THEIR RESOURCE DEPENDENCY 

Natural resources utilization patterns are 
directly related to the island's evolving economic 
structure. 

Coastal fishing 

Coastal fishing is the major occupation on the 
island. It is usually conducted using such tools as 
hand lines, white board catching boats (which 
attract fish due to their color), fixed bag nets and 
portable traps. Labor is secured largely from the 
fari!y. About 50 years ago, coastal fishing activi-
ties were conducted almost solely for home con-
sumption rather than for trade. Any surplus was, 
and to an extent still is, preserved as shrimp 
paste, dried shrimp and salted fish. Islanders 
could utilize fisheries resources throughout the 
year since fish were abundant. Fishing activities 
were restricted to the inshore area. Deep-sea 
fishing was not necessary. Competition for aquatic 
resources did not exist. 

As time passed, however, the economic feasibil-
ity of inshore fishing declined due to adverse envi-
ronmental changes. Increasing demand for 'sea 
products has intensified fishing efforts and led to 
increased competition among fishermen. 

Fish culture 

Eight to ten years ago, realizing that overfish
ing might severely reduce available fisheries 
resources, the government, through the Agricul
ture and Cooperatives Bank, offered a loan to 
develop and promote fish culture. Only a few 
families were interested then because a high 
investment was required and fish were still 
relatively abundant. But as fisheries resources 
decreased, more and more families turned to fish 
culture. These were, generally, wealthier families 
because of high investment and operating costs. 

Fish culture, however, is not contributing to 
environmental stability since the fingerlings being 
used are usually caught in mangrove swamps or 
in nearby canals. Also, to make fish cages, man
groves are often cut down. With the increasing 
loss of mangroves and natural breeding areas, the 
small fish are becoming more difficult to find. This 
adds to the operational cost of fish culture. 

Traders 

In the last ten years, natural coastal resources 
have generated new economic opportunities for 
the islanders. In particular, the island's scenic 
beauty is attracting tourists in ever-increasing 
humbers as well as the interest of various tourist 
organizations. To accommodate these visitors, 
about 102 local families have totally abandoned 
fishing and are beginning to undertake new busi
ness ventures (i.e., food shops, gift shops, shuttle 
boat services). Even though the tourist season is 
relatively short (December-March), families must 
plan, schedule and sign contracts with various 
middlemen to prepare for the next season. They, 
therefore, have little time to spend on fishing and 
often resort to purchasing fish in the local market. 

The local people are not sure whether the 
tourist industry will improve their quality of life. 
However, they are quick to note that tourism gen
erates more income and offers more economic 
opportunities than fishing since they can earn 
enough during the tourist season to last them the 
rest of the year. 

In summary, the island's occupational structure 
and economy have undergone several shifts in the 
past decade, the most recent being a shift from 
subsistence-based fishing to cash-based market 
and tourist activities. Changes in resources avail
ability and the desire of people to maintain and/or 
promote the family's economic stability have led to 
experiments in new ways of making a living. 
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Overall, new fishing technologies and tourist- several festivals. In addition, schools are at interrelated businesses are being tried by people who session aind many students are free to assist inare relatively wealthy in terms of the islandi's family activities. Islanders who conduct touristeconomy. These people often have secondary related businesses are open only from 10 A.M.sources of income and other resources, so they can P.M: since access 
to 4 

to and from the island is congamble with their future. They are no longer trolled for tourists who must return to the maindirectly dependent on the island's natural land before midafternoon. If overnight accommoresources for food, shelter and livelihood. Instead, dations are to be constructed by tourist organizafor many of them, natural resources are a means tions, they must also consider improving the otherto an end; that is, they attract tourists and diver- facilities, such as health services and personnel,sify directly or indirectly the local economy. to avoid future problems. 
These three main seasons regulate the islandSEASONALITY OF NATURAL COASTAL and its families' economy and activities, althoughRESOURCES UTILIZATION in different manners. Subsistence fishermen, forexample, are relatively unaffected by the touristShrimp harvesting season (January-May) season, while traders/businesspersons are oftennot concerned with the shrimp season. It appears

During this period, shrimp are abundant in the that marketonly fishermen profit, in variousmangrove swamp and the shallow areas in and ways, from each season. Furthermore, within thearound the island. Community members are able island's economic and environmental structures,to harvest 2 to 3 kg/day for home consumption, the fishermen also theare ones who intensivelybarterand/or sale.exchange
Due with neighbors and friends use natural coastalto its relatively high price (i.e., resources to supply the mostnumber of people80 to 150 bahtlkg)a, increasing during each season, be it inmarket demand termsand indigenous value as a family food 

of coastal fishing or fish culture. Subsis
and ndienoua a amil fod 

item, tence fishermen, however, are naturally regulatedvaueshrimp is considered an economically importantitm 'in their activities byThus, sea anduseweathernaturalconditions.they intensively coastalcommodity, if not the most important. The community readily acknowledges these values and is resources only on a sporadic basis.

willing to undertake pieservation and conserva
tion practices that concern its livelihood, espe- PEOPLE'S PERSPECTIVES

cially if such practices will ensure the long-termsupply of shrimp. Before any form of environmental intervention 

strategy can imposed, it considerbe must theMonsoon season (June-September) community's views of the problem or risk an inef
fective or possibly destructive plan. The Pun YiSince fishing is the traditional occupation in the Island community equates natural coastalisland, community members observe tides, waves resources, be they mangroves or fisheries, with
and the weather to determine if they can fish their "rice pot," and they are 
aware of the probsafely. Ideally, fishing is viewed as a year-round lems of resource depletion and e:vironmentalactivity. But realistically, the monsoon season degradation. They also have ideas about how to
with its strong winds and high waves 
often halts solve them.fishing activities involving small boats. Fishing is Overall, the islanders see their coastalthus usually conducted closer to shore during this resources as essential components of their way ofseason, so that the fishermen can return safely if life. They are quick to point out that they coulda storm blows in. Fish prices are also higher dur- consciously or unconsciously destroy theiring this season, which help to offset the restricted 

not 
means of livelihood; "it would be like taking foodperiod. from our mouths." 

Islanders very often point, not to themselvesTourist season (December-March) but, to "outside agents" (semigovernment or gov-This season is generally characterized by clear ernment officials) and new technologies as thewaveskies, low activity and the celebration of main causes of the current environmental insta
bility they are experiencing. While they do not 

aMarh1990:25.83 baht = US$1.00 view all such persons as negligent, they do citesuch persons as generally unaware or insensitive 

http:1990:25.83
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to local conditions. To compensate for this, the 

people are willing to work with informed officials 
to protect their environment. With the proper 
information, guidance and support, they can take 
the appropriate action. However, they do not want 
governmental "dole-outs". For example, they 
suggest that a restricted area around the island 
be imposed in which deep-sea fishing technologies 
(i.e., trawlers) are prohibited. They have also 
expressed willingness to patrol and manage this 
area themselves, withput continual government 
input, except for periodic monitoring and supervi-
sion. 

The islanders also cite an important target 

that could be especially motivated--thegroup 
young males (15-25 years of age). This group is in 
need of occupational development in areas in 
which they have interest and experience. Mean-
while, the island's new occupational alternatives, 
such as trading and servicing, are beginning to 
affect the community structure. Traditionally, 
males played the breadwinner's role in the family. 
But these new occupations encourage the equal 
division of labor between the sexes, thus increas, 
ing the size of the labor force. Unfortunately, 
compared to the past, unemployment is consid-
ered to be higher now. There is also an increase in 
the use of drugs by young people, especially men. 

Additionally, male household heads formerly 
centered their lives only around fishing, an occu-
pation whose skill they transmitted to their sons. 
Now that fishing is being deemphasized in favor 
of other 	 occupations, social practices have 
changed. And because fathers can not teach their 

new occupations,sons the skills needed for these 
vocational training is suggested to be an answer. 
Furthermore, since young men are still familiar 

resourcewith aquaculture and other coastal 
activities, appropriate technical guidance and 
assistance could be redirected toward productive 
and environmentally related occupations. 

Local people also realize that tourism is a 

means to promote and diversify the local economy. 

Yet, they also see it as a double-edged sword. 

They fear that indiscriminate tourist activities, 

which largely occur in the beach areas, can 
ascompound 	 the environmental problem, is 

in other tourist resort locations inhappening 
southern Thailand. They are concerned that they 

are being singled out as the current agents of 
that might 	be carrieddestr.;tion, a stereotype 

over .,,hen tourism increases. Moreover, islanders 

feel that all actual and potential primary user 

should be equitably assessed, usinggroups 

appropriate measurements before any changes 
are made. 

SUMMARY: COASTAL 
RESOURCES USE PATTERNS 

In assessing how natural coastal resources use 
patterns have changed, it can be said that the 
relationship between man and nature is less sym
biotic now than in the past. In traditional times, 
the islanders depended almost solely on nature to 
provide them with their needs and livelihood. 
From it, they secured food, shelter and the means 
to obtain other necessities. Energy transfer 

between these resource components was such that 
each could take from the other without any sig
nificant ecosystem impairment. 

The link that supported almost every compo
nent was (and is) the mangrove. It provides food 

and shelter for both animals and man. This link 
was extended to other purposes in more recent 
times--for firewood, building materials and mak
ing fishing 	gear. Indeed, man's subsistence needs 
were fully met in this type of ecosystem manage
ment. Since technologies were rather unsophisti

cated and not environmentally damaging, 
resources overuse was not a problem, although 
the use of mangroves for firewood also contributed 
to mangrove decline. 

At present, while gas has replaced firewood for 
cooking, the mangrove forest is increasingly under 
threat from a different activity. It is no longer 
only a natural fish habitat but is also used for fish 
culture practices. Unfortunately, this uften ei.tails 
the destruction of the forest to make room for new 
technologies (e.g., fish cages). In addition, the 
increasing 	 market demand for sea products, 
beyond subsistence needs, and the use of modern 
harvesting 	 technologies (e.g., trawlers along the 
island coast rather than in the deep-sea area) are 

also depleting the local fish stock. 
Thus, an interesting paradox surrounds Pun Yi 

Island and its future. Its natural coastal resources 

and scenic 	beauty must be preserved to attract 

tourists and support the socioeconomic structure. 

Yet, these 	 resources must also be developed to 

the demands of other consumers (Wonmeet 
islanders). 

RECOMMENDATIONS 

To improve the island's current economic and 

natural resources use trends, the following policy 

and planning measures are recommended: 
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1. 	 Alternative economic activities that 

support the preservation of natural 
resources while offering the local popula-
tion a relatively stable economic base such 
as tourism and its related activities. These 
should involve the occupational develop-
ment of the youth in activities that are 
locally valuable to reduce outmigration.

2. 	 Alternative resources and technologies 
that are environmentally sound, socially 
acceptable and financially feasible for is-land families must be promoted and,
where necessary, supplied to replace those 
activities that threaten the natural coastal 
i 'sources, 

3. 	 Sustainable practices involving coastal 
resources must be determined. The analy-
sis should consider each primary user 
group and its direct and indirect roles and 
needs in resource consumption.

4. 	 Where primary user groups need addi-
tional resources to support new industries,off-island suppliers should be found and 
locally promoted, 

5. 	 Any environmental intervention program
must involve the people. As in rural devel-
opment, the ultimate motivators and ben-
eficiaries of development efforts are the 
rural people. They will insure the pro-
gram's sustainability over time. Hence, 
they must be organized and taught to rec-

ognize 	 toand solve their own problems,
provide their own means of livelihood and 
to manage their own resources for devel
opment. Indeed, the community's
involvement in the decisionmaking and 
implementation processes is extremely
important in solving existing problems.
Program models might be found in similar 
community development approaches such 
as primary health care and quality of life 
improvement.

6. 	 Rigid environmental sanitation activities 
and regulations must be developed to 
avoid the potential effects of tourism (e.g.,
pollution). These, however, should not be 
implemented in a top-down manner and
forced on the people without their under
standing. Rather, the inputs of the local 
people should be encouraged in the for
mulation of these rules and regulations.

Pun Yi Island, with its well-defined and dedi
cated population, the interaction of its traditionaland modern fishing activities along with the
growing tourism industry, offers an ideal oppor
tunity for an integrated community development
and a model for environmental preservation. The 
model's applicability and principles can be used in
other areas in Thailand or perhaps in the ASEAN 
region. However, its success and sustainability
will rest on how well planners manage both the 
people and the environment. 
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ABSTRACT 


Brunei River has a catchment area of approximately 360km2. Within this area, more than 75,000 people reside. TheBrunei River Estuary, which drains into Brunei Bay, is uti-lized for transportation, small-scale commercial fishing, recre-

untreated sewage. It is treated like a "sink" to assimilate allnature- and human-related solids, liquids and gases without
regard for the risks to its ecosystem. 

A 1987 study concluded that the existing level of sewagedischarged into the river did not have any apparent effect onits ecosystem. However, the amount of household litter andother refuse from Kampong Ayer and other small villages(kampong) scattered along the estuary and its tributaries has 
reduced the aesthetic value of the estuary. The high level ofbacteriological contamination near Kampong Ayer and PintuMalim Sewage Outfall could also create a health hazard if it is 
not controlled.
 

Findings indicated that the river's water quality has de
orated in terms of bacteriological quality and suspended solids,t Other parameters did not show significant changes because ofthe dilution and self-purification capacity of the river. 

INTRODUCTION 

Brunei Bay lies on the northern coast of Borneo

between 
 Brunei Darussalam and the East
Malaysian State of Sarawak (Fig. 1). The threemain rivers that drain into the bay are Limbang,
Temburong and Brunei Rivers. Of the three, the
latter has the smallest flow. 

The Brunei River system has a catchment areaof approximately 360 km 2 . The population in this 
area is around 75,000 and is expected to increase 

ation and waste disposal. The estuary receives major portions(ppt)of the capital city's stormwater runoff along with treated and 

to 114,500 by the year 2000 (MHCE 1987).river is of immense aesthetic importance 
The 

to the 
people. On the other hand, Kampong Ayer (WaterVillage) is of national and cultural importanceand has always been associated with the city'spast and present development, both socially and
ecoomicallecnmcly.
The Brunei River Estuary is 15-kin long fromits upstream, which branches with the Damuan 
River into Chermin Island at the entrance to theinner bay. The estuary is utilized for transporta
tion, 3mall-scale commercial fishing and recreation. Its entire length is influenced by tides.Salinity ranges from 16 to 23 parts per thousand 

, depending on the freshwater flow, the influ
ence of adjoining water masses and the amount ofrainfall. At the upstream boundary, the tributarywaters are still saline (typically 16 ppt). Flow data
for River are

Brunei unavailable. However, estimates of freshwater flows have been made basedon the data from other catchments in BruneiDarussalam (Binnie and Partners 1971).Brunei River has been treated as a "sink" of 
infinite capacity, assimilating all nature- andhuman-related solids, liquids and gases. However, 

heriossibl Risksly tonteeoyehaignored. Recently, concern has increasedev bnteon theenvironmental state of the Brunei River Estuary.Actions taken by the government to alleviate the 
possible ecological consequences are: 

1. a study on the water quality and pollutioneffects of Brunei River (MHCE 1987); 
2. preliminary engineering studies to determine options for the provision of sanita

tion facilities for Kampong Ayer (MHCE
1985; SFCG 1986);

3. the development of a proposal for national 
water quality standards including the 
Brunei River (WHA 1987);

4. preliminary studies on solid waste man
agement facilities for Kampong Ayer
(SFCG 1986); 
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5. 	 the development of a solid waste master 
plan for Brunei Darussalam (JTLES 
1987); and 

6. 	 the ongoing monitoring of the estuary and 
Brunei Bay by the government, 

Pollutants entering the Brunei River and its 
estuary include: 

1. 	 effluent and sludge from the Pintu Malim 
Sewage Works and other sewage treat-
ment works within the catchment (Fig. 1); 

2. 	 sullage waste and direct disposal of 
sewage from Kampong Ayer (Fig. 1); 

3. 	 the city's stormwater runoff; 
4. 	 point and nonpoint pollutant loads from 

various subcatchment uses, including 
agricultural, residential and industrial; 
and 

5. 	 solid waste directly discharged by villages 
along the river. 

MATERIALS AND METHODS 

Monthly water sampling was done in the 
Brunei River at high and low tides. Tide tables 
and staff availability determined the sampling 
schedule. 

There were 15 water sampling stations (A-Q) in 
the water samplings (Fig. 1). In general, seven 

sur-stations were sampled during each monthly 
vey run. However, all 15 stations were sampled 
quarterly. 

Monitoring work is ongoing. The data available 
for analysis were collected during a five-month 
period in 1988. 

Measurements were taken in situ, whenever 
possible, using the Hydrolab 8000, a multifunc-
tional water quality analyzer with digital output 
and capable of measuring depths below the sur-
face (m); temperature (0C); conductivity (gS/cm); 
dissolved oxygen (DO) (mg/i); oxidation reduction 
potential (mV); and pH. 

All parameters were measured at the surface, 
mid-depth and near the riverbed. A subjective 
measurement of the background turbidity and 
degree of transparency were also taken using a 
home-made Secchi disc. Other relevant observa-
tions were also recorded during the water sam-
plings. 

Water samples were generally taken at mid-
depth in each station. Previous studies revealed 
that 	the river system showed little stratification 
and almost full vertical mixing (MHCE 1987). The 
sample was obtained (using the Alpha vertical 
water sampler, a special depth sampler) suitably 

marked and stored in a cool box prior to its return 
to the laboratory. Fifty percent of the samples 
were taken to the Department of Agriculture's 
Kilanas Research Station Soil Laboratory for the 
following tests in accordance with standard meth
ods (APHA 1985): 

1. Ammonia-nitrogen (NH4-N) 
2. Nitrite-nitrogen (N0 2-N) 
3. Nitrate-nitrogen (N0 3-N) 
4. Organic nitrogen (Org. N) 
5. Total phosphorus (P) 
The remaining samples were analyzed by the 

Pintu Malim Sewage Works Laboratory for sus
pended solids (SS), volatile suspended solids 
(VSS), turbidity, biological oxygen demand for five 
days at 201C (BOD5 , 200C), DO, conductivity, 
plate count, total coliforms and fecal coliforms. 

RESULTS AND DISCUSSION 

The 	results obtained during the 1988 Brunei 
River survey are presented in Figs. 2-5 and Table 

1. The average overall mid-depth temperature 
(Fig. 4) is relatively constant with little variation. 
The salinity has a gradient along the channel and 

decreases gradually upstream (Fig. 2). Generally, 
the salinity value at a particular site increases 
during flood tide due to the influence of seawater. 
The freshwater inflow (in this case, into the 
Brunei River) also affects salinity. A salinity dif
ference of 6 ppt was observed between stations A 
and Q (Fig. 2). 

The pH values which exhibit a gradient along 
the channel (Fig. 3) are influenced by the man
grove ecosytem and the presence of various ions. 
In the upstream sections of the estuary, the pH 
levels averaged 6.5 as a result of decaying humic 
materials, high carbon dioxide content and acidic 
runoff (commonly found in the mangrove areas in 
the upstream reaches of the catchment). In the 
downstream sections of the estuary, the pH levels 
were closer to seawater level (pH 7.5) due to the 
latter's greater buffer capacity. 

The transparency of the estuary was measured 
somewhat subjectively. Generally, Secchi depths 
of 0.62-1.21 m at low tide and 0.83-1.42 m at high 
tide were recorded. The degree of transparency is 
related to the color of the water and the amount of 
SS (Figs. 2 and 3). The degree of light penetration 
is affected by the color and turbidity of the water 
which absorbs and scatters the light. Therefore, 
only a fraction of the light is transmitted through 
the water which, in turn, affects the rate of photo
synthesis and thus, the dissolved oxygen. 

http:0.83-1.42
http:0.62-1.21
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Fig. 4 shows the mean percentage saturation of CONCLUSION
 
DO along the channel of Brunei River from stations A-Q. The percentages of DO in the upper 
 The Brunei River is receiving the discharges ofand middle reaches are somewhat less than in the untreated sewage from morelower ones. This is due to than 75,000 peoplethe anoxic water, and sewage treatment works, the city's stormwaorganic matter from the mangrove area and ter runoff and point and nonpoint pollutant loadsorganic inputs from Kampong Ayer and nearby from various subcatchments. Organic loads andrivers. It was observed that the BODs (Fig. 5) is other pollutants are also increasing with thehigher in the upstream sections and lower in the development of the Bandar Seri Begawan area.downstream sections and generally lower during Generally, the impact of environmental degrahigh tide than at low tide. A contributory factor is dation could be broadly classified into four stages:the amount of seawater flooding in, thus causing visual, ecological, economical and health. The stathe natural dilution. tus of Brunei River can be classified under theTable 1 shows that the average phosphorus first and second stages of degradation. The detericoncentration (tests carried out by the Depart- oration of the river's water quality and environment of Agriculture's Kilanas Research Station) is

2.28 mg/ 
ment has been ascertained by this study. Theand is higher during low tide. Nitrogen Government of Brunei Darussalam is beginning tois present in different forms. From the average take preventive" steps to manage properly the disconcentration of the four main forms of nitrogen, posal of the sewage and solid waste in the Kaobserved that N0 2-N averaged 15.09 jg/I 

iit was pong Ayer area to avoid further deterioration ofand N0 3-N averaged 0.04 mg/1 (final oxidation of the river's ecosystem.nitrogen). On the basis of these data, it can be Water quality standards need to be set andconcluded that nitrification has substantially oc- implemented for phosphorus, nitrogen and bactecurred. In general, it appears that there is an riological and other parameters to improve orabundant supply of both oxidized nitrogen and maintain the river's water quality. The decliningphosphorus in the estuary for the growth of phy- water quality in Brunei River illustrates the needtoplankton. for comprehensive pollution control. SewerageThe water quality of the estuary in terms of facilities should be given priority along with thefecal coliform indicates that the river is polluted improved management of surface water.

by human waste. The highest fecal coliform levels
 
were recorded at stations G, J, N, P and Q. This

condition resulted from the 
 direct discharge of REFERENCES
 
fecal waste from Kampong Ayer and other point
and nonpoint discharges from septic tanks and 
 APHA (American Public Health Association). 1985. Standardunsewered areas on land. The higher incidence of methods for the examination of water and wastewater. 16theye, ear, nose and throat infections among the ed. American Public Health Association, Washington, D.C.Binnie and Partners, Brunei. 1971. Water resources of Tutongchildren of Kampong Ayer compared to other District, 1966-1971. Public Works Department, Brunei
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Ayer. Public Works Department, Brunei Darussalam.In general, the highest concentrations of pollu-tants were recorded between stations G and 
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causes for the undetected fecal coliform are nutri
ent deficiency, sedimentation, intensity of solar
 
radiation and predation by larger organisms.
 



Table 1. Summary of the results of routine water quality surveys in Brunei River in 1988. 

Sampling 
station 

NO2 -N 
NOg/ 

H L H 

NO3 -N 
mg/l 

L 

Org. N 
mg/I 

H L 

Nl 

H 

4 - N 
g/l 

L 

P 
mg/1 

H L 

Plate count 
no. 

H L 

Total coli 
MPN/100 ml 

H L 

Fecal coli 
MPN(I00 ml 

H L 
B 11.05 3.23 ND 0.18 016 0.02 0.11 ND 1.32 4.63 10.30 k 77.5 k 17 k 26 k 3.67 k 0.0 
D 11.17 8.41 ND ND' 0.50 0.02 0.18 ND 0.45 6.09 0.40 k 1.2 k 59k 12k 0.00 0.00 
G 27.11 7.72 ND 0.08 0.05 0.03 0.16 ND 0.45 6.34 0.92 k 70.0 k 13 k 9.2 k 2.33 k 6.5 k 
J 28.45 8.24 ND 0.09 0.12 0.05 0.11 ND ND 3.34 0.27 k 56.0 k 31 k 17.0 k 0.67 k 4.5 k 
N 30.63 6.18 ND 0.08 0.49 0.08 0.11 ND 0.45 2.94 2.43 k 32.0 k 532 k 18.0 k 403.0 k 2.5 k 
P 32.01 7.00 ND 0.11 0.25 ND 0.16 ND ND 2.94 2.67 k 67.0 k 851 k 12.0 k 684.0 k 0.00 
Q 25.39 4.68 ND ND 0.28 0.04 0.16 0.07 ND 2.94 1.92 k 45.0 k 323 k 41.0 k 28.7 k 4.0 k 

Average 15.09 0.04 0.15 0.08 2.28 26.3 k 134 k 81.3 k 

Notes: 
ND - not detectable. 
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Mig. 1. Location of sampling stations for Brunei River's pollution monitoring. 
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ABSTRACT 

A one-year study covering two monsoon and throe interrmonsoon seasons was completed on the fish (including crus
tacean) communities around floating fishfarms, mangrove and 
cleared mangrove areas off Pulau Ubin in East Johore Strait.Fish captured by traps were counted, weighed and identified. 

While there was no apparent difference in fish number and 
species during the two seasons among the sites, the mangrovearea 	 provided the best shelter for fish fauna. Floating
fishfarms, however, also provided artificial ecological niches.
The cleared mangrove area had less fish abundance, but a 
greater variety was recorded. This could be due to the presence 
of visiting species.

The dominant fish families in the three ecological areas were similar. These were Apogonidae (cardinalfish), Balistidae 
(filefish), Sciaenidae (jewfish), Plotosidae (catfish) and Batra-
choididae (toadfish). The dominant crustaceans were the crabs(Portunidae nnd Xanthidae). Families and species of fish foundin the three study sites were listed. 

INTRODUCTION 

Most of Singapore's coastline has already been 
cleared for urban development and the creation of 
new and more aesthetic shorelines. Only patches
of mangroves remain. Coastal fisheries resources 
are expected to decline with time due to the
destruction of natural ecological niches. 

The culture of fish in floating cages along the 
coast can increase the productivity of the envi-
ronment and provide an alternative to the place-
ment of fishfarms in mangrove areas. As a base-

line 	for this study, Tham (1953, 1973) describes
fish 	catches of local palisade traps (kelong) and
fish 	from Singapore waters. The feeding relation-

Ish fom eSinga o teshe feing relationships of the fish and of the inshore fish populationin Singapore Straits are described by Tham (1950)
and LeMare and Tham (1954), respectively.

This study documents the floating fishfarms' 

effects on the enhancement of coastal fish commu
nities by providing artificial ecological niches. 

MATERIALS AND METHODS 

Study sites 

The three ecological sites selected (Fig. 1) were
the following: 

1. 	 The area at the ncrthwestern part ofPulau Ketam because it has one of the few
relatively undisturbed mangrove patches
left in East Johore Strait. As the man

grove edge is totally exposed during lowtide, fish traps (bubu) could be set in the
Ketam Channel, about 4-6 m away fron 

the mangroves.
2. 	 The floating fishfarm at the Primary Pro

duction Department (PPD), which covers a 
water area of 0.5 ha off South Pulau Ubin 
in East Johore Strait. 

3. The cleared mangrove area along the 
South Pulau Ubin coast, facing PPD's 
floating fishfarm. 

Methods of fish fauna assessment 

Fish traps of galvanized wire mesh of 1.25 and 
2.5 cm mesh size and 85 cm x 62 cm x 31 cm 
(depth) were constructed. Design conformed ti 
that of traditional fish traps used by local fisher
men. 

age Blank 95
 



196 

Six to 12 traps were set at each site during the 
study period. In the fishfarm area (A), these traps 
were tied individually and secured to the farm 
structure to suspend 6-8 m below the water sur-
face. In the mangrove (C) and cleared mangrove 
(B) areas, they were grouped into sets of three and 
secured by a 5-kg metal anchor to depths of 1-4 i 
from the sea bottom. Each set of three fish traps 
covered a distance of 25 m. Two sets were placed 
in each area initially, but these were increased to 
four sets when more traps were available. 

The traps were retrieved two to four days after 
setting and the fish caught were identified, 
weighed and counted; their number of species and 
families were recorded. 

Data presentation was according to fish (and 
crustaceans) and biomass caught per 10 fish 
traps, and fish variety by family and species iden-
tified, according to the seasons. 

Other fishing gear used were the long line and 
apollo net, which were not as efficient as fish 
traps. Thus, the catches of these gear are not 
included. 

Fishermen surveys were done weekly by a team 
of two men who interviewed the fishermen of East 
Johore Strait on the types of fish caught. 

Two monsoon periods (southwest monsoon and 
northeast monsoon) and three intermonsoon peri
ods (April and October 1987, and April 1988) were 
covered during the study. 

Fish fauna assessment by trapping 

Table 1 records the average number of fish and 
their biomass caught per 10 fish traps. The high-

average number and biomass of fish was 
est 
caught in the mangrove area (54 pcs or 3.35 kg 
per 10 fish traps, comprising 47 pcs or 3.02 kg of 

fish and 7 pcs or 0.33 kg of crustaceans). The 
floating fishfarm. area yielded the next highest
average number/biomass (23 pcs or 1.17 kg per 10 
fish traps, comprising 16 p orcs0.87 kg offish and 
fish rapscomprising16ps or 0.87kg of a ishc n
7 pcs or 0.3 kg of crustaceans). The average catch 

from the cleared mangrove area was the lowest 

(20 pcs or 0.91 kg per 10 fish traps, comprising 15 

pcs or 0.69 kg of fish and 5 pcs or 0.22 kg of crus
taceans). 

Student T-Test showed that there was a signifi
cant difference between the mangrove area and 
the other two areas for finfish and total fish 
fauna, including crustaceans (Table 1). There was, 

however, no significant difference between the 
fishfarm and cleared mangrove area. 

The fish families and species from all three 
areas were similar. There appeared to be no sin, 
ple correlation at this stage in fish numbers per 
trapping operation. According to the monsoon and 
intermonsoon periods (Table 2), there was no sig
nificant difference among them. These results 
were likewise seen in the analysis of variance for 
family and species. 

Fish diversity was highest for the mangrove 
area (19 families, 24 species) when assessed on a 
standard of total number of families and species 
caught per trapping operation. This was followed 
by the floating fishfarm area (18 families, 23 
species) and the cleared mangrove area (17 fami
lies, 21 species) (Table 2). 

However, when all five periods (two monsoons 
and three intermonsoons) were considered, diver
sity was highest for the cleared mangrove area (39 
families, 70 species) (Table 3). This could have 
been due to the visiting species that frequented 
the openwater space. The numbers for the fish
farm area (34 families, 61 species) were more or 
less similar to those for the mangrove area (36 
families, 60 species). 

There were no significant differences in the 
data from all three sites (Table 2). Table 4 records 
the dominant families and species of fish and 
crustaceans according to locality and season. In 
all three areas, the dominant fish families were 
Apogonidae (cardinalfish), Balistidae (filefish),
Batrachoididae (toadfish), Plotosidae (catfish), 
Sciidae (tfish) n oGrridae (arris), 

while crabs (Portunidae and Xanthidae) were 

most dominant among crustaceans. Scatophagi
dae (scads) were especially abundant in the man
grove area. 

A total of 95 species representing 44 families 
were caught by trapping during the study period 
(Table 3). This includes five families (11 species) 
of crustaceans and other animals such as coelen
tkrates, echinoderms, merostomes (horseshoe 
crab) and mollusks. 

Fish fauna assessment by fishermen surveys 

Catch information from fishermen surveys was 
scarce because only a few fishermen were avail
able for interview, despite frequent attempts to 
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look for them. Existing results were also not accu- means of fish fauna assessment because only a
rate because it was not possible to verify the total few regular fishermen were available. 
catch since many of the smaller species had been 
discarded by the time the fishermen were located. 
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Table 1.Fish trap catches(number andblomas)at the threeselectedsites offPulu Ubl andPulau Ketam. April1987 toApril 1988. 

Fish caught/lO fish trap*- Total flab(includingFinflh only Cleared Crustacean,only Cleared crustaceans)Date Period Mangrove Floating magrow Mangrove Floating mangrove 
Cleared

Mangreve Floating mangrovearea fish arm area area area flharm area area area fshfarm are area no. kg no. kg no. kgs nO. kg# n0. 1g n. kg DO. kg 10o. kg 00. kgs
April1987 1 17 0.66 23 1.23 14 0.41 4 0.07 4 0.16 0 0 21 0.73 27 1.39 14 0A1
(lntermonaon) -May 1967 2 39 1.08 13 0. 11 OA9 12 0.27 a 0.19 2 0.04 51 1.36 16 0.47 13 0.53(Southwest 

monsoun)October 3 11.15 141987 129 0.78 14 0.87 5 0.68 8 0.32 6 0.37 134 11.70 22 1.1 " 20 1.24
(Intermonsoon)
November. 4 2.22 0.9141 16 24 1.06 6 0.32 8 0.42 0.42a 47 2.54 24 1.33 32 1.5December1987 
(Northeast 

March 1965 5 33 1.50 20 1.36 13 0.84 6 0.37 9 0.42 7 0.24 39 1.87 29 1.78 20 0.
(Northeast 

monsoon)
April 1968 6 24 A9 10 0.64 11 0.8 7 0.44 7 0.31 8 0.27 31 1.93 17 0.96 n0 0.91(Intrmonscon) 

47b 3.02 16
b 

0.97 1P 0.69 7 0.33 7 0.30 5 0.22Mesa±D 41 4.02 541-6 3.35 23' 117 20b 0.91i OA ta ±0.28 13 ±0.16 12 i0.11 3 ±017 141 ±4.1 i5 ±7 t0AI±0.44 

•Fih trap dimension 8a 621 31cm(depth).bStudentT-Tst - means(fish numberandtotal numberof flab fauna) having thesameletter amnot significantly different at the.05 level. 
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Tale L Number of failies, spedie and dominant fish spedie caught byfish tras during thbfive study period@at the three study ates, April 187 to 
April 199L 

HLgkmilL Clearod LA SL Cleared im &a 
Det Period ML ove Floating masn Mangrove Floainig m im- Maspu Fleting mangr 

arm fishfarm area mu ara Wfarm ars am arm flfrm am area 

April19 7 1 12 Is 8 13 16 9 6 10 3(lntams on)u 
May 167 2 16 18 12 19 21 16 11 6 4 
(awthwet 

mosoon)
Octobetr 197 8 17 16 21 20 is 27 9 9 a(lnarinesmo)l 
November. 4 21 24 23 is 21 27 10 1 0 
December1M7 
Northamt 

March 198 5 29 22 23 41 27 20 7 6 4(Northeas 
Drma)
 

April1I6 a 20 16 17 M 19 20 a a a 
lanomnown) 

19 18 17 j 4 2 21 j 3 7 4 
Mean:SD " 4 10 :a to J2 il l 6to w 

eFlh trp dimension * 85 a62 za1 cm (depth).
Mohreis no sigoincant diflerece at the 08 levelat the three study siates.
 

tDominance arbitrarily deflnd as>5 fishcaughtf0 RA trope.
 

Table. FLb speede and othe orgisLm caught by fishtraps at the Lhm studysite. April1967 to April1INS. 

Familis ad p. Uangr Flaing Claed Familee and sped.. Mangrove Floating 
area fisbarzm area mngrov rua am flahifr aream 

A. Fno 18. PsOPaida 

Antermoris mricncu 	 + + 19. Pentapodide 
2. 	 Apeonullds P-nLopos . 

Apvm amrolmonsls+ + 20. Platadaa
 
Ajewon Toi5w*0 4Fatso R baforianueo


3. 	 Artida 21. pidtycephallida
 
Aris. tholalwa + + + Mompholus abor


4. 	 Bdliidas 22. PlotoltdA 

5. 	 Batrecholdida. FIO ama. + 
Batrothomeocs M14.. 	 +ottoes Unmowna. 

6. 	 Carangides 23. Pomad&l~das 

7. 	 Contropomids Posadovyl ar e + + 
Latho r lr adaaye +oc 4aa 	 P o ns h ad a 

Psssoparv op. 	 + Pomaded" +aeios.
S. 	 ChMtodontAA Nnsadt ysop. ,


Corodion cAyeasnas+ 24. Scatophgilda

PaSrchadodon oclloi + 	 Sop-&leoa rgue + 

9. 	 Daoyaddan 25. ciaemndda
 
Doyotk uAl + 
 .Io/sslabeiosngivra ,+
DsaYo*0sngd + PawanASOargessiasen

10 G p. t
PGaid..a mrop~ 15


Germs , rdots. + 28. Sompaenids,
 

11. labr4d Croeys caio.
 
Civia. cbowrur. + .ptaqheols M saerf

Choervodon +aehomleie EpdnqA.Ssaehlsradwjs 	 +
CAocrodootsp. ++Epoinvsep&.u lawL90 + 

. G~rih--$H&Uchoarveuaierviop. + cbrvoH~tomu ,,)*4P4 	 4nlopSae
12. 14. Poukwiotqi nuf 	 21. BhgandaaL.onhid 	 + 2m. Tsrradntidtopla Lntiosna 	 27 SinndeLaeftateS (nadase + Sisw conwoicuinjs + 


Ledwah-r- . s4osjo + +

13. Lfuund. 	 20. dynancetLdee

ILeaflnu.saSba,, 	 + synnoaotinhwri + 
1-thriasemaieSsu . + 0. 13yngnathldaa
 
LOthriiam ntw + Hlppompa"s hud..
 
LeLhriaus op. + 31. T.otrotdaw
 

14. Lalanida. Arothrodiurm dats++ 
Coes.. rhsvowconas 4 . Arothrnrvoicula. + +

LsL(I-MooSitf-hall.. Arothron sp.++

Lut~snasuoth~al'Aru SL.22 Thaupw'ia.
 

Latos 1.40n16os 	 +4 henw-oeiw++ 

Lati uea .o + Subtota A 26famiul. 28 families 
Ls5av-sp +. (ftnfish), 44pee'. 49seed.. 

15. Moulldas 	 B. Crustaceans 

16. Murslda. 	 23. Dromllda.5Cyomahdliosop. 	 + + +hin. . op, +4 
17. Nemalptadld.. 	 34. Peguidas 

Nernii~rufs rcces. .nri + p 

Ceared 
mangrp es
 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

20 failies 
54 sped..s 

Contlnutd 



___ mTaLtble4soanmdintemoiamso pwtlodabu(April197 to April 18).4. Dominat Adah(incdlaauatecean) ede caught byfish traps from the three study sites during 

-= "ad=m K2381 Owe 
ar No. otitividuals per 50 fish wa.Study sit-U. am ob . Ma4nwm ara Foatingfl hfarm areaFamlyandspecies 11 12 Ckear mangro are3 MIM30 11 12 13M1M2 U 12 13 MIM2 

P-P-Pok w1. Avocanidae,
painsMa~~kimho.s . Pas. aM Ajioam robustus 25 48Apogmsp. ND ND 18 S7 45 14 9 ND ND 6 ND ND 19 ND 20.5.]awybiiSdwo ND ND ND ND NiD ND ND ND ND ND ND ND 62. Ariide 
AebaeA 


Aristhsinug ND ND ND ND ND ND ND ND ND&YA* 7 ND ND ND NDmsdami4"sfmt.e.* + 3. Ealistidas ND*oacnth chinras,.i ND 10 ND 15 14 11 11 ND 7 6.5 6 9 10 10 7.5
Thhd~ae~m4. Barcddae,27smm.,em * &LiucAooiu 828132321 ND 9 78ND 6 15 ND 11 29 8. 

&brutB 115 &gimgmsdw 4fama(Wnsmin) 8peaa 4eapm6=m 5. 0b.-eidiaeres~kme 8 ND ND ND 5.5 11 ND ND ND ND ND ND ND ND ND 
c. .6mae 

Ps o lwbrnwa ND ND ND ND 7 ND ND ND ND ND ND ND ND ND ND . i% ,. 6. Lebxidas(UdwCho, sp. ND ND ND ND ND ND ND ND ND 5 ND ND ND ND ND7. Lutanlds 
D. ~w 
 LJ.znwj," ND ND ND 5 ND ND ND ND ND ND ND ND ND ND ND . Aehggjme, 8. arkpercidac ND ND ND 6 ND ND ND ND ND ND ND ND ND ND ND 

An~gu 0~i * **1'waatos 
40. ow"Afilm 9. FentapatdidasAmw waft* Pwt dnsp.,,. ND ND ND 7 ND ND ND ND ND ND ND 6 ND NDl. Pltytcephmli" 10 

PwtnU wabe- ND ND ND ND ND ND ND ND ND ND 6 ND ND ND ND 
(betlsaD If"mmSlu 2 fwe-sqn fan1 Pktma agziillaris 476 ND ND ND 69 8 13 10 ND 15.5 42 7 ND 5 ND

2~w 2 @Pedme 5 inPwuspd 12. Poumizide
 
Z hffmd O'.aanm mb :Pomadasysar-reu 


Mm-.deme Cibe) 
ND ND 6 ND 12 6 ND ND ND ND ND NDI3. Portad ND ND ND

42. Oran i1iwjn Charybdisnwaf.or ND 6 5 ND 
* 

13 ND 11 6 ND 27 ND 17 19 ND ND.Vi- * b pflunuaPelagic," ND 16 14 12 8 11 6 ND ND 7 ND ND 8 ND 6F. WGUaM2 
&ylla rrua ND ND ND 12 ND ND 12 ND ND ND ND NDND ND ND14. ScItophagidae 

4&opOCAW-N-am Scatoph/agusargus 8 32 6 20 12 ND ND ND ND ND ND 6 ND ND NDp. 15. ScisenidaeJoniubelaw,- 22 19 59 42 39.5 28 7 13 7 22 ND ND ND ND 7 
44. 

&piumclmi, * Pn ahiaargentata ND 17 ND ND ND ND 12 ND ND" 16. Serranidas ND ND ND ND ND ND 
b'd]si 1 52edb. i Epinaphaluatauvina ND ND ND ND ND32mflk 17. Siganidae ND ND ND 7 ND ND ND ND ND ND($1aSmws 2 *aaedme Swwzjazuns ND ND ND ND ND ND ND ND ND ND ND 7 ND ND ND

Oread ts" - gin s44 smm rsinpj m 18. Tetadotidae a Sdm "70pcdm Aroam immaculaus ND ND ND ND ND 14 ND ND ND NDNe-oe.. +mimne m-mm~ ND ND ND ND ND19. Theraponidae1.Tteraponiap,- ND ND ND ND ND ND ND ND 12 ND - ND ND ND ND 18
20. Xanthjdaa 

Myomnippe grwud 6 ND 9 35 7 8 9 11 10 ND ND 6 7 5 ND 

a>5 fish caught per 50 fish traps.

blt = April 1987; 12 = October 1987; 13 = April 1988; MI -
 May 1987, southwest monsoon; M2 I average ofNovember to L ,---er1987 and March 1988, northeast monsoon. 
9ND a Not dominant. 
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ABSTRACT 

More than a quarter of the world's mangrove forests is
found in the ASEAN (Association of Southeast Asian Nations)
region. Traditionally exploited by coastal communities for fuel,
building materials, medicines and food, mangrove forests aredenuded rapidly as a consequence of increased population and
economic development pressures. The lack of understanding of
the ecological impact of mangrove forests and the persistent 
notion that they are "wastelands," which must be reclaimed foreconomic development, are reasons for their large-scale
denudation, 

The ecological significance of mangrove forests on fisheries
and other coastal resources is reviewed as well as the economic
impact of mangrove exploitation and conversion on agriculture,
aquaculture, and urban and industrial areas. Historical trendsin mangrove exploitation and conversion are also traced,
Moreover, the need for more research on the ecological impor.
tance of mangrove ecosystems is stressed. Zoning and other 
measures for the sustainable use and delineation of mangrove 
reserves are recommended to conserve these resources. 

INTRODUCTION 

ASEAN region (Gomez 1980a; Snedaker andGetter 1985; Aksornkoae 1986; Corlett 1986; 
Table 1Soemodihardjo 1986; Zamora 1987a).

shows the areal extent of mangroves worldwide
and in the ASEAN region. For centuries, theyhave contributed significantly to the socioeco
nomic well-being of coastal communities in the 
region. Mangroves have been traditionally 
exploited as sources of charcoal, fi,:ewood, building
materials, tannin (from the barks of Rhizophora
and Ceriops), herbal medicines and food 
(Hamilton and Snedaker 1984; FAO 1985;
Tomlinson 1986; Aksornkoae 1987).

Population increase and rapid economic development in the region, especially during the post-World War II era, have severely reduced the man
grove areas due to unrestrained clear-cutting fortimber; land reclamation and development foragriculture, aquaculture and human settlement;
silta

tion from mining activities; and coastal water
pollution from oil spills, and domestic and industrial effluents (Gomez 1980b; Sasekumar 1980;Saenger et al. 1983; Aksornkoae 1937). The rapiddenuer f mangrove forests is due partly to

udation o 
the lack of understanding of their ecological
impact on other natural resources in the coastal zone, especially coastal fisheries. Furthrmore, 
m o e es ts a vie es t nth atmangrove forests are viewed as "wastelands"that 
must be reclaimed for development to be economi
cally viable (Burbridge 1982; Hamilton and 
Snedaker 1984; Rao 1986). 

The mangrove or mangal forest is one of the 
most important and productive ecosystems found 
along coastal zones and islands. It consists ofintertidal flora and fauna occurring in tropical
and subtropical regions of the world (Por 1984a;
Rao 1986; Tomlinson 1986). More than a quarter
of the world's mangrove forests is found ih the 

ECOLOGICAL SIGNIFICANCE 
OF MANGROVES 

Most of the mangrove forests in the ASEAN 
region are hardly pristine. These have been dis
turbed by both natural and human-made factors. 
However, large tracts of mangrove forests still 
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exist in many areas of the region: Sabah, 
Sarawak, Brunei Darussalam, Indonesia, the 
Upper South of Thailand and Peninsular 
Malaysia. Except for Peninsular Malaysia, where 
a mangrove reserve has been instituted as early 
as 1904 in Perak (Chan 1986b), most countries in 
the ASEAN region established some mangrove 
management measures only in the 1960s 
(Christensen 1982; Aksornkoae 1986; Soemodi-
hardjo 1986; Zamora 1987b). As early as 1885, 
Singapore established mangrove reserves but 
these no longer exist today (Corlett 1986). This 
general lack of knowledge on the ecological impor-
tance of mangrove forests is one factor in the slow 
institution of management measures in the 
region. 

The mangrove ecosystem is important ecologi-
cally (Zamora 1987a). It serves as: (1) a buffer 
against storm surges and strong winds; (2) habitat 
for many species of flora and fauna and nursery 
ground for many economically important aquatic 
organisms like crustaceans and finfish; (3) a 
major producer of detritus (chiefly from leaf litter) 
that contributes to nearshore and offshore produc-
tivity; and (4) a contributor to coastal accretion by 
trapping debris, filtering land runoff and remov-
ing terrestrial organic matter (Table 2). The 
degree of importance of these functions depends 
largely on prevailing local conditions, which vary 
from one place to another. 

MANGROVE EXPLOITATION 
AND CONVERSJON 

The traditional small-scale exploitation of man-
groves (i.e., for charcoal and firewood production), 
which has been practised for centuries, was sus-
tainable because it allowed the mangrove areas 
sufficient time to regenerate (Christensen 1982; 
Burbridge and Koesoebiono 1984). This includes 
the clear-cutting of mangroves for timber. How-
ever, the increase ;n demand for timber and other 
wood products in the postwar era and in the 
reclamation undertaken for agriculture, aquacul-
ture, and urban and industrial sites have dimin-
ished the regeneration of denuded mangroves. 

In Indonesia, the large-scale conversion of 
mangrove areas was due to human settlement and 
agriculture as a consequence of the Transmigra-
tion Program of the government since 1969. About 
800,000 ha have been converted for this purpose 
(Naamin 1986; Soemodihardjo 1986). Both 
Indonesia nnd the Philippines have extensive 

fishponds that were originally mangrove areas. As 
of 1984, Indonesia had 211,900 ha of tambak 
(earthen fishponds) mainly for the culture of milk
fish (55.5% of the total brackishwater production 
comes from milkfish; in the Philippines, brack
ishwater ponds have increased productivity by 
29% from 1968 to 1986) (Burbridge and Maragos 
1985; Camacho and Bagarinao 1986; BFAR 1986). 
This increase was due to the high economic return 
from shrimp farming, especially from exports, 
which has replaced milkfish culture in many 
areas of the Philippines. In Thailand, about 30% 
of the total mangrove areas have been destroyed 
over the past 25 years; 38% of these were con
verted to shrimp farnis (Aksornkoae 1987). In 
Malaysia, coastal aquaculture is still new. Hence, 
most of the mangrove denudation is attributed to 
agriculture, but 20-25% of the mangrove forests in 
Sabah and Peninsular Malaysia are earmarked 
for aquaculture (Chan 1986a). 

Historically, the basis for mangrove manage
ment in the region is mostly economic rather than 
ecological or both (Table 3). In Indonesia, the 1933 
regulation on the prohibition of mangrove cutting 
within 3 km from a village was enacted to control 
the mosquito population responsible for malaria 
(Burbridge and Koesoebiono 1984). In Malaysia, 
the socioeconomic benefits derived from mangrove 
exploitation by coastal communities resulted in 
the establishment of a mangrove reserve as early 
as 1904 (Chan 1986b). The case of the Philippines 
was quite different from Malaysia and Singapore. 
Although there had been some efforts toward 
reforestation and management before World War 
II, most of these were highly localized (Table 3). 
In 1918, there were 450,000 ha of mangrove 
forests in the Philippines; 67.5% of these have 
been denuded over a span of 59 years (Zamora 
1981). Denudation was placed at 6,231 ha/year. As 
of 1984, about 46% of the total mangrove area in 
the country was converted to brackishwater 
ponds; this conversion took place mostly in the 
1970s (Zamora 1987b). 

In contrast to other" ASEAN countries, Singa
pore's mangrove forests have been largely 
destroyed for urban development. In 1819, 13% of 
its area was covered with mangroves. Only 500 ha 
of mangrove forests remain today and are in 
varying disturbed or degraded conditions (Corlett 
1986; ZD-US 1980). Similar to Indonesia and the 
Philippines, the rapid destruction of mangroves in 
Thailand occurred in the 1960s. Prior to 1961, 
mangrove exploitation was generally for charcoal
making. Thereafter, large tracts of mangroves 
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paved the way for aquaci2*re and agricultural instance, many of the provincial fishing groundsfarms, human settlement, tin mines, industrial have extensive coral reefs and seagrass beds, insites and salt ponds. Mangrove forests were addition to the mangroves, which also contributedenuded at the rate of 3,943 ha/year from 1961 to to the overall productivity of these areas.1975 and increased by 1.6% from 1975 to 1979 Mangal mollusks are characteristically eurybi(Piyakarnchana 1980a, 1980b; Aksornkoae 1986, otic species wilh very few genera considered198'). Among the ASEAN member-countries, the mangal-exclusive (Plaziat 1984). Nevertheless,mangrove forests of Brunei Darussalam are some species of oysters and cockles are associated among the best preserved in the region and with mangrovesare (Gomez 1980b; Jothy 1984; Raonot intensely exploited. Present exploitation is 1986). Several species of shrimp, notablylargely for charcoal and poles for the building penaeids, also depend on mangroves from theirindustry. Resources use conflict is minimal. How- larval to juvenile stages. Like crustaceans andever, future urban development similar to that of mollusks, many species of finfish are closely asso-Singapore and the conversion of mangroves to ciated with mangroves but 'ery few species areaquaculture farms will be the major issues that truly mangal residents. Numerous studies havewill affect the mangrove forests of Brunei Darus- been conducted on the finfish composition of mansalam (Zamora 1987a). A summary of the eco- grove areas worldwide (MacNae 1974; Gundernomic activities pertaining to mangrove exploita- mann and Popper 1984; Hamilton and Snedakertion is shown in Table 4. 1984; Por 1984a, 1984b; Rao 1986). In Florida, 
USA, about 80% of the marine commerckql and 
recreational catch are dependent mangrovesonECOLOGICAL AND ECONOMIC IMPACT for at least some critical stages of the species' lifeOF MANGROVE CONVERSION cycles. In Fiji, 60% of commercial landings are 
from mangrove areas (Hamilton and SnedakerThe mangrove forest contributes to both terres- 1984).
trial and aquatic productivity, especially on The
the conversion of mangroves for aquaculturedetritic energy pathway through leaf litter. Hence, and other land uses is detrimental to many manmany productive fishing grounds are found adja- grove-dependent species. In Ecuador, thecent large

areasto mangrove (Chansang 1984). The scale reclamation of mangrove areas for shrimipmangrove ecosystem has numerous ecological ponds has contributed to the decrease in shrimpfunctions (Table 2) that are seriously affected fry availability for stocking because most shrimpwhen denudation or conversion takes place. farms still depend on natural wild fry collection 
(Snedaker et al. 1983). In the ASEAN region, theImpact on fisheries impact of mangrove conversion on fisheries has 
not been assessed qualitatively and quantita-The mangrove area is a nursery ground for tively. However, many aquaculture operationsmany commercially important species of finfish rely on the collection of naturally occurring seedand crustaceans. Mangroves are also rich feeding stock of penaeid shrimp and finfish like milkfish,grounds for many species from various trophic groupers, snappers and sea bass. Although the
levels. An analysis of the 1981 fish landings in commercial hatchery production of penaeid
Malaysia shows that 32% may be associated with shrimp and sea bass has been attained,
mangroves (Jothy 1984). In the Philippines, hatcheries still depend on their wild b-nodstock.

many 

municipal catch representing 71.9% of the total Thus, the destruction of mangroves--as in thecatch from 1982 to 1986 has some close associa- Ecuador experience--could affect the availabilitytion with mangroves (BFAR 1986). There is a of fry and broodstock and, consequently, aquaculpositive logarithmic relationship (r = 0.63, P<0.01) ture production. In terms of capture fisheries, thebetween the annual total municipal landings of 34 same can also be said. Low recruitment will concoastal provinces (BFAR 1976, 1977, 1984; SSC sequently affect production. With many overex1988) and existing mangrove areas from 1976 to ploited fishing grounds in the region, the loss of1984, as shown in Table 5. Correlation with total habitat through mangrove destruction will furthermangrove and low-density logged-over areas from iompound stock recruitment and production.39 coastal provinces was also statistically signifi- Economic impact will most likely be localized.cant. However, this relationship is not predictive The ordecrease subsequent depletion of seedas other factors can influence the catch. For stock of penaeid shrimp and milkfish can displace 
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fishermen and fry gatherers who depend on the 
fisheries for sustenance. Mollusk culture beds will 
also be dir _ctly and indirectly affected. The 
decrease in aquatic productivity as a result of 
mangrove destruction directly affects the settling 
and growth of mollusks like oysters and cockles. 
Indirectly, it affects the culture beds through high 
sedimentation resulting from shoreline erosion 
and terrestrial runoff since there will be no barri-
ers against these forces. 

Shrimp catch, especially the penaeid species, 
has been correlated significantly with existing 
mangrove areas (Martosubroto and Naamin 1977; 
Turner 1977, 1986; Gedney et al. 1982; Staples et 
al. 1985; Pauly and Ingles 1986; Sasekumar and 
Chong 1987). In the Philippines, the logarithmic 
relationship between shrimp catch and mangrove 
areas in 18 provinces is significant (Table 5, Fig. 
1). This relationship, however, is not predictive, 
Finfish, on the other hand, have not been easily 
correlated with mangrove areas, altho,gh many 
finfish species have been recorded in these areas 
(Gomez 1980a; De ]a Paz and Aragones 1985; 
Pinto 1987). According to Gundermann and Pop-
per (1984), very few species are mangal-exclusive. 
Many of these fish belong to the Gobiidae, 
Eleotriidae and Blenniidae families. As in shrimp 
catch, the relationship between fish and adjacent 
mangrove areas was assessed based on five fish 
species groups (families Carangidae, Lutjanidae, 
Serranidae, Mugilidae and Siganidae) from sev-
eral Philippine coastal provinces. Except for the 
snappers, the logarithmic relationships are posi-
tively correlated (P<0.01), as shown in Table 5. 
This relationship is not conclusive, however, 
Longer time-series data on catch, species composi-
tion, hydrographic factors and precise resource 
inventory of mangroves and other coastal 
resources are needed to establish such a relation-
ship, if it exists. 

The valuation of mangroves is very difficult for 
two reasons (Hamilton and Snedaker 1984): (1) 
many goods and services derived from the 
mangrove ecosystem are not easily monetized and 
(2) i,.any of these goods and services are con-
sidered economic externalities. Financial analysis 
of mangrove conversion considers only its prof-
itability from the investor's point of view. The 
social benefits are almost always ignored. One of 
the reasons is that many mangrove areas in the 
region are privately owned and developed as the 
owners please. Many of the coastal communities 
dependent on coastal resources tend to be politi-
cally and economically marginal, 

Shrimp farming has dramatically increased 
since the 1970s because of the impetus from gov
ernments and international agencies and the high 
profitability of such a venture. In reality, only a 
few people or groups of people benefit from it. 
Furthermore, such a venture generally involves 
the expropriation of resources over which commu
nities have traditional rights based on long
standing patterns of usage (Bailey 1988). 

An economic analysis of mangroves is not easy, 
particularly on intangible aspects such as the con
servation of genetic diversity. Indirectly, some 
workers have attempted to put monetary values 
on charcoal, poles and other traditional uses of 
mangroves; resources associated with mangroves 
like fisheries and those obtained from their sus
tainable use. This explains why there are differ
ent values obtained in the economic valuation of 
mangrove resources (Table 6). On the whole, there 
is a need for research to determine the impact of 
mangrove conversion on fisheries resources, its 
socioeconomic repercussions and the other 
resources associated with mangroves (Untawale 
1986b). 

Impact on coastal areas 

The impact of mangrove conversion on coastal 
areas varies from place to place, depending on the 
prevailing local conditions. In typhoon-prone 
areas, the destruction of mangroves increases the 
risk of coastal erosion from storm surges and 
winds. Along estuarine systems, their denudation 
accelerates the erosion of riverbanks, especially 
where water traffic is heavy. When large areas of 
mangroves have been converted to shrimp ponds, 
the process results in the following: acid sulfate 
soils are exposed, leading to poor production and 
mass mortality of stocks as well as the discharge 
of toxic substances into nearby waters. 

The destruction of mangroves for coastal devel
opment (i.e., residential and industrial sites), will 
affect the freshwater supply through salt 
intrusion upstream, particularly under low-rain
fall conditions; on the other band, flooding will 
occur under high-rainfall conditions. In Jakarta, 
the construction of tambak resulted in the diver
sion of stream channels, causing major changes in 
hydrologic regime and siltation, thereby altering 
the coastal sedimentation process (Burbridge and 
Koesoebiono 1984). Conversion to salt ponds also 
alters soil structure and increases salt content, 
thereby rendering the area difficult to reclaim, 
especially for agriculture or silviculture. Some 
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Artemia ponds in Thailand and the numerous salt are open, particularly for the future developmentponds in the region can become unproductive of the resourt. should the nt ed arise (Hamiltonshould these areas be abandoned for various rea- and Snedake: !984). It is, of course, not ansons. Convei'sion of mangroves easy
to mining areas-- task since many government forestry programsas in Indonesia and Thailand--not only affects (mangroves included) in the region are sectorallyotIer resources (i.e., coral reefs, coastal waters, polarized with two or three agencies having combeaches, fisheries) but could also render the areas pletely opposite mandates over one resource.irreversibly damaged, if not costly t-, reclaim for Areas for the sustainable management of manmore productive purposes. groves have been established in many ccuntries inAn economic analysis of the mangrove conver- the region. This covers silvicultural practices forsion in coastal areas such as residential lots or timber harvesting and for the production of charmining sites is difficult. For example, the damage coal, poles and wood chips. Usually about 15 to 30caused by storm surges or cyclones with and with- year-cutting rotations are applied. Most of theseout mangroves fringing the coast can be quanti- practices are fbund within the reserves. However,fled in monetary terms, provided there are struc- some clear-cutting activities occur in concessiontures such as residential houses or factories that areas with little silvicultural measures beingcould be valuated. Otherwise, the cost of storm taken, thereby causing large-scale denudation. Nodamage will be small. In conversion, the value of single use can be intensified without effects on themangrove use is lost as the conditions are altered, other uses. Activities must, therefore, be bal-These conditions are sometimes irreversible or anced. Otherwise, irreversible damage will occur.costly to mitigate. Hence, an economic analysis of At least with sustainable mana;ement, the ootion.mangrove conversion must consider the goods and to conserve or convert is not foreclosed. Sustainservices that would be lost ii the process, many of able management should also ensure that thewhich are naturally accessible, ecological integrity ecosystem itsof. the and 

closely associated resources are intact. 
Population and economic development pres-MANGROVE MANAGEMENT sures have been responsible in part for theAND CONSERVATION con

version of mangroves to various land uses. The 
indiscriminate clear-cutt'ing mang,-ovesof forBaseline information on the mangrove ecosys- aquaculture, salt ponds and other uses--especiallytom is still insufficient, especially on its relation- withinthose privately owned lands--must beship with other ecosystems and resources within minimized. As much as possible, conversion,he coastal zone. There is also a need to assess the should be restricted to areas that will not. affectextent of the use of mangroves to quantify their adversely other resources. In that way, adversesocioeconomic benefits. Many countries in the environmental impact such as flooding, salt intru-ASEAN region have established committees sion in aquifers,tc erosion and others can be preconduct multidisciplinary research on various vented. Traditional use rights of coastal communiaspects of the mangrove ecosystem. There are now ties must be given due consideration (e.g., providemany tools that can provide better baseline a tenurial system to make use of mangrove areasinformation than in the past. These oninclude a sustainable basis). Too often, governmevts
remote sensing, a geographic information system 
 easily provide lease permits for the conversion fand environmental impact assessment techniques mangroves to other land uses, thereby effectively(Umali et al. 1986; Untawale 1986b). However, destroying-the ecosystem. But it is very difficult tovery few studies have been conducted to assess provide the same to communities or individualsthe economics of mangroves as resource. who would wanta Man- to manage the mangrove areas grove inventories are needed in such areas as without adversely affecting the ecosystem.Indonesia, Sabah and Sarawak in Malaysia. Within the ASEAN region, there are manyManagement and conservation of mangrove areas with intact mangroves that are at presentforests entail the delineation of areas or zones, being converted to other land uses. Examples ofAreas must be allocated for conservation purposes these are those in Kalimantan and Irian Jayato protect the mangrove ecosystem, conserve (indonesia), Sabah and Sarawak (Malaysia),genetic diversity and provide areas for scientific Palawan (Philippines) and Upper Southresearch and aesthetic considerations. The insti- (Thailand). These areas sho-ld either be managedtution of conservation zones means that options for sustainable development or conserved. Some 
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can be converted into national parks for tourism 
purposes, which, in turn, could provide an alter-
native livelihoo'] for many sustenance communi-
ties living within the mangrove areas. However, 
areas that have been denuded or converted to 
other land uses but later abandoned for some rea-
son should be rehabilitated through reforestation. 
Many areas in the Philippines and Thailand have 
been denuded, especially those fringing the coasts. 
Here, reforestation activities would be appropri-
ate. Already, several such programs have been 
initiated (Table 3). 

Implemerntation of conservation -d manage-
ment measures require both political and public 
support. Too often, conversion of mangroves to 
alternative land uses is politically motivated and, 
at times, dictated by private interests. Awareness 
of the ecological importance of the very valuable 
and productive mangrove ecosystem is a step 
toward an appreciation of it. 
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Table 1. Mangrove areal extent (ha) in the ASEAN region and worldwide. 

Geographical location 

Asia and the Orient 
Brunei Darussalam' 
Indonesia* 
Malaysia (Peninsular)' 
Sabah* 
Sarawak* 

Philippines* 

Singapore* 

Thailand* 


Africa 
South America 
North America 
Oceania 
Caribbean 
Central America 
Total 


*For the ASEAN countries only. 

Mangrove areal extent 

6,517,000 
18,418 

4,251,011 
105,537 
350,342 
172,792 
220,243 a 

500
 
287,308 

5,117,000 
4,105,000 
1,670,000 
1,515,000 

962,000 
888,000 

20,774,000 

fIncludes low density, logged-over areas. 
Sources: 	 Gomez (1980b); Snedaker aud Getter (1985); Aksornkoae (1986); 

Chan (1986a); Corlett (1986); Soemodihardjo (1986); 
Zamora (1987a). 
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Table 2. Some aspects of the ecological importance of the mangrove ecosystem. 

1. 	 High aquatic productivity

Major energy pathway is detritic through leaf fall.
 
Leaf fall value:

(Malaysia)Avicennia, 15.4 t/ha/yr; Sonricratia,14.0 t/ha/yr; Rhizop'wra, 15.8 tfhaty. (all are 15-yr-olds)
(Indonesia) 8.53 t/ha/yr
(Philippines) Avicennia, 5.22 tlha/yr; Ceriops, 4.29 t/ha/yr
(Thailand, Phuket) 15-yr Rhizophora,6.7 t/ha/yr 

2. Habitat for many terrestrial flora and aquatic fauna 
Brunei Darussalam
 

Flora 49 species of flowering plants

Fauna 28 genera (crustaceans, mollusks and other invertebrates; fish - not aasessed)

Indonesia
 
Flora 91 species

Fauna 25 species (crust,,ccans - South Sumatra)


22 species (mollusks -Central Sulawesi)
Malaysia
 

Flora 86 species
 
Fauna 30 species (fish)
 

13 species (cristaceans)
 
5 sp-cies (mollusks)
 

Philippines
 
Flora 155 specie.9

Fauna 235 species (fish).
 

54 species (crustaceans)
 
63 species (mollusks)
 

Thailand
 
Flora 136 species
 
Fauna 72 species (fish)
 

37 species (shrimp)
 
54 species (crab)
 
20 species (mollusks)
 

Nursery ground
Many shallow areas exist in mangrove forestO and have a high productivity that favors the congregation of fish andcrustacean larvae and juveniles. Shading from trees serves as a protection for larvae and juvenilee against natural
hazards and predators. 

FeedingBeinggrounda productive ecosystem, many species of fish, crustaceans and invertebrates migrate seasonally into the mangal
waters to feed. 

Some mangal fish 
True resident fish
 

Eleotriidae, Gobiidae, Blenni'dae (mudskippers)
 
Ariidae (sea catfish)
 

Closely associated fish
 
Mugilidae (mullets)
 
Sciaenidae (croakers)
 
Siganii]ae (rabbitfish) 

Loosely associated fish
 
Chanidne (milkfish)
 
Serranidae (groupers)
 
Lutjanidae (snappers)
 
Carangidae (cavalla, crevailes)
 
Polynemidae (threadfins)
 
Leiognathidae (slipmouth)
 

Sources: Gomez 	(1980a); Gundermann and Popper (1984); Per (1984b); Aksornkoae (1986); Chan (1986a); Soemodihardjo
(1986); TS-PMC (1986); Zamora (1987a). 
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Table 3. Historical development of mangrove utilization and management in the ASEAN region. 

Indonesia 
1933 A regulation was enacted prohibiting the cutting of mangroves within 3 km from a village to 

control the mosquito (mahiria ci.ier) population. 
1937 The Transmigration Program in South Kalimantan (tidal swampland) was started. 
1938 The regulation ofbasic silvicultural practice was enacted, commonly referred to as the "seed tree 

method." 
Prior to Mangroves were exploited for charcoal (Riau Province), the sugar industry and the railway
 
1942 system.
 
1945.1950 Mangrove destruction at the time of the War of Independence was uncontrolled.
 
(Java)
 
After 1950 A forestry regulation to halt the rapid denudation of mangrove forests was enforced.
 
1969 The Ministry of Public Works and Electric Power launched a pilot project to open in
areas 

Sumatra and Kalimantan. For its first Five-Year Development Plan, which was carried out 
between 1969 and 1974, about 200,000 ha of tidal forests, which included mangroves, were 
converted to agricultural lands. 

1975 A regulation was enacted establishing a 400-in wide mangrove greenbelt along the Indonesian 
coast. 

1978 The 1938 Act was amended to cover the requirements for the maintenance and replacement of 
cut-over areas by concessionaires. 

1980 The Indonesian Mangrove Committee was created. 
1982 Lease permits wer- issued to timber corporaticns to exploit mangroves in Irian Jaya, 

Kalimantan, Sulawcqi, Sumatra and Riau. 
1984 A regulation was enacted by the Ministry of Forestry establishing a 200-ni wide mangrove 

greenbelt along the Indonesian coast. 
Sources: Burbridge and Koesoebiono (1984); Hamilton and Snedaker (1984); Soemodihardjo (1986). 

Malaysia 
1904 The 40,000-ha Matang mangrove reserve in Perak was established by the Forestry Department. 
1933 The Sarawal: mangrove reserve (4,000 ha) in the first division was diverted from 
(and 1982) agrirultural uses. 
1955 Mangrove areas were converted: 10,500 ha into a plantation for cash crops (up to 1980); 1,300 ha 

for urban and residential purposes. 
1960s There was a gradual change from traditional to conventional uses of the mangrove ecosystem for 

coastal development.
 
1968 and Wood chipping plants in Malaysia, Sarawak and Sabah were established.
 
1970
 
1970 	 Some 123,000 ha (40%) in Sabah and 6,200 ha in Sarawak were allocated for wood chip 

production for export to Japan. 
1972 	 The Forest Management Policy and Strategy of the National Forestry Policy was approved by the 

National Forestry Counc'l and endorsed by the National Land Council (1978). It was aimed at 
ensuring the conservation, management, utilization and development of forest resources. 

1977 The shrimp culture project in Tawau, Sabah (80 ha) was established.
 
1978 An ad hoc Mangrove Research Coordinating Committee was formed.
 
1983 A research and management strategy for the mangrove ecosystem was drawn up, following a
 

workshop held at the Universiti Pertanian Malaysia on the production of the mangrove 
ecosystem: me.agement indications. 

Sources: Sasekuniar (1980); Chan (1986a and b); Sallch and Chan (1986). 

Philippines 
1918 	 The mangrove forests in the country were estimated to be between 400,000 and 500,000 ha; the 

reforestation of Rhizophora and Nypa in some areas around Manila was undertaken to assure 
the supply of the city market. 

1952 (to Some 87,351 ha of mangrove areas were converted to fishponds (milkflish).
 
1975)
 
1.968 	 The reforestation of 562.83 ha in Bohol was initiated. 
1975 	 The Forestry Reform Code was issued: "Strips of mangroves that protect the shorelines or coastal 

communities against. destructive forces from the sea shall be maintained and not be 
alienated." 

1976 	 The Philippines' National Mangrove Committee was created.
 
1972-1976 A mangrove inventory was done by Landsat 1 and 2.
 
1978 A mangrove inventory was made by aerial photography.
 
1981 A Presidential Proclamation authorizes the creation of mangrove reserves in 14 provinces
 

(aggregate total o( 74,2.67 ha). First large-scale mangrove reforestation ,,as initiated in nine 
islands of Marungas, Sulu (total area: 4,560 ha; 150 ha reforested) by the Bureau of Forestry 
Development. 
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1982 and A mangrove inventory was made by aerial photography.

1985
 
1984 Reforestation was done in Cebu (364.98 ha).1987-1988 A SPOT mapping of land uses was undertaken by the Swedish Space Corporation; the total 

mangrove area covered was 1,494 km2 .
Sources: TS-PMC (1986); Zamora (1987b); SSC (1988). 

Singapore
1819 
1822 

Some 7,500 ha or 13%of the totp l area was covered with mangroves.
Reclamation work began at the south bank of the Singapore River.1885 Since the mangroves were already degraded, a forest reserve was established.

1900s Prawn farming was started. 
1938 Mangrove reserves were abolished.1951 Pandrn and Kranji were developed as national reserves for botanical interest. However, in 1968

and 1975, respectively, they ceased to be so.
1960s The Jurong Industrial Estate was established.1970 All major nonurban estuaries were barraged to create freshwater reservoirs; thus, resulting in

the destruction of mangroves.
Sources: ZD.US (1980); Corlett (1986). 

Thailand 
Prior to Logging of mangroves for charcoal. 
19611961 The working plans on mangroves were revised to suit the Royal Forestry Department's method of

monopolized auction licensing.1961 (to Some 80,592 ha of mangroves were converted for aquaculture tin mining, salt ponds,
1979) etc.1976 The National Research Council, which was formed during the Workshop on Ecosystem ofMangrove Resources in Phuket, acted as the central body in the establishment of the National 
1977 

Committee on Mangrove Reserve (NATMANCOM).
The Government cabinet approved the proposal to create NATMANCOM.


1979 
 A Landsat inventory of a 287,308-ha mangrove area was made. The committee was composed ofthe: Royal Forestry Department; Department of Fisheries; Departments of Hydrography,Mineral Resources, Land Development, Meteorology and Army Survey; Prince of SongkhlaUniversity; Chulalongkorn University; Mahidol University; and Kasetsart University.

Source: Aksornkoae (1986).
 

Table 4. Summary of some economic activities pertaining to mangrove
utilization and conversion. 

Utilization 
Food and drugs 
Charcoal 
Timber products (poles, construction materials) 
Fuelwood 
Wood chips (for paper products)
Industrial chemicals (dye, tannin, cellulose, alcohol) 
Fodder
 

Conversion 
Agriculture (coconut, rice and other cash crops)
Mining (tin, iron-sand, bauxite, construction materials, nickel and coal)
Residential and industrial sites 
Salt ponds 
Ports and harbors 
Aquaculture (shrimp and finfish) 

Sources: Piyakarnchana (1980b); Saenger et al. (1983); Hamilton and
Snedaker (1984); FAO (1985); Chan (1986b); Aksornkoae (1987). 



Table 5. Regression values of municipal total catch by species groups and 
corresponding mangrove area from several coastal provinces in the t
Philippines. 

Species group. a b n r 

Cavalla 0.9896 0.8082 = 	 9 918 0.73- 3.4 Y 0.0 1 0.8648x 	 * 0Mullets -0.4091 0.7361 20 0.63 
 3.2 r 0.811; df=16Siganids 1.1462 0.9505 12 0.81
Groupers 1.130 0.4734 18 0.63- ~ 3.00 
Snappers 0.7972 0.5337 15 0.58* 	 z.aWhite shrimp 1.2263 0.7623 18 0.81. 

2Total shrimp -0.0575 0.8706 18 0.78-3 	 2.STotal catch 2.5482 0.43044 	 .14 0.63 _
Total catch 1.8045 0.5948 39 0.67- * 2.4 

Log,a(catch) - a + b Logio(mangrove area) 2.2
where a -intercept 

b-slope 2.0
 
n - number ofteamples 
 0
 
r - correlation coefcient -J a
 

"Highly significant (P < 0.01) *Significant (P < 0.05)lCatch was predom inantly P Nna 	 !.6 
2 eua indicus (m unicipal and com mercial). 	 I I 3 2 6 3 I L4I4Catch included all shrimp Rpecies caught by municipal fisheries and penaeid 	

3 .6 
1.4 1.8 2.2 3.02.6 3.4 3.0 4.2 4.6commercial catch. 

3 Log (mangroe are)Data from SPOT inventory; did not include fishponds and low-density 
logged-over areas (SSC 1988).4Data from SPOT inventory; included fishponds derived from
conversion (SSC 1988). 

mangrove 	 Fig. 1. Relationship between the mangrove area and the annualpenaeid shrimp catch (P < 0.01) in various areas of the Philippines.
Note Species group catch represented the maximum catch for any one-year
 

period from 1976 
to 1977 while total catch represented the average
catch for nine years from 1976 to 1984. Data are from BPAR (1976),
 
(1977). (1984) 
and (1986). Data on mangrove areas hre from Gomez
 
(1980b).
 

Table 6. Some examples ofeconomic values for the mangrove ecosystem and its products. 

Type of resource or product Location Year Value of resource 

(US/ha/yr)
 

Complete mangrove ecosystem Trinidad 1974 600 
Fiji 1983 482 
India 1985 11,819 

Forestry products Malaysia 1986 604-8,067 

(charcoal, poles, 
firewood)

Thailand 1982 30-400 

Fishery products Indonesia 1978 50 
Thailand 1982 30-100 (fish) 

200-2.000 (shrimp)
 
Bourca: Hamilton and Snedaker (1984); FMC 
 (1986)% Rao (1986); Salleh and Chan (1986); 

Untawale (I 
9 

86a). 
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ABSTRACT 

The mangrove forest of Segara Anakan is the largest such area in Java. Common mangrove species occurring in the area 
are Rhizophora apiculata, Bruguiera gymnorrhiza and
Aegiceras corniculatum.Avicennia and Sonneraiia constitutethe pioneering species in the sediment accretion areas.The forest's condition has declined in recent years, asclearly reflected by young trees and sprouts that make up most 
of the vegetation. Very often, the areas are covered heavily bycreepers like Derristrifoliala,Finlaysoniamaritima and Acan-
thus ilicifolius. Trees having a diameter equal to or greater
than 10 cm are rarely seen, except at the periphery of the 
lagoon.

Illegal cutting and conversion to other uses (ricefields and 
coconut groves) are the main stresses that affect the Segara
Anakan mangroves.Efforts to rehabilitate the degraded land have been made by
the State Forest Corporation (Perum Perhutani). The species

planted include R. apiculatafor the muddy floor and B. gym-

norrhiza for the hard substratum. The results seem'quite sat.isfactory in some localities. For the program to be more suc-
cessful, however, prevention of human interference, particu-

larly with the rehabilitated area, is necessary. 


INTRODUCTION 

Conflicts in the use of coastal resources are a
worldwide phenomenon. In Segara Anakan, Cila-
cap, Central Java, the lack of an authorized 
coordinating body aggravates the problem of 
managing mangrove resources. 

The approximately 20,000-ha mangrove forestof Segara Anakan is the largest remaining such 
area in Java. However, observation indicates thatthis resource has undergone much deterioration.A significant proportion of the area has been andis being converted to agriculture. Administra
tively, the area is under the jurisdiction of thegovernment-owned Perum Perhutani, but in the 
past few decades, it has been the subject of vari
ous conflicting interests. The result is a depleted 
resource.
 

The government through Perum 
 Perhutani 
tried to rectify the situation. Measures were takento prevent illegal cutting and conversion to otheruses while the rehabilitation of degraded forests 

was carried out. There have been some encourag
ing results.

This paper assesses the present condition of themangrove resources of Segara Anakan. A zonation m e r e eo pe nt an a na teon
scheme and development and management
prospects are presented. 

STUDY APPROACH 

This study is an extension of the one reportedby Soemodihardjo and Suroyo (in press). In the 
course of this study, it became apparent that the 
criteria for determining the mangrove management zones had to be made more flexible andapplicable. In the modified approach, the criteria 
used were mainly qualitative in character, instead
of quantitative. Five categories of forest condition were established, namely: 

1. Undisturbed to slightly undisturbed. Thiscategory includes forest sections that show 
insignificant human interference or none 
at all. Forest canopy properly covers the 
area. Mangrove stands can consist of 
mature trees in the long-established area 
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-or young trees in the newly accreted area. 
Undergrowths and creepers are minimal. 

2. 	 Moderately disturbed. Frequent signs of 
human activities are evident. Some gaps 
occur in the forest canopy. Tree stumps 
are encountered in some places. 
Undergrowths and creepers begin to 
occupy the open space. 

3. 	 Substantially disturbed. There is a pro-
nounced sign of human disturbance. Due 
to the removal of trees, open spaces, which 
are invaded by undergrowths and 
creepers, are common. Mangrove stands, 
consisting of young trees and sprouts, are 
less dense. 

4. 	 Heavily disturbed. Mangrove stands have 
undergone much deterioration. Nearly all 
the trees are cut down. Only uneconomi-
cally important and bushy plants are left. 
The area looks like an open land dotted 
with clamps of shrubby formations. 
Undergrowths and creepers occupy most 
of the area. 

5. 	 Significantly disturbed. In terms of forest 
condition, this category is much like cate-
gory 2 or 3, although its most prevalent 
characteristic is the occurrence of 

marginal species like Heritiera littoralis, 
Excoecariaagallocha,Xylocarpus spp. and 
Scyphiphorahydrophyllacea. 

This modified approach, being founded largely 
on qualitative valuation, is necessarily subjective, 
It depends much on the perception and judgment 
of the surveyors. Indeed, some quantitative mea-
surements by way of the transect method were 
made as bases for the calculation of some commu
nity indices, i.e., the importance value. 

Fig. 1 shows a working map of Segara Anakan 
and its environs, as modified from the one origi-
nally prepared by Perum Perhutani. For easy ref-
erence, Perhutani divides the mangrove forest 
into small plots and numbers these from 1 in the 
west to 57 in the east. 

RESOURCE STATUS 

In the past few decades, the mangrove 

resources of Segara Anakan have been subjected 

to various disturbances, most of which are trace-

able 	 to human activities. Sedimentation, for 

example, results from natural and human activi-

ties in the upper reaches of the Citanduy water-

shed. 


Species composition 

Several studies on the vegetation of Segara 
Anakan mangroves show varying species composi
tion from one locality to another. This is not 
unusual considering the prevalent variation of the 
microhabitats in the area. 

Table 1 shows the mangrove species reported to 
be occurring around Segara Anakan. The true 
mangrove components were most commonly rep
resented by: Rhizophora apiculata,Aegiceras cor
niculatum, Brugieragymnorrhiza, Ceriops tagal, 
Avicennia alba, Sonneratia alba and Nypa fruti
cans. In the somewhat drier places, Heritieralit
toralis, Xylocarpus granatum and Excoecaria 
agallocha were abundant. The dominant under
growths included Acanthus ilicifolius,Derristrifo
liata and Finlaysoniamaritima. On the elevated 
ground, Acrostichum aureum and Wedelia biflora 
were usually the common undergrowths. 

The variation in species composition from place 
to place was quite distinctive. In the accretion 
area, a pure stand of Avicennia, Sonneratia or 
both usually occurred. The nonaccreted area, in 
contrast, was normally populated by mixed man
grove communities of several species. The most 
complex community contained up to 19 mangrove 
species (ET 1984). It was observed from plots 44, 
46 and 47 that-R. apiculata,B. gymnorrhiza or A. 

corniculatum (Table 2) usually dominated the 
community. In the transitional areas, the plant 
community included some salt-tolerant dryland 
vegetation like Dolichandrone,spathacea, Intsia 
bijuga, BarringFtoniaracemosa, Cerbera odollam 
and Ficus sp. 

Community structure 

The Ecology Team (ET 1984) identified three 
species associations: pure stand, paired associa
tion and mixed association. Pure stands, like 
paired association, occurred primarily in accreted 
areas, often in the form of discrete patches occur

ring within other associations. A. alba,A. marina 
and A. corniculatum formed pure stands. The 

mixed association, by contrast, was distributed 

nearly all over the Segara Anakan mangrove area. 

Geomorphologically, the mangrove areas can be 

categorized into three in terms of the community 

structure: transition area, accreted area and 

nonaccreted area. The last two categories were 

introduced by Hardjosuwarno (1979). 
Transition areas are wetland or dryland ecosys

tems. In the north of the eastern coastal plain, 
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these areas are mostly in tht; form of open land Very little were in Category 1 or 2 (Fig. 3). Nowith bushy shrubs. Common species found were trees with a diameter greater than 10 werecmScyphiphora hydrophyllacea and Dalbergia found (Soemodihardjo and Suroyo, in press). Thejunghuhnii, interspersed by A. aureum. Closer to general physiognomy of the community consistedthe land, Phragmiteskarka and Imperata cylin-
drica grew. The 

of small and young trees 4 to 5 m high. In someswampy transition area had N. places, such asfruticans and in an along the east bank of Sapuregelopen swamp, Acanthus sedges
or undergrowths. In the north of Segara Anakan 

River (Plot 46), the plant density can be very high,
i.e.,proper, vegetation was different. Along the river 

1,050 saplings/ha and 6,500 seedlings/ha.
Farther down the river (Plot 45), the mangrovesfrom Penikel toward Kawunganten, there was a consisted of young saplingsrich growth of Barringtonia racemosa, Cerbera 

and sprouts. Heavy
undergrowth of Derris and Sarcolobuscovered themanghas and Ficus sp.; Dolichandromespathacea open space indicating that damage has alreadyand Intsia bijuga were also common. These occurred for a long period.species were rare or absent in the transition area From Sapuregel River to the eastern peripheryof the eastern coastal plain, of Segara Anakan, Category 5 of mangrove forestThe accreted areas cover the northern and east-

ern 
condition occurred. A smaller proportion was incoasts of Segara Anakan, including the Cotegories 3 and 4. H. littoralis and/orislands. One important characteristic S.of these hydrophyllacea significantly constituted Categoryareas is the occurrence of a zonation pattern 5, probably because of its being a aryland (Table(Soemodihardjo and Suroyo, in press). 4).The nonaccreted areas embrace the entire Mangrove condition in the accretion area wascoastal plain east of Segara Anakan, excluding the relatively good. Young plantsaccreted area of Avicennia andin the west and the transition area Sonneratia occurred. Meanwhile, plant density inin the north. The nonaccreted areas are extensive, the newly accreted land was very high.crisscrossed by an intensive network of tidal Along the northeastern coastline of the lagoon,channels that join the Sapuregel-Donan system mangrove was also relatively good. Trees withand ends up in the Indian Ocean athrough the diameter greater than 10eastern opening. In cm were still available.some places, the land is ele- Category 2 or 3 occurred. However, some parts ofvated and utilized by Perum Perhutani to 

teak (Tectona grandis), mahogany 
grow the land (Plots 28 and 29) were being converted to(Swietenia

mahagoni)or lamtoro. In other places, the land is 
ricefields and coconut plantations.


Recently, a newly developed
uneven or undulated, leaving the tip of the crest 
mangrove

formation united Karang Anyarout of the reach of high Islands in thetides. On highthis south with Bugel village in the north (Fig. 3). Thisground, H. littoralis,D. spathacea,X. granatumor resulted from the high rate of sedimentation. ByFicus sp. develop. Undergrowths such as A. contrast, rmactically no mangrove forest was leftaureum, Wedelia biflora, Lantana sp. and Flagel- except along the coastline and riverbanks.
lariaindica normally grow too. 

Condition 

STRESS FACTORS AND ISSUESNot a single area of Segara Anakan's mangroveforest is still intact. Every part has experienced The thr6e main factors affecting mangroves inform of human disturbance, most of whichsome 
Segaraare negativ:e. In nearly all study plots, illegal cut-

Anakan and the surrounding area are
sedimentation, illegal harvesting and conversiontings are recorddd (Table 3). to other uses. Water pollution poses no problem atFig. 2 shows the boundary lines of Segara present but may be anAnakan's mangrove forest in 1982 and 

issue in the future. Tim
1988. Ekosistem Mangrove (TEM 1986)Reduction of the area showed thatwas due to conversion, par- minimum standards for water quality for marineticularly for agriculture. Mangrove degradation organisms and human health were met. However,was due to illegal exploitation for fuelwood and with plans develop Cilacaphousing materials. to into an industrial 

estate, pollution problems will arise. Thus,In the east of Segara Anakan, for instance, all pollution monitoring should be conducted on athe mangrove areas were in Category 3, 4 5.or routine basis. 
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Sedimentation 

Apart from their freshwater input, Citanduy 
and Cibeureum Rivers bring in an enormous 
quantity of suspended sediment. Napitupulu and 
Ramu (1982) estimated an average filling rate of 
6.2 million m3/year during 1971-1980. Land accre-
tion increased from 17 m to 30 m/year. The high-
est rate, 75 m/year, was recorded for the period 
1940-1946 (TEM 1986). According to Bird (1982), 
the rate of accretion in Segara Anakan was among 
the highest in the world. Napitupulu and Ramu 
(1982) asserted that unless filling is slowed, the 
lagoon will be silted in 10 years, leaving only tidal 
canals. Bird (1982) predicted that the lagoon will 
be entirely covered by mangroves by 2000. 
Rahardjo (1982) predicted that it will take only a 
few decades for that to happen. 

From the standpoint of mangrove growth, silt-
ing of Segara Anakan could be considered benefi-
cial since it provides new land. However, this may 
be on a short-term basis. The configuration of 
Segara Anakan will not allow an endless accretion 
process. In addition, the silting process will raise 
the forest floer higher and higher until the newly 
formed land emerges above sea level at high tide. 

Illegal harvesting 

The extent of the degradation of Segara 
Anakan's mangroves is such that it becomes 
impossible to maintain a sustainable production 
forest. Trees with a diameter greater than 10 cm 
are found only in the periphery of the lagoon. In 
the other areas, the mangroves consist of young 
trees and sprouts. Thus, no cutting of mangrove 
wood at Segara Anakan is currently allowed. In 
this way, a new generation of harvestable man-
grove forests is expected to develop, 

Experience has shown that regulations and 
laws are not enough to halt illegal wood cutting. 
The needs of the people seemed greater than the 
risks. Mangrove wood was harvested fbr personal 
and commercial use. To avoid confrontation with 
forest guards, cutting was often done at night. 

Another mangrove product are nipa leaves. The 
demand for nipa thatches is high. Boatloads are 
collected every day. Soemodihardjo and Suroyo (in 
press) pointed out that the harvesting was so 
intensive that every nipa tree in the area has been 
left with only a few leaves. In such a state, they 
will not grow at normal rates. However, until 
now, there is no legal restriction for the harvest-
ing of nipa leaves, 

Conversion to other uses 

Of all human interferences to the mangrove 
ecosystem, the most devastating is its conversion 
to other uses such as agriculture, brackishwater 
fishpond or human settlement. In Segara Anakan, 
the most prevalent conversion was to agriculture 
(ricefields and coconut groves). Attempts were 
made to open the swamp for shrimp culture, but it 
did not succeed. Abandoned shrimp ponds now lie 
in the vicinity of Klaces village, in Lhe northern 
coast of Nusa Kambangan. 

Nearly all mangrove lands to the west and 
north of Segara Anakan (Plots 1 to 27) were con
verted to ricefields, leaving only a narrow man
grove belt along the water's edge. Karang Anyar, 
referred to as Plot 8 in Fig. 1, was not exempted. 
Its interior part was and is still being converted to 
coconut groves and ricefields. To the east of the 
lagoon (Plots 28 arid 29), conversion activities also 
took place. 

In Nusa Kambangan, conversion activities 
occurred along the north coast. The narrow belt of 
coastal wetland was opened for agriculture. In 
1982, the opened land constituted only a small 
patch in the vicinity of Klaces village. Now, it has 
spread to the west and far to the east. As the 
opening progresses, so does the development of 
new human settlement. 

Legal status 

The mangrove resources of Segara Anakan con
stitute an integral part of the coastal ecosystem. 
Therefore, their management should complement 
that of the whole system. However, such a holistic 
management approach is still not practised in 
Indonesia. Perhaps it is not so much of conflicting 
interests but more of the system. For example, 
there are at least four agencies sharing equal 
responsibility for the management of the Segara 
Anakan watershed, namely, the Department f 
Forestry for the mangrove, the Department of 
Agriculture for the fishery, the Department of 
Public Works for the hydrology and the Depart
ment of Communication for the waterways. An 
integrated management of the watershed would 
require the goodwill of all concerned so that work 
can proceed in a coordinated manner. 

There are three conflicting opinions on the 
unauthorized opening of the mangrove forest. The 
land openers insist that what they have been 
doing is legal, with the assumption that the forest 
they have opened was originally newly established 
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land formed by sedimentation. They further Suggested land use zoning

believe that newly formed lands 
are God-givenand should be best utilized for the benefit of the Fig. 4 represents the suggested zoning patternlandless farmers. Perum Perhutani, on the other of Segara Anakar, and the surrounding area tohand, asserts that according to the existing regu- accommodate the existing needs. Zoning waslation, any newly formed land on which vegetation made on the following bases: geomorphologicalhas developed is public land under the jurisdiction setting and location, apparent transformationof Perum Perhutani. However, the Land Use Ser- trends, current utilization patterns, existing andvice of the Department of Home Affairs claims predicted future needs, variability of 'resourcethat the utilization of newly formed land, even by components and security and maintenancePerum Perhutani, can not be done without the aspects.official consent of the Service. It should be noted The mangrove land of Segara Anakan and Cilathat these land use discrepancies have, for the shall be into fivecap divided zones: industrialmost part, been resolved through a new agree- (Zone I), utilityzone zone (Zone II), conservationment among the agencies in a planning workshop zone (Zone III), production forest zone (Zone IV)held in early 1990. and agriculture zone (Zone V). 

There shall also be a buffer zone that would 
LAND USE OPTIONS AND separate the mangrove land fromMANAGEMENT STRATEGY the dryland

along the northern border.Industrial Zone. This constitutes an integral 
part of CilacapResources use and management planning must 

town with Donan River as thewestern borderline. This would limit the spread oftake into account development trends and the possible negative impact and allow the Segaraprospects. Because of rapid changes in the physi- Anakan area to develop according to the targetedcal environment, the existence of fish and man- land use scheme.groves is affected. Therefore, the physical changes Utility Zone. This covers the area betweenin the Segara Anakan ecosystem should always be Donan and Sapuregel Rivers, which has been sublinked to its biological resources. jected to relatively intensive human activities. 
The high grounds are used for human settlement,Trends and prospects ricefields and dry crops. Meantime, Perhutani is 
developing plantations of dryland species,There are indications that Segara Anakan will i.e.,teak and mahogany. Poor mangrove vegetationeventually disappear in its present state. The occupies the lowland, a swampy area. But in time,silting process will eventually allow mangroves to the products should be able to provide fuelwoodcover the area. As the forest floor gets higher and and housing material. This utility zonedrier, the mangrove vegetation is a~sowill die and be appropriate for aquaculture. Its close proximity toreplaced by dryland species. Cilacap is beneficial since this provide: securityIf the lagoon disappears, :.) will the nursery and easy access to marketing and facilitates
grounds for shrimp and fish. i. is difficult to say maintenance.
how much this would affect the offshore fisheries. ConservationZone. This includes the 
area bor-Traditional fishermen losowill their livelihood. dered by the Sapuregel River in the east, Kem-The development of Cilacap into an industrial bang Kuning River in the south and Udjung Alangestate will exert some influence on the Segara River in the north. This area is nonaccreted,Anakan ecosystem. Apart from the possible haz- hence, is more or less stable. Nearly all mangroveards to be brought by the estate's waste products, components and microhabitats are available here.there will be demands for space. Although signs of human interference are com-These are the general development trends and mon, no conversion to other uses was made. Thisprospects for Segara Anakan. The question is area should also be feasible to manage since it iswhether the process should be hastened or easily accessible from Cilacap, and the canal net..delayed. Napitupulu and Ramu (1982) believe work serves as a waterway for inspection.that siltation will make the complete preservation Production Forest Zone. This zone covers theof Segara Anakan's mangroves a diminishing mangrove area along the east and north coasts ofreturn. Thus, speeding up the process will mini- the lagoon. Cibeureum River is the western bormize the transition period. derline. This zone also includes all the islands in 
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the lagoon; in effect, it covers the accreted land. A 
200-m wide strip of mangrove along the lagoon is 
designated as a mangrove greenbelt that should 
be kept intact, 

The term production forest implies that man-
grove products can be harvested here on sustain-
able and commercial bases. The determining fac-
tors for the selection of this area as the production 
forest aie the occurrence of good natural regener-
ation and the expanding mangrove land due to 
accretion. Invasion of accreted land is generally by 
seedlings of Avicennia and/or Sonneratia, which 
are not in much demand by the local population. 
The favored species are Rhizophora for fuelwood 
and Bruguierafor housing material. 

Agricultural Zone. This zone covers the land 
area west of the lagoon and the Cibeureum River. 
Nearly all the lands here have been transformed 
into ricefields except a narrow strip along the 
coast and the riverbanks. At the transition area 
from mangrove land to dryland along the northern 
fringe, there are sparse occurrences of bushy 
shrubs, small trees or undergrowths like Derris, 
Acanthus or Acrostichum. In some areas, there is 
N. fruticans. In the zonation scheme, this transi-
tion land along the northern borderline will be 
considered a buffer zone where the traditional 
utilization of mangrove resources will be allowed, 

Alternative uses and strategy 

The eventual drying of Segara Anakan will 
require an alternative management strategy. 
Closely linked with this is that of employment for 
those who will have to change jobs. The land use 
zoning is one strategy where alternative resource 
uses can be developed. 

Most '.-c.earchers are of the opinion that the 
lagoon fisheries have passed the maximum sus-
tainable yield (MSY). Capture fisheries in the 
lagoon should thus be kept at a minimum level. :-
is also unlikely that the development of the fish-
eries will generate significant economic reforms. 
In any case, the most appropriate strategy is to 
maintain the function of the lagoon as a nursery 
ground so that the feasible alternative would be 
offshore fisheries. These are currently below the 
MSY level. 

Another alternative to be developed is aquacul-
ture. Brackishwater fishponds are considered 
uneconomically feasible. High porosity and unsta-
ble soil are two unfavorable factors (ET 1984). 

Thus, aquaculture should be focused on cage and 
pen systems. Recommended for cultivation are 

shrimp, mangrove crab (Scylla serrata) and ker
apu (Epinephelus tauvinaY Culture of mollusks 
such as oysters, green mussels and cockles is also 
worth exploring. 

In the utility zone, the mangrove plantation can 
be integrated With brackishwater fishponds. This 
combined system is known in Indonesia as tam
bak tumpang sari or the forest canal pond system 
(Soemodihardjo 1987). In essence, it consists of a 
series of mangrove plantation plots, each located 
in the middle of a large brackishwater pond. 
When the mangrove trees grow big, the pond 
appears like a canal encircling a patch of man
grove forest, hence, the English term for the sys
tem. The pond or canal is used to grow fish or 
shrimp, while the bund is used to grow dryland 
plant species for fuelwood like Leucaena, Acacia 
and Hibiscus. The system can be managed by the 
local people who obtain their income from the fish 
culture. 

In brief, the development strategy for Segara 
Anakan is: 

1. 	 to maintain the ecological function of the 
lagoon as a nursery ground by limiting its 
fisheries, rehabilitating degraded man
groves, limiting the number of fishing gear 
and fishermen and introducing selective 
fishing gear regulations; 

2. 	 to provide support and facilities for local 
fishermen to upgrade themselves into off
shore fishermen; 

3. 	 to develop an appropriate aquaculture 
technology for the local fishermen and 
assist in its implementation; 

4. 	 to develop infrastructure and facilities for 
open nature tourism; 

5. 	 to assist the local population in meeting 
the need for fuelwood by developing a 
plantation of fast-growing trees like lam
toro, caliandraandAcacia; and 

6. 	 to develop alternative employment oppor
tunities for the local population in antici
pation of the changing environment. 
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Table 1. Species of mangrove and acsociated plants from Segara Anakan.Cllacap.Nomenclature follows that of Barker and van den Brink (1968) and Steenis (1978). 

Apocynaceaa 
Cerberamanghas L 
C. odollam Gcertn 

Arecaceae 

Nypa frutcanaWurmb. 

Livisuona rotuneifolia(Link.) Mart. 


Bignoniaccao 

DolichandronespathaceaSchum. 


Combretaceae 

LumnitzeraracemosaWilld. 


Convolvulaceae 

Argyreia mollie (Burm.f.) Choisy. 


Euphorbiaceae 

Breynia cernua(Poir.) MA. 

Excc.!cariaagallochaL. 

Glochidion littoraleBlume. 


Fabaceae 
Cynometra ramifora L. 
Dalb2rgiajunghuhniiBth. 

Lecythidaceae 
Barri gtoniaracemosa (L.) Blwc.ex DC. 

Leguminosae 
Deris trifoliataLour. 
Intsia bijuga (Colerb.) O.Ktze 

Lythraceae 
PemphisacidulaForst 

Malvaceae 
Hibiscustiliaceus L. 
Thespesia populnea (L.) Sol. ex Corr. 

Meliaceae 
XylocarpusgranatumKon 

X moluccensisRoem. 


Myrinnceae 
Aegicerascorniculatum (L.) Blanco 


Myrtaceae 

Eugeinaop. 

Sysygium sp. 


Rhlzophoraoae 

Bruguieracylindrica(L.) B1.

B. gymnorrhiza (L) Lamk. 
B. parviflora(Roxb.) W.&A. ex Griff. 
B. sexangulaPoir. 

Ceriops decandraGrift. 

C. toal Perr. 
RhLzopharaapiculataL. 
R. mucronata Lam 
R. styloaaGriff. 

Rublaceae 
Scyphiphora hydrophyllariGaertn. 
Rutaceae 
Merope angulata(Willd.) Swingle. 

Sonneratiaceao
 
Sonneratiardba Smith
 
S. griffighii Kum. 
S. cnscolaria(L.) Engi.
 

Stercullacmae
 
Heriti4ralittoraA8(Dryand.) Ait. 

VerbeLacrae 
Avicennia alaBI. 
A. marinaVurh. 
A. offidnaUs L. 

Acanthaceae 
Acanthus ilicifolius L. 

Asterazeae
 
Eupaitciumodoratum L.
 

Cyperaccee
 
Cyperus difformis L
 
C. dgistatus L, 
C. ha pan L.
 
Cyperus ap.
 
Eleucharisap.
 
FimbristyUsannuaR&S.
 
F. globulosa (Retz.) Kunth.
 

Graminei, 
Ehinochloacrusgalli(L) Baur. 
E. colomon (L.) Link. 
Imperat cylindricaBeauv. 
Paspalum vaginatum Swartz. 
Phragmitesharka Trin. 
Saccharjmspontaneum L. 

Melnstamataceae 
Memnecylon edule Roxb. 

Moracese 
Poikiiospermunsuaveolens (B.) 

Orchidaceae 
Trixspermtm raciborshiiJJS. 

Pittosporaceae 
Pi'tosporum ferruginium WAt. 

Pteridaceae 
Aclrichum aureum L. 
A. speciosum Willd. 

Sapindaceae 
MischocarpussundaicusBlume 

Schlzaedccae 
Lygcdium flexuosum (L.) Sw. 

Asclepladceae 
Finlaysoniamaritima(B.)Backer. 
Hoya brownianaKcds. 
Sarcolobusglobosus Wall. 
S. banksiiR&S. 

Composltao 
Wedeliabi/lora (L.) DC. 

Flagellariaceao 
Flagellariaindica L. 

Sources: Sunaryo(1982); ET(1984); Setyono(1984); and the present study. 
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Table 2. Species composition and importance values of mangroves 
in Plots 44, 46 and 47. 

Importance values 
Species/plot 44 46 47 

Rhizophoraapiukta 9.88 131.72a 46.11 
R. mucrcnaia 64.39 0 0 
Sonneratiaalba 0 31.27 0 
Bruguieragymnorrhiza 22.77 40.79 89.56 
Ceriopo tagal 0 0 23.61 
Aegicerascorniculatum 198.61a 96.22 0 
Scyphiphorahydrophyilacea 0 0 78.73 
Nypa frutcans 4.99 0 61.91 

aDominant species. 

Table 3. Average number of irees, saplings and tree stumps per 
hectare in the plots sampled. 

Tree lulegal 
Plot Trees Snplings stumps cuttings (%) 

32 706 2,053 160 5.48 
34 - 2,000 366 15.11 
36 3,00% 990 24.81 
36 4,080 600 12.80 
40 220 2,480 660 23.90 
41 126 2,176 1,243 36.10 
42 - 711 489 40.75 
43 640 
44 9,879 4,514 31.36 
45 543 93 14.60 
46 1,050 75 6.70 
49 - 967 317 24.69 
60 - 743 27 3.29 
51 - 962 175 15.39 
65 - 800 360 30.43 

Table 4. Species composition and community indices (%)of the mangrove commu
nity in Plot 41. 

Species Relative Relative Relative Relative 
dominance density frequency value 

Heritieralittoralis 81.56 73.81 56.25 211.62 
Aicerascorniculatum 0.29 2.38 6.25 8.92 
,Tylocarpusmoluccensis 8.17 11.90 18.76 38.82 
X granatum 5.90 7.15 12.50 25.55 
Scyphyphora hydrophyllacea 4.08 4.76 6.25 15.09 
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ABSTRACT 

Ban Don Bay is a biologically productive area undergoing 
rapid development of various human activities. It is estimated 
that during the past ten years more than 60% of the total 
mangrove forests atong the coast of the bay have been con-
verted for other land uses (Aksornkoae et al. 1988): 5,331 and 
2,723 ha have been converted to shrimp farms and agricultural
lands, respectively, leaving only 4,160 ha of mangrove forests.
The continuous exploitation of mangrove forests at Ban Don 
Bny has caused various problems that need immediate 
attention by concerned agencies if future beneficial uses are tobe sustained. About 160 questionnaires were given out in three 
communiies. The survey showed that the respondents'knowledge and attitude toward mangrove forest conservation 
and management were far from satisfactory.

Mangrove forests have been cleared in Types 1 and 2 com-
munities for aquaculture and fisheries-related uses. In Type 3 
communities, charcoal production and firewood activities were 
the main causes of the destruction of mangrove forests whilewaiting for the government approval to clear them for shrimp
farms. Some respondents also cut mangrove trees for house 
construction. It was recommended that public and private sec.-
tors work together to maintain and manage the remaining 
mangroves and to increase the forested area through replant.
ing.,A management plan also needs public awareness, public
participation, public relations and support programs. 

INTRODUCTION 

The rate of uncontrolled forest destruction 
along the coast of Ban Don Bay is alarming. More 
than 8,000 ha have been cleared during the past 
decade for economic activities. Mangrove forest 

destruction and pollution along the coast of BanDon Bay threaten the survival of mangrove 
s

species such as Rhizophora spp. and marine ani
mals such as Penaeus indicus or Penaeus
merguiensis (banana shrimp) and Penaeusmonodon (jumbo tiger shrimp). 

This paper highights the findings of a field
study on the socioeconomic aspects of mangrove
deforestation and uses in Ban Don Bay. The data 
were obtained in 1987 and 1988. The culTent uses 
of mangrove forests by communities along the 
coast of Ban Don Bay; the knowledge, attitudeand behavior of local people toward mangrove
forests; and their receptivity toward policies and 
f an dmtheir reiv owa pocend
management plans laid down by concerned
agencies are assessed and evaluated. 

METHODS 

Villages and target groups 

Villagers from three communities with different 

degrees of forestmangrove destruction wereselected as target groups for the study. They are: 
Type 1: villagers who lived where most 

mangrove forests have been destroyed by
human activities (Amphoe Don Sak);
Type 2: villagers who lived where some 
mangrove forests have been destroyed by 

human activities (Amphoe Muang); and
Type 3: villagers who lived where abun
dant mangrove forests remain (Armphoe
Chaiya). 

Sampling 

Questionnaire surveys, focus groups and key
informant interviews were used for gathering 
sociocultural data for mangrove deforestation and 
uses in the selected communities. 
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Purposive sampling technique was used to iden-
tify target groups in the selected communities. 
The study adopted a simple near-random sam-
pling method in selecting heads of households as 
respondents. Altogether, 157 people living in the 
three selected communities were interviewed. The 
respective sample sizes of the three target com-
munities are shown in Table 1. 

In each type of the target communities, a focus 
group, consisting of four men and four women, 
was selected and interviewed for in-depth infor-
mation on mangrove deforestation and uses for 
qualitative analysis. The selection criteria of the 
focus group were: nonmigrants, local people; those 
between 45-65 years old who have intensive and 
long experience in shrimp farming, or fishcage 
culture or other fisheries activities, or charcoal 
business; and volunteers. Key informants were 
village or subdistrict heads. 

The collected data under different groups of the 
questionnaires were expressed, where appropri-
ate, in total score, subject to a one-way analysis of 
their variance or, in terms of percentage. 

RESULTS AND DISCUSSIONS 

Figs. 1 to 4 depict the location of the communi-
ties and their existing land uses. Of the existing 
land uses at the different districts in Ban Don 
Bay, mangrove forests have a total area of 4,160 
ha; aquaculture (shrimp ponds), 5,331 ha; and 
agriculture, 2,723 ha (Table 2). 

Demography 

the proportof in creasselted w-imveigratsthe level of development in the selected commu-

nity. The respective percentage of immigrants in 

Types 1, 2 and 3 communities were found to be 
60.8, 46.4 and 26.0. The immigrants moved into 
the Types 1,' 2 and 3 communities for the past 
21.1, 22.0 and 15.5 years, respectively. The great 
majority of the immigrants came to these commu-
nities because ofjob opportunities (Table 3). 

During the sample year, the mobility of the 
population was low. The percentages of nonimmi-

of the respondents from Types 1, 2 and 3 commu
nities, respectively (Table 4). 

At present, the majority of the villagers in 
Types 1 and 3 communities (58.8% and 72.0%, 
respectively) are engaged in the fisheries-related 
business, whereas in Type 2 community, the main 
occupation is shellfish culture (73.2%). 

The shrimp farms in Types 1 and 2 communi
ties are the largest single cause of mangrove 
destruction. In the Type 3 community, where 
there are still mangrove forests, 14.0% of the vil
lagers earn their living making charcoal. 

Landownership and land uses 

Types 1, 2 and 3 respondents, on the average, 
owned 8.6, 6.4 and 6.0 rai (1 ha = 6.25 rai) of land, 
respectively. The great majority of the respon
dents (94.1%, 92.9% and 90.9% of Types 1, 2 and 
3, respectively) would not think of changing their 
land uses in the coming three years. In addition, 
about three quarters (78.4, 75.0 and 74.0%) of the 
respondents of the three communities would not 
think of buying additional land. Other details on 
the potential land use patterns are shown in 
Table 5. 

Income, expenditure and debt 

Table 6 gives the income, expenditure and debt 
of the respondents. Those in Types 1 and 2 com
munities earned almost four to five times of the 
annual income of Type 3 respondents. However, 
those who earned much more also spent more 
than half of their annual incomes on investments 
in careers and payment of debts, (i.e., Types 1 and 
2 respondents spent 148,045 and 106,350 baht,rsetvl) 
respectively). 

Governmental services 

In genera.l, majority of the respondents were 
tifid with the governmental services in their 

sptie comtie (Tablem7).lMre tn 98% 

were satisfied with the government's schooling 

services, 82.4-100% with the local administration, 

g~rants were 94.0, 98.28.2andand 96.06.0andnonmgrats,78-90.2%and nonmigrants, with health services.ant wee 940, 62.5-74.5% with police services and safety, and 

88.2, 94.6, 98.0 for Types 1, 2 and 3 communities, 

respectively. Needs 

Occupation The needs expressed by the respondents in the 

Previous immigrants were engaged in the fish- three types of communities vary (Table 8). For 
eries-related business with 54.8, 84.6 and 69.2% Type 1 respondents, the needs were water supply 
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(27.5%) and price control on goods (19.6%). About In the survey to assess the villagers' knowledge
34.0% of Type 2 respondents needed electricity, of mangrove laws and regulations, 23.5%, 19.6%
However, Type 3 respondents (44.0%) needed the and 38.0% of Types 1, 2 and 3 respondents,
government to provide them. information and respectively, gave the correct answers. Type 3
training, and to promote and develop their occu- respondents knew more about the laws and regu
pations, while 36.0% expected the government to lations because their village head has been active 
grant them legal landownership in their commu- in providing them official news and information;
nity. Other details on expressed needs are shown some said that the local government officers even 
in Table 8. visited them. 
Knowledge on conservation The reasons given by respondents who did notand management know about mangrove laws and regulations were:

1. the local government officers had not dis-

The local people's knowledge of mangrove seminated the information to them;
forests was assessed by five groups of questions, 2. they were not interested in the laws and
namely, ecosystems, diversity and uses, living regulations because these are difficult to 
organisms in these forests, land use zones of these enforce; and
 
forests and governmental regulations and laws 3. 
 they had no time to seek such information.
related to their management and shrimp farming Attitude toward mangrove resources 
systems. Table 9 shows the details. 

The respondents- of the three community types Respondents of Types 1, 2 and 3 communities
had a very low score in general knowledge of scored 76.0%, 73.0% and 66.7%, respectively, in 
mangrove forests. The total average score was evaluating their attitude toward mangrove forest 
35.3%. Type 1 respondents had a slightly higher conservation. Type 1 respondents scored the high
score (39.3%) because they had experienced large- est because they had a bad experience with man
scale mangrove forest destruction in their com- grove forest destruction and seemed to realize the
munitv due to economic and human activities, importance of conservation. In additi- 1, 76.5%,

Type 3 respondents had the highest score 73.2% and 84.0% of Types 1, 2 and 3 reslIIdents,
(59.3%) in naming 15 species of mangrove trees respectively, had the opinion that the aln1ndance 
and their respective uses. Mangrove forests in of mangrove forests in their commiii, 's would 
Types 1 and 2 communities had been extensively diminish in the next three years.
destroyed, so there is no charcoal-making busi- The majority of respondents ihougl, that 
ness there, whereas in. the Type 3 community, shrimp farming would increase in the next three 
charcoal-making is still an occupation of some years.
residents. As fisheries is the main occupation in 'On the other hand, 70% of the Type 3
the three types of communities, the respondents respondents believed that the price of shrimp
scored 90.0%, 83.3% and 81.7%, respectively, in would increase in the next three years, while
naming the living aquatic animals in the man- 54.9% and 51.8% of Types I and 2 respondents, 
grove forest. respectively, thought so. Around half (54.0%) of 

About 49.0%, 44.6% and 62.0% of the Types 1, 2 Type 3 respondents wanted to shift to shrimp
and 3 villagers, respectively, gave the proper farming to improve their incomes. Types 1 and 2 
width of greenbelt or buffer zone of the mangrove respondents rejected shrimp farming because of
forest. Type . had the highest percentage because limited mangrove lands and high investment cost. 
the respondents were interested in this issue; It is surprising to learn, however, that no 
many were awaiting the government's approval of respondent rejected shrimp farming because of 
shrimp farming in economic zone A of the existing mangrove forest conservation. 
mangrove forests. However, only a few respon- Type 1 respondents, who had a well-developed
dents conld define and identify the conservation shrimp farming business, and Type 3 respondents
zone, economic zone A and economic zone B of the thought that fishcage culture would increase in 
mangrove forests. This is because the regulations the future. The opposite opinion was given by
for mangrove forest classification were proclaimed Type 2 respondents who were not sure that the
by the government only on 29 July 1987. prices of fish would increase in the coming years.

Also, only a low percentage (below 50%) of the Most respondents thought that the productivity
respondents had knowledge of extensive, semiex- of fisheries would decrease and that the prices of 
tensive and intensive shrimp farming systems. aquatic animals would increase (Table 10). 
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Behavior toward mangrove forest 
destruction and uses 

Table 11 gives the behavior of the local commu-
nities toward mangrove forest destruction and 
uses. Many respondents said that they used man-
grove trees to construct houses, dikes, resting 
huts and water drainage gates. A majority said 
that they did not use the trees for fisheries 
practices. Use of mangrove trees for charcoal-
making was not common except in the Type 3 
community. 

CONCLUSION: IMPLICATIONS 
FOR MANAGEMENT 

The survey findings on the three types of com-

munities in Ban Don Bay clearly indicate that the 
main causes of mangrove forest destruction in the 
bay are human activities: aquaculture, charcoal-
making and house construction. If the destruction 
is allowed to continue, and if no serious effort is 

taken to conserve and replant the mangrove trees,
they will not be there for long. 

Table 1. Sample sizes of the three target groups. 

Types of No. or 
communities Villages respondents 

1 Mu 7, Ban Pak Don Sak 61 
2 Mu 2, Ban Bang Kung 66 

Mu 3, Ban Santisuk 
3 Mu 4, Ban Nua Nam 50 

Total 	 157 

TableS. Demography of the three communities. 

Description 

1. 	 Nonimmigranto (M) 
2. 	 ImmIgrants (%) 
3. 	 Years ofimmigration 
4. 	 Nonlmmigranta. during the 

past year (%) 
S. 	 Nonmigrants during the 

past year (%) 
6. 	 Immigration due tojob 

opportunity (%) 

1 2 3 

39.2 63.6 74.0 
60.8 46.4 26.0 
21.1 22.0 15.5 

94.0 98.2 96.0 

88.2 94.6 98.0 

77.4 73.1 63.9 

Unfortunately, respondents of the Types 1 and 
2 communities did not realize the value of man
grove forests. Type 3 respondents may have this 
thinking, too, in the near future. 

The findings show that the knowledge, atti
tudes and behavior of the respondents toward 
conservation and management are far fr3m satis
factory. Public awareness, public participation 
and public relations need to be highlighted in the 
communities; tree planting should also be done. 
The government should also effectively implement 
the laws and regulations laid down by the 
Forestry Department. Support from both public 
and private sectors is also essential. 
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Table 2. Existing mangrove forests, aquaculture and agriculture areas (in he) in different 
districts at Ban Don Day. 

Existing Aquaculture, Agriculture 
Disticts mangrove forests shrimp ponds areas 

Chalya 1,784 103 6W 
Tha Chang 404 811 160 
Phun Phin 411 206 
Muang 608 390 
Kanchanadit 836 2213 768 
Dan Sak 217 2,204 643 

Total 4,160 6,.31 2,723 

Source: Aksornkoae et al. 1988. 

Table 4. Occupations of the three ca,nmunitics (%. 

Description 

Occupations after immigration 
FIaheries 
Agriculture 
Trading 
Employee 

Unemployed 

Others 


Current occupations 
Shrimp farms 
Flshcage culture 
Shellfish culture 
Fisheries 
Charcoal making 

Crab peeling 
Trading 
Gill net repairing 
Coconut plantations 

1 2 

64.8 84.6 69.2 
3.2 

16.1 7.7 
19.4 7.7 7.7 
6.6 

23.1 

6.9 7.1 
7.8 

73.2 
58.8 72.0 

14.0 

7.8 2.0 
6.9 8.9 2.0 

13.7 8.9 8.0 
1.8 2.0 

3 
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Table 5. Landownerchip and land uses In the three communities (%). 
Table 6. Income, expenditure and debt of the three communities Figures aregiven in baht.a 

Description 1 2 3 Description 1 2 3 
Average landownership (rai) 8.6 6.4 6.0 Average.income per year 261,910 301,288Thinking ofchanging land uses 	 57,306

Averag expenditure per year 169,331Changet shrimp farms 	 121,144 21,105
Food3.6 	 32,620 29,200 12,632Change to agriculture 4.0 Drinking water 1,793 1,140Bullding new houses 2.0 2.0 Domestic water 2,215 1,513No idea 	 3.9 3.6 4.0 Investment in career 127,777 84,095 6,104No change 94.1 92.9 90.0 Health 	 1,709 1,314Thinking of buying 1,069
 

3,817
additional land (%) 21.6 25.0 26.0 
Fuel 	 3,882 1,300

Average debt in 1987 85,018 63,920 17,982 
Debt (in %) 

No debt 64.7 5.4 44.0 
For additional occupational 

investment 36.8 44.6 50.0 
Others 6.0 

sMarch 1990: 25.83 baht - US$1.00 

Table 7. Opinion on governmental services by the three communities (%) 

Description 1 2 3 

Health services Table 8. Expressed needs of the three communities (%).Satisfied 90.2 78.6 78.0 to
Dissatisfied 
 5.9 8.9 14.0 Description 1 2 3Not sure 3.9 12.5 8.0Police services and safety For government to provide training, informationSatisfied 74.5 62.5 66.0 and to promote their occupatians 11.8 8.9 44.0Dissatisfied 17.6 17.9 20.0 For price control on goods 19.6 8.9 8.0Not sure 7.8 19.6 14.0 For water supplies 	 27.5 5.4Local administration For roads 8.9 1.8Satisfied 82.4 85.7 100.0 For electricity
Dissatisfied 	 33.97.8 8.9 For legal landownarehip 5.9 7.1 3.0Not sure 9.8 5.4 For equalitySchooling services 	 3.9 3.6 2.0For loan 11.8 6.4 8,0Satisfied 98.0 98.2 100.0 No answer 1.8Dissatisfied 2.0 1.8 No need 13.8 25.0 2.0 

Table 9. Knowledge possessed by the three communities on mangrove forest conservation 
and management (%). 

Description 1 2 3 

1. 	 Ecosystem ofmangrove forest 39.3 30.7 36.7 
2. 	 Names of 15 species of margrove troes
 

and their respective uses 
 52.0 42.7 59.3 
3. 	 Names of living aquatic animals
 

in mangrove forost 
 90.0 83.3 81.74. 	 CreerbelL or buffer zone ofmangrove forest 49.0 44.6 62.0 
5. 	 Definition of conservation zone, economic 

zone A/B of mangrove forest 10.0 10.0 20.0
6. 	 Correct identification ofconservation zone, 

economic zone A/B of mangrove forest 2.0 6.4 20.0
7. 	 Knowledge ofextensive shrimp farming, 47.1 26.8 32.9

semiextensive shrimp farming, 39.2 26.8 36.0
intensive shrimp farming 23.5 17.9 32.08. 	 Mangrove laws and regulations 23.6 19.6 38.0 
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Table 10. Attitudes possessed by the three communities toward mangrove resources (%i. 

1. 
2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

Description 	 1 2 3 

Positive attitude toward mangrove conservation 76.0 73.0 66.7 
Opinion that the diversity of mangroves will 
diminish in the next three years 78.6 73.0 84.0 
Opinion tiat shrimp farming will increase 
in tha nut three years 64.7 76.8 76.0 
Opinion that the market price of shrimp will 
increase in the next three years 54.9 51.8 70.0 
Reasons for accepting or rejecting shrimp farming 
- Accepting because of increased income 29.4 28.6 54.0 
- Reectirlg because of limited mangrove 

land available 23.5 16.1 6.0 
- ltdecting because of no loan and high 

investment cost 25.5 16.1 4.0 
Opinion on flshcage culture 
in the next three years 
- Will increace 70.6 30.4 50.0 
- Not sure about the trend 23.5 57.1 30.0 
Opinion on market prim 
in the next three years 

Will increase 60.8 28.6 62.0 

- Not sure about the trend 37.2 66.0 32.0 
toesons for accepting or rejecting 

flahcage culture 
- Accepting because of increased income 19.6 7.1 8.0 

- Accepting because natural living aquatic 
animals are decreasing 21.4 2.0 

Rejecting because lands are hard 15.7 8.9 4.0 

to acquire 
- Rejecting because of no loan and high 

investment cost 21.6 19.9 22.0 
- No opinion 31.4 28.7 30.0 
Opinion that the fisheries productivity 
will dcrecso in the next three years 62.7 73.2 92.0 
Opinion that the market price of living 
aquatic animals will increase 54.9 62.5 54.0 
Accepting flaheries becamuse they are their 

main occupation 47.1 50.0 46.0 

Table 11. Behavior or the three communities toward mangrove forest destruction and uses (%). 

Description 	 1 2 3 

Use 
1. In constructing their houses 33.3 19.6 38.0 
2. In constructing dike., huts 

and gates In shrimp farms
 
Do not own a shrimp farm 94.1 91.1 100.0
 
Use some 4.1 6.3
 
Do not use 1.8 3.6
 

3. 	 Fisheries-related busines
 
Not involved in such abusiness 35.3 19.6 28.0
 
Use some 2.0 6.4 24.0
 
Do not use 62.7 76.0 48.0
 

Destruction 
4. For charcoel-making 5.9 5.6 60.0 
5. For cutting firewood 4.0 3.6 6.0 
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ABSTRACT 

This paper documents the process of a one-year data collec-tion for the daily recording of cost and return and weekly
recording of household expenditures using participatoryresearch. The participating 60 fishermen not only acted asdata suppliers hut also as actual partners in the resenrch pro-cess. This paper also includes highlights of a workshop con-ducted with the fishermen and documents their full participa-tion from the selection of topics, decisionmaking activities upto the formulation of action plans. 

INTRODUCTION 

In recent years, the majority of studies done in
the fields of education and development followed
traditional research methods like the survey. The
questions posed appear to measure the poverty
that people face and nothing else. Hence, the peo-
ple's indifference to research, 

The situation, posing a challenge to social scien-
tists, led to the emergence of an action type of
research that integrates theory and practice.
Referred to as participatory research, it beginswhere research ceases to be a one-shot affair. 
Rather, it initiates a relationship that continuesbeyond the completion of a report. Data collectionis not a hurried answer-oriented encounter. 
Rather, it follows a "question-answer-action
question" continuum that makes the research a
learning process for the investigator and the peo-
ple being studied. Collectively, the data are
discussed and ultimately utilized for organized
action. 

The framework of participatory research guidedthe daily record-keeping of cost and return/weekly 
recording of household expenditures. Its primaryconcern was to establish an'accurate income of thefishermen vis-A-vis their fishing expenditures. Itinvestigated the seasonality of the fishing activities and the volumes and values of production.Likewise, it looked into the distribution of benefits 
from the major fishing activities, the earnings ofthe crew and owners, employees and employers,
returns of investment of the owners and, esti
mates of pure profits.Three major factors helped to obtain an accu

rate picture of the living conditions of the fishermen. First, the recording was done for one yearbecause fishing is a year-round activity. This timeframe sufficiently noted the lowest and highest 
incomes and expenses of the fishermen depending 
on the season. Second, the gear used by the different groups of fishermen greatly determined thevolume and value of their catch. Third, the loca
tion of the fishing areas was also no'Nd.The significance of the data as input to the for
mulation of the proposed management plan led tothe adoption "ofthe participatory research frame
work. Using this type of approach, the fishermen 
were not mere subjects of development programs
or management plans but active partners in the

endeavor. The focus of this paper is the research
 
process.
 

METHODS, PROCESS AND RESULTS 

The study period was September 1986-August
1988. The first three months were devoted to the
selection of the area and respondents. In Novem
ber 1986, 60 fishermen in six communities in Pan
gasinan and La Union were selected. 

The staff and the fishernien-cooperators con
suited each other throughout the research pro
cess. This interaction was facilitated by the 
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mutual acceptance and respect of each other's 
knowledge and experiences. 

Personal relationships were thus developed 
between the staff and the fishermen. The integra-
tion entailed some difficult adjustments on the 
part of the researchers. In some cases, they slept 
on benches or shared a small one-room dwelling 
with the family. Constant communication with 
the community, in general, and the fishermen, in 
particular, created a dimension of involvement 
between the remearchers and community mem-
bers. 

Dialogue and small group discussions with the 
fishermen led to "extra" tasks for the researchers. 
A case in point is when the cooperators initiated 
the formation of a fishermen's organization in 
their respective localities. Informal consultation 
was conducted every time the researchers were in 
the area. Organizational matters were the usual 
discussion. The assistance of the staff was 
requested particularly in giving out leadership 
and organizational trainings. in two research 
sites, local fishermen's organizations were formed 
as a direct result of such endeavors. 

This type of involvement manifests the willing
ness of the people to participate. It became a step 
towards the realization of their capability for self
reliance and better living conditions. In Alaminos, 
for instance, the fishermen's organization 
(although formed even before the project) is con-
ducting several socioeconomic and livelihood pro-
jects on artificial reef construction, basket weav-
ing, shellcraft and crocheting. 

For the most part, the fishermen religiously ful-
filled their commitment to the project by recording 
daily. When problems arose, these were discussed 
openly and without hesitation. Suggestions flowed 
from the discussions. Inevitably, some cooperators 
resigned from the task due to economic difficulties 
(e.g., some left the community to become labor-
ers), while others disengaged because of their 
doubts about the project. Fifty-one out of 60 coop-
erators continued until the project's end. 

Three seminar-workshops were held during the 
project. The first, held after the final selection of 
research sites and cooperators, focused mainly on 
how to achieve efficient data collection. It was also 
a venue for orienting the fishermen about the 
project and the idea of formulating a coastal 
resources management (CRM) plan. A midterm 
workshop was held to share with them the initial 
findings of the research and to gather feedback. In 
both workshops, the ability to organize surfaced. 
This led to a resolution among the cooperators to 

form a fishermen's organization in their respec
tive communities. A Lingayen Gulf-wide fisher
men's alliance was formed during the first work
shop. 

The third workshop held in July 1988 served to 
discuss and interpret collectively the results of the 
one-year record.keeping activity. Representatives 
from institutions like the University of the Philip
pines Marine Science Institute and College of 
Fisheries were asked to share with the coopera
tors the findings of their groups. Likewise, the 
director of the National Economic Development 
Authority (NEDA)-Region I was invited to dis
cuss the fishermen's involvement in the for
mulation and implementation of the proposed 
CRM plan. Having been consulted on topics to be 
discussed, the fishermen vigorously participated 
and willingly involved themselves in various 
tasks. Concrete plans and suggestions regarding 
the plan were discussed. Likewise, the *director 
assured the fishermen of NEDA's direct participa
tion and involvement in the formulation and 
implementation of the plan. 

LESSONS AND RECOMMENDATIONS 

For years, researchers from colleges and insti
tutions have been conducting anthropological
cum-socioeconomic studies in the Lingayen Gulf 
and other areas. Various methods have been 
employed to provide a detailed description of the 
place and the community's way of life. Local peo
ple have come to accept researchers as outsiders 
who ask various questions. Researchers are often 
viewed as "experts" who have finally come to pro
vide solutions to local problems. Eventually, how
ever, the rural people became tired of them since 
they were not getting anything in return; thus, 
they lost interest in participating. As a result, 
people interviewed gave stereotyped answers and 
became experts at answering the same questions. 

Given the inadequacies of conventional 
research approaches, the emergence of participa
tory research is an attempt to make research rele
vant to the present socioeconomic context as well 
as a learning process for those being "researched." 
In these authors' experience, participatory 
research did not merely entail being partners in 
data collection and interpretation. More impor
tantly, the study, which claims to be participatory, 
should start from the investigator's basic trust in 
recognizing the capability of people to learn and 
take action to solve problems. Thus, research 
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should attempt not only to provide solutions to data collection and interpretation. However, thisproblems but also to pave the way for participa- experience would have been minimized if concretetion in the study. actions were undertaken towards ultimatelyA researcher as an outsider comes to a rural solving the problems they raised by implementingcommunity with a set of values and ideas. He/she an actual project. The efforts made, for example,is often faced with the dilemma of whether or not in forming fishermen's organizations were initito conceal personal values and opinions, so as not ated by the cooperators. Such undertakings wereto influence his/her respondent's view or way of not properly guided and sustained because thethinking. The authors' experience showed that research staff were constrained to work within theresearchers should not enter a community with boundaries of the workplan.empty minds but open ones. They should engage In summary, research endeavors in rural coinin dialogues and make efforts for meaningful dis- munities should begin with the assumption thatcussions. the people concerned have the potential to solveRural people are accustomed to not being heard, their own problems and that a researcher's role isOften, they are quiet, especially when talking to to assist those people in determining their situapersons of authority. Workshops and small group tion and role in directing development. In thisdiscussions are tools that can help them change study, the identification of issues and problems inthis attitude. The fishermen who attended the the community was not enough. The study shouldfirst workshop became more confident in the suc- not have stopped at educating and raising awareceeding workshops. Talking and being heard in ness but should have continued to initiate congroups such as these were valuable exercises at crete actions toward solving problems. In thisgaining self-confidence. They learned, if to a lim- light, research should go hand in hand with comited degree, to explain and clarify their condition. munity organization. The success of any endeavorA major limitation in the study method was such as formulating a CRM plan lies in the prothat an action component of participatory cess. The educative component of research shouldresearch was missing. The methodology was par- be linked wit h organizing efforts to socially preticipatory only to a limited extent because the pare the community and equip it with the skillsfishermen became active research partners in necessary for the implementation of the plan. 
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ABSTRACT 


This study focuses on women: their major contributions in 
sustaining fishing households, the extent of their involvement 
in economic-political activities in fishing communities, how 
they cope with the double pressure from their traditional gender roles and increasing economic activities, and the implica-
tions of these situations for a community-based coastal 
resources management scheme. Results of the study reveal 
tha in spite of the women's expanded role, the economic-political life in the fishing villages continue to be male-
dominated, 

INTRODUCTION 

The significant contribution of women in sus-
taining a community's socioeconomic life is often 
glossed over by statistical data. This neglect or 
ignorance results in an underestimation of 
women's potential and thus forces women to 
accept their abject conditions passively, 

The Declaration of the International Decade of 
Women by the United Nations in 1975 has gener-
ated awareness of gender as an important vari-
able in analyzing social issues and in formulating 
appropriate development schemes. This concern is 
manifested in the proliferation of research efforts 
and projects on women's role in development, 

Many women researchers and activists argue thatimproving women's conditions does not merely 

imply integrating them with the current develop
ment mainstream but also reorienting the male
bias of the dominant development concepts and
strategies (Nelson 1979; Loutfi 1980). A crucial 

element in this reorientation is the deeper under
standing of the changing roles of women. 

In many parts of the Third World, including the 
Philippines, deteriorating economic conditions 
exert more pressure on women, especially in poor
households. The women's domain is no longer con
fined to the household as mothers, daughters and 
sisters. Experiences reveal that in recent years,
many women have contributed more working
hours, ventured to varied productive activities 

and worked outside theirhomes, at the same time
that they continue to perform their traditional 
gender roles in the family. In spite of these 
chages, howe 
c ver, their political involvement 
particularly in decisionmaking and leadership 
roles, have been limited or even negligible. 

Studies show.that, in general, women in Philippine rural households actually work for as long as 
15-16 hours daily (Illo 1983; Pagaduan et a].

1986), doing household chores, raising children,
 
working in the fields either as unpaid family labor
 
or as waged seasonal workers during peak 
sea
sons, and engaging in other income-generating or
 
income-substituting activities. 
 For Philippine 
fishing communities, there are very few accounts 
of how women actually contribute to the family 
sustenance. Acheson (1981) maintains that there 
remains a strong sexual division of labor in many
fishing societies where the men fish while the 
women maintain the household. Field observa
tions, however, tend to suggest that such roles 
have changed in recent years. 
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THE RESEARCH PROBLEM 

The 	 fishing industry contributes 5% to the 
Philippines' Gross National Product (GNP) and 
comprises 20% of the total agricultural output. It 
employs about 1 million people and is the source 
of survival for an estimated 6 million Filipinos. 

The deteriorating condition of the Philippines' 
coastal resources calls for more efficient manage-
ment strategies. Quite recently, Lingayen Gulf, 
located in northern Philippines and one of the 
traditional fishing grounds facing the gradual 
depletion of the fisheries resources, has been the 
focus of a comprehensive study on coastal 
resources management. To some 48,882 fishing 
families in the coastal towns surrounding thegulf 
and other households in neighboring towns, 
saving the gulf means saving their major income 
and food source. 

Ferrer (1988) proposes a community-based 
coastal resources management scheme to protect 
fisheries resources and enforce laws. A commu-
nity-based' approach underscores the need to 
involve coastal people in decisionmaking and 
action programs to protect the environment. It is 
in this context that women's roles and potentials 
are analyzed in this study. Women, as a group, 
exert pressure on the coastal resources. Thus, the 
protection and proper use of these resources also 
demand the women's primary concern. 

The present study focuses on: 
" 	 the major contributions of women in sus-

taining fishing households; 
.	 the extent of women's involvement in 

economic-political activities in fishing 
communities; 

* 	 the ways in which women cope with the 
double pressure from their traditional 
gender roles and increasing economic 
activities; and 

* 	 the implications of these situations for a 
community-based coastal resources man-
agement scheme. 

CONCEPTUAL FRAMEWORK 
AND REVIEW OF LITERATURE 

Women in poor households 

Poverty is the most basic problem in most rural 
areas of the Philippines. This is partly manifested 
by malnutrition, a high infant mortality rate, 
unsafe water, lack of health services, low wages 
and underemployment, and unstable peace and 
order situation. As Pagaduan et al. (1986) state: 

Under these conditions, women's problems 
are related to the question of survival, the 
drudgery of domestic and productive activi
ties outside the home, and inequalities in the 
distribution of income and wealth, as in all 
class societies. 

Empirical studies in Asian, African and Latin 
American countries suggest that women in poor 
households contribute immensely to the survival 
of their families (Boserup 1970; Heyzer 1986). 
Contrary to the notion that women's role is rele
gated to an auxiliary and subordinate position in 
industrializing societies, women in subsistence 
production tend to expand their role especially in 
the 	 economic sphere (Heyzer 1986). Boserup 
(1970) contends that poor households have three 
main livelihood sources where women play a 
major role: 

1. 	 income in cash, earned through wages and 
sale of products and services; 

2. 	 income in kind, earned through work or 
barter of goods and services; and 

3. 	 goods produced and services provided for 
the family's own needs or sustenance. 

Many rural women migrate ko find employment 
in garments and textile industries, electronics 
corporations, plantations, and the domestic and 
service sectors, including prostitution. During the 
planting and harvest seasons in farming commu
nities, the demand for female labor is likely to 
increase (Deere and De Leal 1981; Illo 1983). 
Some data also suggest that there is a wage differ
ential between male and female farm workers. 

In addition to being seasonal farm workers, 
women are also unpaid when involved with 
planting, weeding, harvesting and taking care of 
livestock and farm animals. Although women 
generally do not fish, they perform various 
fishing-related activities (Acheson 1981). Market 
trade and home industries also offer a wide range 
of livelihood opportunities. However, there is still 
widespread underemployment and low income. 
According to Heyzer (1986), the persistence of 
petty production and distribution ensures the 
existence 	of low-cost services and goods. 

Women bear the burden of housework, which is 

nonmonetized whether they are married, unmar
ried, employed or unemployed (Miralao 1980). 
Many researchers emphasize the magnitude and 
significance of women's domestic tasks to the 
family's sustenance (Licuanan and Gonzales 1976; 
Illo 1977). 

In a situation of constant poverty, the main 
concern is how best to generate additional income 
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and allocate available resources. In the Philip- among the poorest sectors of society. Thesepines, where women generally control household women's organizations aim to respond to specificfinances, decreasing real incomes in the country- gender issues as an integral and vital componentside means greater difficulty to make both ends of local and national development issues.
 
meet. In times of cash shortages, the burden of
 
finding supplementary income, food or sources of
 
credit for the family's subsistence typically falls METHODOLOGY
 
on the women (Bautista and Dungo 1986).


There is also a growing number of female-
 The main source of the data was from theheaded rural households due to separation, death ethnographic studies of fishing villages inseven 
or search for income opportunities. Boserup (1970) Ptngaic and io se lyasays wives of small farmers are becoming more angasinan and La Union, namely:
burdened by agricultural work because their hus-
 • Binabaliax, Bolinao, Pangasinan;bands take on nonagricultural work. • Carat, Anda, Pangasinan;* Telbang, Alaminos, Pangasinan; 

* Capandanan, Lingayen, Pangasinan;Gender issues: subordination * Nibaliw West, San Fabian, Pangasinan;Gnder issuep oin a Balawarte, Agoo, La Union; andand emancipation Alaska, Aringay, La Union. 
Women are often trapped in the double burden The ethnographic data gathered throughof household tasks and economic pressures. In the wereintegration, interviews, field observations andan 


countryside, the belief that "women do not work" eate studies d r 


of huseoldtassecnomc pessues.Irathe case studies in each community. The review of lit
seondry beadinnrs"reminseratureor "ome ar on women's studies prvitprovidedThethe frame-me 

or "women are secondary breadwinners" remains work for analysis and synthesis of the data gathdominant. Men are considered the breadwinners, ered.
 so even if they fail to earn sufficient income, the 
 Due to the qualitative nature of the researchpower of decisionmaking is with them in conflict results, preliminary data validation wassituations (Heyzer1986). Also, in the larger social attempted through informal discussionssphere, men the of contact point 
with assume role other researchers and community organizers whobetween the household and the outside com'mu- have worked with women in fishing villages. Butni ty. the results should be discussed and furtherAgricultural improvement also tends to have a refined through group discussions/workshops withmale bias. With the introduction of labor-saving women in fishing villages and other groups contechniques, particularly farm machineries, more cerned with women's issues. 

women are displaced from paid labor (Illo 1983).

At the same time, new technology has created
 
marginalized tasks for women, e.g., 
 picking left
over grains as the dried rice is being threshed SUMMARY OF FINDINGS
 
(Bautista and Dungo 1986).


Membership and leadership in rural organiza-
 Women as mothers and wives

tions are generally male-dominated, except for the
traditional women's domain such as civic and reli- Household Responsibilities. The care of chilgious groups. Women's noninvolvement is mainly dren, cooking, washing clothes, tidying of thedue to the demands of household tasks and the house and sweeping the yard are responsibilitiesnecessity of contributing to the family's livelihood, considered inherent women.in Fetching water,In spite of the long history of women's move- both for drinking and washing purposes, is mostments in the Philippines and the growing con- often done by women even when the source ofsciousness about gender issues (GABRIELA 1985; water is quite far from their house.Maranan 1985; Camagay 1986), most rural With women nowmore sharing in economicwomen seem undisturbed by their secondary role activities, husbands see it fair that they assist inin politics. To many, women's problems remain household tasks like watching over children andsubordinate to, or worse, separate from national cooking. However, this cooperation rarely extendsand class oppression (Pagaduan et al. 1986). to washing clothes, the most time-consuming ofThere are efforts, however, toward education and household This ischores. usually done by theorganization of, for and by women, especially daughter or a close female relative. Men will only 
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perform this when no female is able to do it. When 
one sees a man washing clothes, it indicates that 
his wife has just given birth. When a man is often 
seen doing women's tasks, he is labeled Andres 
(an allusion to "under the saya," meaning wife-
dominated), 

The household falls back on the support of rela-
tives, especially the grandparents and other 
female relatives, when wives are unable to do 
household chores. Maiden aunts or single women 
relatives are automatically seen as caretakers of 
their siblings' offsprings. Older children also con-
tribute to the household labor. 

Childbearingand Rearing. A pregnant woman 
usually continues working until the day she 
senses the child will be born. Most people claim 
that it keeps the mother's body strong. A few days 
after childbirth, the mother is back at work. A 
mother working as a fish vendor comes home at 
lunchtime and in the afternoon just to feed the 
child who is being cared for by a female relative. 

The average number of children is six. In some 
study sites, women have more than a dozen chil-
dren. A factor that accounts for the high birth rate 

is the desire for children who are considered 
assets because they can assist in the household 
chores. A woman paradoxically wants to have 
more children so that her older ones can take care 
of her younger ones. Infant mortality rate is also 
quite high. Some informants feel harassed after 

having more than four children but, at the same 
time, their attitude is that once born, children 
should be accepted and cared for. 

There is awareness of the different family plan-
ning methods but their use is limited. Birth con-
trol tends to be part of the women's responsibility, 
Women regularly drink a herbal concoction to 
hasten menstruation. Some make use of methods 
that are available for free (e.g., pills and tubal 
ligation). A few have experienced the ill effects of 
these methods. Natural birth control methods are 
also practised. Vasectomy is shunned because it is 
believed to weaken the man physically. 

Children learn their sex roles early. Small girls 
accompany their mothers at the pump with their 
own basin and small clothing to wash. When the 
mother is busy at some other task or if both par-
ents are away, the oldest daughter looks after the 
younger siblings. Children's games imitate their 
future roles, thus complementing the learning 
process. Seven-year-old girls in Alaska and 
Balawarte are already adept at bargaining and 
selling fish. They sometimes fill in for their 
mothers. 

Family decisionmaking 

Household finances are managed by the wife 
from the earnings that the husband is supposed to 
turn over to her. Sometimes, the money goes 
directly to the wife when she sells her husband's 
catch. In Telbang, a woman, usually the wife of 
the net owner, uses her discretion in dividing the 
catch between the crewmembers and the net 
owner. Some women meet their husbands 
returning from the sea and sort out the fish 
caught according to size and kind. For larger 
catches, the fisherman himself distributes them to 
market buyers. He is then expected to turn over 
the entire income to his wife when he gets home. 
There are complaints, though, about husbands 
who spend all their earnings on drinking. The 
norm, however, is for the husband to receive 
pocket money. 

Aside from managing the household expenses, 

wives allocate expenditures for boat and gear 

maintenance, including investment in new fishing 
gear and the purchase of spare parts for the motor 
boat and gasoline. The wife thus takes an interest 
and participates to a certain extent in decision
making on fishing matters. However, ownership of 
the gear, boat and property is usually attributed 
to the man since he earned the money to purchase 
them. 

Women must find ways for the family to survive 
when their husbands' income is insufficient. In 
small stores, women are the frequent borrowers of 
food and other daily household needs. Lean times 
call for women to help augment family income or 
even to become the main income-earners. When 
the alternative livelihood is done at home, women 
continue to attend to household responsibilities. 
When the livelihood is outside the home, house
hold tasks are passed on to the husband, children 
and female relatives. If no mature female can be 
around to watch over the home, the wife often 
does not leave it. Instead, the teenage daughters 
are the ones who go out to work. 

The husband tends to dominate in decision
making outside the home. During the baseline 
survey, when wives were asked to answer the first 
half of the survey when their husbands were 
away, they replied that they would do so only 
after they had told their husbands about it. They 
asked the researchers to come back when their 
husbands would be home. Exemplary was one fish 
vendors' association, composed mostly of women, 
which chose a woman separated from her husband 
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to be president because "she had no husband who Women also have a hand in actual fishing in awould restrict her from doing things." limited way. Most of the fishing they do is 

considered "light work". In Nibaliw West, theyRelationship with the husband pull with the men the beach haul seine. In Carot, 
Women usually marry when 16 to 19 years old, 

women fish at night with the use of a beach seinethat does not require great physical effort.with virginity literally "highly priced". The When male members of the fishing householdamount of dowry traditionally given by the get sick or are away, women harvest fish in agroom's family to the bride's family (to be used in river or nearshore reef areas. One wife in anstarting the household and to cover wedding aquarium fishing group participates actively inexpenses) goes down if the girl is widely suspected packing marketable fish, keeping records of theto be pregnant. Despite this social norm, expenses incurred in fishing, packaging and shippremarital sex is common and pregnancy is often ping to Manila, and giving wages to employees. Inthe reason for an early marriage. Once a girl gets Carot and Binabalian, among owners of bag netpregnant, there is no choice but to wed her with (basnig) fishing vessels or managers of spearfishthe boy. Both their families then contribute to ing groups, wives or adult daughters performfinance the wedding. accounting tasks--they keep records of expendiWife-beating exists in the study areas. It sems tures, loans of crew members, the catch share duefrom seemingly petty reasons: the wife nags; the them and the volume. Women sometimes decidehusband is unable to cope with economic pres- on the amount of share that goes to the crewsures; the husband wants to assert his dominance, members. 
drinks much or is having an extramarital affair.

Such "macho" actions are ingrained among Income-generating activities 
some people in the fishing villages studied. Gen
erally, men are not blamed for infidelity. Rather, To help sustain the needs of fishing households,both men and women rationalize that an affair women become compradors--they buy and sellhappens because the woman flirts with the man fish--and engage in varius income-generating
and he, being weak, gives in. Extramarital affairs activities.are usually tolerated. There are cases where the In Balawarte, most of these compradors buyother woman is maintained by the man in a sepa- higher-priced fish (e.g., tuna and mackerel) andrate house along with his children by her. The take them ato provincial market to be sold ateconomically independent woman who does not wholesale prices. This work takes the most of one
have to rely on her husband for financial support morning for 
 which the woman can earn from can opt for separation in such a situation. P100-300-. 

Women also buy lower-priced fish and shrimpWOMEN AS INCOME EARNERS and sell them in the markets of Agoo, SanFernando and Dagupan, earning in the processFishing-related activities about P50-100 a day.
 
Alhough
Although menendcatch the fish, womenwon contributecntribute Another home-based income-generating activityath the fish engaged in by women is shrimp pastemaking.'before and after the fishing activity in numerous They are also engaged in shell gathering on reefways. Women mend nets and attach bait to the flats and in shellcraft. In Carot, when middlemenhook and line, a major fishing gear; in Balawarte, from Manila stopped placing orders for shellcraft,Agoo, where blast fishing is rampant, they help women gradually shifted to matmaking, which prepare dynamite by poundingWhen the men reach the the gunpowder. gene ra du al sh i ng.To latakshore after fishing, generates minimal earnings. The latteri is

n
done 

e 
women sort and weigh the catch and deal with the during summer whenmeort adried buri palm fronds can bebuyer. easily. Women work on a single mat for fivedays to a week. They sell the mats during market

When large quantities of anchovies are caught days and earn from P40-60 for one mnat.in Nibaliw West, the women dry them under the Dunng the startsun. They are also primarily involved in making of the rainy season, somewomen in Carot hire themselves out as farmhandsbagoong (shrimp paste). In Binabalian, where together with some of their fishermen-husbands.
aquarium fishing thrives, wives clean the plastic
packing bags and assist the men in packing the 
fish. aApril 1990: P22.03 =US$1.00. 
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A day's work provides them with P25 or its equiv-
alent in kind, most often rice. 

Another way of augmenting income is by spon-
soring the game "ending," which is based on bas-
ketball game scores. It is like a small version of 
sweepstakes. The winner gets a pair of pants or a 
sack of rice. The sponsor automatically pockets 
about 30% of the collections or all the money if the 
winning combination was not bet upon. 

Others engage in selling foodstuffs like rice-
cakes, roasted bananas, cookies and candies. 
During the recent barangay festivities, stalls 
laden with goods mushroomed around the plaza 
where business activities are centered. Women 
attended to these ministores and those with 
enough capital put up larger stores. 

Work outside the community 

While women continually shift from one 
income-generating activity to another, it is during 
the lean fishing season that women's contribu-
tions become indispensable. Increasingly, women 
leave home and even the community to earn 
money. 

In Nibaliw West, due to losses incurred during 
the lean season, fishermen opt to stay home, care 
for the children and do household chores while 
their wives continue to buy and sell fish. 

In Alaska, women buy and sell tobacco. The 
children sort the leaves and roll them into sticks. 
These are sold to a dealer in the market. Losses 
are not uncommon. Income can range from P30-50 
or P100-200 a day. 

For lack of better community employment, 
many young and unmarried women leave their 
families to join the burgeoning number of domes
tic helpers in the cities of Dagupan, Baguio and 
Manila or in other communities, or to work as 
salesgirls in department stores. 

Women in the community 

family responsibilitiesNeglect of women's 
reflects badly on their image in the community. 
Men, on the other hand, are supposed to leave the 

home and struggle with the outside world to pro-

vide for the family's economic needs. This division 

of roles is reflected in the community's views 
regarding the acceptable behavior for women (i.e., 
they should be home at night and play bingo or 

cards for leisure but not the game of pool). 

In political leadership, men are deemed more 
able to lead the barangay because of their physi-

cal superiority in handling disputes and stronger 
will. In all barangay studied, except one, the 
barangay captains were men. They also greatly 
outnumbered women as council members. If dis
putes within the barangaycoincide with problems 
at home, the women are expected to attend to the 
home first. 

However, Alaska's barangay captain is a 
woman. Although the people still favor a man, 
they acknowledged that she does a good job. The 
reason for her success in dispute settlements is 
the power of her word. A man cannot respond to a 
woman by hitting her because this would put him 
immediately in the wrong. 

However, at the lower level of the purok, 
women are often elected. Also, women teachers 
play a large role in the barangay.They are also 

secondary hosts to visitors. In religious activities, 
women play an active role. More of them attend 
Mass on Sundays than men, and many are active 
in organizations such as the Catholic Women's 
League. 

In fishermen organizations and cooperatives, 
women are usually chosen/elected to serve as 
treasurers and auditors. But there are only a few 
organizations with mostly women members. 

In the context of community-based coastal 
resources management, women can play signifi
cant roles. Their ideas and perspectives need to be 
considered. As part of the women's nurturing role, 
information on environmental awareness can best 
be disseminated through the home and school. 
Although fishing remains to be their major source 
of income, other alternatives should be offered to 
develop their skills. 
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ABSTRACT 

This study examines the feasibility of salt production and
distribution as an alternative source of income for small-scale 
fishermen. The study was done in a fishing community along
Lingayen Gulf through participant observation and unstruc
tured interviews for seven field periods from January toAugust 1988. Salt production in the area was contextualized 
within the market scheme of the industry. This study focuseson people's participation, particularly of the small-scalefishe rmen, in the industry.T 

INTRODUCTION 

The focus of fisheries research has shifted from 
the development of utilization methods to the 
management of fisheries resources. Several 

authorities in fisheries management suggest a 

reduction in the rate of exploitation in locations
 
where resources are quickly deteriorating as well
 
as alternative sources of livelihood (Smith 1979; 

Panayotou 1981).
 

With these considerations, an assessment of the 
salt industry was done. How feasible is it for thesalt industry to absorb opportunities from the 
traditional fishing sector? 

Salt is used for various purposes. About 65% of 
the demand for crude salt goes to human nutri-
tion. The rest is used for the fish processing
industry, livestock industry, refrigeration and 
tanning. The main users of industrial salt are the 
caustic soda-chlorine gas manufacturers. Other 

uses include food processing; soap, textile and
pulp manufacturing; and the chemical and baking
industries (Amio 1987). 

The salt industry is also significant in generat
ing employment. For instance, 480.haone saltfarm hired 60 permanent and 161 seasonal per
sonnel (Hebron 1986). 

There is an increasing trend in the production
of crude and industrial salt but still local supplycan not cope with the country's demand (Amio 

1987). The local salt industry has supplied 33% ofindustrial salt and 93% of crude salt from 1971 to 
1985. Pangasinan is the second largest producer
of salt (11.86% of the country's total production). 

METHODOLOGY 

The study was undertaken in Barangayh st d wa u n e t k n i B r Telng y elbang, Alaminos, Pangasinan, one of the coastal 
communities along Lingayen Gulf, using partici
pant observation and unstructured interviews for seven field periods from January to August 1988. 

A combination of the emic-etic approach was 
used in the analysis of the data sets. The views of 
the informants, those of the researcher and other 
authorities were presented for a more holistic per
spective of the salt industry. 

RESULTS AND DISCUSSION 

Community profile 

Telbang is one of the 38 barangays comprising 
the municipality of Alaminos. It is 11.5 km from 
the town proper, bounded on the north by Lin
gayen Gulf, on souththe and east by Barangay
Victoria and on the west by Barangay Panda; both 
barangaywere once part of Telbang. There are six 
sitios in the barangay, namely: Bolo, Centro, 
Sidr.o, Paradise, Sigking and Cabulalaan. 

71Y - 245 
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As of 1984, the total population in Telbang was 
2,041, comprising 356 households; 52% were 
males. It is the fifth most highly populated village 
in the municipality. 

Telbang has a total land area of 869.8 ha. Of 
this, less than 1% comprises the residential areas. 
Some 40% is devoted to crop cultivation while the 
rest is composed of pasture and open ranges suit-
able for vegetables and root crops. 

There were 171 houses being serviced by the 
Pangasinan Electric Cooperative (PANELCO) as 
of December 1983. Telbang had a total rate of 97 
kwh, and the average consumption rate per 
household was P27.00, a month. The existing 
sources of water are the pitcher pump and shallow 
open well. 

The major occupation in the village is farming. 
There are no big landlords and most families do 
not employ outside labor to till and plow their 
fields. There are, however, rich families who own 
ricemills and relatively big tracts of land. 

Next to farming, fishing is an important source 
of income. Some 22% of the people in the area are 
municipal fishermen. Their gear are hook and line 
(kitang), which is labor-intensive, spear gun 
(pana) and cast net (tabukol). Most fishermen do 
not own motorized banca. Blast fishing is also a 
common activity. 

Another significant economic activity in the 
area during the summer months is salt-making. 
There are a few people who operate on a large 
scale, but the majority are involved on a small 
scale. 

Salt production 

Banigan Method. This method utilizes water 
from the fishpond and produces salt by means of 
solar evaporation and the boiling method. From 
January to May, about 200 families temporarily
migrate to sitio Bolo where a number of fishpondsmigrte o stioBol f fsbpndswhre anumer 
are located. During these dry months, most of the 

milkfish ponds are harvested and drained for salt 
production. The salt beds resemble miniature rice
paddies and their spread-out appearance is per-
haps how this method of production came to be 
known as the banigan (from the root word banig, 
a local term for"mat") 

One way of producing salt using this method is 

by solar evaporation. This entails draining the 
fishpond and exposing its bottom to the sun's heat 
until a film of rock salt crystallizes on the tiled 

a1988: P21.34 = US$1.00. 

floor. When the unrefined salt is ready for collec
tion, homemade baskets (kaing)are laid along the 
squares. The layer of salt is then raked with a 
wooden ;mplement and stocked into the baskets. 
(One s-a~re fills one basket). The, salt is piled into 
a mound before being packed into sacks for trans
port to the market. 

Some owners do not line the fishpond bottom 
with clay tiles. The rock salt thus produced is 
more muddy and requires further processing by 
boiling. In this method, the ponds are gradually 
drained. The spillage is collected in canals for 
exposure to the sun's rays for several hours. The 
brine is transferred into cement tanks in nearby 
huts when it reaches the proper concentration. 
Brine concentration is simply tested with a rubber 
device attached to a bamboo pole. Should the rub
ber sink, it is an indication that the brine concen
tration is not saline enough to produce salt. If the 
device floats, then the solution is ready for cook
ing. Boiling is done over firewood for several 
hours until the brine evaporates. The salt pro
duced has a fine powdery texture. It is stored in 
large baskets locally called coribot. 

Scramble Method. This process produces salt by 
combining unrefined salt with seawater. The 
brine is evaporated using the boiling principle. 

Salt trading 
A typical salt trading crew consists of'five to ten 

people, depending on the volume handled. The 

crew repacks the salt before transporting it. The 
profit margin is fixed at P5.00 per repacked sack. 

The volume handled per team ranges from 50 to 
500 sacks per trip. During the production season, 
approximately seven to ten trips are made weekly. 
The peak season is in April to May when most 
crews make daily trips. Otherwise, only weekly 
deliveries are made. 
tions. Large-scale middlemen would purchase theDagupan and Lingayen are the market destina

commodity during the peak season to be able to 
buy it at a low price. Occasionally, some crewstrade their wares to the industrial factories of 
some Chinese businessmen in Jolo, Aparri or 
Cagayan. The usual term of payment is cash-on
delivery although there are also instances of 

credit arrangements. 

RECOMMENDATIONS 

One of the barriers to the marginalized fisher
men's entry into the salt industry is capital. The 
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ABSTRACT 


Aquarium fish collection in the Philippines is a multimillion 
peso industry whose growth has been interrupted by major 
slumps over the last decade. These were attributed to the bad
reputation of Philippine aquarium fish in the international 
market arising from the use of sodium cyanide in collecting
them. This study gives an overview of the industry in Bolinao, 
a major source of aquarium fish. It also focuses on the different 
reasons for the persistent use of sodium cyanide. It reportsthat the efficiency of collection and economic incentive systems 
support the continued use of sodium cyanide in aquarium
fishing. It points out that fishermen are able to befriend law 
enforcers and/or avoid them. It recommends that marketing 
arrangements be established that will encourage the sale offish caught with nets and that community education facilitate 
the process of change. It also suggests cutting off the supply of
sodium cyanide. 

INTRODUCTION 

Aquarium fish collection started out as a hobby 
and is currently a multimillion peso industry. A 
thorough assessment of its effects on the national 
economy and coastal environment is now in order. 

Statistics show that the trade of these small 
colorful fish is big business. Over a span of 10 
years, exports of these fish increased over twenty-
fold (Albaladejo et al. 1984). The industry started 
with only three exporters and has 35 companies at 
present. In 1980, exporters shipped a total of 2 
million kg of aquarium fish valued at P22.7 
million. Today, aquarium fish ranks sixth in the 

category of major fisheries exrjort products of the 
Philippines. 

The export of aquarium fish from the Philip.
pines was started by Earl Kennedy in 1957 (Rubec
1986). About 200 of the 2,177 marine fish species
found in the country are commonly exported for
the aquarium fish industry (Abaladejo et al. 

1984). The industry's importance to the economy 
was first noticed 10 years later. when export vol
ume reached 33,931 kg amounting to P153,329. 
Since then, exports increased steadily, suffering
only occaEsional slumps during the period 1980
1982. 

Over the last decade, Philippine aquarium 

fishes have been suffering from a bad reputation
in the international market due to the use of
sodium cyanide (NaCn) in collecting them. The 
use of NaCn to capture aquarium fish started in 

1962 (Rubec 1986). A little-known fish collector 
named Gonzales began using it to stun coral reef
fish to facilitate their capture. This practice
spread until most collectors began using it. Fish 

exporters encouraged the practice by supplying
NaCn to collectors. Today, some 80-90% of
aquarium fish exported is captured using NaCn; 
this accounts for about 80% of the marine fish 
from the Philippines sold in the world market(Rubec 1988). 

Bolinao, in addition to Cebu and Quezon, is amajor source of aquarium fish. In one of its fishing 
villages, Binabalian, collection of aquarium fish 
was introduced in 1975 by two Visayans who 
learned the trade in Mauban, Quezon. These fish
ermen introduced fish collection with the use of a 
scoop net and a squirt bottle of NaCn. The use of 
NaCn was apparently known in the community 
even before its people learned of the aquarium 
fish trade. In the beginning, tbe fishermen oper
ated in shallow waters. With the relatively large
income from the trade, however, they were able to 
buy motorized banca and compressor machines. 
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The 	introduction of the compressor allowed them 
to operate in deeper waters and facilitated collec-
tion. 	 Correspondingly, the number of aquarium 
fish gathered and fish gatherers increased, 

With time, concern over the harmful effects of 
NaCn on man and his environment increased. In 
1984, the International Marinelife Alliance (IMA) 
conducted a series of training programs in Bina-
balian on the use of different nets in aquarium 
fish 	collection. Despite IMA's vigorous efforts, it 
failed to convince the majority of the fishermen to 
stop using NaCn. Today, some 70% of the aquar-
ium 	fish collectors in Binabalian still use NaCn 
(Robinson 1984). 

THE PROCESS OF COLLECTING 
AQUARIUM FISH 

A majority of the aquarium fish collectors use a 
10- or 16-hp motorized banca. Those operating in 
deepsea waters also have a compressor machine 
attached to the vessel's engine. This machine is 
connected to an air tank, which has two air tubes 
measuring 50 m each. 

The following equipment are needed for a fish-
ing trip: 

1. 	 an improvised basket (sambirga)attached 
to a floater (pataw) where gathered fish 
are placed while at sea; 

2. 	 14-in diameter plastic bags; 
3. 	 oxygen tanks; and 
4. 	 a scoop net (singapong). 
Aquarium fishing is a year-round activity. 

Except on Sundays and stormy days, the fisher-
men collect aquarium fish from 8 A.M. to 4 P.M. 
Preparation of equipment and vessel, however, 
begins as early as 6 A.M. Hence, a fisherman 
spends 48 hours/week for collection and some 12 
hours/week for preparation. 

One way of classifying aquarium fish collectors 
is on the basis of their area of operation. There 
are shallow water aquarium fishermen who oper-
ate at depths of less than 10 fathoms and deepsea 
fish collectors, at depths of 10-30 fachoms. 

For deepsea fish collectors, each fishing vessel 
or work group consists of three crew members. 
One acts as a lineman while the other two as 
divers. One of the divers is often the vessel owner, 
In cases when the owner of the vessel is not a 
crew member, he appoints a caretaker or a 
"captain" of the vessel from among the crew. The 
boat caretaker or "captain" acts as the timonero 
and decides where the crew will operate. He 

selects areas where he believes fish abound. He 
may also decide to fish at different depths, 
depending on the types of fish the group wants to 
collect. The lineman, on the other hand, is 
responsible for the conpressor motor. He sees to it 
that the compressor's cooling system is always full 
of water to prevent overheating. He also checks 
the two sets of air tubes to see that they properly 
extend to the divers and do not get entangled. The 
lineman does not have a share in the fish catch. 
Rather, he is paid a daily wage of P20-P30. Fish 
catch is divided equally among the divers and the 
vessel owner. 

Meanwhile, the shallow-water fish collectors 
have a different arrangement. In the absence of a 
compressor machine, gathering is basically an 
individual activity. A work group is composed of 8
12 collectors. The majority are young boys from 12 
to 18 years old. The "captain," who is often the 
vessel owner, brings his crew to his selected fish
ing ground. Once the vessel is anchored, individ
ual divers go to work. Almost all shallow-water 
collectors are NaCn users. Divers also bring a fish 
basket and an NaCn squirt bottle to the preferred 
diving spot. At the end of a fishing trip (which is 
financed by the vessel owner), the divers sell their 
catch to the vessel owner who, in turn, sells them 
to exporters in Manila. 

THE USE OF SODIUM CYANIDE 

Four aspects of the use of NaCn were assessed: 
(1) the user's and the people's perceptions of its 
harmful effects to man and his environment; (2) 
the role of institutions and social groups; (3) local 
practices to cope with law enforcement; and (4) 
the existing marketing arrangements. 

Perceived dangers of the 
use of sodium cyanide 

Cyanide users believe that their daily exposure 
to cyanide has no detrimental effect on them. 
They claim that, unless an individual actually 
swallows cyanide, there will be no toxic effects. 
This notion is reinforced by the fact that cases of 
cyanide poisoning while gathering fish are 
unknown. However, cyanide users take precau
tions while underwater. To avoid possible toxica
tion, they refrain from swallowing or gulping 
water squirted with cyanide. Food fish caught 
with cyanide are thoroughly cleaned and their 
intestines and stomachs removed. 
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Users of cyanide contest other fishing groups' strongly forbids the use of illegal fishing methods,claims that exposure to cyanide results in skin the said organization apparently tolerates therashes, lesions and bleached hair. No such activities of its members. In fact, ainstances of skin rashes or lesions due to cyanide 	

religious
leader (deacon), who is also a dominant member ofhave been observed nor cited by informants. The a clan in this part of the island, is the supplier ofbleached hair of fish collectors has been attributed NaCn in the area.mainly to prolonged exposures to sunlight while The use of cyanide is accepted in the commuat sea. nity although users are often objects of antago-Fishermen are only apprehensive of the Con- nism. Together with the blast fishermen, they arestabulary Offshore Anti-Crime Unit (COSAC) offi- blamed for the dwindling catch of a fisherman.cers who might arrest them while using cyanide. The degree of antagonim toward cyanide usersIn spite of such a risk, the practice is tolerated was intensified when IM entered the commuand even justified by the fishermen's wives and

the respected elders of the clans 	
nity. Its members are former cyanide users whoto which they now look down on "unconvinced" fishermenbelong. because the latter refuse to resort to using nets.Cyanide users and members of their families The antagonism between these groups has gone toclaim that they resort to using cyanide because of the extent of name-calling. Cyanidepoverty. They also said 	 users arethat using cyanide for asbranded tarantado or luku-lukocollecting fish is better than stealing. They prefer 	

(fools). At
times, theyit to using fine-mesh nets because they believe 	

are called "sodium boys" or "cyanide
addicts." They are seldom invited to participate inthat some fish, particularly the high-priced ones, 

are 	
community activities and are rarely consulted indifficult to catch without cyanide. It also the decisionmakingfacilitates 	 process in the barangay. Inthe. job of fish collection since fish one instance, the barangay celebratedcaught.with fine-mesh nets, they said, 	

its fiesta 
are likely without their participation.


to be rejected by exporters because of the
scratches and lesions acquired by the fish during Local practices to copethe catch. with law enforcement 

The role of institutions and social groups Cyanide users are aware that the use of cyanide 
Aquarium 	 for collecting fish is illegal and punishable by law.fish gatherers in Binabalian belong However, this does not deter them from continuto a distinct group of fishermen. Most of the col- ing its use in their fishing activities. A number oflectors who learned the skills from migrants practices have evolved to elude arrest, thus susbelong to the poor sector of the community. They taining these illegal activities:are either young teenagers who barely finished 1. Establishing a lookout.elementary education 	 Law enforcersor landless migrants who usually intercept illegal fishing vesselsremained in the community. Since then, they have leaving the barangay in the early mornformed clusters of houses in the eastern and west- ing. In response, someern coastlines of the island and have erected their 	

sort of a network 
has been established among illegal fishdwelling places on government-owned lands. The ermen and their sympathizers. People inmigrant Visayan aquarium fish gatherers occupy the networks forewarn one another of thethe eastern coastline, while the landless and the presence of law enforcers; they often hidenotorious cyanide users occupy the western coast- or are on the lookout for suspected illegalline of the barangay. fishermen.The geographical isolation of cyanide users 2.from Bringing nets as bogus materials. Cyanidethe other members of the community has 

strengthened the ties among themselves, espe-	
users never fail to bring nets during fish
ing expeditions. These are presented tocially among those occupying the western coast-

line of Santiago Island. from their 	
law enforcers if they are apprehended.Apart this, While at sea, cyanide users are onrelationship is further strengthened since they 	

the 
lookout for any unfamiliar and suspiciousbelong to one religious group; kinship ties also looking vessels, especially the COSACexist between collectors and managers. A majority patrol. When they see one, they immediof cyanide users in the area belong to one religious 	 ately hide or discard any NaCn or squirtorganization. While another religious group bottle in the banca. Cyanide balls are 
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often dropped and allowed to dissolve in 
the seawater. The bottle is either hidden 
in the crevices of corals or thrown into the 
sea to be swept by the waves. Illegal fish-
ermen have learned from experience never 
to hide squirt bottles beneath the bamboo 
flooring of the vessel for this is often 
inspected by law enforcers. If no evidence 
is found on suspected vessels, the COSAC 
patrol can demand food fish from the 
fishermen. 

3. 	 Padrino system. There are 26 cyanide 
users among aquarium fish collectors in 
the community. Of these, 12 have been at 
one time or another apprehended for the 
possession and use of NaCn. However, it 
is common knowledge that only two fish-
ermen have been imprisoned for the said 
offense. All other cases were settled ami-
cably. An apprehension would cost the 
lawbreaker around, P300-P500 and a dog 
or a chicken for food of the COSAC offi-
cers. 

During initial investigations after an arrest is 
made, the law enforcer may ask for the identity of 
the violator's manager and vessel owner. The real 
owner is seldom revealed. Instead, a person who 
has connections with the military or is a "friend" 
of the apprehending law enforcers is pinpointed as 
the violator's manager. The case is then settled 
immediately by the pseudo-manager. 

In the study area, two groups of users have 
been assured of the continued use of cyanide 
because one of the COSAC men is a member of the 
religious organization mentioned earlier. 

Establishing ties with law enforcers 

The COSAC is generally perceived as corrupt by 
the fishermen. They acknowledge, however, that a 
few of its officers are sympathizers, in the sense 
that they tolerate their illegal activities. Hoping 
that having personal ties with COSAC will be to 
their advantage once apprehended, these fisher-
men go out of their way to establish good relations 
with them. A case in point was when the COSAC 
headquarters was constructed. A number of 
cyanide users offered to help in the construction, 
free of charge. They attended the headquarters' 
opening, brought food during the affair and 
consciously acquainted themselves with all mem-
bers of the law-enforcing team. 

Another way to develop friendly ties with 
COSAC men is to hold drinking sessions every 

time they visit the island. The cost of these 
drinking sprees is shouldered by the fishermen. 
Apart from this, cyanide users voluntarily give 
gifts to law enforcers in the form of food fish. 

Establishing kinship ties with COSAC men is 
also a common practice. Such ties further bind the 
relationship of a COSAC man and a cyanide user. 
One often hears of a COSAC man being the godfa
ther of a cyanide user's child. 

Existing marketing arrangements 

Some 70% of the tropical fish collected in the 
area are sold to different Chinese exporters based 
in Manila. All the fish so collected are caught 
through the use of NaCn. A minority group, col
lecting fish with nets, sells its catch to a Makati
based export company. These groups practice two 
distinct marketing arrangements. The former opts 
for the bilihan (buy-and-sell) system while the 
latter practices a set sharing system. 

The rampant and extensive use of NaCn can be 
attributed to the kind of marketing arrangement 
that prevails in the area. The bilihan system, 
which is the dominant one, exists for several rea
sons: 

1. 	 Most aquarium fish collectors do not have 
fishing vessels and own only a scoop net 
and a squirt bottle. They inevitably 
become part of a work group led by a 
fishing vessel owner who acts as the local 
manager and trader. The manager selects 
and maintains 8-12 fish collectors who 
become his regular suppliers. These fish
ermen know how to use NaCn, which they 
have been doing for some time. The bili
han system works to their advantage 
because the responsibility for the fish 
caught ends after selling them to the local 
manager. Whether the fish dies is no 
concern of theirs. Furthermore, a collector 
who is part of a work group does not spend 
anything for a fishing trip. All expenses 
are shouldered by the local manager on 
the condition that all fish gathered will be 
sold to him. 

2. 	 Unlike in a set sharing system, where all 
expenses and income are divided among 
the crew (two divers and the banca 
owner), a local manager's role in the bili
han system is doubly difficult. He shoul
ders all the fees, taxes and permits neces
sary to collect and transport aquarium 
fish. He also shoulders the packaging cost. 
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Despite these, he is able to compensate for 1. Set up marketing incentives against thehis efforts and recoup his investments by of NaCnuse so that the exporter eitherhaving a very high mark-up price. A local buys only "netted" fish or pays more if themanager's mark-up price ranges from 140 fishermen can prove that the fish wereto 400% which, according to him, is good caught with nets.enough, especially if high-priced fish 2. Fishermen should see what benefits theyspecies are caught. He augments his can get if they use nets; otherwise, there isincome by selling NaCn to his collectors, no incentive to change.3. Amo is the term used by local managers to 3. Checkpoints on fish quality would be moreaddress the exporters with whom they effective if these are placed away from theconduct business. These amo extend assis- community where law enforcers are nottance to their suppliers in several ways. involved with fishermen.They are open to loans used for capital to 4. Local law enforcement should focus onbuy gear and equipment. In some cases, education. Law enforcers should helpsome exporters loan money to enable explain new systems and benefits fromgatherers to buy new fishing vessels. They using nets, etc. and still have the power toalso shoulder a portion of the transport arrest. expenses to Manila. Most of them have 5. Curtail supplies of NaCn so that its priceencouraged their suppliers to use NaCn in would become too high.collecting aquarium fish. Most, if not all, 6. Community education workers can prosell cyanide to their suppliers. Apparently, vide a link in communicating with thethese exporters are after the quantity of fishermen, to facilitate more profitablefish to be exported and the added income market channels for netted fish.

they can earn from selling NaCn. 

CONCLUSION REFERENCES 
This study shows that the use of NaCn is deeplyembedded in the habits of the fishermen using it. Albaladejo, V.D., V.T. Corpuireport and J.T. Asuncion. 1984. Finalon st&tus assessmentBecause of the relative efficiency of using NaCn to of the collecting areas ofaquarium fishes in Santiago Island in Eolinao, Pangasinan,collect aquarium fish, fishermen are reluctant to 18 February to 4 March 1984. BFAR Rep: 1.17.give up the practice and will go to extreme mea- Robinson, S. 1984. The truth about the use of sodium cyanidesures to conceal its use. They also try to befriend in Philippine coral reefs. Greenfields 14(12):40-48.Rubec, PJ.1986. The effectslaw enforcers and are willing to forego friendships of sodium cyanide on coral reefsand marine fish in the Philippines, p. 297-302. In J.L.with some people who do not condone their activi- Maclean, L.B. Dizon and L.V. Hosilos (ods.) The First Asianties. To change the fishermen's behavior patterns Fisheries Forum. Asian Fisheries Society, Manila, Philipin the use of NaCn, several structural adjust- pines.Rubec, PJ. 1988. Cyanide fishingments in the economic and the Internationaland social contexts should Marinelife Alliance Net-training Program. Trop. Coast.be made. These are: Area Manage. 3(1): 11-13. 
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ABSTRACT 

Recent years have witnessed the impressive and rapid 
development of brackishwater shrimp pond culture in Johore,
Peninsular Malaysia. According to official estimates, there 
were some 236 brackishwater ponds in operation, spanning an 
area of 336 ha in 1984. By 1987, the number of ponds had 
increased to 365 while the area developed was 490 ha. Some 
2,500 ha of mangrove areas have been studied for aquaculture 
potential. Recognizing the tremendous potential for brackish
water pond culture in Johore, there has been an upsurge of 
interest by the private sector to invest in the aquaculture
business, especially in tiger shrimp (Penaeusmonodon) farm-
ing.teUntdSaeanEuo.

In the light of these current developments, this study seeks 
to determine the economic viability of brackishwater pond cul-
ture, with specific reference to tiger shrimp farming on a semi-
intensive culture system. More specifically, the study aims to 
analyze the cost and earning structures of the shrimp farming 
enterprise; assess the economics of investment in shrimpfarming using various profitability indicators; examine the 
farm's sensitivity to changes in production and price levels;
and examine the impact of changes in production and price on 
the farm's net income. The data in this study were obtained 
from a cross-sectional survey of brackishwater pond operators
in Johore during the 1987-1989 crop year. 

INTRODUCTION 

Brackishwater shrimp pond culture in the 
country has not been able to take off in a big way 
despite its tremendous potential for large-scale 
commercial development. Poor yields, lack of 
technical expertise, lack of seeds and broodstocks, 
inferior farm management, market constraints 

shrimp farming in the country compared to
neighboring countries like Thailand, the Philip

pines, Taiwan and Japan (Khor 1985; Tengku
1985; Kuperan 1988; Yahaya 1988). According tothe latest estimates, there are 480 small- to
medium-sized brackishwater ponds in Peninsular 

Malaysia covering a total of 473 ha mainly on 
intensive to semi-intensive culture systems for 
tiger shrimp (Penaeus monodon) and located 
mostly in Johore, Perak and Kedah (FD 1986). 
Total production from brackishwater pond culture
in 1986 was 269 t valued at M$3.7 millions 
(wholesale) with shrimp accounting for 89% of the 
total production. 

The potential area for shrimp culture in 
Malaysia is 98,334 ha, mainly in mangrove area 
(Anon. 1986). Commercial development of this
potential is necessary if the international market, 

estimated at 600,000 t annually and valued
M$16.2 billion, is to be 

at 
tapped (Anon. 1988).

Shrimp is in great demand in Japan, followed by 

the United States and Europe.
Among the states in Peninsular Malaysia,

Johore has about 23,875 ha of mangrove forests in
South Johore with potentials for large-scale
brackishwater pond development. Under the pre

sent economic conditions, all these areas are

expected to be developed at the rate of about 1,000

ha per year at the cost of about M$16,000 per ha.

Furthermore, a big boost awaits Johore's aquacul

ture industry, following a decision by a large

United Kingdom multinational corporation, to

invest M$106 million in a tiger shrimp project. 
The project will cover over 1,000 ha and will be 
located in the coastal area ofTanjung Sedili. Work 
on the project started sometime in 1988. It will be 
implemented over four phases. Phase I will 
involve an initial investment of M$5 million for 
the construction of 18 ponds with a production 
target of about 150 t of tiger shrimp for export by
the end of 1989. It is envisaged that when all four 

and other related problems have all contributed to

the sluggish development of brackishwater a 29 December 1988: M$2.702 =US$1.00.
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phases have been completed, there would be 150 
ponds, providing job opportunities to 350 
Malaysians (Anbn. 1988). 

The Johore State Economic Development Cor-
poration (SEDC) has also gone into commercial 
shrimp farming. Currently, SEDC owns and oper-
ates one large tiger shrimp project in Sedili Kecil. 
The project is a joint venture between SEDC and 
Asian Marine Foods (Hong Kong) Ltd. At present, 
only half of the targeted 400-ha pond has been 
developed. Aside from the grow-out ponds, a 
hatchery and processing plant will also be part of 
the venture. Although the project's capital 
investment is not known, the 200 ha was devel-
oped at a cost of M$9 million, including land 
acquisition. The project is estimated to harvest 
about 130 t of shrimp in 1988 with a value of M$4 
million, primarily for the export market. 

The Johore Tenggara Regional Development 
Authority (KEJORA) has also earmarked some 
10,000 ha, mostly in Johore River, for large-scale 
aquaculture development. The KEJORA's project 
will be implemented in stages under the privati-
zation concept, in consonance with the State Gov-
ernment's effort to make Johore the leading aqua-
culture state in the country. 

PROFILE OF COASTAL 
AQUACULTURE IN JOHORE 

In the past, brackishwater pond and cage cul-
ture development in Johore always lagged behind 
that of freshwater aquaculture. However, acceler-
ated development has come about very recently. 
In 1986, an estimated 302 ponds were in opera-
tion covering an area of 396 ha (FD 1986). Pri-
marily employed for shrimp culture are intensive 
and semi-intensive culture systems, although the 
majority of the enterprises are small-scale in 
nature with miniimal capital investment. A study 
by the Fisheries Department showed that about 
68% of the total operators interviewed in the 
States of Johore, Perak and Kedah were operating 
farms less than 1.0 ha with the capital cost rang-
ing from M$1,768 to M$39,067 (FD 1987). 

However, in Johore, there are 17 large-scale 
commercial farms in operation. These are concen-
trated in the southwestern part of Johore within 
the Pontian District, the southern tip of the 
Johore Bahru District and in the Kota Tinggi/ 
Penggerang and Mersing Districts in East Johore 
(Fig. 1). A brief description of some of the farms 
listed is given in Table 1. 

Despite the introduction of new farming tech
niques, the traditional trapping method of pond 
culture is still being practised by some farms in 
Johore although it is declining in importance. This 
method requires the construction of embankments 
with sluice gates to enclose large tracts of man
groves. During high tide, the sluice gates are 
opened to allow shrimp larvae to enter the 
embankment. The gates are then closed as the 
tide recedes, trapping the shrimp in the embank
ment. Harvesting is carried out two to four times 
a month with a yield averaging 500 kg/ha/year. 

Brackishwater cage culture is another impor
tant coastal economic activity in South Johore. 
The two most important species cultured are the 
grouper (Epinephelus salnoides) and sea bass 
(Lates calcarifer). The average yield for both 
species is about 75 to 125 kg/cage of 3m x 3m x 2m 
with a culture period of 10 to 12 months. Unlike 
pond culture, cage culture requires simple tech
nology, management and less capital investment 
and is, therefore, associated more closely with 
fishermen or farmers seeking supplementary 
income. Its long-term development implications 
appear more favorable than brackishwater pond 
culture since it has a minimum ecological impact 
(i.e., no need to convert mangrove areas). Cur
rently, 101 operators have permits by the 
Fisheries Department to undertake cage culture 
in Johore. Nearly half are found in the Kukup 
Laut area in the Pontian District. The number of 
cages in operation is estimated at 2,753 covering a 
total area of 27,204 m2 (FD 1986). Total 
production from cage culture in Johore in 1986 
was 245.3 t with a wholesale value of M$4.62 
million (FD 1986). 

Mussel (Perna viridis) culture using floating 
rafts is another coastal activity in Johore, espe
cially in Selat Tebrau where a natural spat fall 
recurs. Culture period is from six to seven months 
when mussels attain the marketable size of about 
7 cm. Each suspended rope can produce up to 30 
kg of mussel per harvest. Mussel culture was ini
tially operated as a part-time income supple
menting activity by the local fishermen. However, 
with encouragement and support extended by the 
Fisheries Department, more and more fishermen 
are now undertaking mussel culture operations on 
a full-time commercial basis. To date, there are 
about 41 mussel operators in Johore, mostly in 
the Selat Tebrau area. Although the existing 
number of mussel farm operators is currently very 
insignificant, there is a tremendous potential for 
future expansion. 
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TECHNICAL ANALYSIS 3. water quality (dissolved oxygen, salinity, 
Culture methods pH and temperature) at the site;4. 	 availability and quality of freshwater for 

There are three methods of shrimp 	 salinity regulation;culture 5. extent of vegetation;commonly employed: extensive, semi-extensive 6. 	 availability of infrastructureand intensive systems (FD 1980; Liong et al. 
and ameni

ties like roads, potable water and electric1987). The extensive method is chrracterized by a ity; andlow stocking rate, usually less than 5 shrimp/m2, 7. institutional support from the state govand 	relies mostly on tidal water exchange with eminent.
minimal artificial feeding. Average pond sizeunder this method usually ranges from 0.5 ha to Pond design and management1.0 ha. The semi-intensive method is characterized 	by a higher stocking rate ranging from 5 to
15 shrimp/m2. Water 	

Earthen dugout ponds constitute the principalexchange is facilitated by design for most of the farms (FD 1980; Cook et al.the use of pumps. About 10-30% of pond water has 1984). Pond size varies from 0.25to be changed daily to 	 ha to 1.0 ha,ensure good water quality, with 	separate water inlet/outlet gates. A pump isThe intensive method, which closely resembles used for water exchange, especially during the lowthe semi-intensive method, is characterized by a tide period. In most ponds, the inlet and outlethigher stocking rate (15 to 25 shrimp/m2), exclu- gates are so designed to allow at least 50% ofsive use of an artificial diet, aeration and frequent water renewal within 24 hours. These inlet andwater exchange through pumping. Intensive tiger outlet drainage canals are built parallel to theshrimp farming originated in Taiwan. Given the ponds (Fig. 2).acute shortage of land and the high cost 	of con-
struction in Taiwan, the average pond size is gen-

Most of the aquaculture farms sited in man
grove areas have experienced acid sulfateerally very small, 	 soilusually not exceeding 1 ha. problems. Potential acid sulfate soils are generallyStocking densities range from 25 to 50 shrimp/m2, found in mangrove areasyielding as much as 4.5 t/ha/harvest (Liao 1981; 

where they become oxidized when exposed to the atmosphere, thus pro-Liao 	and Chao 1983; Kuo 1984). 
Stocking of shrimp using any of the above cul-	

ducing sulfuric acid and iron sulfate, especially
during pond excavation and after a prolonged dryture methods consists of two types: spell 	followed by a heavy rain. This results in the1. 	 Batch system - Fry are stocked directly in lowering of the pond water pH below 4.0. Studiesgrow-out ponds and allowed to grow until have shown that acid sulfate soils have fiveharvest; arid adverse effects on the pond environment2. Progression pond 	 (FDsystem or cycling 1980; Cook et al. 1984; Law 1988):
method - Fry are initially stocked in nurs-
 1. 	 Sulfuric acid reduces pond water pH,e y 	 ponds until the juvenile stage is causing stress and mortality 	in thereached and then transferred to grow-out 	

cul
tured stocks.ponds where these are eventually har- 2. Precipitation of fine ferric hydroxide parvested. This type is more widely practised ticulates clogs the gills of cultured stocks,than the batch system because it is causing stress and mortality.efficient in minimizing undue stress 3. The 	low water pH reduces the pond produring the stock transfer. ductivity by inhibiting algae bloom. 

4. 	 The high concentration of iron and alu-
Farm sites minum salts in the water is toxic to fishand shrimp. 

A majority of shrimp farms in Johore 
5. Acid sulfate soils do not readily respond toare sited fertilization, thus inhibiting primary proin or near mangrove areas. The choice of sites is duction in the ponds.influenced to a great extent by several factors To overcome the acid sulfate soils problem, limesuch as (FD 1980; LKIM 1983; Cook et al. 1984): is generally applied to neutralize the acidity.1. 	 availability, cost and extent of land area;

2. relationship 	
About 3.5 to 5.0 t/ha of lime are applied dependingbetween land elevation and on the acidity of the soil. Another method of conditidal fluctuation; tioning acid sulfate soils is through repeated 
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leaching and flooding with saline water for several 
months. This method, however, is time-consum- 
ing. Hence, to reduce the acid sulfate problem, the 
pond should be constructed with minimum exca-vation, preferably by building bunds on the chosen 
sites and using pumps for water exchange. Such a 
type of pond construction has been adopted by
East Asian Marine Farms and some other farms 
in Johore. 

Feeding system 

An effective feeding system in shrimp culture is 
essential to minimize feed wastage. Commercial 
feed accounts for 50 to 90% of the total feeds 
required for shrimp. This accounts for between 30 
to 60% of the total production cost (Chuah and 
Yassin 1987; Liong et al. 1987; Ung 1988). 

Shrimp are known to be slowfeeders and thus 
have to be fed at regular intervals throughout the 
day. The optimum number of feedings per day is 
about three to five times, usually between 0800 to 
2200 hours at three to four hour intervals between 
each feeding (FD 1980; Iamail and Hanafi 1987). 
The amount of feeds given vary, depending on the 
stages of development of the shrimp. Postlarvae 
reared in nursery ponds are heavily dependent on 
the natural food from the pond. At postlarvae of 
30-35 days, supplementary feed is given at 100% 
of their total body weight for one month and pro
portionately adjusted thereafter, usually at ten-
day intervals. 

There are two basic feeding techniques com-
monly adopted by shrimp farms: (1) dispersing 
feed manually with or without the use of boats 
and (2) dispersing feed using mechanical feeding 
devices. The former is practical for small ponds, 
while the latter, for large ponds exceeding 1.0 ha. 

Food conversion ratio 

mea-Food conversion ratio (FCR) is a typical 
surement for assessing the efficiency of the feed-
ing regime. The lower the ratio, the more efficient 
the feeding is since this indicates less feed 
wastage. Field investigations and studies con-
ducte.d inpatrevealed that the FCR aver-
aged at 1:2 (FD 1980; Chuah and Yassin 1987; 
age a 1(F980 CCapital
Liong et al. 1987). 

Survival rates 

Survival rates are known to vary from farm to 
farm. But a survival rate of 60 to 70%is very typi-
cal for most farms. 

Production 
Production or average yield varies considerably 

from farm to farm. In general, however, the pro
fro ar at .n g en ra nd 4.3 thrduction averages at 5.28 t/ha/year and 4.33 t/ha/ 
year for the intensive and semi-intensive systems,
respectively (Table 2). The weight of shrimp at 
harvest is about 30-35 g per piece for both 
intensive and semi-intensive systems. In terms of
the number of crops per year, it averages 2.7 crops 

and 2.5 crops in a year for intensive and semi
intensive systems, respectively. Culture period 
averages 3.6 months/crop for the intensive culture 
system and 3.5 months/crop for the semi-intensive 
system. This means that the production per crop 
is 1.95 t/ha and 1.73 t/ha for ths intensive and 
semi-intensive farms, respectively. 

The average yield of shrimp culture, compared 
to plantation crops like rubber, oil palm and 
cocoa, gave the following comparative figures for 
these crops: 4.5 t (value M$4,275)/ha/year for 
crude oil palm; 1.60 t (value M$4,480)/ha/year for 
rubber; and 0.74 t (value M$2,368)/ha/year for 
cocoa. Considering the high commercial value of 
prawns at M$1,800/t, the average yield estimated 
for the prawn enterprise (valued at M$9,500/ha/ 
year and M$7,794/ha/year for intensive and semi
intensive farms, respectively) is slightly over that 
of the plantation crops. 

FINANCIAL ANALYSIS 

The following financial analysis applies to a 
semi-intensive system where the capital 
investment and operating costs are based on 
current market values. 

Capital investment cost 

The capital investment cost of a 10-ha semi
intensive shrimp farm are presented in Table 3. 

Total pond development (construction) cost 

amounted to M$80,000 or M$8,000 per ha and 
accounted for nearly 32% of the total investment 
cost. The next single largest capital item is 

equipmcrnt at M$50,000, accounting for almost 
20% of the total investment cost. Other capital 
items include infrastructure and vehicles.

investment cost in shrimp culture can
be categorized into depreciable and nondeprecia

ble capital items (Alplin and Casler 1968; De la 
Cruz 1987). Buildings, machinery, equipment and 
vehicles are generally considered depreciable capi
tal items because they wear out, hence depreciat
ing in value with use over time. The depreciation 
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cost of these items was computed using the the workers have gained sufficient expertise andstraightline method where the acquisition or ini- experience, the maximum productive capacitytial cost was divided by the estimated lifespan of would have been achieved. After the fifth year ofthe items (Table 3). The salvage or residual value operation, the production rate is assumed to beof the items is assumed to be zero. Depreciation constant. This means that at an average ex-farm 
cost is generally treated as a fixed noncash price of M$18/kg, production revenues ofexpense item spread over the lifespan of the capi- M$45,000-M$99,000/ha could easily be achieved.
tal items. The depreciation cost for the 10-ha 
semi-intensive farm was estimated to be Income statement 
M$12,000 ha/year. Not, included in the depreciable
investment cost are items related to pond devel- estimatedThe income statement, derived byopment--infrastructure such as roads, fencing, juxtaposing revenues (from the sales of shrimp)water supply and electrical installation. The total against the operating cost under the semi-inteninvestment cost for a 10-ha semi-intensive farm sive system, is shown in Table 6. The farm was M$251,000 or M$25,100/ha (Table 3). incurred a net loss of M$130,236 during its first 

year of operation because of a relatively low pro-Operating cost duction. This is a very common phenomenon in 
The estimated annual operating cost perhectare of a semi-intensive culture system is given the shrimp farming enterprise. However, by thesecond year of operation and onwards, net positivein Table 4. Preliminary estimates showed that the incomes were registered with increases in the proinuTale 4prelutimna stie showared trat te duction level. Net income from the farm was on anannual production cost per hectare for a 10-ha icesn fern h eodya foea 

semi-intensive shrimp farm was M$59,090. Feeds increasing trend after the second year of opera
constitute the single largest item, accounting for tion, reaching a high of M$362,964 by the fifthnearly 46% of the total operating cost. Shrimp year, and stabilizing at this level onwards (Table 

stock cost ranked second, or 20.3% of the total 6).From the income statement shown in Table 6,cost. Other significant expenses for the operating some inferences on the costs of production can becost include salaries and wages (16.2%), mainte- me nere m-intee system ther are nance and repairs (7.6%) and electricity and fuel eener comei feeds S hr andexpenses (4.2%). In addition, expenses for the expenses for commercial feeds. Shrimp fry andpurchase of lime, fertilizer, teaseed cakes and labor, which account for about 70-80% of the totalothers, and administration, marketing ake ands- cost, constitute the three largest cost items in theothrsandadmnitraion makeingandtras- shrimp farming enterprise. Hence, commercial 
portation also contribute to the total operating feeds and shrimp fry should be of good quality to 
cost. These expenses are generally classified as enhance the viability of the farm enterprise.
the variable cost since they vary according to ewise farm o sh e alifeproduction levels and are incurred only if produc- Likewise, farm workers should be qualified andtion is carried out. experienced to make the enterprise succeed. 

is re iEstimatednoto outy total production cost of a semi-inten-Another item customarily included in the oper-ating cost is sive farm (excluding depreciation and interest) isthe fixed cost (i.e., that incurred M$59,090/ha with a production rate (or yield) 
whether or not production is carried out and averaging at a aftrte fir year.

includes depreciation cost
opertingexpnses.Th laterand interestsualy aprox-on cash averaging at 5,50 kg/ha aftepr the fifth year.Tus, the average production cost per kilogram of
operating expenses). The latter usually approxi- shrimp is about M$10.75. This estimate is close tomates the interest earnings the money would gen- what shrimp farm operators get (M$10.00 to 
erate if deposited in a savings bank. M$11.00 per kg).
Production revenues The average production cost of plantation crops 

--M$1.70/kg for rubber, M$0.50/kg for crude oil
Table 5 shows the estimated annual production palm and M$2.50/kg for cocoa--shows that it isand value per hectare of a 10-ha semi-intensive less compared to the production cost of shrimp

shrimp farm. The production rate shows an culture, which is very high.increasing trend. During the first year of opera- Based on the projected cost and return statetion, most farms commonly achieve only 50% of ment, the projected cash flow statement for thetheir full output potential. By the fifth year, how- 10-ha semi-intensive shrimp farm was also calever, when farm operations have stabilized, the culated (Alplin and Casler 1968). Such a stateinitial teething problems have been overcome and ment is useful for indicating the availabilitv of 
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cash for the continued operation of the farm. In 
any business enterprise, the initial cash inflow 
requirement during the first year of operation is 
usually provided by the investor's own capital. 
This is equivalent to the total project cost which is 
the sum of the total capital investment and total 
cash expense requirements for the first year of 
operation. Based on the projected cash flow 
statement, the project appears to be economically 
viable in the long run as it will not experience 
cash flow shortages after its first year of operation 
(Table 7). 

Profitability 

In any business enterprise, measuring the eco-
nomic worth of investments is essential to deter
mine its commercial profitability. Traditionally, 
the financial measures or indicators used for 
profitability include cash payback period, simple 
rate of return on investment (ROI), benefit-cost 
ratio (B/C ratio), net present value (NPV) and 
internal rate of return (IRR) (Squire and Van der 
Tak 1975; Gittinger 1982; Mishan 1982). One 

serious disadvantage of the cash payback period 
and ROI is that the timing of the capital outlays 
and benefits is not considered. Hence, both mea-
sures do not reflect that a dollar in hand today is 

more valuable than a dollar to be received some-
time in the future. Thus, other financial measures 
like B/C ratio, NPV and IRR are more commonly 
used to assess the economic worth of investments. 

These three measures are sometimes referred to 
as "discounted indicators" because they incorpo-
rate the "time value of money". 

Based on our preliminary estimates, the vari-
ous profitability indicators such as B/C ratio, NPV 

and IRR were calculated (Table 8). The project 
enjoys a short cash payback period and a B/C 
ratio of 1.32. The NPV (at the ex-farm price of 
M$18.00/kg), which measures the present value of 

benefits forthcoming from the project, including 
the residual value of investment, is about M$1.19 
million or M$119,000/ha. The higher the NPV, the 

more financially attractive the project is. Finally, 
the project enjoys an IRR of 85%. This is consid-
ered profitable since it is higher than the oppor-
tunity cost of capital (value). 

CONCLUSION 

A preliminary economic analysis of the brack-
ishwater shrimp pond culture in Johore indicates 

that semi-intensive shrimp farming is viable. This 
supports the general notion that investment in 
the shrimp business is indeed worthwhile with 
the proper management and application of mod
em technology. Its economic viability notwith
standing, shrimp farming is undeniably a high
risk investment. Several reasons could explain 
some failures in the past: improper site selection 
and pond design, acid sulfate soil conditions, pol
lution, costly capital investment, high overhead 
cost, improper farm management and marketing 
inefficiencies, among others. These factors have 
kept away potential investors. Recently, however, 
large investors, particularly in Johore, have been 
showing an increased confidence in the shrimp 
business. 
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Table 1.Commercial brackishwater shrimp culture farms in Johore. 
Name of company 

Daiman Marine 
Products Sdn. Bhd. 

Farm location 

Sg. Chokoh, Serkat 

Total pond 
area 

developed 

68.0 

Species 
cultured 

Penaeus 
monodon 

Culture system 

Intensive to 
semi-intensive 

Stocking 
density 

(pieces/m2) 

25 

Size of fry 
at stocking 

1.5 cm 

Average 
yield 

(t/ha/crop) 

2.5 

Remarks 

Integrated with 
hatchery farms 

Malayan Commercial 
Enterprises 

Sdn. Bhd. 
Kukup Marine 
Sdn. Bhd. 

Gelang Patah 

Serkat, Pontian 

11.4 

8.3 

P. monodon 

P. monodon 

Semi-intensive 

Semi-intensive 

30-35 

10 

2.5-3.0 cm 

2.5-3.0 cm 

3.0-5.0 

1.8-2.0 

Opening up eight 
new ponds cover
ing about 6.4 ha 

Facing major high 
acid sulfate prob-

Temakkan Marine 
Sdn. Bhd. 

Tg. Pelepas, 
Gelang Patah 

74.9 P. monodon, 
P. merguien-

Semi-intensive 
to e.xtensive 

5 1.5-2.0 cm 2.0 

lems 

Integrated with 
hatchery farms 

Bis 
Syarika Penter-
nakkan Udang 
Pelentong 

Pelentong Trapping -12.1 
Pond 4.1 

P. monodon, 
P.merguien-

sis 

Semi-intensive 5 2.4-3.0 cm 2.0-2.5 Started as a natu
ral trapping farm 

Pertama Aqua-
culture Sdn. Bhd. 

Sg. Melayu, 
Gelang Patah 

15.0 P. monodoa Intensive to 
semi-intensive 

20 1.5 cm 9.0 Rated as one of 
the most highly 
profitable farms; 
has its own hatch
ery farm in 

Sunong Sdn. Bhd. Sg. Lebam 19.8 P.monodos, 

P. merguien
0.7 

Sepang, Selangnr 

Trapping pond 

sis 
Crustacea Enter-
prises Sdn. Bhd. 

Sg. Penawar 20.3 P. monodon, 
P. merguien-

Intensive 20-25 2.5-3.0 cm 2.0 Integrated with 
hatchery farms; 

sis 
one of the more 
successful farms 

Temasik Marine 
Industries Sdn. Bhd. 

Sg. Ambok/ 
Sg. Lebam 

70.0 P.monodon Intensive 25 2.0 m .5 

in Johora 

Penggerang Farms 
Sdn. Bhd. 

Sg. Ambok/ 
Sg. Lebam 

12.5 P. monodon Intensive 50 2.0 cm 1.0 

Aqua-Ace Sdn. Bhd. Sg. Lebui 16.5 P.nmoodon Semi.intensiye 15 2.0 ca 0.8 

Continued 
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Table 1. (continued) 

Name of company Farm location Total pond 
area 

developed 

Species 
cultured 

Culture system Stocking 
density 

(pieces/n 2) 

Size of fry 
at stocking 

Average 
yield 

(thakrop) 

Remarks 

East Asian Marine 
Farm Sdn. Bhd. 

Sedili Kecil 200 P.monodon Semi-intensive 7.5 2.5-3.0 cm 1.35 A SEDC joint 
venture with 
Asian Marine 
Foods (Hong 
Kong) Ltd. 

Kemajuan Pertanian 
dan Makanan Laut 

Sg. Senti, 
Penggerang 

21.3 NA NA NA NA NA Formerly Agaliem 
Sdn. Bhd. 

Sdn. Bhd. 

Projek Menternak 
Ikan Airpayan 
Udang Laut 

Sg. Dangga 15.0 P.monodon Semi-intensive 10 2.5-3.0 cm 8 LKIM project 
privatized to 
Kumpulan Guth
rie; facing a 
severe pollution 
problem; closing 
down 

Bungawang Sedili 8.7 P.monodon Intensive 30 2.0 cm 3.5 
Sdn. Bhd. 

Fugo Aquaculture 
Sdn. Bhd. 

Kecil 8.1 P.monodon, 
P.merguein. 

NA NA NA NA 

sis 

Semenchu Fish Sg. Lebam 40.4 P.monodon NA NA NA NA 

Notes: Sg. - Sungei (meaning "river"). 
Tg. -Tanjung (meaning "cape"). 
NA - Not available. 

Table 2. Comparison of the production pirameters of the intensive and semi-intensive culture 
systems. 

Item Intensive Semi.intensive 
earthen pond earthen pond 

Stocking density 15-25 pcs/m 2 5.15 pca/m 2 

Feed Commercial Commercial 

Water management Pump + aeration 
50%replacement and 
frequency of15-17 

Tidal + pump 
Daily exchange of 
10.30% 

times/crop 

Pond size 0.25 to 0.5 ha/unit 0.5 to 1.0 hA/unit 

Culture period 
Number of crops 

3.6 mo/crop 
2.71 crops/yr 

3.5 moJcrp 
2.5 crops/yr 

Harvest size 30-35 g 30-35 g 

Survival rate 60-70% 60-70% 

Production/yr 5.28 t/hs/yr 4.33 t/ha/yr 
Production/crop 1.95 t/ha 1.73 t/ha 

Food conversion ratio 1:2 1:2 
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Table 3. Estimated capital investment costs (M$) ofa 10.ha .mi-intensive shrimp farm (pond size: 0.5 ha/pond). 
Item Total cost % of total Economic Annual 

Pond developmentb 
Infrastructuw 
Electrical installation 
Buildings 
Machinencs/equipnentd 
Vehicles 
Macellaneous. 

80,000 
26,000 
25,000
30,000 
50,000 
25,000 
15,000 

31.9 
10.4 
10.0 
11.9 
19.8 
10.0 
6.0 

life (yr) 

15 
10 
10 
5 

depreciation a 

2,000 
5,000 
2,500 
3,000 

Total investment 251,000 100.0 

Total depreciable
investinent 120,000 

12,500 
Investment/ha 25,100 

-Computed using the straightline method w4th a zero residual value.
Formula used. (initial value - residual valueYeoDnomic life.
blncludes excavation, bunding, drainage and water gates.

tIncludes reads, fencing and water supply.
dlncludes pumps, engines, water paddles, filter plants, pump house and others.

*Includes buckets, nets, fish boxes and others.
 
Note: 29 December 1988: M2.702 
= US$1.00 

Table 4. Estimated operating cost (M$) per hectare of a 10-ha semi-intensive shrimp farm. 
Input Unit Cost/unit Quantity Cost % of total 

cost 
Shrimp stock pieces 0.04
Feed (FCR 1:2) kg 

300,000 12,000 20.3
 
Lime 

3.00 9,000 27,000 45.7
kg 0.30 2,500 750 1.3Teaseed cakes kg 0.85 400 340 0.6Electricity/fuel 
2,500Salaries/wages. 4.2 

600Repar/maintnancb 16.2
 
Miscellaneous' 
 4,500 7.6
 

2,400 4.1
 
Total 


59,090 100.0 
*For supervisor, technician, farm laborers and security guards.
bUZually incurred only two years after the fArm had been in operation.'Includes administration, marketing, transportation, etc.
Note: 29 December 1988: M$2.702 = US$1.00 

Table 5. Estimated annual production (kg) and value (M$)
per hectare of a 10-ha semi-intensive shrimp farm. 

ProductionYear Price/ks Quantity Value 

1 18.00 2,500 45,000
2 18.00 3,250 58,5003 18.00 4,000 72,000
4 18.00 4,750 85,500
5 18.00 5,500 99000
6 18.00 5,500 99,0007 18.00 5,500 99,000
8 18.00 5,500 99,0009 18.00 5,500 99,000

10 18.00 5,500 99,000 



Table 6. Projected income statement (MS) of a 10-ha semi-intensive shrimp farm at the ex
farm price of M$18.OG/kg. 


Table 7. Projected cash flow statement of a I0-ha seni-intensive shrimp farm (M$).

Item 
 Year I Year 2 Year 3 Year 4 Year 5 Item Year 0 Year 1 Year 2 Year 3 Year 4 Year 5
 
Income: sales 
 450,000 585,000 720,000 855,000 990,000 Cash inflow
 
Les: cost es:o 
 Equity 797,000 --SalesVariable: - 450,000 585,000 720,000 855,000 990,000Total cash inflow 797,000 450,000 585,000 720,000 855.000 990.000Shrimp stock 120,000 120,000 120,000 120,000 120,000
Feeds (FCR 1:2) 270,000 270.000 270,000 270,000 270,000
Electricity/fuel 25,000 25,000 25,000 Cash outflow25,000 25,000Salaries/wages 96,000 96,000 Pond development cost 80,000 - 9a,000 96,000 96,000 -

Lime Other investment costs 171,0007,500 7,500 7,500 7,500 7,500 - .
Variable costTeaseed cakes 3,400 3,400 3,400 3,400 545,900 545,900 590,900 590,900 590,9003,400 Total cash outflow 251,000 545,900 545,900 590,900Repairs and maintenance 590,900 590,900

Miscellaneous 24,000 24,000 - 45,000 45,000 45,00024,000 24,000 24,000 Net cash inflow 546,000 -95,900 39.100 129,100 284,100 399100 
Plus:Depredation Cash balance, beginning - 546,00012,500 12,500 12,500 12,500 12,500 450,100 489,200 618,300 582400Cash balance, ending 546,000 450,100 489,200 618,300 882,400 1,21500Interest on operatingcost (4%) 21,836 21,833 23,636 23,638 23,636 *This corresponds to the total project cost calculated as the sum of the total capital investment and the total 

Total cost 580,236 580,236 627,036 627,036 627,036 cash expense requirements for the year of operation. 

Net income (Lou) (-130.236) 4,764 92,964 227,964 382,964 

Table 8. Profitability Indicators of a 10-ha semi-intensive shrimp farm. 

Year Total income Total costa •Discount Discounted Internal rate of return (IRR)Discounted Year Net income(MI) (M$) factorb 
income (M$) cost (M$) 

Discount factor Discounted net income
(M$) 15% 10% 15% 10%1 450,000 796,900c 0.9091 409,095 724,4622 585,000 545,900 1 (130,236) 0.696 0.90910.8264 483,444 (113,253) (118,398)451,1323 720,000 590,900 0.7513 

2 4,764 0.7561 0.8264 3,602540,936 443,943 3 3,937
4 855,000 590,900 0.6,30 92,984 0.6575 0.7513 61,124 69,8445683,965 403,5845 990,000 590,900 0.6209 614,691 

4 227,964 0.5718 0.8830 130,350 155,699368,890 56 990,000 590,900 0.5645 362,964 0.4972 0.6209 180,466 225,364558,360 333,5637 990,000 6 362,964 0.4323590,900 0.5132 507,870 303,250 7 
0.5645 156.909 204,8938 990,000 362,964 0.3759 0.5132590,900 0.4665 136,438 186,273461,340 275,6559 990,000 8 362,964 0.3269590,900 0.4241 419,760 0.4665 118,653 169,323250,601 910 362,964 0.28431,105,000d 

590,900 0.3855 426,530 227,792 0.4241 103,191 153,93310 362,964 0.2472 0.3855 89,725 139,923Total 
5,005,991 3,780,872 Total 867,205 1,190,791

sExchualng interest and depreiation. 
NPV8at,0%-M1,790,791bBaved on the formula: 1/(1+0.10)n where n = number ofyears.

'Including initial investment cost ofMIS21.000.dlncluding residual values of pond development (M88O,000) and other investment items (M135,000).
Nots: Benefit/cost (BC) rtlo = 1.32 
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ABSTRACT 

Decision theory and financial analysis were used to deter.mine an investment and marketing strategy that would maxi. 
mize returns for a grouper farm operating in the Philippines.
Four strategies were considered: (1) full initial investment,export market; (2) full initial investment, domestic market; (3)staggered investment, export market; and (4) staggered
investment, domestic market. Results show that all investment
and marketing combinations yielded attractive returns,
although it is the third strategy that should be espoused byindustry planners because it favors small-scale entrepreneurs, 

INTRODUCTION 

Multiple uses of coastal resources such as fish-
ing, recreation, tourism and aquaculture provide
potential benefits and costs to society. Coastal 
resources management interventions seek to 
maximize the net benefits from these resources by
promoting or influencing the processes involved in 
their use through policies, measures and regula-
tions. For these interventions to be consistent 
with their proposed objectives, a clear under-
standing of the cause and effect relationships gov-
erning the various processes of coastal resources 
use is needed.

In the fisheries sector, these objectives. include 
increasing fish supply, employment and exports 

(Pauly 1979) within a sustained framework. Withthese objectives in mind, management decisions 
are made at different levels of the public and pri-

L 
vate hierarchy (policymakers, businessmen, scientists, fishermen) and from different sectors of the economy (agriculture, industry, services). As 
management interventions are the consequences
of decisions made by a heterogeneous group ofdecisiorimakers, it is important to recognize that 
very frequently, decisions about coastal resources 
are based on noneconomic criteria such as ethical,
political, religious, institutional, biological and a
variety of other considerations (Emmerson 1980).Today, decision theory and financial analysisprovide the scientific bases fcr rational decisions 

that have likewise been done in the felds of engineering, business administration and economics(Cleland and King 1983). Their application to
coastal resources management problems offers

tials for increased efficiency in the decision
poten
making process and for understanding the 
behavior of various participants.

in this paper, the potential benefits
particular type of coastal aquaculture activity 

of 
are

a 

evaluated using financial analysis and decision
theory. The aquaculture system analyzed is the 
cage culture of a live grouper, Epinephelus
malabaricusa. Cost and revenue data and the
operational regime of a grouper farm in Lingayen
Gulf, Philippines were used in combination with 
biological parameters (Chua and Teng 1979) to 
generate financial economicand indicators of 
performance under different simulated scenarios. 

These indicators include: (1) internal rate of 
return (IRR), which is a measure of the overall 

GThe species Epinephelus malabaricusis synonymous withE. salmoides as identified by Katayama (Randall 1987). The 
former is generally misidentified as E. tauvina. 
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profitability of the project and which considers the 
opportunity cost of capital (through the discount 
rate) and the timing of the cash flow; (2) 
<discounted> break-even quantity (BEQ) level, 
which gives the level of production at which total 
cost equals the total revenue; (3) <discounted> 
average profit, which is estimated by subtracting 
from the average revenue all operating costs, 
including depreciation; and (4) <discounted> 
payback period, which estimates the number of 
culture periods required to recoup the initial 
investment. 

These indicators are estimated and interpreted 
under two decisionmaking levels: one represent-
ing a set of controlled factors or variables, and the 
other representing the composite effect of 
exogenous factors (i.e., inflation rate, interest 
rate, foreign exchange rate) that impose 
constraints on internal decisionmaking. 

The controlled factors are based on two of the 
more important issues a cage farmer (or any 
entrepreneur, for that matter) needs to contend 
with: investment (how much and when to invest) 
and marketing (where and when to sell). 

The exogenous factors are reflected in four 
environmental scenarios: (1) the base scenario, 
which represents existing prices; (2) the optimistic 
scenario, which represents a simultaneous 
increase in the selling price of groupers and a 
drop in the price of feeds and seeds relative to 
existing price levels; (3) the devaluation scenario, 
which represents a 20% increase in the peso-dol-
lar rate; and (4) the price change scenario,which 
represents a 10% increase in the price of feeds, 
seeds and groupers. 

The choice of strategy ultimately depends on 
the type of decisionmaker who may opt to 
maximize returns (i.e., high profits) in a high-risk 
environment (maximax criterion) or a maximum 
level of returns with low risk (maximin criterion) 
(Halter and Dean 1971; Cleland and King 1983). 

This decisionmaking process is relevant to the 
aquaculture entrepreneur because it provides an 
empirical and systeiatic approach for the estima-
tion and interpretation of economic and financial 
indicators used to formulate and implement 
strategies that enhance profitability. The same 
process can also be used to predict the 
competitors' reaction to changes in the economic 
environment. 

The decisionmaking process outlined in this 
paper was applied to the cage culture of live 
groupers for several reasons. First, there is an 
existing market niche with huge potentials for the 

expansion of live groupers both in the domestic 
and export markets. Live groupers are showcased 
as prime dishes in elite hotels and restaurants 
locally and abroad (e.g., Hong Kong and 
Singapore). Additionally, the Bureau of Fisheries 
and Aquatic Resources (BFAR 1984) reports that 
live (including fingerlings) and frozen groupers 
have also been exported to Europe and the USA. 
Exports of live and frozen groupers averaged 
20,000 kg and 50,000 kg/year in 1983-1984, 
respectively. 

Second, live groupers command a high price. 
The retail price of live groupers sold in tanks 
averaged P305/kg while the farmgate price ranged 
from P180-P220/kg (De Guzman 1987). However, 
there is a sharp disparity in the 15rice of live and 
fresh/frozen groupers (i.e., the retail price of 
frozen grouper is P130/kg.). 

Third, the market supply of groupers comes 
from marine capture fisheries and aquaculture. 
Landings of groupers from the marine sector 
averaged 25,000 t from 1984 to 1987, of which 
95% is accounted for by the municipal sector.b 
Groupers contribute an average of 3% and 0.3% to 
the total catch of the municipal and commercial 
sectors, respectively (BFAR 1986). The low 
production of groupers from the marine sectot, 
especially the live ones, can be compensated by 
the aquaculture sector. No national production 
figures exist for farmed groupers given the 
fragmented and still developing nature of the 
industry. However, cage farms are known to 
operate in the provinces of Pangasinan, Palawan 
and Iloilo. Pond operations have likewise been 
noted in the provinces of Bulacan (De Guzman 
1987) and Quezon. The cage culture of groupers in 
the Philippines is similar to the operation of cage 
farms in Thailand, Malaysia and Singapore (Chua 
and Teng 1978; Chen 1979). 

Lastly, technological breakthroughs in the area 
of sex reversal (Chen et al. 1977), larval rearing 
(Hussain and Higuchi 1979) and stocking and 
feeding (Chen 1979; Chua and Terig 1979, Chua 
and Teng 1980) show a shift toward controlling 
the culture environment. Thus, this case study is 
a relevant application of the decisionmaking pro
cess. 

Mrhe municipal fishery sector is defined in the Philippines 
as that using gear with or without boats of tonnage equal to 3 t 

and below. 
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METHODOLOGY Purchase of materials and construction of the 

cage structure take a full month. Stocking is corn-The process of decisionmaking under uncer- pleted on the first day of the first month of thetainty in an aquaculture system is based on a case culture period. Harvesting is done on the last daystudy of the cost and revenue structure and of the last month. No major maintenance choresoperational system of a cage farm situated off the are necessary for restocking the next day after theport of Sual in 	Pangasinan, Philippines. The cost harvest. Feeding, cleaning and repairing of netsand revenue structure is defined by the produc- take place simultaneously during the culturetion strategy used. period.Two broad strategies have been considered: Each strategy depicts a specific cost-revenueinvestment and marketing. The investment strat- structure because each (strategy) is differentiated egy involves decisions on the timing and magni- from the rest by the number of cages in operation,tude of purchases. Two investment options were stocking density, feeding rate and harvesting.considered. The first one involves making all For example, strategies 1 and 2 involve a fullinvestments on the first culture period, while the initial investment which is reflected in the firstsecond one assumes that investment is staggered cash flow period. On the other hand, investment(i.e., distributed among several culture periods).c costs for strategies 3 and 4, which correspond toThe marketing strategy involves a choice the number of cages constructed, are reflected inbetween selling live groupers to the domestic relevant culture periods. Monthly fixed costs suchmarket or selling them to the export market, as sea rent, salaries, food allowance and mainteimplying a corresponding harvest strategy. The nance costs remain constant for all strategy types.harvesting strategy is directly related to the mar- Variable cost and revenue are based on theketing strategy because the choice of market physical inflow and outflow of resources from thedetermines the 	acceptable size. cage system (Fig. 1). The input-output relation-Combinations 	 of the given investment and ship was based on parameters such as initialmarketing strategies result in the following: stocking density, growth and mortality rates, and 
food conversion ratios as studied by Chua andStrategy 1 = 	 All investments in first month, Teng (1980) (see Table 1).

export market Fig. 1 shows that at the start of the first month, 
60 fingerlings are stocked, requiringStrategy 2 = 	 All investments in first month, 20 kg oftrash fish. Variable cost per cage is based on thedomestic market cost of fingerlings (base situation price is 
P15/fingerling) and the cost of feed (base situationStrategy 3 = 	 Staggered investment, export is P4/kg) which is, in turn, dependent on the stagemarket of growth of the fish. Feed and seed costs account 
for 80% of the total variable cost. Other costsStrategy 4 = 	 Staggered investment, domes- include medicine and repairs. Total variable costtic market is computed as the sum of all variable costs of all 

I cages in operation at various stages of fishThe economic analysis is conducted over a growth.period of 5 years or 60 months. Each culture Revenue is based on price and quantity harperiod is taken 	as one cash flow period--strategies vested. Either 30 kg of 500-g groupers can be har1 and 3 (culture period is 8 months) are evaluated vested every fifth month (as in strategies 2 and 4)using 7 cash flow periods, whereas strategies 2 or 45 kg of 800-g groupers every eighth month (asand 4 (culture period is 5 months) are evaluated in strategies 1 and 3) (see Table 2 and Fig. 1).using 11 cash flow periods. Total revenue 	 per month is dependent on the 
number of cages ready for harvesting. Fixed rev
enues are generated from the ninth monthcA culture period is the time necessary for a fry/fingerling to onwards for strategy 1, assuming that all 30 cagesattain a marketable size. This size is 500 g for the domestic have been stocked at the ratemarket 	 of 4 cages perand from 800 to 1,000 g for the export market, month. For strategy 2, fixed revenues are gener-

Assuming an initial stocking of 50 g, thes and eight months, 
respectively. Initial stocking density and feeding rate is given 

ated from the sixth month onwards, assuming 
in Table 1. 	

stocking to be at the rate of 6 cages/month over 5months. Although revenues are also fixed for 
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strategies 3 and 4, they are not earned succes-
sively because of the "stocking lags" between cul-
ture periods. Thus, the first culture period would 
register a revenue equivalent to one month, the 
second culture period would have two months, 
and so on. Table 2 depicts a comparison of the 
revenue schedules for all strategies. 

From the monthly cash flow, a cash flow based 
on the length of the relevant culture period can be 
established from which the economic indicators 
can be derived. These include the IRR and the 
discounted values of the average profit, breakeven 
quantity level and payback period. The discount 
rate used is 12%, which is the average annual 
nominal loan rate (CRC 1988). 

To incorporate the range of possible environ-
mental conditions that may affect the outcome of 
a decision, the strategies are evaluated under four 
different states of nature (Table 3). 

The approaches to decisionmaking under uncer-
tainty are applied in this case study. These are 
the maximin and maximax criteria (Cleland and 
King 1983). The maximin approach is taken when 
the decisionmaker assumes a pessimistic view 
and decides to settle for the least attractive out-
come for each strategy. The worst outcomes are 
then compared and then the best is chosen. Thus, 
the strategy chosen is that which provides the 
best outcome under the worst conditions. The 
maximax approach, on the other hand, is applied 
by an optimistic decisionmaker. He chooses the 
best outcomes and decides on the strategy which 
provides the "best among the best" outcomes. 

RESULTS AND DISCUSSION 

The cage farm used in the case study is located 
about 5 km from the shore near the port of Sual, 
Pangasinan. The system covers 1,200 m2 and con-
sists of 30 rectangular cage;, each measuring 3 x 
3 x .5 m. The cage structure includes the net, 
which is supported by wooden planks buoyed by 
fiberglass-coated styrofoam blocks. The support 
structure is also used as a working area. The 
anchors are cemented drums that are hinged to 
the main structure by nylon ropes, cables and 
chains. Initial investment cost is P145,000 (see 
Table 4).d Monthly fixed cost totalling P8,000 
includes sea rent (P25), salaries (P7,200 for each 
of the four workers), food allowance (P250) and 

dThe owner of the grouper farm pointed out that the initial 
investment cost can be scaled down to 25% of the original level. 

maintenance for the boat (P525); this remains 
constant for all strategy types. A typical cage cul
ture system is shown in Figs. 2 and 3. 

The four full-time workers man the farm 24 
hours a day, taking charge of stocking, feed 
preparation, feeding, fish grading and sorting, 
cleaning of nets, harvesting, marketing and 
surveillance. Other costs include sea rent, 
salaries, food allowance and maintenance for the 
boat. 

The indicators (IRR, BEQ, average profit and 
payback period) generated for each strategy under 
four different states of nature are presented in 
Table 5. The most desirable results for strategy 1 
occur under the devaluation scenario. The IRR 
(362%) and average profit (P87,240/culture period) 
are highest while the payback period (1.7) and 
BEQ (1,833 kg) are lowest. The same results are 
reflected in strategy 3 except for the IRR, which is 
slightly lower than that generated in the 
optimistic state (608%). The worst outcomes for 
strategies 1 and 3 occur under the price change 
scenario because the price of inputs (fingerling 
and feed) increased, while the price of groupers 
remained constant. The best results for strategies 
2 and 4 occur under the optimistic state. The out
comes under the base and devaluation scenarios 
are equal since the assumed devaluation does not 
affect domestic prices. 

Results of the sensitivity analysis are shown in 
Table 5. In the short run, a devaluation is consid
ered favorable for strategies 1 and 3. A higher 
rate of devaluation makes the outcome more 
attractive (i.e., higher IRR and average profit but 
lower BEQ and payback period). Strategy 3 regis
tered a higher level of BEQ and lower average 
profit although the IRR is higher for all levels of 
devaluation. The same trend is reflected by the 
inflation scenario. Although all three indicators 
(BEQ, payback period and average profit) favor 
strategy 2 over strategy 4, the IRR of strategy 4 is 
higher. 

Any of the four indicators may be used as a 
basis for final decisionmaking but the choice 
depends on what the entrepreneur considers to be 
most applicable. In this example, the IRR was 
used as a basis for applying the maximin and 
maximax approaches. 

Table 6 summarizes the IRRs resulting from 
each strategy under the four different states of 
nature. To illustrate, the decisionmaker who uses 
the maximin approach chooses the lowest IRR for 
each strategy. It is 112% for strategies 1 and 2, 
151% for strategy 3 and 116% for strategy 4. The 
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best among the worst outcomes is 151%, and this imposed by a lump sum investment (as in strategy
results from applying strategy 3 if the price 1) during the first period.
change scenario occurs. The more optimistic deci- This implies that grouper farming can be profsionmaker will choose the best among the best itable to small investors. Entry conditions (i.e.,outcomes (highest IRR for every strategy), and capital requirement) are not as rigid as intensivethis is 608%, which is registered also by strategy 3 shrimp farming, which makes it possible for smallunder an optimistic scenario, investors to participate. Thus, coastal managers 

and industry planners should develop the poten
tial of grouper farm operations to broaden theCONCLUSION AND IMPLICATIONS capabilities of the existing aquaculture sectorFOR MANAGEMENT and/or provide an alternative to traditional cap
ture fisheries especially in overexploited areas.This paper has shown how financial analysis Specific areas that need to be developpd includeand decision theory can be applied as tools for sys- marketing and financial assistance to suit thetematic and rational decisionmaking in coastal needs of small investors. Marketing supportaquaculture. While financial and economic analy- should also be provided to small farmers/investorssis results in estimates of "project worth," decision for them to penetrate the export market.


theory permits the decisionmaker to decide on 
one The feasibility of a full-scale nationwide among many options available, choosing that involvement in cage farming faces a number of
which is reflective of his perception and reaction constraints: 
to the prevailing risks. First is the number of suitable areas in theThe specific case of a cage farm shows the likely country. Only 8% of the total Philippine territorydecisions a.,apted by the entrepreneur based on is relatively free from storms (Roces 1986),financial and economic indicators of four combina- although the archipelago's irregular coastline,
tions of investment and marketing options. These where protected bays and coves are common (e.g.,decisions are likewise relevant to the government the port of Sual), provides a number of appropriplanner/industry analyst for the formulation of ate sites. Water pollution can also be a constraintpolicies needed for the development of the indus- to cage farming as in the case of Lingayen Gulf 
try. From the results earlier presented, the fol- (Maaliw et al. 1989).
lowing conclusions can be derived: Second are the economic risks brought about byFirst, that the cage farming of groupers is an fluctuations in the pzice of the produce andextremely attractive business, a basic characteris- inputs. Results show that the price of groupers istic of infant industries. To illustrate, the lowest the most important factor in determining prof-IRR registered is 112%, a rate that is almost ten itability. However, profitability has a way oftimes as much as the nominal loan rate of 12% attracting investors that may, in the long run,(CRC 1988). This implies that a grouper farmer result in oversupply and eventually, in depressedearns over and above what he could earn in alter- prices. The role of coastal managers is to regulatenative investments. indiscriminate entry and to create a rational

Second, although generally considered prof- pricing policy to lessen fluctuations.itable, some strategies fare better than others. Abrupt changes in the availability/price of feeds
Strategies 1 and 3 (export marketing) resulted in and seeds (caused by seasonality in supply) alsorelatively higher returns than strategies 2 and 4 pose a threat to the viability of groupers farming.e
(domestic marketing), which implies that the The role of the coastal manager is to update andhigher price obtained in the export market com
pensates for the additional time needed to obtain eTo check for seasonal fluctuations in supply, a"export-quality" groupers. The role of the govern- multiplicative moving-average method was used to derivement and the coastal manager is to provide seasonal indices based on monthly data of the marine 
infrastructure support and marketing assistance, 

production of gloupers in the Philippines from 1984 to 1987. 
which is otherwise unavailable to small 

The results show that, on the average, increases in productiontake place during the months of May to August, the country's
entrepreneurs. wet season. Torres et al. (n.d.) observe that the supply of fishThird, between strategies 1 and 3, which differ in Metro Manila is larger from March to June. The movingdue to investment schedule, strategy 3 generated average method was also used to detect seasonal fluctuations 
higher IRRs. in prces (retail) of groupers. Results show that the retail priceThis is because the piecemeal is highest from December to March, also the period when the
investment alleviates a heavy cost burden that is supply is lowest. 
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disseminate technological information in larval 
rearing and feed preparations and provide the 
necessary infrastructure for a well-balanced 
industry. 

Lastly, there are also noneconomic repercus-
sions of unrestricted entry. These are social and 
environmental effects which are harder to quan-
tify. The role of the coastal manager is to priori-
tize the uses of the coastal zone whether it be for 
recreation, aquaculture, navigation or capturefishing. 
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Table 1. Biological parameters of gnmper culture. 

Initial stocking density 
fish/M 3 


weight, kg/m3 

Initial si-o of fish 
mean length, cm 
mean weight, g 

Rearing period 
no. of months 

Mean fish weight at harvest 
g/fish 

Fe d conversion rate(FCR) 
mean ratio 

Moitality 
Average growth rate 

g/fish/day 

Source Chua and Teng (1980). 

60 
3.35 

15.7 
55.7 

8 

795.9 

3.7 
6% 

3.08 



Table 2. Revenue schedules for all strategies. 
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Table &.Fourdifferent 
peso). 

state of nature (in Phllippine Table 4. Initial investment cost for a cae 
system (in Philippine peso, 1988 prices). 

culture 

Bass; 
pre,zpcrt 

Domestic price 
Seed price 
Feed pris 

Devalustion (M38I4) 
EZPmt price 
Domestic price 
Seed pries 
Fd price 

200kg 
1260f 
lslngerlln 
4 

801k 
1601g 
1Suinln 
4 

Nets 
Floatsk 
Anchozs 
Platform 
Chainfrope 

Lamps
Land and water transport 
Cotage/hut 

Total 

18,000 
27,000 

4,000 
30500 

3.000 
2500 

30.000 
30.000 

145,000 

OpunisIs 
zsprt ric, 
Domestic rce 
Seed pice 
Feed prices3k 

25Wk& 
200/kg 
1 

-For 30 caeg 20 m/cage at P301m.
bOOfloats (styro r coated w/ ftberglnss) at P300 
each. 
.15 anchors at P275 each. 
Note: 29 December 1988:= . USSI.00 

Leffxkoa (10%) 

Export price 
Domestic price 
Seed price 
Feed price 

200ft 
165kg 
16.5ing 
4.4kr 
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Table 5. Economic indicators resulting from four different states of nature (in Philippir:e peso). 

Base Optimistic Devaluation (P2531) Inflation (10%) 

Export price 
2
00/kg 

Domestic price - 1 3/kg 
Seed price  15/fingerling 

Feed price  4/kg 

Export price  25 Og 
Domestic price . 200/kg 
Seed price  12.5-ingerling 

Feed price - 3/kg 

Export price - 300/kg 
Domestic price  150/kg 
Seed price 15/fingerling 

Feed price - 41kg 

Export price - 200&g 
Domestic price  165/kg 
Seed price = 16.5/fingerling 

Feed price - 4.4/kg 

Strategyl IRR- 136% IRP - 348% IRR -362% IRR m112% 
BEQ  3.824/kg 
Ave. profit - 38,871 
Payback period  3.7 years 

BEQ  2,110/kg 
Ave. profit - 74960 
Payback pcriod = 1.9 years 

BEQ -1 833/kg 
Ave. profit 87,240 
Payback period -1.7 years 

BEQ  4,332/kg 
Ave. profit  33,699 
Payback period  4.3years 

Strategy 2 IRR-112% 
BEQ - 6,540/kg 
Ave. profit  37,289 
Payback period -3.9 years 

IR - 296% 
BEQ - 3,088/kg 

Ave. profit 72,826 
Payback period -2 yeanm 

M-112% 
BEQ - 5,540/kg 

Ave. profit - 37,289 
Payback period -3.9 years 

IR.123% 
BEQ  5,037/kg 
Ave. profit  41,817 
Paybeack period -3.5 years 

Strateg3 111- 192% 
REQ - 4 

,399/kg 
Ave. profit - 37,926 
Payback period  3.8 years 

HM1- 608% 
BEQ - 2,427/kg 
Ave. profit -74,016 

Payback period -1.9 years 

IRSR=-585% 
BEQ 2.109/kg 
Ave. profit -86,296 
Payback period -1.7 year 

IRR11% 
BEQ 4XVkg 
Ave. profit  32,756 
Paybeack period  4.43 years 

Strategy 4 IRR. 116% IRR. - 10% IRR =116% IRR - 125% 
BEQ - 6,945/kg 
Ave. profit -27,883 
Payback perlod - 5.2 yars 

BEQ  3,347/kg 
Ave. profit  65,791 
Payback period . 2.2 years 

BEQ - 6,945 kg 
Ave. profit -27,883 
Payback period  5.2 yeam 

BEQ  6,314/kg 
Ave. profit - 31,463 
Psyback period -4.6 years 

Table 6.Application of the maximin and m -imax criteria in deciaionmaking (in Philippine peso). 

Base Optimistic Devaluation (P25:1) Inflation (10%) 

Expert price  200/k 
Domestic price - 150/kg 
Seed mice  11"ingerlng 
Feed price  4/kg 

Export price  250/kg 
Domestic price  200/kg 
Seed price - 1

2 
.5ngerling 

Feed price . 3/kg 

Export price  300/k 
Domestic price  5/kg 
Seed price  151ingerfing 
Feed price - 4/kg 

Export price - 20kg 
Domestic price  166/kg 
Seed price  16.5/fingerling 
Feed price - 4.4/kg 

Strategyl 

Strategy2 
Strategy 3 

IRR-136% 

MRR112% 
amRR. 1ERR= 

HRM-348% 

MR 295% 
608-

MRR-362% 
MR3 112% 
IMR- 686 

IRM-112% 

IR- 123% 
MR-ISIW, 

Strategy 4 IMR-116% I1111-b10% IRR-116% ERR - 125% 

-Decision rule using m imx teria. 
Dedsio rule using criteril 
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Fig. 1. Physical inflow and outflow of resourcs from the cage culture sytem. 
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6m 

Fig. 2. Anchoring and arrangement of floating cages and floating house with wooden pegs (Chua and Teng 1978). 
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Fig. 3. A floating cage with eight netcagee (Chua and Teng 1978). 
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ABSTRACT 

The adjacency of ASEAN member-countries around a sem-
enclosed sea and their extension of maritime jurisdiction dic-
tate that some actual or potential coastal resources manage-ment issues will be transnational, as will their resolutioa. Such 
transnational issues include: (1) transboundary pollutioneffects from land-based sources, spills from oil wells and oil
and hazardous cargo spills from vessels; sealane siting; (2) 
transboundary pollution control--harmonization of policies andregulations; (3) transboundary fisheries management of migra-
tory species, shared stocks and illegal foreign fishing; (4) con-
servation--coordination of national and regional conservation
schemes; (5) cooperation or harmonization of monitoring,
surveillance and enforcement; and (6) management of islandsand marine areas of uncertain jurisdiction. Examples of actual 
or potential transnational issues are elaborated and alterna
tive solutions suggested, 

INTRODUCTION 

Nearshore waters and their biota are inextrica-
bly linked physically, chemically, biologically and
ecologically with waters farther offchore. Indeed,
the seaward boundary of the coastal area for
research and management purposes is often 
defined as extending to encompass those waters 
harboring activities that can or do affect the coast.
In Southeast Asia--with offshore oil exploitation
affecting coastal infrastructural development, 

pollution from offshore tankers impacting thecoast, and fish and fishernmen migrating between 
offs

hore 	and inshore--the outward boundary of thecoastal area for management and research purposes might well be considered coterminuswith that of the Exclusive Economic Zone (EEZ).Most of the coastal countries in SoutheastcasacunreinS 	 AsiatestAahave now extended their maritime jurisdictions to200 	nautical miles (nm) more and, in manyor 
areas, their claims overlap (Fig. 1). This 
superimposition of a mosaic of national claims andpolicies on transnational resources and activities
increases the possibilities for transnationalmarine resources management issues.

General are 
as where boundaries need to bedrawn are in (see Fig. 1): 

. Malaysia-Thailand: a quasitriangular
shaped area in the southwestern Gulf of 

Thailand resulting from a disagreement
over the 	 effict to be given to islands
claimed by Thailand in drawing anequidistant line, although the two coun
tries signed a memorandum of under
standing on 21 February 1979 recognizingthe 	 overlapping claims and agreeing to. 
establish a joint authority for the exploita
tion of seabed resources in the disputed
area.
 

0 Indonesia-Vietnam: 
 a large trapezoid
shaped area north of the Natuna Islands 
where Vietnam claims the natural prolon
gation of its land territory to a depression
just north of the Natuna Islands. Indone
sia claims the equidistant line between 
Indonesia's archipelagic baseline and the 
Vietnamese territoly.

• 	 Malaysia-Philippines: a triangular-shaped
 
area off northeast Sabah 
 in the Celebes 

aThis paper is based on the following: Valencia (1983): Jaafar and Valencia (1985); Olson and Morgan (1985); Prescott (1985);Samson (1985); Valencia and Jaafar (1985); and White (1985). 
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Sea where Malaysia's continental shelf 
claim from a controversial baseline 
extends beyond lines of equidistance using 
various islands. There are also two small 
slivers of area here disputed by Malaysia 
and Indonesia because Malaysia's unilat-
eral claim does not give effect to the 
Indonesian islands of Batuan Unarang 
and Pulau Maratua. 
Indonesia-Malaysia: a contorted triangu-
lar-shaped area extending northeast from 
the Sarawak-Kalimantan land boundary 
where the agreed continental shelf bound-
ary is not coincident with an equidistant 
line. 

* 	 Brunei Darussalam-Malaysia: a triangu-
lar-shaped area where the United King-
dom, on Brunei Darussalam's behalf, 
claimed more shelf area than it was enti-
tled to by an equidistant line. 

" 	 Indonesia-Australia: a rectangular-shaped 
area south of East Timor where Indonesia 
claims the equidistant line and Australia 
claims a direct line joining existing agreed 
boundary segments.. 

* 	 Thailand-Kampuchea-Vietnam: a large 
part of the eastern Gulf of Thailand 
resulting from a disagreement on owner-
ship of islands and the effect to be given to 
various islands in drawing equidistant 
lines, and on the azimuth of projections of 
land boundaries into the sea. 

* 	 Malaysia-Vietnam-Philippines-China: 
most of the central and northern South 
China Sea is claimed by China on histori-
cal grounds; all claim ownership of some 
of the Spratly Islands on various grounds. 

0 	 China (Taiwan)-Philippines: a large trian-
gular-shaped area in the Bashi Channel 
resulting from Taiwan's declaration of an 
EEZ following the equidistant line and the 
Philippines' adherence to the treaty limits 
as territorial waters. 

" 	 Indonesia-Philippines: a small triangular-
shaped area south of Mipdanao where 
Philippine territorial waters extend 
beyond an equidistant line between the 
Philippine and Indonesian archipelagic 
baselines. 

* 	 Indonesia-Australia: a large area to the 
west of the Timor "gap" where Indonesia 
and Australia disagree on the effect to be 
given to the Australian Scott Reef and 
Ashmore, Cartier and Browse Islands. 

° 	 Indonesia-Australia: a large semicircular
shaped area between Christmas Island 
and Java where Indonesia argues that the 
island does not generate a right to a con
tinental shelf because it is far closer 
(within 200 nm) to Indonesia than to Aus
tralia. 

• 	 Malaysia-Singapore-Indonesia: a small 
belt of disputed area generated by con
flicting claims by Malaysia and Singapore 
to Horsburgh Lighthouse or, more accu
rately, to the feature on which it stands; 
the result could affect Singapore's bound
ary with Indonesia. 

Besides these overlapping claims to the same 
waters, all ASEAN member-states share the 
waters of the semi-enclosed South China Sea and 
all have jurisdiction over waters that abut those of 
neighbors--both ASEAN and non-ASEAN mem
bers (e.g., Burma, Vietnam, Kampuchea and 
Papua New Guinea). ASEAN maritime neighbors 
include Thailand with Malaysia and Indonesia, 
Malaysia with all ASEAN members, Indonesia 
with all ASEAN members except Brunei Darus
salam, Singapore with Malaysia and Indonesia, 
Brunei Darussalam with Malaysia and perhaps 
the Philippines, and the Philippines with Indone
sia, Malaysia and possibly Brunei Darussalam. 
The foregoing means that the management of the 
national coastal area may not be purely a national 
affair. Indeed, coastal management is the basis for 
and blends with EEZ management. 

TRANSNATIONAL COASTAL RESOURCES 
MANAGEMENT ISSUES 

Marine environmental protection 

ASEAN member-states have different strate
gies or specific regulations for the protection and 
preservation of the environment in shared or 
adjacent waters. For example, Malaysia, Indone
sia and Singapore have adopted different strate
gies--Malaysia: mixed-uniform standards; Indone
sia: multiple uniform standards; and Singapore: 
single uniform standardo (with treatment 
options). The Philippines has talken the variable 
discharge standards approach by emphasizing the 
maintenance of the quality of its waters for vari
ous beneficial uses. Further, their specific stan
dards are different for effluents discharged into 
watercourses other than those used for water 
supply (Table 1). In comprehensiveness and 
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strictness, Singapore ranks generally higher than are generally weak such as in the Gulf of Thai-Malaysia, which ranks higher than Indonesia. land, the eastern South China Sea, the ArafuraThese policies and regulations reflect real dif- Sea and the Coral Sea, presumably so is the disferences in national priorities for environmental persion and dilution of pollutants. Airborne polluprotection, in general, and for specific pollutants tants can be carried across national borders byand pollutant sources, in particular. Yet a. mosaic winds and further distributed by surface currents.of different pollution policies and regulations Another means of distribution of pollutants orcould make environmental protection of shared their effects across national borders is through theand adjacent waters very difficult and possibly organisms themselves. Some edible and commerinhibit transnational activities such as oil ship- cial fish stocks are migratory or shared, and theirping. Can and should standards be made uniform patterns of movement indicate the potential foror be harmonized among, at least, the ASEAN transnational distribution of accumulated pollumember-countries with large adjacent jurisdic- tants. 

tional areas? If so, which standards, where and on
what common base? ASEAN regional marine 

environmental policies
 
Will differences be exploited? 
 ASEAN has taken some regional initiatives to 

A potential investor may look at the various control pollution, e.g., the United Nations Envipollution standards set by different countries as ronment Programme Regional Action Plan. Butpart of an economic assessment of project feasi- some of the marine areas claimed by ASEANbility and siting. From an investment perspective, member-countries are also claimed by other counthe Philippines might be projecting a more favor- tries not party to either the plan or ASEAN-able regulatory climate by not explicitly express- Vietnam and Kampuchea in the eastern Gulf ofing discharge standards in its pollution control Thailand, Vietnam in the Natuna area, and Vietlaws. By specifying uniform discharge standards nam and China in the "Dangerous Ground."in their laws, Singapore, Malaysia, Thailand and Because pollution does not recognize jurisdictional
perhaps Indonesia might discourage some pollut- boundaries, several different issues arise. Should
ing industries from investing in these countries. these disputed areas be included in regionalShould countries in the region standardize regula- plans? Should and could the plans and internations to avoid offering incentives to pollutingindustries to locate in a particularcountry? tional cooperation in marine environmentaltection be expanded proto encompass the entireSouth China Sea and adjacent bodies of water? 

Should extraregional users and polluters such asTransnational pollution Japan and the United States participate in the 
plan or contribute to its implementation? To whatFig. 2 shows hypothetical oil spill trajectories degree should the plan be substantively weakenedfor five points of origin in the South China Sea. A or its priorities changed to encourage more counspill from the hypothetical point of origin off the tries to participate?coast of Sabah would create an oil slick in Philip- Are there real differences in perception of pollupine-claimed waters and crosswould waters tion priorities among the countries? Does eachclaimed by Brunei Darussalam. A spill at the ASEAN member-country wish to develop its ownhypothetical point of origin east of Peninsular environmental impact assessment methodologyMalaysia could result in the pollution of Viet- and guidelines to fit iti development objectives?namese and Indonesian archipelagic waters. Oil How will any such perceptual differences affectoriginating at Bach Ho off southern Vietnam the implementation of the regional plans? To whatcould penetrate Indonesian and Malaysian degree should politics influence the interpretationwaters. of scientific evidence in determining priorities?

Other more invisible but insidious pollutantssuch as dioxins can travel across national borders A convention on the marine environment
with the surface currents. Since the surface current pattern reverses itself twice each year, pollu- Within ASEAN, there is a general dispositiontants could be swept back and forth across juris- against the notion of a model statute or some regdictional boundaries. Moreover, where currents ulations for environmental purposes, based par
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tially on the diversity among ASEAN member-
nations and the past success of the informal coor-
dination of policies. But there is a wide range of 
intermediate steps between no cooperation and a 
formal convention. Should a series of less compre-
hensive interlocking agreements be established 
within the framework of a regional action plan? 
Should such arrangements be implemented even 
while progress is being made toward a conven-
tion? Should the regional action plans be 
expanded beyond the territorial sea limits of the 
participating countries to also include their EEZs? 

International conventions 

Many of the international conventions on the 
prevservenasnbasestforof marine pollution haveprevention and control 

yet to be signed, ratified or acceded to by the 
ASEAN member-countries. They are generally 

skeptical of international conventions, particu
larly on the management of ship-generated pollu-
tion. Apparently, they feel that the cost imposed 
by the implementation and enforcement of the 
regulations outweigh the benefits to be derived, 
With increasing economic development and con-
comitant marine environment damage, however,it may now be considered timely for an individual 
it maycow e conideexm timelyfforeanenefitsdul 
or collective reexamination of the benefits and 
costs of those existing conventions, 

Specially protected areas 

The Convention on the Law of the Sea (Article 
194) provides that environmental protection mea-
sures taKen shall include those necessary to pro-
tect and preserve rare or fragile ecosystems as 
well as the habitats of depleted, threatened or 
endangered species. The region harbors many 
such ecosystems and species. Regulations for such 
areas could exclude, for example, ships carrying 
potential pollutants. Should proposals for the 
designation of such areas be discussed and 
approved on a multilateral basis among those 
countries affected? What criteria should be used, 
and what should the balance be between protec-
tion and use? 

Conservation 

As a result of the Convention on the Law of the 
Sea, coastal states are obliged to protect and pre-
serve the marine environment and to cooperate in 

doing so directly or through international organi
zations. Further, a draft action plan for the con
servation of nature in the ASEAN region has been 
formulated by the International Union for the 
Conservation of Nature and Natural Resources 
(IUCN). Priorities include the establishment of a 
network of ASEAN reserves and the institution of 
measures to protect endangered species. A marine 
reserve--ranging on a spectrum from functional, 
where resource utilization occurs, to preserva
tional--is a crosscutting response to marine con
servation needs. A network of reserves such as 
national parks, biosphere reserves, nature 
reserves and wildlife sanctuaries is regarded in 
the plan as one of the most effective ways to con

serve ecosystems and their constituent wildlife. 
finding common criteria toestablishinglantadequateStress is placed on 

serve as bases for establishing an adequate 
reserve system. Should selection of these reservesbe coordinated within ASEAN? 

Sealane siting for tankers 

In Southeast Asia, oil is a major pollutant and 
the tankers traversing the region are the major 
at-sea source. Eastbound tankers proceeding 
ate MalcSE taes Chinaaore proChinaalong the Malacca-Singapore Straits-South 
Sea route are for the most part loaded with crude 
petroleum from the Arabian Gulf area and bound 
for East Asia, with some originating from 

Malaysian west coast ports or Indonesian ports on 
the northeastern coast of Sumatra. South- and 
west-bound traffic either carries refined products 
or is in ballast. 

The physical restrictions imposed by channel 
depths of less than 23 m (75 ft) in the straits, and 
the safety limitation of a 3.5 m underkeel clear
ance added by the three coastal states, effectively 
preclude the use of this route by fully laden 
tankers of more than 200,000 dwt, which com
monly have a draft of 19 m (62 ft) cr more. The 
alternative route for these very large crude-oil 
carriers is through the deep (150 m) and wide 
(12.5 nm minimum) waters of the Lombok and 
Makassar Straits and the Celebes Sea south of 
Mindanao. 

The Malacca-Singapore Straits, greatly pre
ferred because of the shorter distance involved, is 
used by 72% of the east-bound, loaded tankers; 
the Lombok-Makassar Straits, by only 28% (Fig. 
3). At any one time, there could be approximately 
51 loaded or returning very large crude carriers 
(VLCCs) in the region. This creates a likelihood of 
24,5 spills per year, averaging 1,000 MT within 50 
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mi of land and 5.6 spills per year, averaging 3,338 FISHERIES ISSUES
 
MT outside of 50 mi.
 

Between 0.35 and 0.50% of a tanker's cargo set- Maritime jurisdiction,

tles during long sea voyages, and unscrupulous fish migrations and shared stocks
 
operators discharge residue the
this into sea.Approximately 1,000 or 300,000 gal could be dis- Fish that migrate across national maritimecharged into the sea with tank washwater on a boundaries present problems of ownership, allocasingle voyage of a 200,000-t tanker. In Southeast tion and management since heavy fishing activi-Asia, this phenomenon results in major concentra- ties of one country can adversely affect the fisherytions of ballast discharge at each end of the Strait of another country if both fishing the sameareof Malacca, western Sea,in the Java west of stock. Similar problems can occur with sharedMadura, off Balikpapan, and off Brunei Darus- stocks, that is, nonmigratory stocks shared by twosalam and Sabah. Also, plumes of tank washings or more countries (Fig. 5).are generated along the two major tanker routes Mackerel stocks, which move north and south(Fig. 4). Furthermore, cargoes such as liquified along the western Malaysian, Thai and Burmesenatural gas, nuclear spent fuel and toxic chemi- coasts, can be exposed to fishing pressure from allcals transit the region, and originate three countries. Yellowfin tuna migrate betweensome even 

from Southeast Asia. northern Australia and southeastern Indonesia.Under the Convention on the Law of the Sea, The Philippines shares various tuna stocks withthe archipelagic states--Indonesia and the Philip- the Chinese province of Taiwan, northern Sabah,pines--may, with the approval of the International Malaysia and northern Indonesia. Shared demer-Maritime Organization (IMO), designate sealanes. sal stocks of mackerels and other species occurThese designations can influence the routing of between Thailand and Burma, Thailand andsome traffic, even diverting it into other countries' Malaysia, Malaysia and Sumatra (Indonesia),waters. Should designation of such sealanes be Sarawak (Malaysia) and Kalimantan (Indonesia),considered on a multilateral basis among those Vietnam and China, Hong Kong and China,countries affected? Sabah and Kalimantan, and Indonesia, northern
Environmental protection can be used as a Australia and Papua New Guinea.rationale for siting or resiting sealanes. For


example, Malaysia explained its denial of over-
 Maritime jurisdictionflight off the Strait of Malacca to the British Air- and total marine fisheries catch
ways' Concorde to prevent the sonic boom fromdisturbing spawning fish. Where vulnerable and Very heavily fished areas in the eastern Gulf ofvaluable marine resources coincide with pollution Thailand are claimed by Vietnam, Thailand andor the threat of pollution, specially protected areas Kampuchea (Fig. 6). Heavily fished areas in dismight be established and sealanes diverted. For pute include parts of the outer Gulf of Thailandexample, in the Philippines, such areas could in- (Vietnam, Thailand, Kampuchea and, in the joint
clude the Palawan Passage route--which passes development 
 area, Malaysia), western Natunathrough islands containing pristine mangrove (Vietnam and Indonesia), the area north of Tanforests, major sea turtle nesting areas, endan- jong Datu (Indonesia and Malaysia), the Gulf ofgered crocodile species and dugong--and the Tonkin (China and Vietnam), fringes of the cen-Sibutu Passage, which cuts directly through one tral South China Sea (China, Vietnam andof the world's major sea turtle nesting areas and Malaysia), the eastern Mainland Shelf (Chinamangrove forests, coral reefs and two marine re- mainland and Taiwan) and the Miangas areaserves. In Indonesia, each of the major normal (Indonesia and the Philippines).

routes for tankers passes near valuable and vulnerable resources. For theexample, Malacca- Issues related to disadvantaged statusSingapore Straits route passes by areas of high (> and historical fishing rights
1,000 kg/km 3) fisheries catch, extensive man
groves and marine reserves; the Karimata Strait Distant-water fishing countries have sufferedroute passes by coral reefs and sea turtle nesting economic dislocations after being blocked fromsites on Billiton and extensive mangrove forests important fishing grounds, following the EEZon Kalimantan; and the Java Sea portion passes declarations of their neighbors and of countriesthrough areas of high fishing intensity, outside the The ASEANregion. member-states 
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adversely affected by the EEZ regime are Singa-
pore and Thailand, although Singapore has 
shifted its interests to postharvest activities, 
including processing, transhipping and trading, 
with apparent success. 

Article 62 of the Convention on the Law of the 
Sca enjoins the coastal state to recognize "the 
need to minimize economic dislocations in states 
whose nationals have habitually fished in the zone 
or which have made substantial efforts in 
research and identification of stocks." A related 
provision, Article 70, grants coastal states "whose 
geographical situation makes them dependent 
upon the exploitation of the living resources of the 
EEZs of other states . . for adequate supplies of 
fish for the nutritional purposes of their popula-
tion or parts thereof' the right to share "on an 
equitable basis" in the surplus resources of the 
coastal states. 

Article 62, which deals with historical or tradi-
tional fishing rights, may apply to the distant-
water fleets of Thailand and to the inshore fishing 
fleets of countries whose boundaries have dense 
fishing populations such as Indonesia-Malaysia, 
Thailand on the Strait of Malacca, Thailand-
Burma on the Andaman Sea, Thailand-Kam-
puchea-Vietnam on the Gulf of Thailand and 
Brunei Darussalam-Malaysia in Brunei Bay. 

The Convention on the Law of the Sea (Article 
51) also says that "if a part of the archipelagic 
state lies between two parts of an immediately 
adjacent neighboring State, existing rights and all 
other legitimate interests which the latter State 
has traditionally exercised in such waters and all 
rights stipulated by agreement between those 
states shall continue and be respected." For 
Indonesia, this provision applies to the rights of 
fragmented Malaysia in the waters around 
Indonesia's Natuna Island. Consequently, Indone-
sia and Malaysia have a bilateral agreement that 
acknowledges Malaysia's traditional fishery rights 
in specified areas of the Indonesian archipelago 
and EEZ waters off the northern Anambas 
Islands. 

Monitoring, surveillance and control 

Illegal fishing by foreign vessels from neigh-
boring or distant-water fishing nations is now a 
common complaint in the region. Due to weak 
surveillance and enforcement capabilities, most of 
the countries whose maritime zones are violated 
can respond only with token arrests, diplomatic 
notes verbales, loud denunciations in the press 

and a general feeling of frustration. Vessels from 
Taiwan and Thailand are the chief offenders (Fig. 
7). The Tenasserim coast of Burma, the eastern 
and southern Gulf of Thailand, the Gulf'of Tonkin 
and the Luzon Strait are the principal areas of 
vessel seizures, but there have been numerous 
incidents in Indonesian archipelagic waters as 
well. 

Cooperation among countries in Southeast Asia 
to enforce their rights on the resources of the 
EEZs is permissible under the Convention on the 
Law of the Sea. Since surveillance and enforce
ment require ship and aircraft resources that can 
be expensive, all nations in the agreement would 
benefit if the necessary resources could be pooled. 

But is it desirable or feasible? A subregional 
enforcement scheme might be considered although 
there are several reasons why it might not be fea
sible. Nations bordering the sea have very differ
ent interests in enforcement; Singapore, with its 
minuscule EEZ, and the Philippines, with its very 
large one, clearly do not have the same problems 
or interests. Some of the maritime territorial dis
putes in the region would make joint enforcement 
extremely difficult since it would be unclear who 
is entitled to be in the disputed region and who 
has sovereignty over the resources. 

If cooperative enforcement is not feasible for the 
South China Sea, as a whole, would it be worth 
exploring for some of the smaller bodies of water 
in the Southeast Asian region? In the Malacca-
Singapore Straits, Indonesia, Malaysia and Sin
gapore already have a cooperative agreement con
cerning the regulation of navigation. The rules, 
which are recognized by the IMO and the shipping 
community at large, may have to be enforced. 
Joint enforcement seems particularly appropriate, 
since the straits are narrow and easily monitored. 
Other possible areas for cooperative enforcement 
might involve Indonesia, Malaysia and the Philip
pines in the Celebes Sea; and Malaysia and the 
Philippines in the Sulu Sea. 

Some of the states in the region have already 
established cooperative surveillance schemes with 
their neighbors, and these could provide a frame
work for additional bilateral and multilateral 
surveillance and enforcement efforts. Indonesia 
and Malaysia have cooperated in joint surveil
lance of their common South China Sea border 
area for detecting Vietnamese refugees, and the 
Philippines and Indonesia have a bilateral agree
ment on joint surveillance in the Celebes Sea. In 
1975, the ASEAN member-states joined in an 
Agreement for the Facilitation of Search for Ships 
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in Distress and Rescue of Survivors of Ship Acci- protection in ASEAN. The plan itself has createddents. This multilateral pact could become a a new set of policy problems, this time intertwinedmodel for increased cooperative surveillance with problems of international relations.efforts among the ASEAN member-countries. But If full protection of the coastal and marine envican the nations extend their cooperation beyond ronments is desired, countries should first extendhumanitarian concerns to activities with substan- their environmental concern and control to theirtial economic and political connotations? EEZs, including areas claimed by more than onePerhaps subregional enforcement efforts are too country. Second, the countries should recognizemuch to expect, considering the differences among and respond to the transnational nature of somethe ASEAN member-states. But nations in the pollutants and their impact, particularly oil fromregion might harmonize their enforcement poli- all sources. Third, the region for cooperationcies, since harmonization would not imply the sac- should be expanded to include the entire Southrifice of any sovereignty over areas in dispute. If China Sea, including its transnational oceanosome coastal states were to agree to standard graphic features and ecosystems. Fourth, thelegal and judicial procedures, including levels of scope of the action plan should be extended to inpermissible punishment in the event of convic- lude evivironmental impact assessment and thetions, an important start could be made toward management of pollutants from seabed explothe effective management of resources for the ration and exploitation and atmospheric emisbenefit of all states in the region. Harmonization sions. Fifth, countries should consider standardefforts could also extend to procedures for detect- izing their approaches to the management of poling and enforcing violations of environmental lution to facilitate the preparation of a regionalregulations and to programs for the conservation convention for the protection and managed devel

of living and nonliving resources. opment of the South China Sea.
As a first step, the ASEAN member-states could


implement the pertinent articles of the Conven
tion on the Law of the Sea, particularly Article 62,

concerning access to surplus stocks, and Article
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missible punishments. This might open 
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Table 1. Effluent standards for point sources or discharges into rivers or open watercourses that eventually reach the ocean. 

Type of waste 	 Item of analysis Unit Indonesiam Malaysiab Singaporec 

Oil 	 Oil and grease mg/I 100 10 10 

Organic 	 BOD5 at 20°C mg/I 300 50 50 
Total suspended solids mg/l NS 100 50 

1.0 10Metals 	 Tin • mg/I NS 
Barium mg/l NS 5 
Manganese mg/I NS 1.0 5 

1 	 0.10 1Arsenic mg/l 
Metals (total) mg/1 NS 1 
Chromium (total) mg/I 56 0.05' 1 

Nickel mg/I NS 1.0 1 
Zinc mg/I 10 1.0 1 
Beryllium mg/I NS - 0.5 

0.5Selenium 	 mg/l NS 
1 	 0.02 0.1Cadnium 	 mg/I 
5 	 1.0 0.1Copper 	 mg/1 

Lead 	 mg/I 5 0.5 0.1 

Silver mg/I NS 	 0.1 

Mercury 	 mg/I 0.1 0.05 0.05 

Thermal Temperature 	 °C 45 40 45 

2,000Others 	 Total dissolved solids mg/I NS NS 
NS 	 600Chloride 	 mg/I NS 
NS 	 500Sulfate mg/l NS 

Chemical oxygen demand mg/1 600 100 100 
NS 	 NS 200Calcium 	 mg/I 

Magnesium 	 mg/I NS NS 200 

Iron mg/1 10 5.0 20 
Detergents (as 

methylene blue) mg/I NS NS 15 
pH value 5.5-10.0 5.5-9.0 6-9 
Color (LU) NS NS 7 

4.0 	 5Boron mg/I NS 
Chlorine mg/I NS 2.0 1 
Sulfide mg/I 2 0.50 0.2 

Phenolic compounds mg/I 0.5 1.0 0.2 
Cyanide (as CN) mg/l NS 0.10 0.1 

NSFluoride 	 mg/I 2 NS 
Ammonia (free) 	 mg/I 2 NS NS 
Nitrate 	 mg/I NS NS NS 
Nitrite 	 mg/I NS NS NS 

Notes: NS = not specified. 
* = Cr (VI)
 

RMahbub (1979).
 
bMalaYsia (1979).
 
cSCS (1980).
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ABSTRACT 

Inadequacy of the database is a common dilemma that faces 
resource managers all over the world. The nonavailability of
information on the quantitative and qualitative changes in resources over a number of years makes it difficult for resource 
managers to draw correlations between causes and effects. 
Hence, it limits their ability to propose management policies
and guidelines that impinge on established practices. This is 
further aggravated by the different approaches that managersand researchers use in acquiring information on coastal 
resources. Researchers generally want to acquire in-depth
information on all elements of a andresource its linkages; 
managers focus on information that is relevant in addressing 
management issues. The researchers' approach results in thepreparation of detailed inventories that the manager has nei-
ther the time nor the knowledge to convert to information that 
will be relevant for management purposes. The manager's 
inability to reach the researcher--to define clearly the issues 
that he wishes to address and the desired management objec.
tives--often results in wasted effort, 

In preparing the coastal zone management plan for Sri 
Lanka, the loss and degradation of natural coastal habitats 
should be addressed. Because there is a dearth of information 
on these habitats, management issues and objectives are diffi
cult to identify. This paper attempts to document the 
approaches taken by the coastal zone managers in Sri Lanka 
to overcome this problem and to present how a productive rela-
tionship could be established with researchers to generate
information that will be useful in formulating management 

strategies. 


INTRODUCTION 

The preparation of a coastal zone management
plan for Sri Lanka was mandated by the Coast 
Conservation Act No. 57 of 1983. The statutory 
agency responsible for its preparation was the 
Coast Conservation Department (CCD). The Act 

defined the scope of the plan and set out the procedure for its preparation with a time frame of
three years. The CCD decided to adopt an incre

mental, problem-oriented approach to prepare the
plan. Three major issues would be addressed: 

1. coastal erosion;
2. loss and degradation of natural coastal 
2. blO ;s and

habitats; and 
3. loss and degradation of recreational and 

scenic areas, and archaeological, historical 
and cultural monuments and sites.The management framework with respect tothe above-mentioned issues comprised defining 

the problem, analyzing it, stating the manage
ment objectives and enunciating policies to
achieve these objectives. Implementing this planning method to the problem of the loss and degra.. 

dation of coastal habitats presents the plannerwith a daunting task due to the paucity of infor
mation for management purposes. For instance, in
preparing the coastal zone management plan for 

Sri Lanka, initial surveys indicated that available
information sources ranged from articles in popular periodicals to unpublished documents and 
published scientific papers. Moreover, most of the 

information was descriptive and anecdotal.
Qualitative changes in resources due to natural 
causes or human impact were rarely. if ever, pre
sented. 

Preparing detailed invertories before identify
ing management issues was impossible within the
specified time frame. Although there are major 
resources use conflicts in the utilization of these
habitats, management initiatives could not wait 

for the results of' classical research methods of in
ventory and analysis, which the CCD staff did not 
have the capabilities to undertake. Furthermore,
the available funds were very inadequate to sus
tain such research. 

Defining management objectives, issues and 
priorities was difficult because the subjective per
ceptions of those interested in a particular habitat 
tended to cloud their rational judgment. Also, the 
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nonavailability of spatial information on the loca-
tion and extent of the various habitat types made 
it difficult to prioritize even the most apparent 
management issues. Hence, it was decided that 
the primary research tasks would be to prepare a 
preliminary habitat atlas and synthesize available 
information. Once these two tasks were corn-
pleted, a close dialogue between the research 
community and the managers can be established. 

HABITAT ATLAS 

Available methods for the rapid mapping of the 
location and areal extent of selected habitat types 
were investigated. Because of limited time and 
funds, it was decided that to prepare the atlas, the 
following method be used that would indicate 
these features: 

coastal wetlands including mangroves, 
marshes, combined mangroves/marshes 
where they cannot be distinguished, 
fringing wetlands; 

• 	 lagoons; 

• 	 estuaries; 
* 	 sand dunes; and 
* 	 barrier beaches and sand spits. 
The spatial information pertaining to the above-

mentioned features were obtained,'thus: 
1. 	 Resource data were from available satel-

lite images, aerial photographs and maps, 
which were updated from time to time. 
Interpretations were carried out in con-
nection with land use and forest cover 
mapping by the Survey Department. 

2. 	 Base maps were compiled using topo-
graphic maps (1:50,000) through informa-
tion transfer at the 1:150,000 scale. These 
base maps were compiled using one of the 
following methods: 

a. 	 manual reduction with the help of 
a planvariograph mapmaker 
instrument; 

b. 	 photographic reduction; and 
c. 	 reduction using a Canon NP155 

Zoom photocopier. 
Where such maps were available, these reduc-

tions were transferred onto the greyline at the 
1:50,000 scale topographical maps using light 
tables. Where such uncluttered maps were not 
available, overlays were prepared for use with the 
colored 1:50,O, scale maps. Thirty-eight sheets 
covering the ecotire coastline of Sri Lanka were 
prepared. On completion of the base maps, the 

data so collected were transferred onto a final 
map at the 1:250,000 scale. 

SYNTHESIS OF AVAILABLE INFORMATION 

Published information on coastal habitats is 
scarce. However, a considerable volume of infor
mation is found in unpublished reports and in the 
files of several agencies. Such information covers 
economics, management issues and research pri
orities for each habitat type, including a compre
hensive bibliography. This information was then 
circulated to agencies and individual scientists in
volved in habitat management and environmental 
conservation. A workshop was organized with the 
following objectives: 

1. 	 to review and rank management objec
tives and issues for each coastal habitat 
type; 

2. 	 to identify research that will promote 
guidelines for better habitat management; 

3. 	 to identify ongoing management efforts 
and research; and 

4. 	 to identify management strategies for 
short- or long-term implementation. 

The habitat atlas and the synthesis of available 
information were the primary documents used in 
the workshop. The workshop resulted in the adop
tion of a standard definition for each habitat type, 
a consensus in the definition of management 
objectives and issues, and a research agenda 
focusing on habitat types. . 
MANAGEMENT STRATEGIES 

Based on the results of the workshop, a man
agement strategy for coastal habitats was formu
lated and became part of the coastal zone man
agement plan. The strategy comprised the fol
lowing: the significance of the habitats, the nature 
of the problems f&c-d, management issues and 
objectives and the policy on habitat mitigation. 
Regulatory initiatives, with respect to human 
activities that contribute to habitat degradation, 
could also be promulgated. There is also a need for 
a public education campaign on the values of 
coastal habitats and their management. 
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ABSTRACT 

Of the many tourist attractions in Ban Don Bay, Thailand,Ko (meaning "island") Samui is the most popular. T(irismh 
grown rapidly on the island. In 1980, it had only 14,868 visitors and a few bungalows; in 1987, it had about 210,000 visi-tors and 2,990 rooms. Tourists go to Ko Samui because of itsattractive beaches, coral reefs and clear waters. However,these natural attractions are now under considerable pressurefrom tourism development. Existing institutional arrange-ments for the management of the island's coastal zone andmarine resour are unsatisfactory and unable to halt their
degradation since these are based on narrow sectoral interests 
and centralized policymaking. Thus, newan'angements among government agencies cooperative

(both at theratioial and local levels) and the participation of its local peo-pie must be encouraged. 

INTRODUCTION 

The Thai Government is aware of the problems
of natural resources degradation. The Sixth
National Economic and Social Development
(SNESD) Plan (1987-1991) reports that many oftie cuntrys natural resources have been ram-
pantly exploited. Malpractices are prevalent in some areas, reducing the potential wealth from 
these natural resouves (TDRI 1987). For exam-

29.05% in 1985. During this 2 4-year period, forestareas have decreased at an average annual rate of512,000 ha. Mangrove forests, which cover272,000 ha of land throughout the country, are 
expected to decrease at an average rate of 6,400ha per year. Coral reefs are being destroyed with 
the use of explosives, offshore mining and otheractivities that deplete larval and fish fry grounds
while the number of trawlers have increased fivefold from 1,872 in 1967 to 9,390 in 1983. Marine 
resources are ten harvested faster than they canbe replenished, and their natural habitatdestroyed (Government of'1hiland 1987). 

There is a tendency toward increased conflictsin the use of natural resources. The country lackseffective operational plans fbr the sustainable use 
of these resources. Ifsuch plans do exist, imple
mentation is difficult because of coordinationproblems within and without the organizations,
especiaiy at the local level. 

Among the main objectives of the SNESD Planare to increase efficiency in the wise use of natural resources and to conserve the environment for 
sustainable development. The plan also promotes
tourism development in the Upper Southsubregion, which the Thai Government has 
selected as pilot site for the formulation of acomprehensive coastal resources management
(CRM) plan. Ban Don Bay has been chosen as a
study and planning area for which a management
plan for tourism resources is being developed.

This paper aims to identify and analyze signifi
cant problems in managing coastal tourism 
resources, with special focus on local institutional 
arrangements. 
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METHODS 

Both primary and secondary data pertaining to 
the development and management of tourism 
were collected by interviewing purposive samples 
of target groups in the study sites. Both struc-
tured and focused interviews were employed. Sec-
ondary data were gathered through the review of 
literature and national development plans. 

The study site was Ko Samui, Thailand's third 
largest island, which covers about 230 km 2. Its 
location is 20 km northeast of Surat Thani 
Province. According to the Regional Administra-
tion Law, Samui is a district in Surat Thani 
Province, which is composed of 7 administrative 
units (tambon) and 39 villages. Ko Samui District 
(amphoe) has jurisdiction covering Ko Samui and 
its satellite islands. According to the Chief Dis-
trict Officer, the district's total population in 
March 1988 was 28,481; the income per head of 
the local agriculturists was about 4,000 baht 
(US$160) per month, 

For this survey, three groups of people were 
interviewed to find out the problems related to 
institutional arrangements. 

Group A comprised government officials both at 
the provincial and local levels and those working 
in the semipublic sector (e.g., tambon headmen, 
village headmen and members of the sanitary dis-
trict committee) who were concerned with CRM. 
Thirty persons were interviewed by questionnaire 
and ten persons by discussion only (e.g., the 
governor of Surat Thani, the chief district officer 
of Ko Samui). 

Group B comprised 100 businessmen and 
women who were owners or managers of hotels, 
bungalows and restaurants or were involved in 
other tourism activities on Ko Samui. 

Group C comprised 325 local people from Ko 
Samui. Purposive and quota sampling techniques 
were employed. The sample group was classified 
into four community types (Fig. 1). 

" 	 Type A: 81 respondents from communities 
adjacent to the island ring road and along 
popular beaches. 

* 	 Type B: 81 respondents from communities 
adjacent to the ring road but not along 
popular beaches. 

* 	 Type C: 123 respondents from communi-
ties along isolated beaches where there 
were tourists and planned large-scale pri-
vate development projects. 

" 	 Type D: 40 respondents from communities 
not adjacent to beaches or the ring road. 

RESULTS 

Administrative structure 

Thailand is a unitary state with a highly cen
tralized government. There are three levels of 
administration: central, regional and local. 

At the central level, the Office of the Prime 
Minister and 13 ministries constitute the core of 
the national government. Each ministry is corn
posed of departments, some of which have offices 
at regional and local levels. At the regional level, 
there are twi sublevels: province (changwat)and 
district (amphoe). Each district comprises a num
ber of smaller administrative units called tambon, 
which is formed by a cluster of small villages. At 
the local level, four types of organizations form a 
system of local government, namely, changwat 
administrative organization, municipality, 
sanitary district (sukhapiban) and tambon 
council. Some political science academicians 
classify the Bangkok Metropolitan Administration 
and the City of Pattaya Administration as special 
authorities. Each level of Iccal government has its 
own specific laws providing the legal basis for its 
organization and functions. Their power and 
functions vary but the limits of their territorial 
jurisdiction are demarcated. 

The SNESD Plan pointed out that development 
plans for natural resources must consider the 
general state of affairs of the nation and the roles 
of central agencies that are the key bodies for 
decisionmaking. In other words, resources man
agement is generally done in Bangkok by specific 
departments attached to the 13 ministries or the 
Office of the Prime Minister. Participation by 
agencies at the provincial and local levels has not 
been extensive (Government of Thailand 1987). 

The government agencies involved directly or 
indirectly in managing coastal tourism resources 
are: the Office of the National Environment 
Board, the Tourism Authority of Thailand (TAT), 
the Royal Forestry Department, the Harbour 
Department, the Department of Fisheries, the 
Local Administration Department and the Royal 
Police Department (particularly its Marine Police 
Division). These agencies have their own specific 
functions. Unfortunately, the failure to coordinate 
has resulted in the deterioration of tourism 
resources. 

The survey shows that about nine-tenths of 
Group A respondents thought that TAT should be 
the key agency in admnistering all aspects of 
planning, monitoring and evaluating for tourism 
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development and management. In development budget. If any provincefact, TAT or districtfocuses on tourism promotion activities but con- would like to have such activities, its officialsducts little research on tourism development have to make a request to the central governmentplanning. During fiscal year 1987, TAT spent agencies through their representatives working in10,277,900 baht for surveys and data collection the provincial or local offices.

when it could have used it for planning.a Total 
 Furthermore, most of the 18 interviewees, bothexpenditure of TAT in the same year amounted to at the local and provincial levels, said they had384,354,100 baht. Thus, only about 3% of the bud- little if any participatory role in the tourismget was spent for surveys and data collection, development planning process, because they wereKey ministries and agencies concerned with informed only after the plan had been approvednatural resources development have to be restruc- for implementation. This lack of consultation
tured to ensure the necessary integration between resulted in the ineffective implementation of the
offices (TDRI 1987). This streamlining process plan.needs to extend down to the local level, with the Officials also indicated that problems of conrequisite authority and funding. flicting uses were comnon. For example, theTable 1 shows the functional relationship maintenance of fish nursery grounds in the manamong existing ministries and agencies and levels grove areas conflicts with wood and charcoal proof government in CRM. duction, brackishwater aquaculture, tourism, 

mining, port development, road networks, housingParticipation in planning and agricultural development. It is apparent that 
the importance of the mangrove estuarine systemMore than half of Group A respondents dis- is poorly understood and that few realize thatagreed with the statement that their respective mangrove destruction will have adverse affects onorganizations have appropriate vertical decen- the delicate nutrient balance over wide areas andtralization in the administration. Seven-tenths the catches of mangrove-related commercial

thought that their superiors had limited authority marine species.

in making decisions regarding problems at the
 
local level. Six-tenths of the respondents who are Law enforcement
 
involved in CRM agreed that tourism resources

have been used without considering the negative The culture of rural Thai 
 society affects lawimpact of tourism. More than one-third accepted enforcement. Law enforcement is still weak. Sixtythat their organizations lacked qualified man- percent of Group A thought that laws should bepower with a good knowledge and understanding enforced seriously and that violations shouldof CRM principles. About half of the respondents receive immediate prosecution rather thaninvolved in CRM agreed that the problem of coor- delayed action.

dination prevails in the Upper South's provisions 
 However, some natural resources managementfor tourism management, while six-tenths agreed laws have legal loopholes or are not up-to-date.that the exchange of tourism information among For example, the Fisheries Act of 1947 does notprovinces has always been small. Six-tenths also actually stipulate coral reef protection. The probelieved that public agencies involved in tourism tection of reefs at present is subject to legal interdevelopment were working independently without pretation. No law empowers the local people toconsulting or discussing the adoption of an inte- protect their environment and natural resources
grated approach to tourism development and as "common property resources." In this context,
management (Table 2). 
 common property resources are basically accessi-A provincial planning analyst said that since ble and freely available to any user in the country
1982, the provincial development plan has focused (Christy 1982). 
on rural development. But the policy guidelines The local government is a key agency in impleformulated by the central government have not menting a natural resources management policy.included tourism development in its rural devel- In this case study, an inappropriate local governopment strategy. There is no plan for CRM, too. ment for Ko Samnui was noted as a problem. ThisTherefore, the activities concerned with these island has been governed by a chief district officerendeavors have not been supported by the rural appointed by the central government. He controls 

a1 9 87 : 25 baht =US$1.00 
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and supervises the general operations in the dis-
trict and is an ex-officio chairman of the sanitary 
district committee. This type of local government 
doesn't please the local people who do not want to 
cooperate with such an administration. This also 
affects the people's cooperation in implementing 
public policy, 

According to the Municipality Act, a municipal- 
ity is empowered to manage the coastal resources 
in the municipal areas without depending on the 
provincial and central administration. But in 
reality, many factors inhibit the upgrading of the 
sanitary district as part of the municipal govern-
ment (Kongridhisuksakorn 1987). 
Perspectives of the local people 

The local residents at Ko Samui face the prob-
lem of access to the coastal areas since almost all 
land near the sea is privately owned. Most owners 
feel that land near their property belongs to them. 
After hotels, bungalows and restaurants were 
built, owners or managers tried to maintain the 
privacy of their guests by not allowing the local 
people to pass through the hotels, bungalows or 
restaurants on their way to the beach. When 
establishing a setback distance for construction in 
beach areas on Ko Samui, the businessmen tried 
to narrow the distance as much as possiLle. Corn-
prehensive town planning is underway but prob-
lem-solving tends to be reactive rather than pre-
active, 

Another serious problem on Ko Samui is the 
shortage of water, especially during the peak sea-
son of tourist arrivals when some hotels buy water 
from the local people or rely on shallow groundwa-
ter. The demand for clean water continues to 
increase for the tourism business since the small-
scale reservoir that was built for agricultural pur-
poses was destroyed to maintain fishing in 
streams. The sanitary district is trying to transfer 
the responsibility for the water service to the 
Provincial Waterworks Authority (PWA). But 
there are conflicts because the PWA wants to get 
the land for construction without compensation 
and the chief district officer is reluctant to ask the 
people to donate land on the island because of its 
high market value, 

Another problem is garbage disposal. People 
throw domestic waste into the sea at night, caus
ing water pollution and affecting coral and fish. 
Because of the lack of resources (i.e., manpower, 
budget, land for dumping, equipment), the sani
tary district cannot provide adequate services to 
address this problem. 

The introduction of a bus-car ferry to Ko Samui 
brought rapid changes. Some residents have 
migrated to the mainland where the cost of living 
is lower. Many local people initially sold their 
land to outsiders because they could not compete 
with businessmen from outside. Now they tend to 
lease their properties, a practice that may become 
the trend on Ko Phangan. 

The government tried to extend tourism devel
opment benefits to the local people by encouraging 
them to participate in tourism-related activities. 
However, this has not met with much success. For 
example, most of the owners of coconut 
plantations still prefer to stay with this crop. The 
Department of Agricultural Extension persuaded 
these people to grow new crops such as vegetables 
and fruits, which are in high demand by restau
rants and hotels. However, the traditions of the 
farmers concerned inhibit the implementation of 
the department's plan. 

Other issues 

The study also shows that there is a problem of 
public relations. There is no mechanism to convey 
understanding and create public participation. 
For example, when the local people (Group C) 
were asked if they knew that the sanitary district 
had a project to solve the problem of water 
shortages on Ko Samui, only 57% of the sample 
knew about it. 

Businessmen tend to have a better under
standing of development projects than the local 
people, which probably reflects their education 
and access to media. Some owners or managers of 
tourism businesses feel that government agencies 
do not promote' tourism development in certain 
-areas (i.e., Mae Nam beach). The businessmen are 
thus forming a social group. Yet, most of the local 
residents who are agriculturists still work inde
pendently since the cooperatives supporting their 
occupations are weak. 

Interviews show that 79% of the local people 
and only 55% of the businessmen (Group B) and 
women were satisfied with the development of Ko 
Samui at present. The private sector seems to 
want more development in areas where they have 
some investments. 

PROPOSED SOLUTIONS 

Training is needed to strengthen the local gov
emient's capabilities to cope with the problems 
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in managing coastal tourism resources. It may be CONCLUSION 
necessary to introduce a new type of local administration and a revised local tax system. The sani- There are manytary district should be allowed problems in institutionalflexibility to arrangementsimpose higher taxes. for managing coastal resources

since this isThere is an a new area of development in Thaiurgent need to improve coordina- land. These problems can be solved only if contion, both vertically and horizontally, among and cerned agencies sincerely wish to work as a teamwithin the in-line agencies,
It is generally accepted 

for the benefit of the people. Consensus is alsothat the greater the needed among the localnumber of agencies responsible for natural sys-
people that coastal 

resources are invaluable and should be used on atems management, the greater the possibility that sustainable basis.

the agencies will face conflicts, hence, the greater

the need for interagency coordination and communication (Mayntz 1978). ACKNOWLEDGEMENTS 
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Table 1. Government agencies managing coastal tourism resources in Ban Don Bay, classified by levels and
functional relationship. 
Functional relationship 

and level of government Agencies 

1. Central organizations nnanaging Department of Lands. Department of Public Works, Royalthrough provincial authority Forestry Department, Derartment of Fisherie.. 	 Localwith their provincial officers 	 Administration Department, Royal Police Department,
Office of the Permanent Secretary of the Ministry of 
Interior 

2. Central organizations managing Office of the National Environmentthrough provincial authority 	 ,oard of Thailand,National Research Council, Department of Town and 
with no provincial officers Country Planning 

3. Central organzations managing National Economic and Social Development Board, Royal
through their r.Csonal or local Forestry Departm ent
agencies with less provincial National Parks Division
authority - Wildlife Conservation Division 

Department of Fisheries 
Marine Fisheries Division 
Brackishwater Fisheries Division

Harbour Department 

4. Local organizations managing Ko Samui Sanitary District, Muang Surat Thanialone Mu nicipality 

Note: The Tourism Authority of Thailand is a public enterprise that has its officers in some provinces. 
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Table 2. Opinions of samples in Group A toward coastal touwm resources mainzgment. ¢D 

OpinonsNO. 	 Percentages 

The 0rgnization in which you are workinghas
approp-iate vertical decen'ralization in the
 
administration.


agreed 14$ 47 
not sure
 
disagree. 
 1 53 

Your auperiors havG limited autherity in makingdecisons to solve the prolems encountered at
 
localthelevela
 

the local level 
agreed 22 73 
not sure 2 7
 
disagreed 
 6 

From the past until now, tourism resources have 
been uaed without taking in~a account theirnativeimpatt 

e e 	 17 6.agreed 17 61
 
not sure 
 2 7disagreed 9 32 

The organizaton in which you are working lacks 
qualified manpower who have a gcod knowledge and 
understanding of the principles ofcoagtal 
resources marageinent.

agreed 11 37not sure -disagreed 
19 63 

There is a coordinatior problem of tourismnmanagi-ent in provinces located in the Upper 
South subregion.agreed 
 12 48
 

not sure 1 4disagreed 12 . 48 

ha lwy ba salEchange of tourism information among 

agreed 
14 61
 

not sure 
 1 4 
8 35 

Public agsncmo involved in tourism am 
working independently without consulting 

discussing with ens another for anintegrated approach to obtain appropriate 
benefits from coastal tourism dcvalopment 
and management. 

agreed 18 64 
not sure 3 11 

7 25 

Fig. 1. Samui and Ang Thong aSamPlas who did not give their answers wers not indudadin the percemtage putaton. 
Surat Thonj Islands, Ban Don Bay, Thai

land. 
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ABSTRACT 

Territorial use rights in fisheries (TURFs) is an alternativecoastal resources management (CRM) scheme that aims to
create the appropriate environment for self-management
through the establishment of private or community ownershipover common property resources. It can take the form of
leasehold arrangements, franchises or allocations of ownership
over an area or fish stock (e.g., award of a certificate of stew. 
ardship).


The experience of the Marine 
 Conservation DevelopmentProgram (MCDP) of Silliman University (Philippines) illus-traes the potentials of TURFs as in alternative management
scheme for artificial reefs, in particular, and for coastal resources, in general. The TURFs concept was used by the 
MCDP so that the "owners" of the resources would be interested in the current and future productivity and in the health
of "their" coral reefs and thus be inclined to control fishing
practices and efforts to improve net benefits from the 
resources. 

INTRODUCTION 

Competition for access to and use of coastal 
resources in Southeast Asia has noticeably
increased in recent decades. Some major examples

are the social conflicts on -he use 
of fishpens in

Laguna de Bay, Philippines; the industiial poilu-

tion in Kuala Juru, Malaysia; the tantalum inci-
dent in Phuket, Thailand; and the trawling ban inIndonesia. 

In most of Asia, coastal resources, particularly
fisheries, are generally regarded as open-access
and common property. However, exper.ence over
the decades has shown that open-access manage-

ment fails once the fishing effort has surpassedthe natural rates of stock regeneration. Failing 
fisheries throughout the world have been characterized by declining total yields, sharp decreasesin the yield per unit of fishing effort, disappearance of the more highly valued species, cut-throat c e titiohe m o ngfish er nued s meca tva
corpetition among ermen an, in some ses,the economic collapse of the fishing industry
(Berkes 1986). Major fishing grounds in the 
Philippines are not exempted from these.The aim of CRM is to ensure the wise use of the 
resources on a sustainable basis and to minimize resources use conflicts through a set of options. Inmost countries in the region, management alter

natives have taken these forms: selective use of gear, gear restrictions, seasonal and area closures,catch quotas, fishing effort controls and economic 

controls. 
ORM not only controls exploitation but alsoestablishes v. .ys to restore or rehabilitatedestroyed or heavily depleted resources (Chaa1989). So, while past efforts emphasized conserva

tion measures, technological advancement permits a complementary and parallel approachtoward the restoration of essential coastal ecosystems. In the Philippines, the more commonrestoration efforts are mangrove reforestation,seagrass transplantation and artificial reef cons
truction. However, thLs3 efforts are confronted bysuch property questions as who manages and who
 
benefits from them.
 
"The inability of policymakers and resource 

managers to understand fully the underlying 
causes of coastal environmental stresses appar
ently contributes to their ineffectivity in address
ing these complex issues. 

CRM schemes in the region have always been
designed and implemented on the basis of the 
common property and open-access nature of 
coastal resources. However, an increasing number
of scientists believe that the root cause of 
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resources use conflicts lies in their common-prop-
erty nature. 

This paper focuses on the problem of common 
property and on the concept and practice of 
TURFs, which are explored as potential alterna-
tives for the management of artificial reefs. 

THE CONCEPT AND PRACTICE 
OF COMMON PROPERTY 

Common property has characterized the use of 
most coastal resources, particularly fisheries, 
throughout the world for several centuries. 
Briefly, common property resources are those to 
which access is both free and open to a set of users 
or potential users. 

No individual fisherman has an incentive to 
restrain his catch in the interest of future returns, 
for anything he leaves in the sea for tomorrow will 
be taken by others today. Thus, fisheries stocks 
tend to be used at, and frequently beyond, the 
point of maximum sustainable yield. 

In the absence of controls on capital and labor, 
there will tend to be to- much effort spent on too 
few fish. In overutilized fisheries, the same or 
even larger amounts of fish can be taken with 
fewer fishermen and vessels than are actually 
employed. This means that the same or greater 
total revenue could be produced with lower total 
costs. 

The dilference between the total revenue and 
the total cost that would occur if access to the 
fisheries was controlled, or if the common prop-
erty condition was removed, is "economic rent." In 
common property fisheries, this rent is dissipated 
because whenever it occurs, it produces a surplus 
profit for the fishermen. Since access is free and 
open, the surplus profit will attract more fisher-
men. But the new fishermen will increase the 
total cost without increasing the total revenue, 
Only when the cost reaches the total revenue will 
the new entry stop. But at this point, the rent will 
be dissipated. 

A related consequence i, that the average 
income of small-scale fishermen will tend to be at 
or close to the bottom of the scale. 

Coaiflict occurs in the form of congestion among 
fishermen using the same gear for the same 
resource; different gear for the same resource; or 
different gear for different fish stocks in the same 
space, as between mobile trawlers and fixed nets 
or pots. 

In essence, the consequences of free and open 
access are generally quite damaging. Possibly, the 
only positive result is that the common fisherk s 
may offer employment opportunities in situations 
where. alternative opportunities are scarce or 
nonexistent. But this is a short-term benefit, 
which, in the long run, can be outweighed by the 
damage wrought. 

TURFs 

TURFs have been known to exist for centuries. 
Community fishing rights and other forms of pro
prietary rights have been the rule rather than the 
exception in many traditional coastal fisheries. 
They have emerged, and some are still main
tained, where certain conditions permit relatively 
easy acquisition and defense of exclusive rights. 
Sedentary resources such as oysters, mussels and 
seaweeds have long been subject to use rights. 
Enclosed bodies of freshwater ponds, lakes and 
flood plains have also been subject to exclusive 
use rights for centuries (Christy 1982). TURFs 
have also emerged in areas or situations where 
ease of acquisition and defense of exclusive rights 
are not readily apparent. TURFs have developed 
in marine areas such as lagoons, along beaches 
and in relation to coral reefs, and, more recently, 
legally or illegally, in association with fish ag&re
gation devices (FADs) and other new technologies. 

TURFs are more pervasive. Fisheries and tech
niques using or permitting exclusive territorial 
use rights include: oyster and clam bottoms, sea
weed beds, raft culture, FADs, beach seine rights, 
fishpens and cages, set net rights, bottom fish 
traps (e.g., lobster pots and octopus shelters), 
coral reefs, lagoon fisheries and fish traps/corrals 
(Christy 1982). 

TURFs can remove, to a varying extent, the 
conditions of common property, thus reducing the 
negative consequences that tend to waste the 
resources. The owner(s) of a TURF can limit the 
inputs of capital and labor at the point where the 
greatest net benefits are produced. This could be 
where economic revenues and social objectives can 
be maximized (e.g., maximum employment at 
satisfactory levels of income). 

Community-managed TURFs provide both the 
opportunity and the incentive for resources man
agement within a territory. Since the owners of a 
TURF (group of individuals or a community) have 
the exclusive right to future products, it will be in 
their interest to ensure the flow of these future 
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products. This would facilitate the imposition and According to Lopez (1983), "In at least oneenforcement of management measures whose locality (Bolinao, Pangasinan), the Fishery Actmost effective form occurs when it is in the self- was used to concentrateinterest of the user to comply with the rules. 

control of the municipal
waters within a small circle of the affluent.In small-scale fisheries, where the community Waters to a depth of 10 fathoms were divided intoof users is relatively homogeneous and the group five or six lots and leased by auction. Concessionsize is relatively small, reciprocal and mutua!ly aires exacted fees from net fishermen and corralreinforcing relationships are and builders who wished to operate within their lots,

feasible thus 

facilitate self-regulation and minimize conflicts, 
 based on estimates of the potential catch. Hook-While community-managed TURFs provide and-line fishermen were exempted from this levycommunity control over the resources and the because their catches considered negligible.benefits derived from 

were
them, the opposite can be The concessionaire could then control the numberdamaging. Thus, if localized TURFs develop of fishermenon utilizing his lot and, in theory attheir own. without effective community control, a least, make sure his stock would remain producclass of sea lords that monopolizes resources may tive."be formed. This has happened where wealthy The exclusive use of coastal waters by individufishpen owners have dominated the use of spaces. als or corporations continues up to the present 

and remains the dominant arrangement for
TURFs in Lingayen Gulf. For instance, OrdinancePHILIPPINE EXPERIENCE WITH TURFs No. 8, Series 1976, of the municipality of Bolinao,
known as the "Basic Fishery Ordinance" declares:


Prior to Spanish colonization, the Philippines "Operating fish corrals, oyster culture beds or
was inhabited by various ethnic groups organized catching of bangus fry or fry of other species forinto independent villages known as barangay.No propagation shall consideredcomprehensive accounts exist of the in 
be exclusive fish

manner ery privileges which shall be granted always towhich these villages related to their environment, the highest bidder in public bidding held accordparticularly the coastal resources. Yet, early ing to the provisions of this Ordinance."
Spanish documents (in Blair and Robertson 1903, 
 In the municipality of Sual, TURFs for fishas cited by Lopez 1983) mention that: cages and statiu,,ary lift nets have been awarded 
Barangayin the vicinity of Manila claimed as 

to individuals or corporations. Similar arrangements exist for the oyster rafts and mussel stakesmuch of the sea and nearby rivers as they of Binmaley and San Fabian. Fish corrals all overcould defend against neighboring barangay the gulf are administered under individual or cor(Francisco Colin 1663); and porate franchises.Tagalogs established fishery setlimits and In the municipality of Agoo in La Union, a simaside sections of river for use as trading cen- ilar provision providing for the exclusive use ofters. Use of these areas by nonmembers of a coastal waters in the operation of fish corrals, oyssettlement was contingent on the payment of ter culture beds and in the catching of fry exists infees (Juan de Plasencia 1589). the ordinances pertaining to fisheries. However,
As Spanish rule prospered, the barangay were there are no clear provisions on the operation ofincorporated into the dominant sociopolitical sys- FADs 

tem and 
or payao in La Union. Galvez (1988) noteswith this, the territorial fishing rights the existence of a form of sea tenure system suchclaimed by each village broke down. Coastal and that "anyone who has laid down an artificial reefoffshore waters became open to exploitation by all in earnsan area the sole light to fish around theparties who had the means. reef...." This may have developed in the practiceDuring the American occupation of the Philip- of installing payao which follows a traditional usepines, exclusive use of the coastal thiswaters, right system.

time by individuals, was again established by the
Fishery Act of 1932 for fish corrals, fishponds,
oyster culture beds and for fry gathering. How- ARTIFICIAL REEFS AND TURFs ever, municipal fishing licenses issued under theAct still allowed subsistence fishermen to exploit A recent development is the acquisitionall waters within the jurisdiction ofoi'a municipal- TURFs by fishermen's organizations in severality. communities in connection with building artificial 
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reefs. According to the management rules of these 
projects, the organizations' members should be 
given priority in sharing the benefits. Further-
more, anyone fishing within a 50-m radius of the 
artificial reef should share 5% of the catch either 
in cash or in kind. Only gill nets and multiple 
hooks and lines should be used. Blast fishing and 
cyanide poisoning near the artificial reefs are 
strictly prohibited. 

This type of acquisition and maintenance of 
TURFs provides an alternative arrangement for 
the management of artificial reefs. It places 
community-based management over the dominant 
practice of individual and corporate management. 

MARINE RESERVES AND TURFs 

TURFs create the appropriate environment for 

self-management through the establishment of 
private or community ownership over common 
property resources. TURFs can take the form of 

leasehold arrangements, franchises or allocations 

of ownership over an area or fish stock (e.g, 
award of a certificate of stewardship). 

The experience of the MCDP of Silliman Uni-
versity (Philippines) illustrates the potentials of 

TURFs as an alternative management scheme for 
artificial reefs, in particular, and for coastal 
resources, in general. White (1989) points out that 

reef resources can not be protected or enhanced 

unless those who exploit them are committed to 
this goal. Thus, the MCDP focused on education, 

as thecommunity-building and potential TURFs 

means to marine resources management. The 

TURF concept was used by the MCDP so that the 
"owners" of the resources would be interested in 

their current and future productivity and in the 
and thus be inclinedhealth of "their" coral reefs, 


to control fishing practices and efforts to improve 

the net benefits from the resources (White 1989). 


The establishment of marine reserves and sanc
tuaries at the MCDP sites capitalized on the ten
dency of the local people to informally adhere to 
territorial rights. The MCDP has shown that 
TURFs, as applied to small islands, can remove 
the conditions of common property and thus 
reduce the negative consequences of open-access 
commons. The incentive to the community is that 
the flow of present and future products could be 
ensured if there is evidence for improved returns. 
The TURF arrangements in this case have rein
forced self-regulations and minimized conflicts. 
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ABSTRACT 

Rapid development and lack of understanding aboutcause-and.effect relationships between 
the 

development andadverse ecological impact on the coastal zone have resulted in 
the degradation of coral reef ecosystehis inMalaysia, specifically Peninsularon the west coast. Malaysia has, how.ever, responded in two ways.-(1) it has declared the islands 
and the suirounding waters with intact coral reef ecosystemsas protected areas as of 1984, with a view to creating marineparks; and (2) the country has e,.barked on an intensive arti-
ficial reefprogram.The program began in the early 1970s and is currentlybeing carried out by two departments within the Ministry ofAgriculture: the Department of Fisheries (DOF) and the Fish-
cries Development Authority (FDA). The goal of both departments is to increase an already dwindling coastal fishery stockbut fcr different reasons: that of the DOF is toward conserva-
tion and replenishment of stock while that of the FDA istoward increase of the fishing potential and, thereby, 
enhancement of the livelihood of the coastal fishermen.
The artificial reefs 
are made of tires and concrete and/orconfiscated boats. Preliminary research indicates that there is an increase in catch directly over the artificial reefs. However,

this raises the question of whether this 
is an indication of 
actual increase in fish stock in the coastal areas or aggregationof the dwindling fish stock in the artificial reefs. If the increasein catch is a sign of the latter, the establishment of artificialreefs to enhance fishing would lead to the rapid depletion of 
the fish stock in the inahore zone. On the other hand. if theincrease in catch is a sign of the former, the establishment ofartificial reefs for conservation and habitat enhancement couldreinforce and improve a dwindling fish stock, 

INTRODUCTION 

Artificial reefs are generally considered to be any solid material (which is not already a part of 

the natural aquatic environment) placed at thebottom of the aquatic environment, aimed at 
improving the fish habitat and stock andenhancing colonization by marine organisms suchas algae, barnacles and shellfish (Stone et al.
1979).

There are currently two artificial reef programsT e e a ec r e ty t a fp runder o a tfc e othe Malaysian m 
Ministry of Agriculture:

those of the DOF and the FDA. Both programs
aim to increase fish stock but for different rea
sons. The DOF program is concerned withreplenishing and conserving an already depletedinshore fishery stock. The FDA program is concerned with improving the livelihood of the coastalfishermen by increasing their catch through the 
provision of an artificial fishing habitat thatattracts and aggregates the stock for easier fish
ing.

The DOF program began in an unassuming andad hoc manner in 1975 as an experiment in habi

tat rehabilitation. The program did not obtain anofficial budget allocation until the formulation ofthe National Agricultural Policy (NAP) in 1984. 
This was because the total marine fish landings ofMalaysia decreased rapidly (by 23.6%) from757,000 t in 1981 to 578,000 t in 1985. Researchconducted by the Fisheries Research Institute 
(FRI) also indicated that the average catch/hour ofdemersal resources off the west coast of Peninsular Malaysia dropped from 131.1 kg/hour inDecember 1970 to 58.9 kg/hour in December 1980 
(i.e., a 55% decrease in the catch rate). The catch
by trawlers decreaged further 
 to an average of18.7 kg/hour in 1986 (DOF 1987). Under the NAP,
the highest priority was accorded to the fisheries
 
tehtor ity was or the fisheiessector with special emphasis on the intensificationof rehabilitation, conservation and protection.

Following the NAP, a comprehensive programwas developed in 1985. With a budget allocation ofM$8.24 million a , a total of 65 artificial reefs were 
constructed as of December 1987. Each tire reef 

a1985:M$2.43 = US$1.00. 
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module required an average of 28,000 tires. Some 
artificial reefs were also constructed out of confis-
cated boats and concrete pyramidal structures. 
The DOF program was complemented by seed 
restocking. The FRI produces fingerlings of 
selected commercial species from its two hatchery 
complexes in Kedah and Terengganu to increase 
fish population through seed restocking. In 1985, 
7 million shrimp and 7 million sea bass finger-
lings were released in the coastal waters near the 
artificial reef sites. 

The FDA program was launched in 1983 to 
increase the catch per unit effort (CPUE) of the 
coastal fishermen. The artificial reefs were placed 
according to the requests of the fishermen or their 
associations and to the subsequent survey by FDA 
officers on the suitability of the site. The materi-
als used in and the design of the artificial reefs 
were similar to those of the DOF program. How-
ever, no seed restocking was done. 

The total number of artificial reefs constructed 
from 1975 to 1987 was 144 for the whole of 
Malaysia. 

The distribution of artificial reefs by year of 
establishment and by state are shown in Tables 1 
and 2, respectively, for both the DOF and FDA 
programs. The majority of the reefs were estab-
lished from 1984 onwards and are primarily situ-
ated in Peninsular Malaysia (89.6%). Most of the 
reefs are along the east coast (64.6%) (Table 1). 
Mainly because of the FDA program, most of the 
artificial reefs are in the state of Terengganu 
(Table 2). 

The target of the DOF program is to complete 
the construction of 65 artificial tire reefs, with a 
maximum of over 50,000 tires per reef, by the end 
of the Fifth Malaysian Plan (1986-1990). The 
FDA's policy is to build as many artificial reefs as 
required by the coastal fishermen. 

EFFECTIVENESS OF ARTIFICIAL REEFS 

Although there are no quantitative data to 
evaluate the effectiveness of artificial reefs in pro-
viding an acceptable habitat, the qualitative data 
available, however, are supportive of the success 
of these reefs. These provide the appropriate envi-
ronment necessary for shelter, feeding, spawning 
and orientation (Kojima 1956; Gooding and 
Magnuson 
Kakimoto 

1967; 
1982; 

Hunter 
Ogawa 

and Mitchell 1967; 
1982a, 1982b; and 

Yoshimuda 1982). 

The FRI's preliminary research (Wong 1988) 
indicates that artificial reefs develop a complex 
marine ecosystem very similar to that of coral 
reefs within the area. 

Fish are seen schooling around and colonizing 
the artificial reefs rapidly (Russell et al. 1974; 
Russell 1975; Lim et al. 1976; Molles 1978; Bohn
sack and Talbot 1980; and Wong 1988). In a few 
months, the artificial reefs are encrusted by a 
wide variety of typically coral reef organisms such 
as anemones, sponges, algae, sea fans, sea feath
ers, bivalves, mollusks and tunicates. The trend is 
for the resident fish population to increase to a 
maximum population size and then settle to an 
equilibrium community structure within one to 
five years (Turner et al. 1969; Stone et al. 1979; 
Bohnsack and Talbot 1980). Wong (1988) found 
that the fish population stabilized at a biomass of 
68 t/kin2 inside artificial reef areas within a year. 
Various commercial fish were also identified such 

as snappers, sweetlips, parrotfishes, rabbilfishes, 
groupers, squids and cuttlefishes, among others. 
Corals start to appear about four years after the 
emplacement of the artificial reefs. 

A number of :esearchers have suggested that in 
some areas, shelter is a limiting factor (assuming 
that all other physical, chemical and biological 
conditions for the establishment of a particular 
species are present) in the distribution and abun
dance of certain marine organisms like lobsters 
(Stewart 1970; Scarratt 1973; and Briggs and 
Zawacki 1974). Furthermore, the growth of 
encrusting organisms on artificial reefs also 
serves as a source of food and an attraction for 
marine fauna, as shown in the case of lobsters 
(Weiss 1970; Alfieri 1975; and Sheehy 1976). 

Artificial r~efs also help ciieck trawling opera
tions in the inshore area since trawl nets caught 
in them are destroyed, thus contributing to reef 
conservation efforts. Currently, all trawl fishing 
operations are prohibited within 5 nautical miles 
(nm) from the coast and only owner-operated 

trawlers less than 40 gross tons (GT) are permit
ted between 5 and 12 nm from the coast. These 

measures have been instituted because the 
trawlers, by dragging their net3 along the seabed, 
destroy the spawning and breeding grounds; they 
also catch indiscriminately, thus aggravating the 

problem of a depleted inshore fishery stock. For 
Malaysia, which has an extensive coastline 
totalling 4,809 km (Peninsular Malaysia 1,972 
km; Sabah 1,802 km; and Sarawak 1,035 kin), 

is arduousenforcement of these regulations an 
task. 
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As a strategy to increase the selective fishing can be carried out over the artifibiological productivity and cial reefs after a period of one year. Moreover,carrying capacity of an area subject to certain constraints, primarily the inten

sityStone et al. (1974) found 
of fishing allowed, artificial reefs providethat artificial reefs improved recreational fishing areasincreased the ability of an (Stone et al.area to support fish. 1974; Prince et al. 1975). Buchanan et al. (1974),Mathews (1966) attributed the increased biologi- who evaluated the potential of artificial reefs forcal productivity of an area to the expansion of its recreational marine sport fishing off Southfirm surface area, thus allowing for the attach- Carolina, concluded that fishing success overment of invertebrates and algae. these reefs was not as high compared to that 

doneAs a habitat enhancement strategy 
over a nearby live bottom habitat. This wasso because of the high fishing intensity in the 

Research small area covered by the artificial reefs.done by the National Marine Fish- The success of artificial reefs for recreationaleries Service (USA) has indicated that artificial fishing is also determined by their type of conreefs can be used for habitat enhancement stru,.tion. Wickham et al. (1973) show that in thebecause the artificial reef in the area of the natu- Gulf of Mexico, artificial reefs in the form of midral reef it has studied doubled the carrying capac- water structures have increased the CPUE fority and fish biomass there (Stone et al. 1979). This several pelagic recreational fish.quantitative information was The profile ofobtained from fish found in the area and their habitat preferob!;ervations made on a small artificial reef and ences are success factors, too. Pelagic and demeran adjacent natuial coral patch reef in Biscayne sal species are attracted to high- and low-profileNational Monument, Florida, United States. Fur- artificial reefs, respectively. Invertebrates such asthermore, this study questions the misconception shrimp, crabs and lobsters are attracted to smallthat artificial reefs function only to concentrate structures with small holes and crevices whilefish. It has demonstrated the potential of these large fish are attracted to large and hig strucreefs for increasing stock sizes of fish. tures with numerous large crevices. 
Another successAs a rehabilitation strategy factor is the presence of foodresources. Randall (1963) found that the artificial 

The use of artificial reef cff St. John contained a fish concentration 11reefs in rehabilitating times higher than the two natural reef areas inmarine and estuarine areas damaged entirely or St. John. He attributed these occurrences toimpoverished by coastal development has been additional food resources present in thedemonstrated in Biscayne Bay, Miami, Florida surrounding seagrass beds.
(Stone 1972). An artificial reef was constructed in
 an area dredged to a depth of approximately 30 ft As commercial fishing -reas

from a normal depth of 8 to 10 ft. This dredgingdestroyed the natural bottom of the area (which Preliminary data on the benefits of FDA's artiwa,; coral and limestone) and in its place left an ficial reefs to coastal fishermen show an increaseunstable, semisolid mixture of partictlat, matter in their earnings (LKIM 1987). The highestthat could support only a few organisms. How- increase in earnings (99.7%) was from those whoever, the construction of a high-profile artificial fished over artificial reefs that were made of conreef,which protruded above this soft bottom mix- fiscated boats, followed by those who fished overture, provided an alternate favorable substrate for concrete structuresencrusting organisms and a habitat for other 

(66%) and over tires (23%).
This is to be expected as the reefs are known tomarine fauna. T.e positive effects were evident aggregate fish, and this increase in earningswithin six months of emplacement of the artificial reflects a greater CPUE due to the presence of thereef. 
 artificial reefs. However, as in the case of recie-

As recreational fishing areas 
ational fishing areas, the success of artificial reefsas commercial fishing areas will also be deter-

There is an 
mined by their types, the fishing intensity and theupper limit to the amount of fish rate of fish stock replenishment.that can be harvested on a sustainable basis on an More research is required to support the policyartificial reef. Monitoring by DOF showed that to use artificial reefs as commercial fishing areas. 
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Shoehy (1979) estimates that to expand existing 
fishing grounds, a minimum site area of 2,500 m2 

is required, while to create new ones, 20,000 1-
2 is 

required. The current practice of allowing unlim- 
ited fishing over FDA's artificial reefs could cause 
the further depletion of fish stock in the inshore 
waters. 

CONCLUSION 

The potential for artificial reefs as a conserva
tion strategy means to increase the biological pro
ductivity and carrying capacity of the area, habi-
tat enhancement strategy, rehabilitative strategy 
and recreational fishing area is supported by the 
preliminary research results in Malaysia, USA, 
Japan and others. However, the use of artificial 
reefs as commercial fishing areas requires more 
investigation prior to adoption Pnd implenienta-

tion. 
The potential of artificial reefs as a comprehen-

sive mitigation/compensation method to enhance 
fish stocks will be determined by the type of man-
agement adopted in these areas. If these areas are 
to offset the disturbances/impact caused by 
coastal area development, then artificial reefs 
should be regarded as protected areas (until such 


time as when fish stock have been replenished 
and established) with prohibitions on fishing and 
any other activity that threatens them with 

athat
destruction. Any management strategy 
allows the exploitation of artificia! reefs or their 
destruction prior to the replenishment of fish 
stock will negate the overall objective of their 

establishment. 

The other factor determining the potential of 

artificial reefs is their actual structure. Currently, 
they are of a standard format inMalaysia. How-
ever, this isnot so inJapan where there is a wide 
variety of structures and alterations that 
contribute to increasing coastal fisheries and 
aquaculture production. Examples of these 
structures are the moored and midwater surface 

fish attractors, shelters designed to increase 
specific seaweeds and invertebrates such as 
abalone and lobsters and to serve as nursery 

for hatchery-reared juveniles. There are 

also measures in Japan aimed at altering the 
substrate conditions (i.e., blasting, scraping. 
covering) and water flow (channels enlarged of 
constructed); at dampening the adverse effects of 

waves (floating or submerged breakwaters); and 
at altering species composition to eliminate 

predators, minimize competition or stock high. 
value species for culture-based fisheries. 

More research is needed on the structure, 
impact, benefits and management of artificial 
reefs. The DOF, in response to this need, has ini
tiated a four-year project from 1988 to 1992 under 
the Asian Development Bank. With a funding of 
US$1,739,000, the project will provide a detailed 
scientific assessment of the role of artificial reefs 
in the regeneration and enhancement of coastal 
fisheries resources. 
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Taile 1. Distribution of artificial reeaa in Malaysia, byyoarofestablishment.
Year DOF Program FDA Program Total 

Peninsular Malaysia Sabah Peninsular MalaysiaWe.t Coast East Coast Sarawak West Coast East Coast 

1975
 
1976 1 
1977
197822 
1979 


1 
1981 
1982 1 
19r3 

1980 2 

1984 
 1 37 2 4 1n24 22 1 40 
1985 2 
 3 11986 10 10
29 
 4
1987 2 8 53
2 
 3 
 2
Total 21 is 2242 1 1 18 51 144
 

Table 2. Distribution o|'artificial reefs in Malaysia, by state. 
State DOF Program FDA Prnoram Total 
Perins 3 3 
Jeoyh 5 13Penang 5 5Perak 4 2 9Kelaar 2 7 5NegiMlalaccaSembilan 1 2Johore 311 6 17Pahang 11 4 15Terengganu 15 34 49K antan 6 7 isSbah 
 6 
 6


Sarawak 9 9Total 78 66 144 
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ABSTRACT 

The mangrove forest reserves in South Johore, managed bythe Forest Department for sustained timber production, form 
part of the permanent forest estate and stateland mangrovesunder the jurisdiction of the Johore State Government. These mangrove forests are becoming a dwindling resource becauseof their continued alienation for various land uses that areassumed to be of greater economic value. However, severalstrategies have been recommended to prevent further deple-tion of the resource. 

THE RESOURCE 

Mangrove forests in South Johore are located 
mainly along the sheltered west roast that bor-
ders the Strait of Malacca; at the estuaries of thePulai and Johore Rivers on the sheltered southcoast that borders Johore Strait; and at the estu-
ary of the Sedili Besar River on the expo:3ed eastcoast. These forests can be classified broadly into 
mangrove forest reserves managed by the Fcrest
Department for sustained timber production. Assuch they form part of the permanent forest estate
and stateland mangroves uider the jurisdiction of
the Johore State Government. 

Mangrove forest reserves 

In 1986, the total extent of these reserves inPeninsular Malaysia was reported to be about 

98,300 ha (Table 1). Of this total, about 23,683 haor 24% occurred in the State of Johore. 

At 
reserves in Johore. These are found in the districts of Pontian, Johcre Bahru and Kota Tinggi inthe south. The extent of each of these reserves in 
1960 (Edington 1963) and in 1986 is given inTable 2. For this period, about, 4,900 ha involving
84 forest compartments were alierated out of a
total of about 23,000 ha and 868 compartments.
Conversion of mangrove forest reserves to agricul
ture, shrimp culture and also reversion tc stateland mangroves have resulted in the the loss ofabout 2,240, 1,169 and ha,1,167 respectively 

(Table 3). Other conversion activities includehuman encroachment (Johore Rivrr and LebamRiver Forest Reserves), impoundment for freshwater supply (Johore River Forest Reserve) andmining for tin (Santii i g f River Forest Reserve). Ofrt n ( a t i e R so e t r e .Othese reseives, the Benut 
River Forest 
Reserve
suffered the greatest loss. It reducedwas from2,661 ha in 1960 to a meager 300 ha in 1986 dueto the conversion of its landward mangroves to 
agriculture and the reversion of its existing belt ofseafront mangroves to protective stateland 
forests. 

Stateland mangroves 

Stateland mangroves, which occur outside for
est reserves, are not managed for sustained tim
ber production. Hence, they are often subject to
great pressures of alienation. Their extent has

dwindled from 8,752 ha in 1970 to 7,789 in 1986

(Table 4). Recent developments show that this 
resource has been further reduced. For example,
another 48 ha (37%) of the Lunchu River stateland -mangroves near Johore Bahru were con
verted for shrimp culture between 1986 and 1988.In 1986, of the largest block of nipa (Nypa fruti
cans) forests in South Johore, the extent left was 

"M. 311~ 
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only 165 ha (Table 5). The upstream forests fring-
ing the banks of the Benut River in Pontian Dis
trict constitutes this block. 

Forest accretion and erosion 

Accreting mangrove shores, characterized by a 
raised mudflat and a low crop of Avicennia trees 
advancing seaward (Carter 1959), are found in 
Benut and K,'kup on the west coast. In contrast, 
the process of erosion is characterized by a low-
ering of the nearshore profile, th formation of a 
retreating scarp, the collapse of mangrove trees 
and the presence of a beach of shell fragments or 
chenier (Salleh and Chan 1988). 

Erosion is presently occurring at the estuary of 
the Pulai River and in Tanjong (it means "cape") 
Piai. At the former, the Ternakan Marine Sdn. 
Bhd. shrimp farm is located about 300 m from the 
coast. The farm will be faced with the problem of 
erosion since the protective mangrove vegetation 
at the seafront was reduced to a mere 50-m wide 
strip. Pulau Kukup is experiencing both accretion 
and erosion. From 1970 to 1986, there was a net 
gain of about 360 ha of mangroves in South 
Johore (Table 6). 

Value 

Mangrove forosts in South Johore are an impor-
tant source of fuclwood for the production of char-
coal and poles for piling, scaffolding and fishing 
stake. Commercial species are Rhizopora apicu-
lata,R. mucron,.ta, Bruguieracvlindrica,B. gym-
norrhiza, B. parviflora and Ceriops tagal. Coin-
mon noncommercial species are Xylocarpus 
granatuyf, Scyphiphora hydrophyllacea, Avicen-
nia marina,A. lanata,A alba, A. officinalis and 
Lumnitzera littorea.These noncommercial species 
are used mainly as fuelwood for firing kilns. At 
present, there are 24 charcoal licensees operating 
81 kilns in South Johore. 

In 1987, the revenue collected by the Forest 
Department f,-m the mangroves, in the form of 
royalty and premium, amounted to about 
US$68,000.00. This amount is meager compared 
to the expected annual worth of mangrove forest 
produce--about US$1.13 million for the Pulai 
River Forest Reserve and US$0.35 million for the 
Johore River Forest Reserve (Tables 7 and 8), 
based on annual coupes (areas allocated for felling 
or harvesting) of 415 ha and 92 ha, respectively, 

FOREST MANAGEMENT 

Previous working plans 

A working plan was prepared by A.C.F. Walker 
in 1941 for the forest reserves of Pulai, Benut, 
Kukup, Pendas, Johore River and Belungkor. Due 
to the Japanese Occupation (1941 to 1945), the 
plan was not .:,forced until 1947 by which tir.e, 
conditions F:d rendered many of its presciptions 
inapplicable. P.F. Burgess (1950) prepared 
another working plan implemented for the period 
1950 to 1954. His plan was revised by I.P. 
Tamsworth in 1955 and by P.W.J. Edington in 
1963 for the periods 1955 to 1959 and 1960 to 
1964, respectively. Edington's (1953) working plan 
for the South Johore mangroves has not been 
revised. The present management procedures are 
derived from it. 

Present management system 

The rotation or cutting cycle is fixed at 20 
years, while the prescribed harvesting system is 
clear-felling. At the Pulai River Forest Reserve, 
felling is selective and restricted to forest areas 
fringing rivers and creeks. The use of small row
ing draft boats (pok chai) by individual loggers 
who operate independently to enter the forest and 
to transport logs out of it may contribute to the 
selective nature of tree-felling, which is highly 
dependent on the tides. On the other hand, trees 
from inland areas can be felled only during spring 
tides. Moreover, at the Johore River Forest 
Reserve, loggers operate in teams and logs ark 
shoulder-carried to the riverbanks where large 
transport boats can come alongside. Thus, logging 
is more intensive there. 

No replanting of logged-over forest areas is 
presently carried out. Stocking then for the next 
cut is dependent solely on natural regeneration. 
Only 	 the following silvicultural regulations are 
prescribed: 

1. 	 Retain a 5-m buffer belt of vegetation 
along rivers navigable during low tide. 

2. 	 Fell or girdle all noncommercial trees such 
as Xylocarpus, Avicennia, Scyphiphora 
and Lumnitzera. 

3. 	 Only trees with a 5-cm diameter at breast 
height (dbh) and above can be felled. 

A forest inventory carried out in Benut, Pendas, 
Pulai and Johore Rivers showed that Rhizophora 
is losing its dominance and that mangrove forests 

http:US$68,000.00
http:mucron,.ta
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in South Johore are very mixed in species compo- the forests fbr fuelwood and construction, nipa forsition (Table 9). Compared to the managed atap and cigarette wrappermaking and nibongMatang Mangrove Forest Reserve in Perak, these poles for marine piling. In addition, the coastalreserves are considered poor in terms of the den- waters, estuaries and waterways of the ecosyst,!msity of their commercial trees and in their timber are rich in fisheries resources. Of greater imporproduction per hectare. tance is the ecological role of mangroves in pro-Natural regeneration of commercial species up andtecting stabilizing the coastline and asto two years following logging appears to be ade- spawning and nursery grounds for marine fishquate in the Johore River Forest Reserve, which eries. Mangroves are therefore extremelyanhas all its forest compartments fringing the river, important coastal ecosystem when all the eco-Sufficient seedlings and saplings of Rhizophora ncinic, ecological and environmental benefits areregenerate naturally up to 200 m from the river, considered holistically.The observed high tidal range in South Johore is Large-scale reclamation of mangrove forests foran important attribute in ensuring successful agriculture is being implemented in the west coastregeneration through the dispersal of water-borne of South Johore. The cost of reclamation is highpropagules produced by seed trees that survive for there is a prerequisite need to ameliorate thethe logging operations. acid sulfate saline mangrove soils prior toHowever, inland compartments in the forest cultivation. Some areas under intensive managereserves of the Pulai, Belungkor and Santi Rivers ment can yield an average of 28 t of fresh fruitwere reported by Burgess (1950) and Edington bunch of oil palm and 1.8 t of copra/ha while in(1963) to be stocked inadequately due to the infre- other areas the reclaimed land is barren of anyquent tidal inundation, the presence of numerous crops (Law 1984). Mangrove soils are thereforemud lobster mounds and dense thickets of Acros- unsuitable for crop cultivation unless properlytichum ferns. Planting of Rhizophora should managed.inevitably be undertaken to enrich such logged- There is a need to promote brackishwater aquaover areas. Transplanting seedlings (wildings) of culture in coastal mangrove areas to supplementRhizophora from adjacent riverine compartments the declining marine food production. Thus,where regeneration is adequate is recommended, ongoing culture methods such as cockle and cage 

culture, which utilize mangrove estuaries and 
waterways should be intensified. Such culture 

DISCUSSION methods have been projected to have a very highprofitability. They also integrate very well into 

Mangrove forests in South Johore 
the traditional forestry-capture fisheries manare a dwin- grove system.dling resource because of their continued alien- Of concern is the recent upsurge of mangroveation for various land uses that are assumed to be forest convcsion in South Johore for shrimp pondof greater economic value. Such approach toan culture since this has resulted in the substantialresource utilization is due mainly to an inade- loss of forests. Existing large shrimp culturequate appreciation and understanding of the farms are located at former coconut plantationsimportance of the mangrove ecosystem. If allowed (e.g., the Daiman Marine Products Sdn. Bbd. andto continue, alienation will inevitably lead to envi- the Kukup Marine Sdn. Bhd.) arid in sandyronmental transformations that conflict directly

with 
coastal areas (e.g., the Crustacea Enterprise Sdn.the multiple-use traditional management conserveBhd.). To the mangrove ecosystem forsystem of the coastal communities. This is by far traditional forestry and capture fisheries purthe most important management issue that poses, the Malaysia Working Group on Mangrovesshould ba addressed since such land uses have has drawn up some guidelines on the use of theeven encroached on the mangrove forest reserves ecosystem for brackishwater pond culture. Thethat are part of the country's Permanent Forest recmmended strategy is to avoid the us, of man-Estate for sustained management, grove forest reserves and inst-,ad to use mangroveMangroves are used in producing a variety of areas already reclaimed, followed by dryland andgoods and services that form the resource base for stateland mangroves that are often unproductivesustaining mangrove-d32pendent economic activi- for forestry use.ties of many coastal communities. These economic Another important management issue is theactivities include the harvesting of timber from gradual degradation of managed mangrove forest 
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reserves. Compared to the managed Matang 
Mangrove Forest Reserve, the commercial timber. 

*ofthe forest reserves in South Johoreproductivity oLaw, 
is low due to the preponderance of noncommercial 
tree stocking and regeneration. Thus, the present 
silvicultural regulations aimed at encouraging 
natural regeneration should be reexamined. The 

recommended management strategy is to elimi.. 
nate the noncommercial trees and to regenerate 
artificially with commercial species those logged-
over forest areas that are devoid of natural Tegen
eraticn. Silvicultural procedures developed, in the 
Matang Mangrove Forest Reserve, such as weed 

eradication, girdling of unwanted trees, retention 
can be

of seed trees and enrichment planting, 

adapted and applied in South Johore. 
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Table 1. Extent (ha) of mangrove for
est reserves in the various states of 
Peninsular Malaysia in 1986 (Anon. 
1N). 

State Extent 

Kedah 8,825 
Penang 345 
Perak 40,869 
Selangor 17,674 
N. Sembilan 1,135 
Malacca 338 
Johore 23,683 
Pchang 2,483 
Terengganu 2,982 

Total 98,334 

Table 2. Loss of area (ha) and forest compartments in the various mangrove forest reserves in South Johore from 1960 to 
1986.
 

Forest reserves 

Pulai 
Johore River 
Kemudi and Bahan Rivers 
Pulau Kukup 
Lebam River 
Belu ngkor 
Santi River 
Pendas 
Denut 
Kuala Sedili 

Table 3. Alienation of mangrove fores: 

Forest reserves 

Pulai 
Johore River 
Kemudi and Bahan Rivers 
Pulau Kukup 
Lebam River 
Belungkor 
Sinti River 
Pendas 
Benut 
Kuala Sedili 

Total 

1960 1986 Loss 

Extent Compartments Extent Compartments Extent Compartments 

9,148.6 500 7,633.2 443 1,515.4 57 
3,800.3 173 3,215.8 155 584.5 18 

155.6 22 155.6 22 0.0 0 
650.0 17 650.0 17 0.0 0 

1,473.0 19 1,354.0 18 119.0 1 
1,261.6 38 1,261.8 38 0.0 0 
2,502.1 43 2,453.5 42 48.6 1 

815.6 56 545.8 49 269.8 7 
2,661.0 0 300.0 0 2,361.0 0 

433.0 0 433.0 0 0.0 0 

reserves in South Johore from 1960 to 1986. 

Shrimp 
culture 

Agriculture Human 
encroachment 

Impoundment Mining Stateland Total 

739.5 
318.2 

775.9 
214.1 F2.2 

1,515.4 
584.5 

111.3 7.7 119.0 

269.8 
1,194.0 

48.6 

1,167.0 

48.6 
269.8 

2,361.0 

1,169.0 2,239.7 221.8 52.2 48.6 1,167.0 4,898.3 
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Table 4. Extent (ha) of stateland mangroves in Table 5. Extent (ha) of nip&forests bi SouthSouth Johore. Johore in 1986.
 
Stateland 
 Extent Location Nipa forests mangroves 1970 1986 

Johore Bahru 1,228 1,214 
Benut 	 89Kuala Sedili Resar 28Kukup 833 801 Pontian KecilPontian Kecil 	 241,556 1,556 Pontian Besar 

Kota Tinggi 3,626 	
24 

2,871Kuala Sedili 592 570 Total 165Tanjong Surat 917 777 

Total 8,752 7,789 

Table 6. Extent (ha) of accretion and erosion of man- Table 7.Estimated annual value of mangrove forest produce fromgrove areas in South Johore from 1970 to 1986. the Pulal Forest Reserve.Location Accretion Erosion Poles Annual coupe = 418 haLocation__Accretion _ErosionAverage expected yield =400 pieces/ha 
Pulau Kukup Prseit market value f US$1.20/piece22 36 Present value per he = US$40.00Kuala Pulai River 49 Expected anmal value = US$199,200.00Tanjong Piad - 69 Charcoal Annual coupe i 415 haKukup 113 10
Benut 	 Average expected yield of greenwood = 60 t/ha389 

Averge expected 	 ield ofcharcoal = 15 t/ha 

Total 524 
Present market value ofcharcoal = US$150.00/t

Total__ Present value per ]i = US$2,250.00524 .64Expected annual value = US$933,750.00 
Total annual worth of forest produce f US$1,132,950.0 

Table 8. Estimated annual value of maunrove forest prduce from
the Johore River Forest Reserve. 

Charcoal 	 Anuual coupe = 92 ha 
Average expected yield of greenwood = 99 t/ha
Average expected yield of charcoal = 25 tlha
Present market value of charcoal =US$1 50.00/t
Present value per la = US$3,750.00 
Expected annual value = US$345,000.00 

Total annual worth of forest produce = US$345,000.00 

Table 9. Species composition and timber productivity per hectare ofsome foresf, reserves in South Johore. 

Rhizopiora Bruuiera and Ceriops. Noncommercial species, TotalForest reserves Trees Volume Trees Volume Trees Volume Trees Volume 

flenut? 270.2 15.1 256.3 3.6 720.1 27.4 1,246.6 46.0 

Pendas

1-10 441.4 

21+ 	
16.9 325.6 5.6 136.4 4.9 903.4 27.4788.5 67.7 697.6 29.8 481.4 15.9 1,967.5 113.4 

Pulai
1-10 839.1 50.9 418.9 12.4 i65.7 10.1 1,423.7 73.411-20 1,346.7 64.1 813.8 27.1 260.3 14.6 2,420.8 105.821+ 1,599.0 73.0 714.2 21.3 516.8 14.8 2,830.0 109.1 

Johore River1-10 297.6 10.4 68.9 2.511-20 	 1631 12.4 529.5 25.3602.0 40.3 340.3 13.2 249.4 21.4 1,191.7 74.9 

Matang
21+ 1,207.4 173.0 144.4 23.5 7.4 0.3 1,359.2 196.8 

aNoncommercial; Xylocarpua, Avicennia, Scyphiphora and Lumnitzera. 
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ABSTRACT 

In 1977, the Singapore Government embarked on a 10-year
program to clean up Singapore River and its surroundingbodies of water. The Primary Production Department (PPD) 
initiated a program to enrich aquatic life in 1986 by stockingfish and shrimp fry in the river. The stocked species wereseabass (Lates calcarifer),cherry snapper (Oreochromisniloti 
cus hybrid) and banana shrimp (Penaeus merguiensis). The 
water quality of the Boat Quay area was found to be suitablefor sustaining life in the river,

A study of the fish fauna of Boat Quay, a section of the Sin-gapore River, was made during the period 1986-1S88 by sur-veying the catches of amateur fishermen and through capture
attempts using various fishing gear like fish trap, trammel and 
gill nets, cast net and beach seine. Around 80,000 seabass,8,500 cherry snapper and 630,000 banana shrimp fry were
stocked in the Boat Quay area during the period April 1986-
October 1988.

Recently, a seabass and some banana shrimp were caught
by beach seine and trammel net, suggesting that these animals may have established their ecc!ogical niche in the*Singapore
River, with the seabass probably preferring the upper reacheswhere the water is more brackish; and that numbers stocked todate could be approaching the detectable level by capture
efforts. 

INTRODUCTION 

Kim Seng Bridge and Ord Bridge; (2) the middlereach, the area between Ord Bridge and ElginBridge; and (3) the lower portion, the area fromElgin Bridge to the river mouth. 
The Singapore River was the hub of tradingactivities in the past because it was a mainwaterway for boat traffic. As a result, it becameprogressively silted and polluted. The neglect andp o r s i e y s l e n o l t deventual loss of much of its fish fauna 

h 

and 
e l c 

other 

n 

life-forms followed.
 
In 1977, the government launched 
 the River 

Clean-up Program to improve water quality forlife-forms to be reestablished. Lighters, which hadbeen using the river for years as a waterway forunloading cargo, were relocated to Pasir Panjang, 
snuthwest of Singapore. Other sources of pollutionin the river basin--duck and pig farms and unsewered premises and hawker sites--were also 

cleared. 
PPD conducted several surveys on hydrologyand water quality along Singapore River from1985 to 1986 (unpublished). Fish and shrimpstocking was initiated in 1986 together with sur

veys on fish fauna. 

MATERIALS AND METHODS 

Area selection 

Water quality and hydrological surveys wereconducted in various parts of the river at differenttidal conditions to assess its overall condition. 

Various water quality and physicochemical 
parameters--water temperature, dissolved oxygen,

Singapore River is 2.95 km long and its widest 
salinity, pH, turbidity, chemical oxygen demand,phosphate-phosphorus (PO4-P), ammonia-nitrogenpart is at the mouth of Boat Quay, which reaches (NH4-N) and chlorophyll160 m. a (Chl. a) and perman-The deepest part of the river is at the ganate value--were determined using the methodsmouth, being 3.2 m at low water spring tide. Boat for seawater analysis described in Lim and Suga-Quay occupies 6 ha or 40% of the Singapore River hara (1984).(Fig. 1). The river can be subdivided into three Plankton samplesreaches: (1) the were collected by the horiupper reach, the area between zontal towing of a 40 gim mesh plankton net (net 

* Lr r.p.317 
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M2opening area = 0.096 ). Benthos samples were length each); gill nets, which a!so consist of two 
taken with a bottom sampler of the Marukawa panels (mesh sizes of 3.5 cm and 5 cm and 33 m in 
type, which has a sampling area of 6 cm x 4 cm or length each); cast nets (mesh size of 2 cm and 2.7 
0.0024 m 2 . m 2 in area); and more recently, beach seines 

(mesh size, which ranges from 1.5 to 3.5 cm and 
Interviews with amateur fishermen 40.m in length). 

For each -operation, six fish traps were set cov-
Surveys of fishermen (mainly anglers and oper- ering a total area of 3.16 m 2 in Boat Quay, a 66-m 

ators of fish traps and barrier nets) were carried trammel net and a 66-m gill net traversed Boat 
out on 16 occasions, for the period April 1986-May Quay, while '00-100 casts per operation were also 
1987, and on four occasions, for the period August made at the edge of Boat Quay (Fig. 1) at the 
1987-October 1988. In between these periods, new same time. Seining was done in Boat Quay and 
legislation that allows angling only in rivers and the Ord Bridge area. This replaced trammel and 
waters was implemented on 5 June 1987. Ama- gill netting from July 1988, since it appeared to be 
teur fishermen were interviewed at Boat Quay more efficient at trapping seabass. With the 
and at the mouth of the Singapore River (Fig. 2). exception of fish trap operations, which took two 
Fish species reportedly caught and those actually to three days per operation, the other fishing 
observed to have been caught were recorded. methods were one-day operations. Recapture 

efforts were made two to three weeks after stock
Fish/shrimp stocking ing until March 1988, when these were resched

uled to twice a month to fit better with tidal con-
Stocking was initiated in April 1986 but only ditions. All fish and crustaccans caught were 

with banana shrimp (Penaeus merguiensis) fry. identified and recorded. 
From 1987, stocking was scheduled on a quarterly In 1987, four cast net operations and five 
basis with 100,000 shrimp postlarvae and 5,000- trammel and gill net operations were conducted. 
10,000 finfish (seabass, Lates calcarifer, and In 1988, 12 cast net operations, 8 trammel and gill 
cherry snapper, Oreochromis niloticus hybrid) net operations, 2 seine operations and 10 fish trap 
targeted for each quarter. Banana shrimp fry operations were carried out (Table 2). 
postlarvae were of an age ranging from 5 days to In conducting recapture operations, data on the 
adult, while seabass fry were of a mean total fish and crustacean fauna of Boat Quay continued 
length (TL) of 2.5 cm and a mean weight of 0.2-0.4 to be obtained and recorded from February 1987 
g (Table 1). In total, 6,084 tagged adult shrimp to October 1988. 
were also released between August 1986 and 
January 1988. The survival of tagged shrimp was Fish stomach content examination 
simultaneously monitored under tank conditions. 
Shrimp were tagged using streamer tags (Floy Stomach content examination was initiated in 
Tag, FTSL 73) and India ink, according to the January 1988 to ascertain if the stocked species 
methods described by Jones (1979). were being cannibalized by existing carnivorous 

species, especially soon after stocking. Ten per-
Recapture efforts cent of the fish caught with the gear, as described, 

were sampled for stomach content examination 
Attempts at recapturing stocked species were (see Table 3). Freshly caught fish were killed, 

initiated in January 1987. This was to see if they their stomach portion dissected and their contents 
were establishing populations that were large examined in situ. 
enough for sampling. Most of the recapture was 
done at Boat Quay, but from August 1988, recap
ture was also carried out in the upper reaches of RESULTS 
the river at the Ord Bridge area. 

Types of fishing gear used were fish traps (with Area selection 
mesh sizes of 1.2 cm and 2.4 cm and these 
dimensions: 85 cm in length, 62 cm in width and From various surveys (unpublished), it was 
31 cm in height); trammel nets, which consist of found that Boat Quay was most suitable for the 
two panels (outer mesh sizes of 3.5 cm and 5 cm, rehabilitation of marine and brackishwater fish 
inner mesh sizes of 0.9 cm and 1 cm and 33 m in and crustacean species. Ph',sicochemical factors 
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are best for water in the Boat Quay area and are Capture of target species
most similar to that of the Marina Bay(unpublished) (Fig. 2). Levels are comparable to Until September 1988, no seabass was-capacceptable standards for river and coastal waters tured. However, a few banana shrimp werefor fisheries use in Japan (Yokokawa 1982). A caught from Boat Quay since March 1987 by castsurvey of plankton at Boat Quay (unpublished) and gill/trammel nets. In August and Octoberconfirmed that food is available for fish and 1988, banana shrimp of a TL of 6.3 cm and anshrimp at densities comparable with the Changi estimated mean weight of 1.8 g were caught byarea in East Johore Strait (unpublished). seine. Large seabass were also sighted in the Ord 

Bridge area where salinity is less than Boat Quay.Fish fauna surveys 

Interview with Amateur Fishermen. Table 4 Fish stomach content examination
shows fish and crustaceans caught and the type of
gear used by amateur fishermen at Boat Quay for Table 3 
 summarizes the fish species examinedthe period April 19 8 6-September 1988. for their gut contents. Partially digested shrimp ofA total of 24 families of fish and 2 familieg of indeterminate species were found generally in thecrustaceans, consisting of 29 and 4 carnivorous species of>15 cm TL.species,
respectively, were recorded. The common families
 
of fish are Clupeidae, Leiognathidae, Lutjanidae;

the common species are the gizzard 
 shad DISCUSSION 
(Anodontostoma chacunda), pony fish

(Leiognathussp.), and snapper (Lutjanussp.). The 
 Fish fauna surveys
 
common families of crustaceans are the Portunidae; the common species are the flower crab 
 The combined results of survey interviews and(Portunuspelagicus), and mangrove crab (Scylla actual capture efforts confirm the presence of lifeserrata). in the river. The numbers and species caught mayCapture by Fishing Gear. Table 5 shows fish be modest because the various fishing gearand crustaceans caught by PPD with the various employed were limited and the catches do notfishing gear mentioned. entirely represent the Boat Quay fauna. Some ofA total of 36 families of fish and 4 families of the fish caught are probably migratory species,crustaceans were caught, involving 82 and 9 with their presence depending on tidal condition.species, respectively. The commonly caught fami- A total of 26 species of animals was recorded bylies of fish are Clupeidae, Leiognathidae, Lut- the National University of Singapore (Yip et al.janidae, Gerreidae, Engraulidae; the common 1987), which did a survey on the Singapore River.species are gizzard shad (Anodontostoma cha- These included five families of finfish that werecunda), pony fi:ih (Leiognathusequulus, L. fascia- also found in the surveys done by PPD for this
tus), silver biddies (Gerres abbreviatus, G. fila- study.


mentosus), herring (Sardinella fimbriata),

anchovy (Stolephorus indicus). and snapper Shrimp and fish stocking
(Lutjanus monostigma). The common families ofcrustaceans are Portunidae and Metapeneidae; Fish and shrimp were released in the Boatthe common species are the flower crab (Portunus Quay area, mostly from the riverbank. It waspelagicus), mangrove crab (Scylla serrata) and observed that they were grouped togethersand shrimp (Metapeneusensis). for 

some time. This made them more susceptible to 
predators and poachers. The release of stocks inFish and shrimp stocking the center of Boat Quay would subject them to 
churning waters boat fromand traffic riverTable 1 summarizes the data on finfish and cruises. 

shrimp stocked by PPD for the period April 1986-
October 1988. A total of 627,789 banana shrimp, Recapture of stocked species79,171 seabass and 8,540 cherry snapper were
stocked in Boat Quay from April 1986 to October The survival of tagged shrimp in tank condition1988, involving 28 stockings. was 35-76% after two weeks. Mortality was likely 
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due to handling trauma. Their mortality in the 
river, therefore, may be higher because of the 
additional stress during transportation and their 
transfer to a new environment. Tagging studies 
were conducted only with adult banana shrimp 
that were captured fi om the population in the test 
area and released at the same area after being 
tagged, according to the methods described by 
Frusher et al. (1985) who conducted tagging 
studies with captured shrimp. 

There were only two tagged banana shrimp 
caught in Boat Quay and Ord Bridge, probably 
due to the high mortality from tagging stress and 
predation by endemic species. 

Seabass that were stocked have not been recap-
tured from Boat Quay. However, one seabass of a 
TL of 18.7 cm was caught in the Ord Bridge area. 
It is likely that the seabass came from the stock. 
This may be due to the different fishing gear used, 
or that the fish stocked in Boat Quay, being a 
euryhaline species, have made their way to the 
upper reaches of the river where they prefer less 
saline conditions. Of these two explanations, the 

latter is likely as seabass are commonly caught by 
line, gill and trammel nets elsewhere. Also, 

seabass may have been stocked in numbers 
(79,171 from April 1986 to October 1988, Table 1; 
and 1 retrieved, Table 5) that may have estab
lished a population, but it is still not possible to 
estimate the population size because the move
ment of the seabass has not been determined and 
some may not have stayed in the sampled area. 
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Table 1. Fish and shrimp stacking at Boat Quay, Singapore River for te period 1986-1988. 

Date 
(Seabas 

Species 

Fish 
and cherry snapper) 

Mean No. 
weight (g) stocked 

1988 

Shrimp 

(Banana shrimp) 
Ag Mean No. Total fish 

weight (g) stocked and shrimp 

Apr-Jun 
Jul-Sep 

PL24-38 
Adult 

0.02-0.1 
1.4 

208,400 
4,000 

977" 

206,400 

4,977 

1987 
Jan-Mar 

Apr-Jun 
Jul.Sep 

Oct 

Seabass 
Cherry 

snapper 
Seabass 
Seabass 
Cherry 

snapper 

0.2-2.4 

0.4-1.20 
02-0.4 
0.4-14 

0.7 

8,000 

800 
1,X00 
7271 

3,000 

Adult 

Adult 
PL6-45 

PL24-67 

Adult 
Adult 

2.5 

3.8-5.8 
0.0007.0.2 
0.03-0.3 

9.1 
3.6 

1,000 

1 
30,500 

186,500 

1,330 
2,100 

11,477 

32,100 
196,101 

2,100 

19F3 
Jan-Mar 

Apr-Jun 

Jul.Sep 
Oct-Dec 

Seabass 
Cherry 

snapper 
Seabass 
Cherry 

mapper 
Smibn 
Seabasa 

0.1-0.3 

3.8-9.3 
0.3 

11-21 
0.8-120 

0.1 

17,000 

4,000 
9.500 

740 
15,800 
20.000 

PL17-45 

Adult 
PL8 

PL2 

0.007-0.2 

1942 
3.2 

02 

122,000 

2.36 
1,000 

66,000 

145,306 

11,240 

81,800 
20000 

Total 
Seawasa 
Cherry 

snapper 

87.711 

79,171 

8,540 

687,M73 716,500 

Tagged shrimp. 



Tale 2. Schedule forcapure andrecapture studies at Boat Quay, Singapor Rivrfor thepmiod 1967-198a. Table 3. Gut content examination of the captured fish from Singapore River. 
Year 

1987 

198 

Type of'gear ujed 

Tranuoe and 910net 

Cast nat 

Traenl a gm ot 

Cast aft 

Seine 

Pish trapa 

Dates 


10.Z87 
26.2.87 

11.3.87 
18.3.87 

9.9.87
10.287 
11.3.f7 

182..87 


9.9.87 
41.88 

16.3.88 
.88 


14.4.88 
29.4.88 


14..88 
13.7.88 
41.8 
51M& 

30.3.88 
14.4.88
M.AS14.8814-BAS 
13.7.88 

28.7.88 
8.9.88 

11.10.88
25..88 
5.10.88 

18388 

28..88 

14.4.88
28.4.8
31.1.88 
21.788 

.M.88 
1410.88 

1910.88 

Anm 


Boat Quay 

Boat Quay 
" 


Boat Quay 
" 


Bad Quay 

-Elotridae 

Boat Quay 
Boat Quay/Roadand Ord Bridgef
Ord ad Clareceau Bdge ,and 
Cleancau Bridge
Boat Quay 

Boat Quayr 

Tidecwdltioa 

Setathigh tide and 
hauled taLlow 


Low tide 

Sat at high tide and 
halad at bowtida 

Low tda. 

Low tide 

Not cntiraly dependent 
on tidal condition because 
thetrps wsa, left for
amninumof2dya. 

Family 

Ambasaidae 

Apogonidae 

Batrachoididae 

Carangidae 

Chaetodontidae 
Clupoidae 

Elopidae
Engraulidae 

Epinephelidae 
Gerreidae 

Gobiidae 


Leiognathidae 

Lutjanidae 

Mugilidae 
Mullidae 
Pletycephalidae 

Plotosidae 

Pomadasyidae 

Scatophagidae 
Serranidae 

Siganidae 

Sillaginidae 
Sphyraenidae 
Tetraodontidae 

Species 


Unidentified op. I 

Apogon hyaoosora 
Unidentified sp.1
Bairachomoeussp. 

Alepes sp.
Atrpus --. 
Carangoides m aricus 

Scomberides commer-

son0 o -tius 

Swmbervides tol 
Unidentified sp.1 
Parachaetodonoceatus 
Anodontoatomachcunda 
Sardine4a lmbriata 
Buti, ap. 
MIops machnata 
Stolephorusheterolobus 
Stokephorus jjindikw 

Promicropsklwweolatits 
Gerres abbreviatus 
Gerres filamentosus 
Eryri-puntang
 
Uaidentied sp.
 
Leiognathusequulua 
LeiogZathuR fascutus 
Lutanusfuluo nmc 
Lutjanus monostngma
Lutjanus rusaelli 

Mugil ceramensis 
Upeneus tragula 
Platycephalusindicus 

macraanthusPlatycephalusPlatycephalus
scaba 

Platycephalussculptus 
Plotosuscnguiaris 
PotoSuS canWi 
Pomadasysopercularis 
Pomadasys sp. 
Scatophagusargus 
Epinephelustauvina 

Siganus guttatus 
Soanw javus 
Silagosihama 
Sphyrawnajeo 
Unidentified ap. 

Description of gut content 

Indeterminate 

Shrimp head, partially digested 

Indeterminate 
Shrimp head, partially digested
Indeterminate 

Shrimp, partially digested 

Indeterminate 

Shrimp tail, partially digested
Indeterminate 

Shrimp body, partially digested 

Indeterminate 

Fish heed 
Indeterminate 

Crab and fish, partially 
digested 

Indeterminate 

O 

http:11.10.88


Table 4. Record offish and crustaceans caught in Singapore River by amateur fishermen according to fishing gear for the period 1986-1988. 

Type of fish and 
crustaceans caught 

AmbassidaeAmbasis sp. 


Apogonidae
Apogon sp. 

BalistidaeMonacanthus sp. 

Carangidae(Trevallies) 
(Seed) 

CentropomidaeLatescalcarifer 

Clupeidae 
Anodontosomachacunda 

Dussumieriahasselti 
Sardinella sp. 

DrepanidaeDrepanesp. 


Engraulidae
Stolephorussp. 

Gerreidae 
Gerresfilamentosus 
Gerres sp. 

LeiognathidaeLeiognathus sp. 

LutjanidaeLutjanus sp. 


Mugilidae

Mugil sp. 

Mullidne
Upeneus sp. 

Nemipteridae
Nemipterus sp. 

Apr-Jun 
Pole Crab 

fishing trap 

1986 

Pole 
fishing 

Jul-Aug 
Gill Cast 
net net 

Crab 
trap 

Pole 
fishing 

Jan-Mar 
Gill Cast 
net net 

1987 

Crab Pole 
trap fishing 

Apr-Jun 
Cast 
net 

Crab 
trap 

Jul-Sep 
Pole 

fishing 

1988 
Jan-Mar Jul-Sep 

Pole Pole Crab 
fishing fishing net 

+ 

+ 

- + - - - - - - - - -

+ + - - - - - - - - -
- + - -

+ 
- + - -

+ + - + - + 

+ -
+ 

+ + 

+ 
+ 

+ - + 
- + - + 

+ + - + - - - +-- - - + + -

+ - + - - - - - + - - + + + -

- - + - -

+ 

+ + + + 

Continued 



Table 4 (continued) 

Type of fish and 
crustaceans caught 

Pentepodidae
Gymnocranis sp. 

Apr-Jun 
Pole Crab 

fishing trap 

1986 

Pole 
fishing 

Jul-Aug 
Gill Cast 
net net 

Crab 
trap 

Pole 
fishing 

+ 

Jan-Mar 
Gill Cast 
net net 

1987 

Crab Pole 
trap fishtin 

Apr-Jun 
Cast 
net 

Crab 
trap 

Jul-Sep 
Pole 

fishing 

1988 
Jan-Mar Jul-Sep 

Pole Pole Crab 
fishing fishing net 

Platycephalidae
Platycephalussp. 

+ 

Plotoeddae 
Platocus 

arnguiloris 
P1oOsus sp. 

-

+ 
+ 
++ 

- - - - - - - -- - -

Scatophagidae
Scatophagus argus . + + 

Szimnidae
(Croaker/Jew fish) + + - - + + 

Serranidae 
Epinephelussp. + + - - + + + 

Sinaginidae
Silago sihama + 

Sphyraenidae 
SphyraenajeU-o + 

Synodontidae
Sauridasp. + + - - -

Triacanthidae
(Tripod fish) + - - - + 

Portumidae
Portunusjelagicus 
Scyla serruta 
Uridentified 

-
-
-

+ 
+ 

-
-

- + 
+ 

+ 
+ + 

Shrimp,
unidentified - - + + + 

+= Fish and crustaceans caught. 
- = Fish and crustaceans not caught. 
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Table 5. Catch and abundance of specimen by different fishing methods in Singapore River for the period 1987-1988. 

1987 1988 
Gill/trammel Cast Total Gill/trammel Cast Seine Fish Total Grand 

net net no. net net trap no. total 

Ambassidae Ambaais urotaenia 1 1 1 
Unidentified p. 1 - 7 - 7 7 

Apogonidae Apogo tfraenatu 20 20 1 8 7 27 
Apogon hylosoma - 1 1 1 

Batrachoididae 
Unidentified ep. 
Batrachamoeusoccidentalis 

2 2 43 
-

7 
2 -

50 
2 

52 
2 

Batruchamoeusop. - 4 4 4 
Balrachamoeustrispinosus - 2 2 4 4 

Bothidae Paeudorhambusep. 1 3 - 4 4 
Carangidae Aeetiu indicus 1 1 1 

Alepes milanoptera 1 1 2 
Alepes op. 1 1 1 
Aropus sp. 4 4 4 
Carongoidesarmatus 1 1 
Carongoideschrysophyrs 1 
Carwgidesmalabaricus 2 2 1 1 3 
Scamberaides 

cammersonnianus 6 8 14 14 
Scamberose sp. 
Scamberoiead tot 

1 
12 

1 
12 

1 
12 

Selaroidesleptolepis 1 1 - 1 
Unidentified ep. 1 3 3 1 2 3 6 

Centropomidae Lates calcarifer - 1 1 1 
Chaetodontidae Parachaetodonocellatus 1 1 3 3 4 
Clupeidaa Anodontostoma chacunda 112 218 330 258 1,624 806 2,688 3,018 

Dussumieria hasseltii 2 2 - 2 
Opisthopterustardore 1 - - 1I 
Sardin-llafimbriata 2 2 420 68 84 572 574 
Sardinellagibbosa - - I 1 1 

Eleotridae Butis ep. I I I 
Elopidae Elopsmachnata 2 2 2 
Engraulidae Stolephorusheterolobus - - 7 5 12 12 

Stolephorusindicus 62 1 63 15 6 2 23 86 
Thryssa mystax 2 2 2 
Unidentified ep. 1 2 2 2 

Epinephelidae Pmmicrops lanceolatus 4 5 9 9 
Gerreidae Gerresabbreviatus 1 11 12 1 139 13 1 154 166 

Gerresfilamentosus 2 5 7 2 56 3 61 68 
Gerres oyena 46 46 46 

Gobiidae Acentrogobius criniger 2 2 2 
Eleotris sp. 1 2 3 3 
Exyriaspuntang I I I 
Unidentified sp.1 6 6 35 13 12 60 66 

Haemulidae Plectorhinchus gibbosus I I I 
Hemiramphidae Hemiramphus ep. 2 2 2 
Labridae Unidentified op. 1 1 1 1 
Lactariidne Lactariusladarius 1 1 I 
Leiognathidae Leiognathusbrevirostris 9 12 21 21 

1-iognathus equulus 105 23 128 22 301 188 511 639 
Leiognathusfasciatus 36 36 66 4 10 106 
Leiognathusleu 't 7us 3 7 - 10 10 

Lutjanidae Lu(janua fulviflat ma 4 4 4 
Lutjanusmalabar ums 1 1 1 
Lutjanusmonosti,a 4 4 22 - 22 26 
Lutjanusrusselli 6 2 8 8 
Lutjanusjohni 1 1 1 

Mugilidae Mugilceramensis 4 4 15 - 15 19 
Mugil iade 9 11 20 20 

Mullidae Upeneus tragula 3 2 1 6 6 
Parapercidae Parapercisfilamentosa 1 1 1 
Platycephalidae Platycephalusindikz 4 5 1 10 10 

Platycephalusmacracanthus - 2 2 2 
Plao cephalus wcaba 1 1 8 9 10 
Platycephalusscuptus 1 1 1 

lectorhyachidae Pseudopristipomanigra - - 1 1 1 
Plotosidae Plotosusanguillaris 9 9 5 - 9 14 23 

Plutosuscanius 3 1 4 4 
Poeciliidae Lebistes reticulatus 67 67 67 
Pomadasyidae Pomadasysopercularis 7 4 11 .8 - 8 19 

Pomadusyssp. 3 - 3 3 
Scatophrgidae Scatophagusargus 7 7 40 6 2 48 65 
Serra%:idae Epineph-lusmalabaricus - I I I 

Epinephelw tauvinar 1 4 5 24 1 13 38 43 
Siganidae Siganus guttatus 5 1 6 6 

Siganusjavus 53 2 55 55 

Continued 
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Table 5 (continued) 

1987 1988GOll/rammel Cast Total Gll/trammel Cat Seine Fish Total Grandnet net no. net net trap no. total 
Sillaginidae 8illao eilira 82 1 53 53Sphyramenidae Sphyraenajrdo

Synodontidae Sadda wudoaquami1 

2 8 10 11 
1 

3 14
1 

2
 
Tetraodontidae Amblyrhyachotes op. 
 I8 6Arothron reticularia 

Arothron op. 6 
12 3 3

Unidentified up. 1 
Theraponidae 7Therupon theraps 1 5 51 2 3 - 1  1 4 

Total no ofspees 17 22 30 17 57 27Total no. of specimen 20 'iS 82U31345 676 749 2,732 1,251 72 4,804 5,480 

Menippidae Myo.'enippehardwickiMetapenaeus Metapenaeusenais u s.1 -e 71196 22 2 211211Mletapenaeua op. 
-n 

Penseua Penaeusindicus 1- 2 3 32 1 1 
Penaceu(tagged)merguieiui. 

1 2 2Penaeusmeyguienaja(nntafed) 5 5Penaeussemiscuagua 5 2 - 7 12
Portunidae Portwuspelagicua 5 3 8 815 15 71 30ScyUa errata 2 23 

26 8 135 150
2 3 2 15 43 45 

Total no. fspecies 2 3 4 3 6 5 5 8Total no. of specimen 16 8 24 95 57 
9 

228 35 415 439 

F.rSdre 

Fig. 1. Map of Singapore River. 
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ABSTRACT 

High sedimentation levels accompanying large-scale land
reclamation and heavy shipping activity in the Singapore seas 
over the past 20 years have reduced the abundance, but notthe diversity, of coral reef life-forms. Since artificial reefs haveshown in many parts of the world that they can enhance living
marine resources, they were considered part of a habitat 
restoration effort. Site selection surveys for possible artificialreof"establishment were carried out at seven sites btween
February 1987 and June 1988. Results showed that Terambu
B1mhon has the highest percentage of live coral cover (k; .88%)
and the largest average size of coral colonies. Cyrene Reefs has
the highest diversity, with 28 genera covering 48.06% of the 
transect. Pulau Semakau has the lowest average coral coverand diversity, as well as the lowest average coral colony size.Although Terumbu Jarat and Pulau Semakau have poor com-

munity structure and low recruitment potential, reef

enhancement using artificial reefs will be more significant, 


INTRODUCTION 

Singapore has one of the highest population
densities in the world with 2.6 million people and 
a land area of just over 600 km2. This shortage ofland has resulted in a heavily utilized and highly
modified coastline. Much of the original coastal 
resources have been reduced by the country's
effort to use all available space. Massive land
reclamation, which was started in the 1960s, was
intended to reach its target of increasing the land 
area of Singapore by 10%. However, in doing so, 

living marine resources have been affected by thereclamation (Chou 1987). The fringing reefs alongthe southern coast have long been destroyed and 
fish catches over the past 20 years have declined
(Tham 1986).

Artificial reefs have been used in many parts ofthe world to enhance and restore living marine 
resources in disturbed environments. Sunken 
structures on the seafloor have been kncwn to 
attract fish and serve as substrates for encrusting
organisms. These human-made reefs have been 
shown to provide habitats for many reef organ
isms and to enhance living marine resources (Higoand Notonakano 1984; Munro and Polovina 1984).Under the ASEANAUS Coastal Resources Man
agement Project, seven potential sites were surveyed for the establishment of artificial reefs inSingapore between February 1987 and June 1988
(Figs. 1 and 2).

As the and a un ance of rganismsofdiversity bd o
nearby reefs will affect the final composition ofthe artificial reef, the reef life-forms of site-adjacent reefs were surveyed. Results of physicochemical parameters andseafloor characteristics 

of selected sites have been earlier documented(Chou and Hsu 1988). Summarized results ofadjacent reef characteristics of seven sites were 
reported (Chou and Hsu 1987). This paper focuses 
on the reef community of the natural reefs adja
cent to the sites. 

METHODOLOGY 

The natural reefs next to the seven sites exam
ined were Cyrene Reefs (1°15'N, 103'45'E),
Terumbu Jarat (1°12'N, 103*47'E), Terumbu 
Pempang Tengah West %'112'N,.103044,E),
Terumnbu Bemban (112'N, 103'45'E), Kukor Bea
con (114'N, 103o45'E), and Terumbu Pempang
Tengah North (114'N, 103?44'E). The reefs were 
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surveyed using a 100-m line-intercept life-forms 
transect set on the reef slope at a.depth of 3 m 
from the reef crest (Dartnall and Jones 1986). The 
data were analyzed in terms of the percentage 
cover of the live coral, dead coral, algae, other 
fauna and abiotic components with respect to the 
100-m transect at each site. The community struc-
ture of the hard corals at each reef was then 
examined. 

Summarized results of the line-intercept life-
forms ransect on the site-adjacent reefs with ref-
erence to their biotic an~d abiotic components are 

shown in Table 1. The analyses of hard coralcommunity at the generic level and the Shannon 
cmnd W tat divith gnice leve an the Sannon 
and Weaver diversity indices of all the transects 
are shown in Table 2. 

The transect at Terumbu Bemban had the 
highest live coral cover of 65.88% and the higlest 
number of colonies. Pulau Semakau had the low-
est number of colonies on its transect. From the 
diversity indices in Table 2, Cyrene Reefs had the 
most diverse hard coral cammunity (2.96) and the 
highest total number of genera. Terumbu Pem-
pang Tengah West had the second highest diver-
sity index of 2.44 and the second highest total 
number of genera. Terumbu Jarat had the lowest 
coral diversity of only 1.99. The avirage size of the 
colonies of each transect (Table 2) was calculated 
by dividing the total percentage cover by the 
number of colonies on each transect. The average 
size of coral colonies was highest at Terumbu 
Pempang Tengah North (0.66 m), followed by 
Terumbu Bemban (0.44 in). Pulau Semakau had 
the smallest average coral colony size. 

The most common corals found on the taansect 
at Cyrene Reefs were mainly the massive and the 
foliose types. The dominant genera were 
Merulina,Pectiniaand Favites,cach covering over 
5% of the transect. The genus Acropora was 
absent. Three colonies of the nonscleractinian 
Heliopora were encountered at this site only. 
Dead corals comptised mainly those with algal 
coating and none were recently dead. The algae 
observed on the transect were filamentous ones in 
the form of algal assemblages. The other types of 
reef fauna observed included sponges, soft coral 
and hydroids but these were predominated by 
zoanthids. The abiotic components were mainly 
rubble and silt. 

The traaisect at Terumbu Jarat had only 22.54% 
live corals (Table 1), of which the genera Physo
gyra and Pavona were dominant. Although the 
transect there had the lowest coral cover, there 
were two occurrences of Acropora taking up 0.1% 
of the 100-m transect (Table 2). The common 
growth forms were the encrusting, massive and 
foliose types. The dead corals were predominantly 
those with algal covering. Coralline algae and 
algal assemblages were also observed along the 
transect. Other reef fauna were mainly sponges 
and hydroids. At this transect, the highest per
centage of abiotic coml )nents (62.38%), like rub
ble and water fissures, were recorded. 

The second highest live hard coral cover was 
encountered at Terumbu Pempang Tengah West
with the genera Pachyseris, Favia, Merulina, 

wite anea amoge m runa
Porites and Pectinia among the more abundant. 
The transect had two colonies of Acropora with a 
percentage cover of 0.4%. The dominant growth 

forms were the encrusting type (Pachyseris and 
Merulina).The submassive and branching growth 
forms each had only one representative on this 
transect. Like the previous two sites, dead corals 
had algal covering and the algae encountered 
were either coralline algae or in the form of algal 
assemblages. Sponges were observ-ed covering 
0.94%. Among all the transects, this site had the 
lowest abiotic components (19.01%), comprised 
mainly of rubble. The site north of this patch reef, 
however, did not have the high live coral cover 
encountered in the west. But the dominant genera 
were common for the two sites minus the genus 
Meruiina. The transect on the north site did not 
have any algae although filamentous algae were 
plentiful in other parts of the reef. Patches of sand 
were found interspersed between the living part of 
the reef. 

The dominant corals at Terumbu Bemban were 
the foliose forms of Montipora (43 colonies, 
21.70%) and Pavona (21 colonies, 14.35%). One 
colony of Acropora was observed on the transect. 
The dominant growth form was the foliose type, 
comprising mainly of Pavona and Pectinia. It is 
interesting to note that on this transect, and even 
more so on the reef flat, there was an abundanLe 
of the branching form of Porites,which is not very 
common in other Singapore reefs. Apart from the 
usual occurrences of algal assemblages, the 
macroalgae Sargassum was present. Other reef 
fauna included sponges, sea urchins and sea 
anemones. There were 58 occurrences of abiotic 
components like sand, rubble and water fissures, 
but these occupied only 26.47% of the transect. 
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Pulau Semakau had the lowest percentage can be attributed to the dumping of earth spoilscover of live corals (15.61%) and the highest per- southeast of this site. The increase in the level ofcentage cover of dead corals (49.91%). The genus sediment in the water and the subsequent reduc-Acropora was absent. The predominant coral was tion of water visibility have resulted in the deaththe encrusting form of Montipora.The algae that of many corals and other life-forms. If this dumpoccurred were in the form of filamentous assem- ing at Pulau Semakau is contained, the construcblages. Zoanthids formed the highest percentage tion of artificial reefs may be a possible solution tocover of noncoral life-forms. There was a total of the enhancement and restoration of the natural12 occurrences of zoanthids covering 2.35% of the reef. The rich and diverse reef that existed heretransect. Other fauna included sponges, hydroids before the dumping shows this area to be ideal forand soft corals. The majority of the abiotic compo rapid reef recolonization.
 
nents was made of rubble, although other compo
nents like silt, sand, water fissures and rocks
 
were present on the transect.
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Table 1. Life-forms cover at 3-m depth on the reef slope of the surveyed sites (based on a 100-m 
line transect). 

Percentage coverSurveyed site Live Dead Algae Other Abiotic 
coral coral fauna components 

Cyrene Reefs 48.06 2.00 1.58 1.66 46.70Terumbu Jarat 22.54 12.73 0.00 2.35 62.38 
Terumbu Pempang
Tengah West 54.42 19.16 5.22 2.19 19.01Terumbu Bemban 65.88 3.91 1.53 2.21 26.47Kukor Beacon - -

Terumbu Pempang
Tengah North 38.05 25.90 0.00. 1.85 34.20Pulau Semakau 15.61 49.81 1.60 4.35 28.63 
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Table 2. Hardcoral community an-lyxed at jfemric level (figur indicate puceuntages my with colony nmbcr in parenthess). 

Genera Cyreae 
Reefs 

Terumba 
Jmart 

Reef Bite 
Tenrnbu Temumbu 
PeMcgn Bemban 
110994h(M 

Ternmbu 
Pimpang 

Tsnzah (N4) 

Pulan 
semakan 

Acroporl-se 
A p-opr 
Mar.pora 0.98(3) 

010(1) 
oa8 ) 

0.40(2) 
116(4) 21.7(43) 4.70(15) 

Agriclildso 
ptowri 

Pochystris 
Pavona 

0.0(1) 
1.94( 
0.20=1) 

0.10(1) 
4.13(9) 

13.07(26) 
2.35(6) 

4.40(9) 
14.5(21) 

0.3,(1) 
10.75(12) 

8.70(2) 
0.40(s) 
0.48(2) 

Fungildae 
Fngi 
HeUcWIa 
Lhophyblop 
Padobaoca 

0.0(2) 

124(01)001 

0.55(4) 0.75(7) 

1.0(6) 

1.79(12) 

e001) 

1.70(4) 
-

2.10(7) 

0.10(1) 
0.20(1) 

Poritidae 
Goniopor 
Portia. 

1.9(8) 
215(5) 0.40(1) 

1.14() 
2.0(8) 

0.90() 
4(7) 2.65(9) 1"7) 

Siderastreldae 
Peammocora 0.20)-

Favildae 
Cyphastrea 
Diplooatrea 
Echinopora 
Fovia 
Fauits 
Goniastrea 
Hydnophora 
Leptastra 
Monotta 
PWYVM 

0.08(1) 

IWO 
2.59(10) 
58(10) 
219(6) 
1.31(2) 

146(6) 
22o(10) 

1.35(s) 
0.45(3) 
0.90(2) 
0.50(3) 
0.5(,2) 

Me) 
5.55(7) 
1.40(5) 
0.70(3) 
1.90(4) 

o42) 

0.90(2) 

1.10(4) 

1.95(6) 

0.75(4) 

0.70(s) 

.7.00(4) 
0.0(1) 
1.70(2) 

010(1) 

1.96(4) 
1.40(2) 

1.(s) 
0.50(1) 

0.2D() 

Trachyphylliidae 
Truchyphy//ia 0.2(1) 

Oculinidne 
Galaea 1.46(8) 0.50(8) 014(1) 

Merulinidse 
Merulina 5.87(13) 0.85(4) 8.15(18) 418(10) 

Musuidae 
Lobophylfia 
SymphyUia 

0.68(2) 
3.00(3) O.50'2) 0.50(4) 

0.90(1) 

Pectinildae 
Echinophyllia 
Mycedium--
OZypora 
Pectinia 

2.50(3) 

1.08(2) 
5.34(15) 1.65(8) 

0.72(1) 

8.51(27) 
0.60(2) 
4.99(21) 

5.15(') 
0.40(2) 
0.15(2) 

0.80(8) 

1.20(8) 

Caryophylliidae 
EuPhyvlli 
PAyso&r 
Pkro-rn 

1.0(2) 
0.10(1) 
0.31) 

9.76(11) 
0.50(2) 
0.40(1) L25) 

010(1) 

Dendrophylltdae 
Tubastraea 
Turbinaria 0.09(1) 

0.05(2) 
0.3(1) 

Helioporidne 
lelioporm 0.85(3) 

Total percen. 
tng cover 

(Number of 
colonies) 

Total number 
orgenera 

48.06 

(128) 

28 

22.54 

(56) 

16 

54.42 

(146) 

21 

65.88 

(148) 

17 

38.05 

(58) 

17 

15.61 

(50) 

16 

Shannon and 
Weaver diver. 
sity indexa 

Average conlony 
2.96 1.99 2.44 2.12 2.12 2.24 

size (M) 0.38 0.40 0.37 0.44 0.66 0.81 

*Odum (1971). 
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Five reefs south of the Singapore mainland
coastal resources, were chosenICLARM Conference Proceedings 22, 455 p. National Uni-	

as, potential artificial reef sites (Fig.1). They are Terumbuversity of Sngapore, Singapore; National Science and Tech-	
Bemban, Terumbu Jarat,Terumbu Pandan, Teiumbu Pempang Tengah andnology Board, Singapore; and International Center for Living Aquatic Resources Management, Philippines. Puatu Se sakau.are The reefs at the first fourpatch ones, while that at 	 sitesPulau Semnakau is 

ABSTRACT 	 fringing.
The fish surveys were made by visual census,

Five sites were identified as possible areas for the estab- modifiedlishment of artificial reefs. 	 from that described by DartnallThese were Terumbu Bemban, Jones (1986). At each site, 	
and 

a 150-m transect lineTerumbu Jarat, Terumbu Pandan, Terumbu Pemipang Tengah wasand Pulau Semakau. The fish fauna at these sites was 
laid along the reef slope, parallel to the reef 

surveyed and a preliminary list of reef species observed at the 
crest, at two depths (3 and 10 m). Two observersswam along the line and recorded the fishsites is given. Only three species of indicator butterflyfishes(Chaatodontidae) were recorded during the surveys. Generally, observed within 3 in to the left, right and above.there were few target species (families Caesionidae, The total area covered using this method was 900Carangidae, Haemulidae, Lethrinidae, 	 M 2 .Serranidae). The most abundant fishes were 

Ldtjanidae and
the pomacentrids Actual counts were made for 	 theand the labrid,. 	 indicatorThe fish fauna was abundant at 3 m depth andgenerally poor at 10 m depth. 	 species (family Chaetodontidae) and the target 

species (important food families such asHaemulidae, Lethrinidae, LutjanidaeINTRODUCTION 	 and 
Serranidae). The abundance of all other families 

The Artificial Reefs in Living of fishes was estimated accordingResources 	 to log 4Enrichment in the Singapore 	
abundance categories (Table 1). The abundance ofcomponent of the scads (Carangidae)ASEAN/US 	 and fusiliers (Caesionidae),Coastal Resources Management although considered target species, have beenProject is the first project of its kind in Singapore. estimated according to log 4 categories because ofIt aims to increase fish habitats and restore their schooling habit.critical habitats for the purpose of increasing fish All surveys were carried out betweenproduction, enhancing 	 11 A.M.recreational fishing and and 3 P.M. within a three-month period from Junepreserving genetic diversity in Singapore waters,


Studies 
to August 1988. No data were collected for the 10on Singapore reefs have shown that m transect at Terumbu Jarat since the reef slope
artificial substrates may prove significant in coral 
 was not beyond 6 mtdeep.recruitment and growth (Chong 1985; Chou and

Lim 1986). Artificial reefs can also serve as fish
aggregating devices. The initial activities of theproject entailed a site-selection survey for possible RESULTS
artificial reef sites and a documentation of reefsubstrate. This paper gives a list of visually
conspicuous reef fishes surveyed and an estimate 

A total of 57 species of fishes from 17 families 
was recorded. The results are summarized inof their abundance in each site. Table 1. 
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Indicatorfish (Chaetodontidae) 

The butterflyfishes recorded were Chaetodon 
octofasciatus, Chelmon rostratis and Coradion 
chrysozonus. C. rostratus and C. octofasciatus 
were ubiquitous at all the sites surveyed. How-
ever, while C. rostratus was observed at both 
depths, C. octofasciatus was observed only at the 
3-m depth transect. C. chrysozonus was not 
recorded in any of the transects but was sighted 
at Terumbu Bemban at 10 in depth. 

Target species 

The nine species recorded under this category 
were two species of sweetlips (Haemulidae), two 
species of groupers (Serranidae), two species of 
scad/trevallies (Carangidae), two species of 
fusiliers (Caesionidae) and one species of snappers 
(Lutjanidae). No emperor bream (Lethrinidae) 
was observed. The schooling fusiliers (Caesio teres 
and C. caerulaurea) were most abundant and 
occurred in schools of 10 to 40. Their sizes ranged 
from 10 to 18 cm. Among the solitary target 
species, the snapper (Lutjanus carponotatus)and 
the small grouper (Cephalopholis pachycentron) 
were more common. Single large individuals 
(approximately 30 cm in length) of groupers 
(Plectropomus areolatus) and sweetlips 
(Plectorhynchuspictus) were recorded at Terumbu 
Jarat and Terumbu Bemban, respectively. The 
small scad (Selaroidesleptolepis) was also present 
in the reefs but was not recorded in the transects. 

Major families 

In terms of the number of species and 
abundance, the dominant families recorded were 
Pomacentridae and Labridae. A total of 17 species 
of pomacentrids and 11 species of labrids were 
recorded during the fish surveys. The smaller 
pomacentrids of genera Neopomacentrus and 
Pomacentrus were most common. Pomacentrus 
was distributed throughout the reef and was 
abundant at the 10-m depth, while Neopomacen-
trus was confined to shallower depths (3 m). 	10-m depth. This can be attributed to the greater 

live coral cover at the 3-m depth compared to theAmong the labrids, the most common were 
10-m depth (Hsu and Chou, this vol.). At greaterHalichoeres dussumieri and H. melanurus. The 
depths (10 m), the percentage of rubble wassoapfish (Grammistidae, Diploprion bifasciatus) 

was also relatively abundant at all sites. 
Other families of fishes observed at the sites 

were Apogonidae, Blenniidae, Gobiidae, Mullidae, 
Nemipteridae, Ostraciidae, Pomacanthidae and 
Scaridae. 

Eleven species were common at lower depths 
(10 m). Five of these were pomacentrids: Poma
centrus alexanderae, P. brachialis, Chrysiptera 
unimaculata, Hemiglyphidodon plagiometapon 
and Neopomacentrus sp. 1. The rest were: one 
chaetodontid (Chelmon rostratus); one pomacan
thid or angelfish (Chaetodontoplus mesoleucus); 
one labrid (Halichoeres dussumieri); one Cae
sionidae (Caesio caerulaurea); one lutjanid 
(Lutjanus carponotatus); and one Grammistidae 
or soapfish (D.bifasciatlus). 

Fish species recorded at the sites were 
generally small. Only a few large species were 
sighted: P. areolatus,P. pictus,P. chaetodortoides, 
Scarusghobban and Chelinus fasciatus.With the 
exception of the more pelagic fusiliers (Caesio 
teres, C. caerulaurea) and scad/trevallies 
(Selyroides leptolepis, Caranx spp.), all other 
fishes were observed to be closely associated with 
the reef. 

DISCUSSION 
Randall noted that the number of species of reef 

fish in Singapore was low (Tay and Khoo 1984). 
Tay and Khoo (1984) recorded 99 species froin 28 
families. It should be noted that the 57 zpecies 
recorded in this survey can not be direct tv com
pared with the number of species they recpurted as 
the methods and time of recording differed 
greatly. While Tay and Khoo used comprehensive 
but time-consuming methods, the method used for 
this study yielded quick but only semiquantitative 
data. However, this method allowed the identifi
cation of the visually conspicuous species of reef 
fishes and an estimation of their abundance for 
the assessment of the fish populations (GBRMPA 
1978). 

The pomacentrids 
nant reef fishes at 
chaetodontids, with 
considered poor in 

and lal.rids were the domi
all the sites surveyed. The 
oniy three species, can be 

terms of variety. This trend 
was also observed for the target species. 

The reef fishes were generally of greater variety 
and more abundant at the 3-m depth than at the 

greater; this implies a lower availability of food 
and shelter. Eleven species, however, seem to 
have adapted to these conditions. Most of these 
species were generally small; the larger species 
observed were only a few. 
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Table 1.The distrbution and abundance ofreeffluhe at propoed artificialreefolts. 

Family Species 

Terumbu 
Pandan 

3m lOm 

Teeumbu 
PuopangTenph 

3TW 1am 

Survey dtddepth 
Terumbu 
Bemban 

3m lOm 

Terumbu 
Jarat 

3m 

Pulau 
Bemakau 

3m lom 

Chaotodontidas CW=d on chrywoaunus+
Chadodon ociobseatus 
Chdmo.n rstrut" 

1 
14 1 

11 
5 5 

Actual counts 

6 
5 11 6 

4 
11 2 

Apopnida. Amon co-p . 1 
Log 4 abundance 

I 

Blenn/idas 

Caelsonidae 

CheiMLOfarw macradon 

Mekmnhugramna 
Blen' op. 

Camn(tr 

C omrulauroaO 

+ 

2 

+ 

8 4 4 2 

+ 

1 
2 

Caransida. 

Grammistidas 

Gobtida. 

S+aroldui pkkp, 
Cwunx op. 

Dp*o1"ioablfascaeus 

Goby op.1 

4 + 3 

1 

3 4 4 

+ 
1 

4 

1 

4 

2 

3 

Haemulldae 

Labrida 

Rectorhynchuspcua 

P. chattotontldm 

Cphoroxn arncho, 
CheUlnusabcadu 
Hallchoers clonpterus 
H.runanuus 
H. mdaftochr 
H. cpauari
H.dumimial 
H.hartfddU 

HemL0mnuo mnseaueus 
Labrokadimidiatuo 
Thlalasomm tunare 

1 

1 
a 

1 

4 

1 

1 

3 

1 

1 
1 

I 
4 

1 
1 

4 
3 

1 

2 

2 
3 

4 

1 
2 

3 

1 

+ 

1 

+ 

3 
I 

4 

+ 

4 

Lutjanidae Lunsm crponotaftj 3 1 3 1 
MullWa Upenaua tngula 

1 

Nemipterldas Pntapuscanlhua 
&cIop, s bUilmatus 
S. ULimUMA 
S. vosmer 

1 

1 

Continued 



336 

Table 1 (continued) 

Family Spesa 

Terumbu 
Pandan 

3m lom 

Terumbu 
Pampang 
Tenaah 

3m 10m 

Survey @itddepth 
Terumbu 
Bemban 

3m 10m 

Terumbu 
Jarat 

3m 

Pulau 
Semakau 

Sm 10m 

Ostradlde OstradonBp. I 

Pomacanthtdae Pomacunthussaxsuiatus 
Chaetodontopiu -maeueu 

1 
3 1 3 3 4 2 3 3 2 

Pomancentridae Abudefdufbengalanar 
A. eoelestinu 
A. soia 
Auxlyians 
Amblyglyphldod

a-ucogumter 
AmpAlprion f[gnatus 
A. ocd/ari 
Chryaiptar unimacdoto 
Hemiglyphilodan 

piogiomtopon 
Neopomocentrus taeniurus 
Neoporcmcentruaep. 1 
Neoponwcvnfrw ap. 2 
ParuglyphLdodonnlgroai 
Pommetrusaa. znderc, 
P. bruhlaais 
P. morIeiwal 
Pomochromisrchardaoni 

+ 
1 

4 
4 

4 
4 

1 

S 

2 

1 
3 
2 

1 
1 

4 

4 
4 
3 
2 
4 

3 

2 

2 

3 

I 

a 
2 
4 

3 
5 
4 

4 

S 

3 
1 

5 
2 

I 

4 

3 
1 
3 

4 

+ 
8 

4 

4 
4 

2 

I 

2 

4 
1 

Scaridae Scoruaghobban 
S u sop. 

1 
4 

Semnidae CEpaGlopk*JLs pocAyentn 
P/ectopomwu areolatu 

1 2 
1 

Log 4 Categorles No. ofindividuals 
I I 'indicates presence 

2 2- 4 
3 5- 16 
4 17- 64 

5 66. 26 

6 257-1.024 
*No data on distribution and abundance but pre ent at 10-m depth. 
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Fig. 1. Map of coral reefs in Singapore showing sites surveyed. 
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ABSTRACT 

Macrobrachiumrosenbergii is widely distributed in South-
east Asia, including Brunei Darussalam. The local marketedproduction or Macrobrachiumfrom 1980 to 1987 ranged from 
16.9 to 54 t with a very negligible contribution from aquacul-ture. In line with the program of the Fisheries Department 
(FD) to develop the culture of Macrobrachium, a pilot-scalehatchery was constructed in 1982. Since then, the annual
hatchery production has increased remarkably from 12,200 to
297,500 postlarvae. All of the postlarvae produced until 1986 
were stocked in grow-out ponds. By 1987, restocking of the
postlarvae in the major waterways of the country began and
77.4% of the year's hatchery producton was utilized for thispurpose. Guidelines on restocking activities will be formulated 
and their impact on fisheries will be assessed. 

INTRODUCTION 

Udang galah (Macrobrachium rosenbergii),
commonly called giant freshwater prawn, is 
widely distributed in Southeast Asia, including
Brunei Darussalam. It is one of the most impor-

tant commercial freshwater 
species. Although atpresent the natural population of the giant prawn
has not been assessed, restocking of the natural 
waterways is assumed to be of great value in 
enhancing the natural stock. In 1987, 56.4 t of 
prawn were marketed in the country of which only
37.8 t were produced locally. The local production
of prawn comes mainly from capture fisheries 
while that from aquaculture is very minimal (less
than 100 kg). 

The number of fishermen involved in prawnfishing is not precisely known, but the majority of 
them are part-time fishermen involved in other
inshore fishing activities. 

In view of the potentials of prawn for aquaculture, FD set up a pilot-scale hatchery in 1982 to 

supply the fry requirement of the department's
demonstration farm and private grow-out ponds.
When fry supply exceeded the targeted require
ment, restocking in the natural waterways of the 
State was done. In 1987, the hatchery produced
297,500 postlarvae of which only 67,200 wereabsorbed by the limited grow-out ponds and the 

rest (230,300) were restocked in the major water
ways.

At present, there is no specific restocking pro

gram in the country. The number of fry to bestocked per area, frequency of stocking, monitoring and assessment scheme need to be formulated. 

Freshwater prawn hatchery 
The pilot-scale hatchery at the FD's station in 

Muara has minimal facilities--twelve 0.8 t circularfiber tanks, three 8 t circular fiberglass tanks, two 
2 t conical fiberglass tanks, one 32 t rectangular
fiberglass tank, four 50 1Artemia hatching tanks,
twelve 120 1 glass aquaria and an algal forroom 
the maintenance of natural foods (Chlorella and
 
Tetraselmis).
 

The aeration system is supplied by a 3 horse
power (hp) vortex blower. Seawater is drawn from 
the coast through a 1.5 hp submersible pump.
Pumped seawater is stored in the 32 t reservoir 
and filtered, using a rapid sand filter pump. The 
freshwater source comes from the tap and stored 
into an elevated 3 t storage tank. The desired 
salinity (12-15 ppt) is attained by mixing the sea
and freshwater in the 8 t circular tanks. 
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The annual production of the pilot-scale hatch-
ery is summarized in Tables 1 and 2. Dramatic 
increases in the annual production (1982-1987: 
12,200 to 297,500 postlarvae) and survival rate 
(1986-1988: 16.5% to 50.0%) have been achieved 
since 1982. This is the result of continued refine-
ments in the production scheme as well as the 
development of the hatchery staffs technical skill. 

Restocking activities 

Restocking of prawn postlarvae in natural 
waterways started in 1987. For restocking pur-
poses, four major areas were identified (Fig. 1): 
Sungai (Sg. throughout this text; means "river") 
Brunei, Sg. Temburong, Sg. Tutong and Jerudong 
Park Reservoir. 
Sg. Brunei has a relatively small catchment 

area (around 360 km2 ) (WHA 1987) and dis-
charges into the inner Brunei Bay. The estuary is 
heavily used for water transport, recreation and 
artisanal fishing. 

Sg. Temburong discharges into the head of 
Brunei Bay from a total catchment area of some 
1,100 km 2, mostly jungle and largely uninhabited, 
There are two major tributaries that drain into 
Sg. Temburong--the Sg. Labu and Sg.Batu Apoi. 
The riverbanks abound with mangrove and nipa 
(Nypa fruticans). 

The Sg. Tutong basin drains a total catchment 
area of about 1,300 km2 (WHA 1987). It is con-
tiguous with Sg.Belait in the west but that part 
of the basin drains directly into Sg. Telisay. On 
the other hand, Sg. Tutong discharges into the 
China Sea between two sandpits that form an 
elaborate estuarine system. Its riverbanks are 
covered with nipa up to 12 km upstream and tidal 
influence extends up to 46 km upstream. 

The Jerudong Park Reervoir, on the other 
hand, has an area of 28.3 ha. Water supply comes 
mainly from the water runoff of the surrounding 
hilly areas. It has a water-holding capacity of 170 
million gal. The reservoir has a water depth range 
of 1 to 15 in. 

Local prawn production 

The amount of prawn marketed in the country 
from 1980 to 1987 is summarized in Table 3. Of 
the total prawns marketed, only 26 to 49% were 
produced locally and mainly from capture fish-
eries. 

Most of those involved in prawn fishing are 
part-time fishermen and their exact number at 

present is not known. In 1986, there were 1,566 
registered part-time fishermen, 71.3% of them 
were from the Brunei-Muara District, 11.4% from 
Tutong District and 7.9% from Temburong Dis
trict (Khoo et al. 1987). Although Temburong Dis
trict had the least number of registered fisher
men, it was the major local source of prawn. 

The gear used in prawn fishing are kilong, buba 
and rambat. Kilong (Fig. 2) is similar to the fish 
corral used in coastal areas. It has two to three 
guide walls of 4 to 6 m long, leading to the catch
ing chamber. It is usually installed perpendicular 
to the riverbank or against the flow of the reced
ing tide. Collection of the prawn in the catching 
chamber is done at two to three days' interval. A 
single collection can produce more than 1.5 kg 
(Amzah, pers. comm.). 

Bubu (Fig. 3) is the local term for trap or pot. 
The bubu used for prawn is different from that 
used in the open sea for catching fish. The fish 
bubu is made from chicken wire mesh and is usu
ally rectangular in shape, while the prawn bubu is 
made from woven bamboo with its mouth facing 
the incoming flow of water. The mouth is conically 
shaped and will allow only the entrance of prawn. 
The body is further covered with nipa leaves or 
the bark of tree for camouflage. The bubu is usu
ally 0.75 to 1.2 m long and the mouth diameter is 
about 0.3 to 0.5 m. One bubu can catch about 0.3 
to 0.5 kg of prawns in three to four days' time. 
Most fishermen experience a better catch if the 
bubu are installed in areas affected by salinity 
fluctuations (5 to 15 ppt). 

The third type of gear used is the rambat or 
cast net. Usually operated during low tide, this 
type is not as commonly used as the kilong and 
bubu for catching prawn. 

DISCUSSION 

The magnitude of prawn fishery in Brunei 
Darussalam has not been fully assessed. Local 
production of prawn did not show any fixed trend 
from 1980 to 1985 (Table 3). However, there was a 
sharp decrease in production of nearly 50% from 
1986 to 1987. The explanation for this decline in 
the natural fishery was not well established, but 
the long drought period experienced in the 
country (from December 1986 to May1987) may 
be one of the major factors. If such a trend contin
ues, restocking the country's natural waterways 
will be necessary to enhance the natural prawn 
stock. An increase in the natural stock could boost. 
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local production and subsequently reduce, if not There is a need to formulate guidelines andtotally eliminate, the importation of this species. policies that will ensure the success of theFurthermore, such a thrust will theaugment restocking program, including monitoring andincome of the local fishermen. impact assessment. Baseline studies on the char-The initial results from the 1987 restocking are acteristics of bodies of water targeted for restockpromising. In the Jerudong Park Reservoir, the ing should be made to determine proper stockingprawn grew (80 to 120 g) after eight to 12 months procedures and enhancement activities. Impact onof stocking. Reservoir stocking may not be as the biota must also be assessed to minimize intereffective as stocking in rivers, where the prawn specific competitions and/or displacement of localcan complete their life cycle. However, stocking in species arising from the restocking program.
the reservoir would produce large prawn that can
 
be use as broodstock for the hatchery.


In Thailand, Pawaputanon (1986) similarly

observed good growth and recovery rates in their 
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Table 3. Macrobrac nmrounbergUmarketed (kf) in Brunei Daruselam. 

Year Local Import Total 

1980 16,996 (40%) 25,487(60%) 42,483 
1981 
1982 

31,205 (44%) 
29.047 (49%) 

39,791 (56%) 
30,436 (51%) 

70,996 
59,493 

1983 
1984 

19,701 (31%)
44,016 (26%) 

44,697 (69%)
123,894 (74%) 

64,398 
167,910 

1985 54,023 (38%) 89,354 (62%) 143,377 
1986 39,253(38%) 63,294 (62%) 102,547 
1987 18,561 (33%) 37,845 (67%) 56,406 

Total 252,802(36%) 454,798 (64%) 707,600 (100%) 
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ABSTRACT 

This paper discusses and summarizes the various
approaches to coral reef management being attempted in theproject sites of the ASEAN/US Coastal Resources Management
Project (CREW). Except in Indonesia, the coastal pilot sites ofthe other live ASEAN memblr-countrics include coral reefareas and resources. 

The specific sites of interest are Pelong Rocks and several
paLch reef areas in Br-anoi Daussalam; PulauArchipelago Rawaand Pulau Sibu Archipelago Marine Parks,Johore, Malaysia; Santiago Island and !:cveral adjacent
islands, Bolinao, Philippines; several offshore islands of Singa-pore; and Mu Kc Ang Thong and Ko Phi Phi National Marine that is practical and feasible forParks, Ko Samui and Ko Phangan, Upper South, Thailand.implementation

The approaches to the management of corolline and adja-cent areas by means of marine reserves and parks are site- and
country-specific. Brunei Darussalam intends to declare marineparks that limit use to recreation and research only in specificsmall areas, The Malaysian marine parks include most, if notall, coral reefs in the vicinity and will designate a zonation
scheme for-multiple use management. The Philippine project isconsidering a municipal marine park willthat involve thecommunity for effective management. Singapore's efforts are
directed toward habitat enhancement through artificial reefsand raising awarene;s to support the preservation of somecoral reef areas. The two marine parks in Thailand under theRoyal Thai Departments of Forestry and of National Parks are 
broadening their management to include community interestsand multiple uses with a focus on tourism. 

Since the various well-known destructive impacts of' coastalpopulations on adjacent covil reef areas are continually 
increasing at these sites, there is an urgency to complete amanagement program for implementation. Each proposedmanagement regime, although not large in scale, is practical
and has a good chance of success if given the necessary 
su ppo, 

INTRODUCTION 

The coral reef ecosystems of Southeast Aia andtheir associated resources have been overused anddamaged in recent years (Yap and Gomez 1985).The primary causes of degradation are: (1) intenseand destructive fishing methods such as blasting, 

use of cyanide, muro-ami, trawling, gleaning andspearing; (2) sedimentation from deforestation 
and poor land use practices; (3) boat anchorages of
all kinds; (4) pollution from urban and industrial 
areas; and (5) tourism in some heavily frequentedareas. The rate and causes of disturbance to coral 
reefs are well documented by, among others,White and Wells (1982); Yap and Gomez (1985);

1987);
Salvat and White (1984 and 1987).

In response to this deterioration of coral reefresources and coastal areas in general. eachASEAN member-country has been experimenting
with teme-ic management in the form of ma

site-speci
rine parks and reserves (White 1988b). Most examples of this form of management are focused onprotecting and sustaining coral reefs in a manner 

on tropical coastlines with high population densities of people who depend on fishing for theirlivelihood. The inherent problems of implement
inp marine parks and reserves for coral reef and 
coastal management have been the topic of recentstudies and fieldwork by Kenchington and Salvat(1984); Salm (1 984); White and Savina (1987); andAlcal ss). It is often indicated that the 

a (in pre
management of coral reef areas must involve theusers, the local community and the government inthe process for any prospects of long-term success. 

This reasoning is rooted in the communality of the 
resource and use patterns that are often based ontraditional rights and territories. However, resource users are not always conscious of such pat

s u a alwhese eo a n oh paterns, but these become important when externalmanagement regimes, which do not consider these 
underlying rules and customs, are imposed. 
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The ASEAN/US Cooperative Program cn Ma-
rine Sciences includes the Coastal Resources 
Management Project (CRMP), which intends to 
formulate coastal resources management (CRM) 
plans for the pilot sites in the six ASEAN mem-
ber-countries (Fig. 1). Each country's pilot site has 
a variety of coastal resources such as mangroves, 
coral reefs, seagrass beds, beaches, small islands, 
inshore and offshore fisheries, coastal landforms, 
minerals, etc. The variety and range of economic 
sectors that depend on and use these resources 
are extensive, 

One of the best represented and most utilized 
resources are coral reefs, which, in turn, influence 
the condition of adjacent ecosystems like sea-
grasses, beaches, mangroves and fisheries. Within 
each pilot site (except in Indonesia), coral reefs 
are present and are receiving some form of man-
agement attention. In the cases of Malaysia, the 
Philippines, Singapore and Thailand, coral reef 
areas will play a major role in the overall man-
agement strategies evolving for the pilot areas. 

The purpose of this paper is to elucidate the 
approaches being considered for coral reef and 
adjacent area management in each CRMP pilot 
site. A discussion of the planning and manage-
ment approaches will also relate other manage-
ment examples that can contribute to the solu-
tions of particular management problems in each 
site. 

ASEAN/US CRMP PILOT AREAS 

Brunei Darussalam has included its entire 
coastline and offshore waters in the management 
area. The coralline areas shown in Fig. 2 will be 
included in a special area management scheme 
(Chou et al. 1987). 

Indonesia has chosen Cilacap-Segara Anakan 
on the southern coast ofJava as its pilot area. The 
only coral reef resources in the vicinity are at 
Pangandaran Beach on the coast facing the Indian 
Ocean. This reef area, although important for 
tourism and local fishing, is not within the project 
boundaries. It is worth noting that this area has 
been recommended as a special management area 
under national parks because of its importance to 
tourism. 

Malaysia selected the State of Johore as its 
pilot site. The offshore islands of Pulau Rawa and 
Pulau Sibu Archipelago already have been 
declared as marine parks and will be the focus of 

management plans for coral reefs in the Johore 
site (Fig. 3). 

The Philippines is concentrating on the whole of 
Lingayen Gulf in Northern Luzcn (Fig. 4). Since 
coral reefs support extensive inshore small-scale 
fisheries in the western side of the gulf near Boli
nao and the islands offshore, a principal ingredi
ent in the overall planning for the area will be a 
management strategy for the coral resources and 
related fisheries bordering the small islands. 

One aspect of the project in Singapore is the 
development of management plans for all 
remaining coastal areas that have not been 
altered by development (Fig. 5). This includes the 
coral reefs that, although few, are intact and 
border several small offshore islands. The Singa
pore CRMP also focuses on habitat enhancement 
through artificial reefs for those areas where coral 
reefs are no longer viable as a habitat. 

Thailand chose the Upper South Region of Ban 
Don Bay in the Gulf of Thailand and Phangnga 
Bay on the Andaman Sea (Fig. 6). These areas 
have a multitude of resources, including signifi
cant coral reef areas. Ban Don Bay has Mu Ko 
Ang Thong National Park, a group of small is
lands fringed by coral reefs. Ko Samui and Ko 
Phangan, also bordered by coral reef areas, are 
both important for tourism. In Phangnga Bay, Mu 
Ko Phi Phi National Park has extensive fringing 
coral reefs used by tourists and local fishermen. 

APPROACHES TO CRM AND CORAL 
REEF MANAGEMENT PLANNING 

The CRMP adopts the following process for 
formulating general CRM plans for each country 
pilot site. 

The general steps are: (1) compilation of all sec
ondary data; (2) formulation of management 
goals/issues; (3) primary data collection; (4) syn
thesis of research data for management purposes; 
(5) development of policy and specific manage
ment recommendations; and (6) implementation 
of plans. The most notable outputs of this process 
are: (1) planning policies; (2) protected area man
agement plans; and (3) issue-oriented action plans 
for sectoral conflicts (Chua and Agulto 1987; 
White 1988a). 

Planning for the management of coral reefs in 
each country, except in Singapore, has entailed 
field research work in order to: (1) map the extent 
of the coralline areas; (2) document the condition 
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and quality of the reefs by measuring substrate ity than the nearshore reefs but are not yet wellcover, coral and fish diversity and abundance, documented.water quality and visibility, and fish productivity; Even though the coral reefs are from moderate(3) document the extent and patterns of coral to low natural quality, they are considered aresources use by the local people and assess the scarce resource and all will be included in theimpact of these uses by analyzing various fishing CRM plan. Pelong Rocks is the focus of managemethods and the number of contacts these people ment efforts, at least initially, because this area ishad with the reef areas; (4) document the socioe- accessible and the most frequented for fishing andconomic status of local communities dependent on recreation. The coral growth surrounding Pelongthe resource; (5) determine the resource manage- Rocks shows signs of stress from physical damagement problems and potential solutions; (6) deter- (blast fishing and anchors) and from sedimentamine what organizations (government or non- tion. The fish population is not very abundant butgovernment) at the community, municipal, is also not intensively fished as suggested by theprovincial and national levels could affect a man- large size and tameness of the fish (Chou et al.agement regime; and (7) analyze the existing and 1987).potential legal framework and law enforcement in The issues for coral reef management in Bruneithe area. Darussalam are:All the information from the fieldwork, provides 1. prevention of destructive fishing and othera baseline for the formulation of the management damaging activities (e.g., blast fishing andplan and solutions for the physical environment anchoring);and the human community in the area. The pro- 2. restoration of the damaged areas so thatcess then becomes very site-specific because the the coral cover can improve; andsolutions to management vary from site to site. 3. implementation of a management regimeAlso, the process of deciding on the final plans is that will prevent destructive activities,country- and site-specific depending on: (1) local allow for undisturbed spawning andand national politics; (2) extent of the problem; (3) breeding grounds and provide for educapopulation density; (4) current legal status of the tion, research and recreation.areas; (5) socioeconomic condition of the immedi- A solution being considered is to legislate aate community; and (6) local culture and tradi- marine park with provisions for the above issuestional practices (Salm 1984; White 1988a). The and with two different zones for use. Such aplan, once developed, will be implemented for amarine park with "traditional use zone" and apilot areas under Phase II of the project. "sanctuary zone"Management plans for the coralline 

marked by buoys could be areas will implemented by the Department of Fisheriesfall under the label of protected area management (DOF) with the cooperation of user groups such as(marine parks and reserves) and/or issue-oriented fishermen and recreational groups (e.g., Bruneiaction plans. The latter is appropriate when the Sub-Aqua Diving Club and Brunei Nature Socires3urce is under severe pressure over wide areas ety). The implementation of a marine park at
and is of primary concern as in the Philippine and Pelong Rocks need not be 
a burden if DOF wouldThailand sites. make periodic visits. Nongovernmental organiza
tions (NGOs) could be involved informally for edu-

SITE MANAGEMENT PROBLEMS cation and monitoring of the site. 
AND PROPOSED SOLUTIONS 

MalaysiaBrunei Darussalam As in Brunei Darussalam, the turbid waters 
A 1987 survey of coralline resources showed along the eastern coast of Malaysia do not supportthat because of turbid offshore waters, coral reef lush coral growth. The offshore islands all haveformations are not extensive (Chou et al. 1987). fringing coral reefs of medium quality. Neverthe-Areas known to have coral growth, estimated at less, these islands support a tourist industry par4,500 ha, are indicated in Fig. 2. Field surveys tially dependent on the attraction of the coralthat document the generally mediocre quality of reefs. The islands of Pulau Rawa and Pulau Sibureefs in Brunei Darussalam focused on Pelong Archipelagos are no exception (Fig. 3). They wereRocks, Two Fathom Rock and Pulau Punyit. Patch surveyed environmentally in 1987 for reef andreefs farther offshore are probably of higher qual- marine resources by Operation Raleigh and by the 
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Fisheries Research Institute. The islands have 
been declared as marine parks under the Fish-
eries Research Act of 1985 but havc not xeceived 
actual field management (Chua et al., in press). 

The management issues in these islands are 
[researchers from the National University of Sin- 
gapore and Department of Fisheries (DOF), 
Malaysia, pers. comm.]: 

1. 	 improper shoreline development for small 
tourist resorts that does not consider set-
backs, resulting in landform degradation 
and sedimentation; 

2. 	 unregulated sewage dumping by resorts 
and shoreline residents, resulting in 
inshore water pollution; 

3. 	 blast fishing in some areas; 
4. 	 anchoring of fishing and tourist boats in 

reef areas; 
5. 	 use of spearguns by scuba divers and col-

lection of slhells, corals and other marine 
life; and 

6. 	 lack of an effective institutional frame-
work at the local level to deal with the 
problems as indicated by the ad hoc man-
ner of shoreline development without 
building permits or guidelines for reef 
resources use. 

Although the islands and marine areas shown 
in Fig. 3 are legally protected, no management 
plans have yet been formulated. These plans 
would require: 

1. 	 an assessment of the current use patterns 
of coral reef resources; 

2. 	 prioritization of the primary negative fac-
tors affecting reef areas; 

3. 	 a socioeconomic evaluation of the island 
communities; 

4. 	 an assessment of attitudes and customs of 
the local community regarding manage-
ment issues and their ideas for potential 
solutions; and 

5. 	 the identification of marine zones based 
on the quality of the environment and cur-
rent use patterns such that the following 
uses and zones are accommodated: 
" scuba diving and snorkeling; 
" traditional, nondestructive fishing; 
* 	 beach-related recreation; 
" 	 sanctuary areas with no anchoring or 

fishing; 
* 	 intense use zones with controlled 

anchoring, recreation and traditional 
fishing; and 

* 	 restoration areas. 

These management zones could include provi
sion for boat anchoring sites and the use of' buoys 
as described by Rahman and Mohamad (1986) for 
Pulau Redang Marine Park, Malaysia. Implemen
tation, in general, would require management 
committees at the local level representing tourist 
operators, residents and fishermen. The marine 
park officials under DOF would need to work 
closely with the island users of the resource and 
provide guidance in the plan's implementation. 

Philippines 

Lingayen Gulf has numerous coralline islands 
on the western side (Fig. 4). The islands are bor
dered by extensive reef flats dominated by sea
grass beds and fringing coral reefs (McManus et 
al. 1988). Fishing families are heavily dependent 
on the coral reef fisheries for their livelihood, but 
because of overfishing and habitat degradation, 
the catch per unit effort is low and declining 
(Calud et al. 1989). The coral reef management 
issues in the area are complex because of the 
deteriorating socioeconomic status of many peo
ple. This condition progressively encourages the 
use of efficient but destructive fishing methods 
without regard for their long- or medium-term 
consequences (Galvez and Sadorra 1988). Major 
issues of concern are: 

1. 	 destructive fishing methods (e.g., blasting, 
cyanide, gleaning, inshore trawling and 
use of fine-mesh nets); 

2. 	 overfishing because of a dwindling 
resource; 

3. 	 low income of local people and lack of an 
alternative livelihood; 

4. 	 declining strength of the social/cultural 
fiber, which condones illegal/destructive 
fishing activities; 

5. 	 poor law enforcement; and 
6. 	 lack of institutional arrangements to 

implement community development and 
coral reef management programs. 

A coral reef management strategy for the 
islands on the western side of Lingayen Gulf will 
necessarily involve a comprehensive approach to 
community-based management. A two-pronged 
approach could: 

1. 	 outline a general coral reef management 
strategy for the entire area that would 
include: 
0 education programs on marine 

ecology; 
0 community livelihood programs; 
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* 	 training programs for law enforcers been enlarged for development, or of dredging asand local government officials; channels have been deepened and widened for* 	 organization by live-in fieldworkers of shipping. Nevertheless, some shallow reefs arecommunity groups for CRM and stable and healthy, mostly in more of the Southpolicy; ern Islands where disturbance is less.* 	 media campaigns; and Management issues regarding coral reefs in• 	 building local institutions. Singapore involve pressure from the economic2. 	 develop detailed and specific area man- development and literal expansion of the Singaagement plans for municipal marine pore 	mainland and islands. These issues are:parks/reserves that would zone areas for 1. high levels of sedimentation;traditional use and sanctuaries by: 2. 	 continued reclamation, which covers living• 	 encouraging a process of community reefs;
decisionmaking and action 
 through 3. dredging activities, which suspend sedinonformal education and community ment;

organization; 4. 	 anchoring by recreation, fishing and" 	 providing extensive education and research boats;training for the concerned communi- 5. collecting and spearing by local scuba
ties; divers;" 	 promoting the involvement of local 6. general lack of public awareness aboutinstitutions to facilitate the coral 	reefs; andimplementation and involvement of 7. 	 low priority given by the government inthe local people; and protecting and managing the remaining* 	 passing municipal laws which can be coral reef areas.supported by national enforcement The 	Singapore CRMP is formulating a compreagencies. hensive management/zonation plan for all coastalSuch 	a municipal marine park plan will inher- resources and areas, including coral reefs (Chia etently evolve from the needs of the community in al: 1988). There are existing documents on therelation to the scientific information available status and uses of the resources with recommenabout the environment (White 19881)). The deci- dations for priority and protected areas throughsionmaking process be onecan of give-and-take use zones. In this regard, it is suggested that thebetween the "outside" planners and the local plan include: resource users. A model to consider is the one 1. zonation for "sanctuaries" with no extracused 	by the Marine Conservation and Develop- tion allowed; "general use areas" for fishment Program of Silliman University, Philippines, ing recreation;and and 	 "restoration"where a community-based approach has proven to areas;be successful on three islands (White and Savina 2. 	 a design for a mooring buoy system;1987). 3. 	 the encouragement to stop reclamation 

and dredging activities near the betterSingapore quality reefs; 
4. 	 recommendations for legislation to protectThe 	 coral reefs of Singapore occur mostly as and manage certain priority areas and tofringing or patch reefs associated with the South- change the status of some areas nowern 	 Islands (Fig. 5). High levels of suspended within military jurisdiction or planned forsediment dominate the water surrounding these reclamation otheror develkpment uses;islands resulting from extensive land reclamation

projects and dredging activities since the 1960s 
and 

5. 	 a design for a public and government edu(Chcu 1988). The present average water visibility cation thatprogram provides accurateof 2 	m, compared to 8 m prior to 1960, severely information on the values of coral reeflimits the growth and health of Singapore's reefs, resources as a living ecosystem.Many coral reef areas have 	been smothered by The design and implementation of a coral reefsediment, and growth on reef slopes below 5 n is management program in Singapore will beminimal because of low light penetration (Chou directly linked with present government policy1988). Some reef areas have also been the direct decisions about land and marine space use. Sincevictims of land reclamation as some islands have all marine space in Singapore is already allocated, 
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reef management will require changes in the pre-
sent policy. This will inherently require approval 
from high-level government agencies and require 
adequate justification, which is being provided by 
the current research program. 

Thailand 

The islands of Ban Don Bay are the focus of the 
Thailand CRMP. The extensive tourism in Ban 
Don Bay relies heavily on the quality of the envi-
ronment in the offshore islands. About 65% of the 
tourists to Surat Thani Province are attracted to 
Ko Samui's beaches, clean waters and healthy 
coral reefs. Ko Phangan attracts an additional 
10% of the over 300,000 provincial visitors to the 
two islands (Dobias and White 1988; Paw et al. 
1988). 

Ko Samui (247 km2), Ko Phangan (150 km 2) 
and the adjacent islands are high and of relatively 
steep topography with dense natural forest cover, 
except where agriculture is practised. Freshwater 
is available because of the natural watersheds of 
Ko Samui and Ko Phangan but is still a limiting 
resource for tourist development. Coastlines are 
interspersed with steep cliffs and white sand 
beaches, Coral reefs occur along many shorelines 
and, although not lush by international stan-
dards, are some of the better reef areas in Thai-
land (Fig. 6). Water clarity, which affects reef 
quality directly, tends to be better in the outlying 
areas of the eastern coast, Ko Tao in the north 
and other offshore islands (Dobias 1988; Suraphol, 
pers. comm.; Bunpapong and Ngernvijit, this vol.). 

Mu Ko Ang Thong National Park, established 
in 1980, is 10,200 ha, of which 8,400 ha is marine. 
Thirty-seven islands lie within the park's bound-
ary and are known for their forests, beaches and 
some good reef areas on the northern tip. Fishing 
in the archipelago's waters is good and has 
attracted many fishermen, some of whom live on 
isolated beaches in the park (Dobias 1988). 

The CRM issues of immediate importance for 
the islands of Ban Don Bay involve the rapid 
development of tourism and the resulting impact 
or the environment, particularly on coral reefs. 
The issues concerning reef management can not 
be separated entirely from the broader develop-
ment and environmental degradation problems. 
Neve'rtheless, those directly pertaining to reefs as 
identified by Dobias and White (1988) are: 

1. 	 blast fishing by local inhabitants and out-
siders; 

2. 	 boat anchorage by fishing and tourist ves
sels; 

3. 	 coral and shell collection by local residents 
and tourists; 

4. 	 pounding corals while fishing; 
5. 	 use of poisons in fishing; 
6. 	 sedimentation from shoreline construc

tion, deforestation and boating; 
7. 	 pollution from improper waste disposal; 
8. 	 poor implementation of current laws 

affecting reefs; 
9. 	 poor implementation of Mu Ko Ang Thong 

National Park rules; 
10. 	 low level of public awareness about the 

resources; and 
11. 	 lack of planning and cooperation among 

implementing and local government and 
private resource users. 

The planning team for coral reef resources 
management in the islands of Ban Don Bay is 
focusing on several approaches to the above prob
lems with the theme of involving local tour opera
tors and communities in the implementation pro
cess. The goals for management being discussed 
are: 

1. 	 formation of conservation zones that 
broadly follow "sanctuary" and "tradi
tional use" areas, which include all the 
coral reef resources of Ban Don Bay, for 
implemeatation by the local authorities, 
the national park and the community's 
cooperation; 

2. 	 provision of mooring buoys in strategic 
locations; 

3. 	 enforcement of legislation affecting coral 
reef resources; 

4. 	 revision of the law to prohibit the sale of 
all coral reef-derived products; 

5. 	 prohibition of construction activities adja
cent to sanctuary areas; 

6. 	 "environmental impact assessment" and/ 
or permits for all construction in 
traditional use areas that will affect set
backs, soil/land management and proper 
waste disposal; 

7. 	 fonnation of an environmental task force 
to oversee management; 

8. 	 involvement of local leaders and authori
ties in the planning and implementation 
process; and 

9. 	 education, public awareness and training 
programs for appropriate target groups. 

These management targets are being formu
lated into specific projects and prioritized for 
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immediate implementation. One proposed pilot approval
project for Ko Phangan 

and support. These two countries haveis designed to integrate adequate infrastructure and government organiappropriate tourism development, resource con- zations supportive of good management solutions.servation and community development (Dobias Nevertheless, the coral reef areas in question1988). Such a program arecould involve the commu- populated and heavily used so that the practicesnity in the process of managing its beach and reef of these people need to be altered. Effective manresources in a sustainable manner for its own agement will also require the cooperation of thebenefit. If successful, such a pilot program could immediate coastal resource users.

provide 
an example for neighboring communities
 
and other island sites.
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Table 1. Comparison of coral reef management issues among the five ASEANIUS 

CRMP sites. 

B 

Fishing 
Blasting 
Poison 
Overfishing 
Anchors 

x 

x 

Shoreline or upland development 
Land reclamation/sedimentation 
Deforestation/sedimentation 
Mining/sedimentation 
Unregulated building 
Waste disposal 

Recreation 
Anchors 
Collecting/spearing 

Information/institutional 
Low public awareness 
Poor law enforcement 
Cultural erosion 
Low priority in policy 

Economic 
Low income 
Lack of alternatives 

B = 
M = 
P = 
S = 
T = 

Brunei Darussalam 
Malaysia 
Philippines 
Singapore 
Thailand 

x 

x 

M 

x 

x 

x 
x 

x 
x 

x 

P S T 

x x 
x 
x x 

x 

x 
x x 
x 

x 
x 

x x 
x x x 

x x 
x x 
x 

x 

x 
x 
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Table 2. Comparison of coralreef management atrategies among the five ASEAN/US
CRMP altes. 

B M P S T 

Area management
 
Zonation schemes 
 x x xNational marine park x x I x
Municipal marine prk xx
 
Mooring o.Waigns x x x x x 

Iasue-based management

Public education 
 x a•Training for officials x x k
Upland management x 

a x x
 
Community livelihood x
 
Community development x x 

Legal/linstitutionai/inplementation 
Revise laws a
 
Improve law enforcement a

Build locel institutiona x 
 zNational government control 

a 
a • xCommunity-based management x x

NGO participation a x x 
Regulate shoreline

construction/EIA x •
Create a lcal task force 
a 

• x xRequire EIA/permits forbuilding I x 

Policy changes
 
Increase national priority x a
a 
Slow coastal development a x 

B = Brunei Darumsalam 
M Malaysia
P = Philippines 
S - Singapore 
T - Thailand 
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ABSTRACT 

This paper reports the findings of the tourism study groupof the Malaysian Coastal Resources Management Project of theASEAN/US CRMP. It briefly reviews the policies, plans andproposals of the various tourism sectors--government and pri-
vate agencies, and individual -and identifies the existing supply, demand, uses and impact ofcoastal tourism resources. Thestudy formulates management guidelines for tourism resource zones and regulations for development in each zone. 

INTRODUCTION 

South Johore is the southern gateway to Penin-
sular Malaysia by way of Singapore. Singapore is 
visited by about 3 million tourists annually (JICA
1988), even with its limited supply of coastaltourism resources. The South Johore coast, on the 
other hand, is well-endowed with naturalresources, which are quickly becoming tourist
attractions but are inappropriately managed.

This study aims to identify the existing and
potential supply and demand for facilities and
activities of coastal tourism in South Johore; to 
assess the contribution of tourism to the coastal 
economy; and to review the perceptions of the
various tourism sectors--government and private 

agencies, tour operators, resort managers, foreignand domestic visitors, etc. Recommendations and 
guidelines for the management of tourism and 
recreation are proposed. 

SCOPE AND METHODS 

The study area covered the West (south of 
Benut), the South and the Southeast Johore 
coasts [south of Tandjung (Tg. throughout the 
text; it means "cape") Logok] and the offshore
islands (Fig. 1).

The study had various components (Fig. 2); itincluded a literature search and a review of thecurrent government's plans and policies for thetourism industry. Secondary data or interviews 
provided most of the information. A series of sitevisits and surveys by land and/or sea were undertaken to assess existing and potential tourism 
resources.
 

The results of the surveys were summarizedthrough a checklist-cum-matrix technique where 
the quality and quantity. or interaction betweenelements were noted, and whb.re appropriate, 
were classified and coded into symbols (Fig 3). 

COASTAL TOURISM POTENTIAL 

The coastal resources that have significant
potential for tourism and recreation were classi
fled into five major categories: beaches, offshore
islands, estuaries, mangroves and coastal waters
(Fig. 4). Existing policies, plans and proposals for
the development of these resources for tourism byvarious federal and state government agencies as
well as the private sector are shown in Fig. 3. 
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Beaches 

Most of the beaches in the study area lie within 
the jurisdiction of the Southeast Johore Regional 
Development Authority (KEJORA) and, therefore, 
are covered by comprehensive policies, plans and 
proposS in the form of the Desa-ru Tourism Mas-
ter Plan (i.e., Tg. Sang, Tg. Lompat, Tg. Balau, 
Tg. Penawar, Tg. Puggai and Desaru). The mas-
ter plan, which covers the overall development of 
thetherlawhchecovethe Eoe reveopntofr 
the other beaches in the KEJORA region together
with the Desaru Tourist Complex, aims to provide 

a framework for guiding and approving proposalsfrom private developers (KFJORA 1986). The 
master plan shows pt the scale and intensity of 
mastlper p n hws thattea isecaled ite t o 
development in this area is expected to be great
but as yet neither KEJORA nor the other state 
agencies have any form of development control 
agecies hment 
policies,

The Japan International Cooperation Agency 

(JICA) is helping the Johore Government in for-

mulating a tourism development plan for the 
recom-southeastern coast of' Johore. JICA has 

mended the expansion of the Desaru Tourist 
xto include the neighboring beaches in theComplex tinld hnegbrnbece nhe 

of resort develop-KEJORA region, in the form 

nent. Activities planned for this area include 
beach, recreation, water and inland sports and 
amusement parks. on estuarine areas focus on control andThsdvelopt s ePolicies 	 nd IiatoThis development is expected to attract 73% ofcosrain Th 	 Dange 

Drainage and Irrigationthe total tourist arrivals to the southeastern coastThe 
of Malaysia by 1995--around 0.8 million guestsriver
and 21 million day-trippers (JICA 1988). With the 

increase in tourist arrivals, the projected total 

number of hotel rooms needed by 1995 is 2,116, 
taking up around 56% of the total land area in the 

expanded complex (Table 1). 
Tourist accommodation facilities (huts, chalets, 

longhouses) are also provided by private individu-

als and the local people. At present, there are 

about 30 rooms at Teluk Mahkota and 40 rooms 

at Tg. Punggai. 
The study team surmised that although tourism 

is well promoted by the state agencies, implemen
tation depends a lot on the private developers. 
Their present proposals are large in scale and 
intensity but duplicate each other in types of 
activities planned and do not consider appropri-
ateness to local conditions. 

Islands 

Tourism development on the islands is on a 
small scale, in the form of low-budget accommoda-
tions and facilities, 

The Fisheries Department exercises control 

over the islands in the marine park, i.e., Pulau (P. 

throughout this text; it means "island") Rawa, P. 

HIujung, P. Tengah, P. Besar, P. Tinggi, P. 
Mentiggi and P. Sibu. 

The State Economic Planning Unit (UPEN) rec
ommends that development on these islands be 
restricted and medium-type lodgings such as 
chalets be encouraged (UPEN 1987). In 1987, 
around 10% of the total number of tourists visited 
the islands; by 1995, the number ;s projected to
increase to 24,400 visitors o', 14% of the total 

to 24,400(iA 1 oit e po
tourist arrivals (JICA 1985). Tourists are pro
jected to spend 81,400 nights/year on the islands. 

Accommodations are provided on most of the 
islands either by the local population or by private
dvlpr rmtemiln Tbe2.Dvlp
developers from the mainland (Table 2). Develop

is more intense on the islands closer to the 
mainland (e.g., P. Besar, P. Sibu and P. Rawa),
ta nteilnsfrhrofhr egP u 
than on the islands farther offshore (e.g., P. Aur 
and P. Pemanggil). For economic reasons, torismn 
development on the nearby islands is being man
aged by private developers from the mainland 
either by renting, leasing or purchasing land fromthe local community. 

reserves to prevent erosion and siltation, but in 

large parts of the estuarine areas these reserves 
,are occupied by squatters, illegal workshops and 

waste disposal sites. 
There are also existing and proposed seafood 

restaurants owned by private individuals like 

those in Teluk Sengat and Kong Kong, in the 

Johore River estuary. The visitors are mainly day

trippers; no accommodation facilities are available 

in the area, except at Kong Kong, which has 14 
hotel rooms classified as "domestic standard". 
However. river cruise serrice is available. 

Similar to those for the estiiarine areas, policies 
on mangrove areas have to do with control and 
conservation. The Forest Department looks after 

these areas to maintain them as mangrove 
reserves. 

Possible attractions to these areas are activities 
such as river cruises, bird watching and dining in 
seafood restaurants. 



357 

Coastal waters IMPACT OF TOURISM ON 
COASTAL RESOURCESThe policies over the coastal areas, mainly over
 

passage near them and pollution control, come The interactior, between the coastal 
 resourcesdirectly under the Johore Harbor Master Plan. and their alternative uses, such as fishing, agri-Thus, the sea-based lodging houses that have culture, forestry and urban development, is sumsprung up in places like Teluk Sengat to cater to marized in Fig. 5.
 
anglers/fishing enthusiasts are one of its many
 
concerns. 
 Beaches
 

TOURISM DEMAND SURVEY 
 The Desaru Tourist Complex will reduce the 
natural environment and the aesthetic quality ofTourists the beaches due to congestion, especially during 

About 75% of those surveyed were foreign peak tourist seasons.There is a proposed treatment plant in thetourists from the United Kingdom, West Ger- Desaru Tourist Master Plan. However, the probmany, United States, Australia/New Zealand, lem of sewage and soid waste disposal is likely toJapan, Korea and Hong Kong. Compared to the occur in populated villages due to the increase inJICA study, the samples were more representa- the number of chalets and longhouses constructed 
tive (Table 3). About 84% were holiday tourists by the local community (i.e., Tg. Punggai).
(Table 4). Their popular activities were swimming The beaches in the KEJORA region are man(27%), sightseeing (22%) and eating seafoods aged and planned by a resourceful federal gov(17%), activities included in most package tours ement agency, and this coastalfacilitates 

(Table 5). e r m anage mn t
 

Beaches were perceived to have the most poten-
 resources management.

tial for tourism, followed by the islands (Table 6). Islands
 
According to DURP (1988), the most popular
tourism development is resort development (23%), The islands are slowly beginning to attractfollowed by recreation/sports (14%) (Table 7). tourists. However, poor accessibility and lack ofThese show that future tourism development promotion have resulted in the slow growth of thecould be concentrated on the coastal areas, islands as tourist attractions. Despite being small 

in scale and low in density, the impact of tourism
Tour and business operators on the natural resources of the islands is consid-

All the tour operators surveyed by DURP (1988) erable, as there is no effective control or managerender service to tourist attractions both on the ment of their development.
mainland and on the offshore islands. When asked Sewage and solid waste disposal is a majorwhich has the most potential for tourism devel- problem as chalet-type accommodations areopment, 37.5% of the con

samples said it was the structed in an ad hoc manner. The problem is
beaches and 34.4% said it was the islands, most serious at P. Besar, where tourist
although facilities there need to 
 be improved development has taken the whole area along the(Table 8). beach. 
Water supply is limited in all the islands, espe-Local community cially at P. Sibu. Because of this, tourism on theislands will create a conflict between the demandAmong the local commuhity, 37% felt that for freshwater for tourism and the demand fortourism has the most potential for development, freshwater by the local people.followed by fishing (19%) and agriculture (17%) The development of tourism has also resulted in(Table 9). The responses indicate that conflicts are some displacement of the local population. Proplikely to occur in trying to accommodate tourism erty along the beaches has been sold to new ownwithin the traditional sources of employment and ers from the mainland, thus limiting the opportuincome of the local community (DURP 1988). nities for local community participation inThe establishment of shops was considered the tourism. The problem is more acute on the islandsfacility most needed to attract more tourists as close to the mainland such as P. Besar and P.well as to benefit the local population (Table 10). Sibu. 
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At P. Aur, P. Besar and P. Sibu, the lack of 
grazing space for cattle and goats has conflict with 
the expanding tourism facilities. Also, many coral 
reef areas around the inhabited islands have been 
depleted. 

Tourism development has benefited the local 
population by creating employment opportunities, 
especially in the transportation sector. Many 
islanders operate boats plying between the islands 
and the mainland (Mersing); they also operate 
boats for fishing trips. However, the boat opera-
tor3 are not efficiently organized into a proper 
association and do not have a professional code of 
ethics. Thus, their livelihood could be affected if 
an organized sea transport system is introduced 
in the future. 

Mangroves 

Tourist activities in mangrove areas generally 
do not cause an adverse impact on the environ-
ment. Bird watching and river cruises, for exam-
ple, are passive activities with little impact. How-
ever, conflicting uses of mangrove areas will upset 
the natural ecosystem and reduce the variety and 
diversity of animal life there. Special areas for 
activities are necessary to promote tourism. 

Estuaries 

Seafood restaurants at places like Telok Sengat 
and Kong Kong in the Johore River estuary cause 
sewage and waste disposal problems and add to 
the pollution along Johore Strait, leading to the 
causeway. 

Coastal waters 

Sea-based lodging houses and kelong have been 
erected in places like Tg. Sengat and are rented to 
fishing enthusiasts. Theise houses create sewage 
and solid waste disposal problems and cause over-
exploitation. 

Urbanization 

Urban development creates sewage. and solid 
i h c1983.

waste disposal problems in the coastal waters 
along Johore Strait. Solid waste disposals along 
the beach are being implemented by private 
developers in an ad hoc manner. 

CONCLUSION 

Tourism resource zones are proposed as a 
means of guiding the management of coastal 
resources affected by tourism in South Johore 
(Fig. 6). The management guidelines include the 
following: 

1. 	 Any development for tourism and recre
ation must blend with the natural envi
ronmen6; conserve areas of outstanding 
natural beauty; 

2. 	 Sensitive coastal and marine habitats and 
those of significant scientifi interest must 
be conserved; 

3. 	 The local community must participate in 
the development and management of 
coastal tourism resources; and 

4. 	 Appropriate legal and institutional 
arrangements must be established to 
administer the offshore islands. 

Technical guidelines for physical planning, 
which take into account the impact of the physical 
structures on the environments, must be made. 
Appropriate physical planning criteria (design or 
performance standards) can be applied to protect 
the coastal area from inappropriate development. 
Other specific management guidelines proposed 
(Table 11) cover three issues: the environmental 
impact of tourism development; the appropriate 
institutional and legal framework to regulate and 
monitor tourism development, especially on the 
islands; and the extent of local community par
ticipation. 
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Table 1. Distribution ofclauified accommodation facilities at Desam and
the neighborrg boaciies. 	 Table 2. Estimated number ofaccommodation facili. 

ties (rooms) on the offshore islands. 

Existing Projected Island Accomnodatlon(1988) (1095)
Typeofroom 	 No. No.% % P. Rawa 64 
International deluxe I P. Sibu 320 0 790 37 P. TingglInternational 	 180 0 850 40 P. BesarRegional 	 68234 69 39 16 P. PamanggilDomestic 	 43105 31 127 6 P.Aur 12 
Total 339 100 2,11C 99 Total 237 
(%LAnd area) 19% 56, Source: DURP (1988). 

Source: JICA (1988). 

Table 3. Origin of foreign visitors to South Joh.re. 

Residence Jehore Bahru Kukup Dassrj Total
No. * No. % No. % No. % 

United Kingdom 1 25.0 9 50.0 1 5.6 11 27.5West Germany 
2 11.1 2 5.0France I 25.0 

Europe 	 1 6.1 25.0 1 6.6 4 22.2 P 15.0USA/Canada 1 5.0 8 16.7 4 10.0Australia/New Zealand 8 38.3 2 11.1 8 20.0JapanKorea 22 M15 I 5.0 
oea-Singapore 1 	 1 5.6 1 2.525.0 1 1 2.5Others 1 5.6 3 16.7 4 10.0 

Total 4 100.0 18 100.1 18 100.1 40 100.0 

Source: DURP (1)88). 

Table 4. Purpose of visit, in percentage. 

Johore Bahrn Kukup Dcsq-u Total 

Holiday 6.0 44.0 34.0 84.0Transit 2.0 0 0 2.0Food 4.0 0 0 4.0Others 8.0 2.0 10.0 

Total 20.0 44.0 38.0 10.0 

Source: DURP (1988). 

Table 5. Visitor's activity, in percentage. Table 6. Resource development potential in South Johore (tourist perception 
Activity Johoro Bahru Kukup Desuru Total 	 study), in percentage. 

Fishing 1.8 1.8 Resource Jnhore Bahru Kukup Desaru TotalSwimming 8.3 26.6 ReachesSailing 
10.3 	 6.3 28.7 8.5 42.53.4 3.4 IlandeWindaurfing 	 5.3 16.0 13.8 35.11.7 1.7 MangrovesSnorkeling 	 2.1 6.4 8.54.1 4.1 EstuariesDiving 1.7 	 1.1 1.11.9 3.6 Coastal watersHiking 2.1 4.3 6.4 12.8 

Cruising 3.4 3.4 Total 12.7 52.2 35.1 100.0sightaceing 6.7 11.7 3.6 22.0 Total 12.7Eating 	 52.2 35.1 100.0Source: DURP (1988).
sca'oods 13.3 3.4 16.7 

Others 3.4 5.0 8.3 16.7 

Total 20.1 31.8 48.1 100.0 

Source: DURP (1988). 
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type of tourism development in South Johore	 8. Resource development potential in South JohoreTable 7. Potential (touistand ouropeatnragecystu,- , I perentge.Tableercetio 
. (tourist and tour operator/agency perception study), in

(tourist and tour operat/agency perception study), in per 

percentage.Tourist Tour operatorActivity 
Tour Operator 

Resort development 23.1 25.0 

Recreation/sports 	 34.4 

Resource Tourist 

14.3 15.0 	 Beaches 40.0 37.5 
Iachde 40.08.4 12.5Swrimming Iandrovo 3.4 9.4

6.9 7.5Fishing 	 12.5E 	 gies 10.35.4 2.5Snorkeling 
Coastal waters 6.3 6.25.1Diving 	 11.8 2.5 _ _______Bo4ting 

Cruise 9.5 5.0 Total 100.0 10.0 
1.8 2.5
 

Hiking 1.8 Source. DURP U 988).
 
Wildlife 


Hunting 

1.8 2.5 
7.5Culture 	 5.4 
5.0Craft 	 41 

12.5Others 

100.0Total 	 100.0 

Source: DURP (1988). 

Table 9. Resource development poten
tial in South Johore (local community 
perception study). 	 Table 10. Facilities improvement for tourism development (local community perception study), in percentsge. 

Facility 	 Islands Kukup K. Tinggl Penawar Deasru TotalActivity 

31.1 13.2Industry 5.3 Hotels 	 17.6 5.0 18.1 

Agriculturu 16.8 Communication 2a.0 11.8 5.0 18.1 12.5 15.1 

Forest 	 8.2 Public amenities 26.5 20.0 9.1 12.5 15.1 
40.0 26.5 50.0 36.4 18.8 40.0l'Aning 	 0.9 Shops 

Fishing 18.5 Entertainment 14.7 5.0 18.3 18.8 10.4 

Craft 6.2 Others 320 2.9 15.0 6.1 8.2 

Tourism 37.2 
Recreation/sporte 8.9 Total 100.0 100.0 100.0 100.0 99.8 100.0 

Total 	 100.0 Source: DURP (1988). 

Source: DURP (1 98). 

Table 11. Guidelinen fortourisrecrastion development in coastal retource zore. 

GuidelinesTourism resource zone 

1. Southern gateway * Control development along the coast. 
o 	 Establish regulations to control the impact of any existing urban 

devlopment on coastal resources (e.g., sewage at ido and Stulang 
beaches). 

0 	 Establish and enforce water quality standardr for recreation and 

tourism use (e.g., Johom Strait, Skudai River estuary). 
* 	 Restrict and monitor large-scalo and hlgh-intensity tourism and 

recreation development along meugroves (e.g., Skudal River es
tuary, oastal resources between Stulang nd Pastr Gudang). 

2. Mangrove estuaries 0 Establish a mangrove buffer zone to control eroson. 
* 	 Deselnate selected mangyoves for wildlife sanctuary and observa

tion (o.g., Tg. Pial, Kukup ldand, Benut). 
9 Promote and regulate mangrove as a tourism and recreation 

resource (e.g.. for birdwatching. river cruise*, fishing). 
.	 Integrate local economic activity with tourism (e.g, cae culture, 

aquaculture, orchard tours). 
* 	 Control the discharge of waste from seafood restaurants, local 

communities, etc. 

• 	 Control the discharge of waste from seafood restaurants, local
3. Historical estuaries 

communities, etc. 
0 Designate and promote areas of historical interest along Johore 

River estuary (e.g., Jolhore Lame. Panchor). 
0 Permit and regulate sna.based lodging houses (for angling, fishing), 

including controls for their waste disposal. 
0 Monitor the mangrove harvesti.ag activity. 
a Integrate and regulate aquaculture for tourism development. 
V Provide for !ocul community participation in the development of 

tourism and recreation. 
.	 Institute appropriate measures to -educe the pollution and siltation 

of the river estuary. 

Continued 

http:harvesti.ag


Table 11. (continued) 

Tourism rcsourco zone Guidelines 

4. Beaches . 
. 

Prohibit development (e.g., hotels, motels, shopr) on beaches.
Establish denoity control along coasts populated with people (e., 
Tg. Penawar, Tg. Punggai).Institute a oetback requirement from the shoreline for buildings 
and consiruction to avoid erosion and protect beaches. 

[ p 
JP. Aur 

Designate buffer zones within and between development areas.
Protect the tropical rainforest areas and wildlife and bird habitats. 
Protect and maintain natural environments, especially those ofsig
nificant scientirc interest and outstanding natural beauty.
Zone areas to protect natural watershe4-s (e.g., mr.greve forest). 

* 	 New de.velopmen' should incorporate measures for waste ardProhibit rand mining and logging activities. 
sewage dispoeal (e.g., loca commnuity/non-EFJORA projects). 

. Coastal waters * Regulate coastal fishieg and shipping kneu to conserve significantcoastal and marine habitat,. 
* 	 Enforce restriction on the open spillage of discharges fom coastal 

fishing and shipping. 
6. Islands Monitor and control resort developmnent on tea In titute appropaiate control and enforcement measures over coral 

reefs, shell and other aquatic life of significant and sientific 
interest.* 	 Establish setback requirements for development to preserve
beachos, shorelines and landscapes. 

s Tourism development sho-ild be sensitive t the local culture and its 

'here should be r.ontrols and regulationztourism development. in acquiring land for 

* 	 Development for tourism/recreation should not displace the local
population. 

s There should be zoned areas for local community use and tourism-
relAted activitiej (e.g., pasture land, motels). 

s Tourism development should consider the availability of water sup-
ply and the local community's water requirements.

" 	 Improve provisions for the islands' infraitructure and amenities 
consonant with tourism de.elopment. 

s 	 There should be appropriate standards for the development andX
construction of tourism facilities and aciiviies to be applied andB. 
enforced by the relnvant local authority.

" t,.ny proposal for tourism development should be channeled to the
appropriate local authority (e.g., district aor/ie). 

"Establish, prvimote and regulate a sea transport system to and fromthe islands to improve efficiency. 

Establish an alternatile staging point from Sedili or Desaru to the

isiands to improve their sccessibilfity.
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ABSTRACT 

Sand deposits in the form of beach ridges, alluvium and, 
more recently, subaqueous accumulations, found along the 
eastern coast of Johore Strait have been extensively extractedfor use in construction and, to a lesser extent, for glass manu.
facturing. Often, the conditions imposed on the approval for
offshore sand mining activities ore expressed in administrativeterms, without technical consideration of their potential 
impact on the stability of the affected coastline.The removal of offshore sand can reduce the amount ofsediment available to replenish the beach. Ir the sand depo3its
occur as subaqueous sandbars/banks, thereby protecting the
coast from direct wave action, their removal couild also lead to 
shoreline instability. Offshore dredging not only destroysmarine habitats; it also imposes stresses on marine communi-ties. By considering the physiographic adjustments and bio-logical impact of offshore dredging, this paper proposes a man-
agement plan for offshore sand mining that allows the har-mony between econonic resources use and the maintenance ofenvironmental quality. 

INTRODUCTION 

The projected economic recovery and the atten-
dant buoyant construction market in the local 
scene will increase the demand for sand aggre-
gates. There is also a huge demand for sand as fill 
material for reclamation work in Singapore since 
it is near Johore. Thus, local entrepreneurs view 
sand mining as a viable venture. With the avail-
ability of these ready markets for sand, both 
locally and in Singapore, applications for sandmining concessions will increase. 

According to one sand mining application, thesouthern coast and the eastern section of Johore 
3Strait have 100 million m of sand deposits that 

can be extracted for export. This lucrative venture
is further borne out by the numerous overlappingapplications received by the Land Offices. To
illus 

trate, the projected revenue accruing to theState Government, which leviei royalties ranging
from M$0.70a (seabed) to M$1.201 (river sand) per 
m- on export sand can be substantial. 

Applications for concession areas are concen
trated a!ong the Johore River estuary, the Johore 
Strait and the seabed off the southeastern cornerof Johore (Fig. 1). Along these coasts are manyfishing villages and a major tourism and recre
ational center. At present, the only road link tothe Customs Complex and the Ferry Service Centre at Tg Perigelih also skirts along the coast.Some stretches of the coast have been identified 

as Category 1: erosion areas (EPU-PMDM 1985).Therefore, sand mining in the aforementioned
coastal/offshore areas, if not carefully planned andcontrolled, can initiate new erosion and/or aggra

vate existing erosion (Fig.. 2).
Often, the conditions imposed on the approvalfor offshore sand mining activities are expressed

in administrative terms, without technical consid
eration of their impact on the biological environ
ment and the physical stability of the affected
coastline. To arrive at a harmony between eco
nomic pursuits and environmental quality in the 
case of offshore sand mining, the likely impact of 
dredging activities should be considered. 

This paper gives an overview of the different 
dredging operations and their relative ability to 
generate adverse environmental impact. It also 
discusses the potentialvarious environmental 
stresses that can result from offshore dredging,
with emphasis on the physical and biological envi
ronments. The paper then outlines the prevailing 
_ 

028 December 1988: M$2.70 US$1.00= 
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management practices in other countries to 
minimize the adverse impact of offshore sand 
mining. Based on the proven management strat-
egy employed in these countries and in light of the 
peculiarities of local conditions, the paper then 
presents a set of tentative management guidelines 
as a first step toward formulating a 
comprehensive management plan for offshore 
sand mining that balances economic development 
and environmental quality off the southeastern 
coast of Johore. 

DREDGING TECHNOLOGY 

Despite its technically demanding process and 
the associated risks in operating under potentially 
adverse weather conditions, dredging is the most 
popular method employed for offshore sand 
extraction. Two types of dredging systems are 
commonly used: the hydraulic and the mechanical 
types (Fig. 3). 

Hydraulic dredges 

The two most frequently used hydraulic dredges 
in coastal waters are the cutter suction and the 
trailing suction hopper dredges. The former uses a 
rotating spiral-shaped cutterhead to break the 
consolidated materials and then pumps the slurry 
to the disposal point via a flexible floating pipeline 
or into a transporting barge. The dredging opera-
tion is restricted to moderate sea conditions, espe-
cially if a floating pipeline to a shore spoil area is 
adopted. In contrast, the trailing suction hopper 
dredge is a self-propelled seagoing vessel fitted 
with a suction pipe dragged across the bottom. 
Materials collected in the form of slurry are 
pumped into a hopper, which is also located on the 
same vessel, and periodically transported to and 
dumped at the designated disposal point. Not only 
does it dispense with the need for a transporting 
barge, the dredge can also operate in more 
exposed and heavier sea conditions due to the 
flexible linkage between the trailing suction pipe 
and the vessel. 

Mechanical dredges 
The most common mechanical dredges are the 

dipper and bucket types. The former is basically a 
barge-mounted power shovel that is equipped 
with a scooplike bucket attached to a power-
driven ladder structure. The bucket is forcibly 
thrust into the seabed for material extraction. 
This type of dredge can work in water depths of 
up to 15 m. In contrast, the bucket dredge consists 

of a barge-mounted crane. A drop bucket fitted to 
the end of the wire is used to excavate bottom 
materials. The clamshell and the dragline types 
are the most common dredges under this category. 
The material excavated by these mechanical 
dredges is placed in hopper barges, which are 
then towed to the disposal area. The effective 
working depth for a bucket dredge is limited to 
about 30 m. 

The dredge to be used in offshore sand mining 
should be selected properly. Different dredges 
employ different working systems; thus, they have 
differing degrees of environmental impact. 
Mechanical dredges, such as the clamshell, bucket 
or dipper types, cause a resuspension of material 
at the bottom of the water column and also spew 
the fine sediment from the bucket during the 
hoisting operation. To a lesser degree, hydraulic 
dredges also release, under wave action, some 
sediment from the leaking joints of the floating 
discharge pipeline while they are pumping the 

slurry ashore. 

ENVIRONMENTAL IMPACT 
OF OFFSHORE DREDGING 

Biological environment 

The environmental impact due to offshore 
dredging stem from the suspension of sediment 
themselves and the release of pollutants from the 
disturbed sediment. Thus, dredging-induced sus
pensions can perturb water quality and affect 
local biota (Dubois and Towle 1985). Dubois and 
Towle cite operational design, scale and duration 
of activity as significant factors since each mate
rial handling phase--extraction, transport and 
emplacement--can generate undesirable effects. 
While the direct environmental impacts 
associated with offshore dredging are due to the 
massive displacement of the substrate and the 
subsequent destruction of nonmotile benthic 
communities, the resulting indirect impacts are 
more subtle and can escape recognition by an 
untrained person. They include (Price et al. 1978): 

a. 	 restriction of feeding and respiratory effi
ciencies and induced mortalities in bot
tom-dwelling biota, such as bivalve mol
lusks, as a result of the smothering effect 
of sedimentation; 

b. 	 reduction of the primary productivity 
(photosynthesis) due to turbidity in the 
water column; 
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c. 	 introduction of abnormal volumes of All the above modifications in the coastalorganic material and nutrients, thus response lead to coastal erosion. It will be seen inincreasing the biological oxygen demand later sections that the concerns enumerated above(BOD), which in turn reduces oxygen lev- also constitute the primary criteria applied to off
els and productivity; shore dredging in other countries.

d. 	 reintroduction of toxic substances uncov
ered by mining activities;
 

e. 	 inadvertent destruction of the adjacent OVERSEAS PRACTICE 
habitat critical to the life cycles of certain
 
organisms; and 
 In the United Kingdom, the licensing system forf. disruption of migratory routes of motile offshore dredging has evolved to a stage where amarine organisms, license is granted only after comprehensive con-A concentration of resuspended sediments and sultations with many authorities. Whereas thetheir 	subsequent distribution and deposition are Crown Estate Commissioners are entrusted with 

the primary agents causing the biological stresses the issuance of sand mining licensesmentioned 	 on a firstabove. Survival under these stressful come, first-served basis, the governmental reviewconditions depends largely on 	 the specific or applications for sand mining is coordinated byrequirements of the marine communities affected the Department of Environment.and 	a host of extraneous factors such as depth of The 	Hydraulics Research Limited (HRL) playssediment, length of time under burial, time of a central role in vetting the application for an offyear, sediment grain size and sediment quality, shore sand mining license. Its opinion is often theAnother consequence of concern is the physical first 	to be sought by the Crown Estate Commisreduction in habitat area, which is a 	function of sioners, who are empowered to issue licenses forthe rate of repopulation of the dredged area. Sea gravel extraction. If HRL's opinion on the applicabottom borrow pits remain intact for long periods tion -isunfavorable from the standpoint of the staof time unless infilling occurs from current- bility of the adjacent coastline, the license applicainduced sediment movement. If the sediments are tion is unlikely to proceed further (Price et al.
organic-laden, the subsequent decomposition can 1978).lead to anaerobic conditions and the deterioration The following factors must be addressed whenof the quality of the ambient water. Hence, the processing dredging applications for sand miningreestablishment of marine habitats at the dredged in the United Kingdom (Brampton 1987):area 	is again dependent on the magnitude of the a. whether beach slumping or drawdown intodredging operation, new sediment interface and the deepened area will occur;water quality. b. 	 whether dredging will affect the naturalPhysical environment movement of seabed material by inter

cepting onshore sediment movement,Offshore mining activity normally incurs a risk thereby interrupting sediment supply to
of altering the beach dynamics, wave and swell the shore;pattern, and coastal current circulation, which c. whether the dredging areas include bars can invoke an undesirable morphological response and 	sand banks that might provide profrom the coastline such as erosion or tection to the coast from wave action; andsedimentation. Dredging can influence the coastal d. 	 whether wave refraction over the dredgedphysical processes through: area will cause significant changes in the a. 	 beach drawdown due to infilling of the pattern of waves at the coast, such 	 asdredged pit during calm periods; wave energy concentration or the alongb. 	 interception of sediment movement by the shore transport of bed material.

dredged pit, which results in sand deple- Based on HRL's detailed investigation of matetion onshore/downdrift; rial 	 movement and comprehensive research,c. 	 removal of protection afforded by offshore which are premised on the answers to the factorsbanks, which leads to bigger waves addressed above, the following guidelines haveimpinging on the coast; and been 	adopted in assessing the effects of dredging
d. 	 changes in the wave refraction pattern, on the coastline:

which concentrates wave energy at a par- 1. Beach drawdown. There are two criteriaticular place. based on the seasonal -equence of beach 
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recession during storms and beach build-
ing during calmer weather: (a) a minimum 
water depth of 10 m and (b) a minimum 
offshore distance of 600 m. It will be seen 
that these are seldom invoked as they are 
overridden by stringent requirements 
under other considerations, except for 
small scale or short-term operations for 
beach nourishment or land reclamation 
purposes. 

2. 	 Intermeption of sediment. This criterion is 
based on field investigation of the incipi-
ent motion of waves and tidal currents 
with the 18-m water depth limit at pre-
sent. More recent studies have revealed 
that induced shingle movement occurs at 
depths as great as 22 m. This has been 
attr-ibute , to the stronger tidal current 
experienced at the test site. Further 
studies are still ongoing. 

3. 	 Protectionby offshore banks. The ability of 
offshore banks to dissipate incident waves 
through premature breaking, bottom fric
tion and reflection, hence, providing pro-
tection to the coast, is well acknowledged. 
At present, however, uncertainty inherent 
in modeling the wave transmission 
characteristics of. these submarine 
features still exists. Therefore, the 
dredging of sandbanks adjacent to the 
coastline is generally not permitted, 
unless the rate of sand accretion there is 
very high and well documented. Even 
under the latter circumstances, dredging 
is only for the short term and strictly 
controlled. 

4. 	 Change in wave refraction. Waves refract 
when they enter shallow water since those 
waves in deeper water travel faster than 
those in shallow water. Thus, the wave 
crest tends to wheel around in an effort to 
parallel the bottom contours/coastline, 
Thus, waves traversing through a dredged 
pit can change direction and consequently, 
concentrate on certain parts of the 
coastline previously unaffected. In 
general, the effects of wave refraction are 
insignificant in water depths greater than 
14 m. 

The above criteria indicate that the controlling 
factor is the water depth over the area to be 
dredged. Hence, in British coastal waters, dredg-

Although the wave climates and textural proper
ties 	of sand between the United Kingdom and 
Malaysia differ, the criteria adopted in the former 
do serve as a good starting point for formulating a 
sand mining management plan for the South 
Johore area, which will be dealt with in later sec
tions. 

On the other hand, the potentially deleterious 
impact of offshore dredging on fisheries and 
coastal ecology are obviated through the imple
mentation of a Code of Practice for the extraction 
of marine aggregates. This is usually attained by 
conducting a baseline study to delineate sensitive 
resource areas that are to be avoided. Often, site 
precautionary measures such as erecting a screen 
around sensitive benthic and other nonmotile 
communities are specified. Thus, the require
ments are very site specific arid are seldom depth
dependent as in the case of evaluating the impact 
of offshore dredging on the physical environment. 

OFFSHORE SAND MINING 
IN SOUTHEAST JOHORE 

Present practice on sand mining control 

Applications for offshore sand mining conces
sions are concentrated in the offshore areas 
between Tg. Siang to Tg. Sepang and off the 
southeast coast in the South China Sea, along the 
eastern side of Johore Strait and the Johore-
Lebam estuarine system (Fig. 1). However, there 
are also applications for offshore sand mining off 
Kukup Island on the western coast of Johore, 
which is fronted by mangrove-fringed mudflats. 
There the mechanics of sediment transport are 
likely to be different since sand is evidently not 
the primary littoral material for shore building. 
Nevertheless, the considerations relating to the 
potential effects of offshore dredging on wave 
refraction and attenuation by offshore sandbanks, 
as enumerated in the earlier sections, are still 
valid. 

Having conducted a prospecting survey, a 
prospective company applies for the mining con
cession area with the District Land Office, which 
in turn will consult the various concerned agen-' 
cies. If there is no objection from any government 
agency, the application is approved contingent 
upon adherence to the technical comments, which 

ing is not allowed shoreward of the 18-m bottom - are listed as preconditions, received from the 
contours on sediment supply consideration. respective government agencies. 
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In the past, if the area of interest to the sediment movement within which it significantlycompany is within the jurisdiction of the State influences shoreline change, This seaward limit isGovernment, which is within 3 nautical relatedmiles fundamentally to sediment and wave(nm) from the coastline, the State Authority will characteristics and is site-specific. For mostnot have to consult the Federal Government. Malaysian conditions, this depth is taken to be theHowever, with the implementation of the 10-m depth. For a typical east coast offshoreEnvironmental Quality (Prescribed Activities) profile,
(Environmental Impact Assessment Order 1987) 

it is located about 2 km offshore. Sand 
mining seaward of the seaward limit, of effectiveand General Circular No. 5/1987, which is sediment transport should not have a significantdescribed in the following section, it becomes impact on the shoreline insofar as erosion andmandatory for the State Authority to inform the accretion are concerned.Department of Environment and the Coastal This criterion will be exai.iined in greater detailEngineering Technical Centre of the Drainage and under the ongoing South Johore CoastalIrrigation Department of any application for Resources Management Project by subjecting it tooffshore sand mining and seek their technicalcomments. more rigorous analyses such as refraction usingoergru nlsssc srfato snradioactive tracers techniques as has been 

The present legal/administrative machinery employed in the United Kingdom. As a compari
son, the recommended water depths seawardThe Environmental Quality (Prescribed Activi- where dredging is permitted are 18 m, in the caseAnotv ns of the United Kingdom (Price et al. 1978), as menties) (Environmental Impact Assessment Order1987) was gazetted pursuant to the Environmen- tioned earlier, and 35 m, in the case of GenkaiSea, Kyushu, Japan (Kojima et al. 1986). On the 

tal Quality Act of.1974 and enforced in April 1988. other hand, the Shore Protection Manual (US
Under this order, anybody who intends to engage ACEWES 1984) cites a depth limit between 5 and
in any of the prescribed activities is required to 20 m re ad mining, weenig n
 
carry out an Environmental Impact Assessment 20 n for offshore sand mining, depending 
on site(EIA). Under the subject of mining, the order whileconditions, Dubois and Towle (1985) recrequires an EIA study to be conducted for sand ommend that "any nearshore marine mining adja
mining that involves an area of 50 ha or more. cent to a beach should take place outside the 10 

In an effort to reduce the need for future coastal meter depth contour... 
protection work, the Federal Government has Although the depth limit for offshore dredgingissued General Circular No. 5/1987 pertaining to recommended for the case of Southeast Johore isthe approval of development plans in the coastal much less stringent than for those in the United
area. Under this circular, any development activ-
 Kingdom and Japan, one must consider that theity, including sand mining, in coastal areas has to wave climate in Malaysian waters is much lessbe referred to the Coastal Engineering Technical energetic than those experienced in the countriesCentre of the Drainage and Irrigation Department mentioned above. Another additional considerafor comment. tion is the difference in shoreline geometry, whichWhile the EIA study under EIA Order 1987 will be explained below. covers both the biological and physical environ- Physically, the eastern seaboard of Johore conments, the circular is concerned only with the sists of a series of crenulate (or hook-shaped)physical environment. For mining activities bays, which can be mathematically analyzedinvolving areas larger than 50 ha, the order using the log-spiral. Under the constant beating ofprecedes Circular 5/1987, and the Coastal waves emanating from a predominant direction,Engineering Technical Centre then functions as a the bay will tend toward an equilibrium. Once themember of the panel that will evaluate the EIA equilibrium is attained, the bay can be consideredreport collectively. as a closed system with a minimal exchange of 

Coastal Engineering sediment with the outside environment. Unfortunately, this stage is almost never reached due toTechnical Centre's criteria human interference. Sharifah Mastura (1987) has 
analyzed the physical stability of theseAt present, the Coastal Engineering Technical hookshaped bays and found them still in the process ofCentre bases its recommendation for approving adjusting toward the equilibrium platform. Such asand mining applications on the seaward limit of shoreline geometry is less likely to be influenced 
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by the onshore-offshore sediment movement con-
pared to that in British waters, which has more 
linear features. The direct transposition of the 
guideline in this case will be untenable. 

Therefore, the concept of active profile closure 
depth and its methods of determination as out-
lined in the Shore Protection Manual (US 
ACEWES 1984) are employed to determine the 
depth limit for dredging operations. 

As for the seabed off the western coast of 
Johore, the prospect of economic offshore sand 
mining is still uncertain. Nevertheless, the same 
depth limit has been imposed in the interim, 

MANAGEMENT OBJECTIVES 
AND GUIDELINES 

A review of the potential impact of dredging 
operations on the biological and physical envi-
ronments and the prevailing dredging practice in 
other countries elicited these elements for an 
effective management plan for offshore sand 
mining: 

1. 	 proper inventory of the available resources 
through a sand resources survey; 

2. 	 identification of alternative sources such 
as land-based river sand; 

3. 	 zoning of areas where dredging is permit-
ted; 

4. 	 a predredging baseline survey and dredg-
ing and postdredging monitoring; 

5. 	 precise positioning of dredge to avoid sen-
sitive areas; 

6. 	 use of dredging equipment that minimize 
sedimentation and turbidity; and 

7. 	 public education on the adverse impact of 
offshore sand mining. 

To date, the Geological Survey Department of 
Malaysia has conducted a field geophysical survey 
with its German counterpart in the South China 
Sea. 	Although the spatial coverage is large and 
sand resources may not have featured strongly in 
the survcy, useful information on the thickness of 
sand deposits off the southeastern coast of Johore 
can be gleaned from the report. In ad!I'tion, a 
private dredging company has commissioned a 
sand resources study off the eastern coast of 
Johore but, unfortunately, the information it 
obtained is deemed proprietary. 

Guided by the above-mentioned elements 
toward an effective management plan, the pro-
posed management guidelines follow: 

1. 	 Offshore sand mining will not be allowed 
shoreward of the 10-m bottom contours 
measured from the Lowest Astronomical 
Tide. 

2. 	 Suction dredges are preferred over 
mechanical dredges and, if feasible, plain 
suction dredges are preferred over cutter 
suction dredges. 

3. 	 An Environmental Impact Assesmtnt 
(EIA), which includes a preproject base
line survey of marine biota at the pro
posed sand mining area, should identify 
and delineate the natural resources (i.e., 
corals, commercial clam beds, sea turtle
nesting beaches, fish-spawning areas and 
seagrass beds) to avoid potential damage 
to these resources. 

4. 	 If dredging is to be carried out near 
sensitive resource areas, a barrier should 
be erected to separate them from the 
dredging site. 

5. 	 The dredge should be positioned 
accurately in the designated area and the 
anchors/cables/discharge pipes should be 
placed in the sand or other nonsensitive 
habitats. 

6. 	 Shallow dredging over a large area is pre
ferred over deep dredging to avoid the 
formation of a stagnant borrow pit that 
requires a long time to recover. Addition
ally, dredging should proceed from layer to 
layer. 

7. 	 All leaking joints in delivery pipelines 
should be repaired immediately to prevent 
the release of sediment in large quantities 
to the water column. 

8. 	 Dragging of anchors/cables on the seabed 
is prohibited. 

9. 	 Dredging is to be conducted during peri
ods of lowest biological activity. 

.10. A monitoring program should conduct 
periodic seabed and marine biota surveys 
during and after the dredging operation. 

These guidelines imply that the removal of sand 
from the beach itself is to be prohibited. Beach 
sand mining is not only a direct attack on the very 
resources to be protected; it also leaves behind a 
visually cogent evidence of the'deleterious impact 
of such an activity in the form of gaping holes or 
run-down dunes with resulting wave overwash. 
The erosion that follows is also likely to be immi
nent. Available published literature is replete 
with examples of such human over
sight/indiscretion, which invariably lead to disas
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trous implications. Thus, mobilizing public sup- Prevailing practice in other countries indicatesport 'for such a prohibition is easy. Only under 
very rare circumstances, such a 

that the physical impact on the shoreline can beas well-docu- obviated by disallowing dredging shoreward of amented shoreward accreting beach at the termi- specified or agreed-upon water depth limit. Varinus of a littoral cell or landward dunes of a relict ous methods are available to ascertain this depthbeach ridge system, should the above prohibition limit as outlined in the Shore Protection Manualbe relaxed but still strictly controlled in terms ofthe rate of extraction. 
(US ACEWES 1984) and employed by Hydraulics
Research Limited of the United Kingdom. None ofOn the other hand, the physiographic adjust- these has been conclusively provenment that results after offshore or is univerdredging is a sally applicable.gradual process--its main bulk is likely to be sub-

Nevertheless, on the basis of wave 
aqueous initially--and may not be apparent within 

statistics prevailing along the southeastern 
coast of Johore and on the practice in other couna few years. The associated hazards, can surface tries, it is recommended that 10 m be consideredlong after the cessation of sand mining activities, the minimum depth for the shoreward limit,Hence, close and documented monitoring

imperative to reveal 
is where offshore dredging should be prohibited.early signs of unanticipated Future work through the use of radioactive tracstressful conditions and to provide enough infor- ers techniques or other suitable field methods tomation to fully understand this complex coastal study the incipient motionphenomenon. of seabed sediment

wider various depths is strongly recommended.Other potential issues relate to the impact of Such work will strengthen further the practicaloffshore dredging on navigation and the socioeco- basis for the depthnomic aspects of the limit adopted vis-h-vis thelocal residents. These anticipated mounting pressure for its relaxationimpacts are of secondary importance as far as the because land-based alternatives forsoutheastern coast of Johore is concerned since a 
sand 

resources are depleted.major shipping route lies to the south (except On the other hand, the impact of offshorewithin Johore Strait), and dredging operations are dredging on the biological environmenthighly capital- and equipment-intensive; is besthence, evaluated through preproject biotic and postprothe local population's involvement in offshore ject recovery surveys. These surveys should besand mining is likely to be minimal, included as standard features in the mandatoryThe above guidelines represent, at best, a pre-
to 

EIA. Administratively, the complementary Enviliminary attempt enumerate the salient fea- ronmental Quality (Prescribed Activities)tures of a proposed management plan for offshore (Environmental Impact Assessment Order 1987)sand mining. Only the coastal engineering aspects and General Circularhave been dealt with No. 5/1987 are adequatein detail; the biological regulatory controls to effect the harmony betweenaspects, which are just as important, have been economic resources use and the maintenanceskimmed over. The cursory treatment of the latter environmental quality in the case of offshore sand
of
 

is explained by the professional limitations of the 
 mining.
writers, thus underscoring the need for a multi
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ABSTRACT 

Although fisheries are relatively insignificant in terms of 
contribution to GNP compared to the oil industry, they areclose to the hearts of the Pruncians. In Brunei Darussalam,the fisheries are largely artianal; trawls and purse seines arerecent introductions. The fisheries resources as opposed to fish 
requirements, the conflicts between artisanal and indutrialfishermen, the control of fishing effort, the problemsenforcement and obtaining scientific data and the effbcts of the 

in 
oil indushy's structures on fisheries are discussed in thispape-r. 

The fisheries resources are being developed in line with the 
policy of diversifying the economy, but such a developmentshould be based on scientifically obtained data. Also, manage-ment should be geared toward ensuring that the fisheriesresources are in a healthy state and do not suffer from overex-
ploitation. 


INTRODUCTION 

Brunei Dairussalam has a long history of fishing. Recently, there has been a movement away
from the sea due to the large number of secureland-based jobs but even so, fishing has not been
completely ignored. Rather, it is carried out on apart-time basle. Fish consumption is high at 40 kg
per capita per year. The reported local annual 

fisheries production in 1986 was 2,268 t. This figure does not include the fish landings contributedpart-time fishermen who numbered as many as 
1,566 in 1986. The number of people engaged infull-time fishing is relatively small. In 1987, therewere 1,948 part-time fishermen compared to 523 
full-time fishermen (Table 1). Fift-two percent ofthe country's fish consumption in 1986
imported. 

was 

A variety of fishing gear are used in Brunei
Darussalam. Most of these are artisanal gear; therest are industrial gear, which include trawls andpurse seines. Table 2 gives the total number ofgear used in 1987. 

Most artisanal fishing is carried out in 
nearshore waters and in the Bunei estuarnesystem. Some operators, especially those usingtraps and long lines, have wider ranging 
operations, close to the oil industry's structuresarid shoals. The trawlers and purse seiners operate farther out to sea and, by legislation, are prohibited from fishing within 3 miles from the coast.Brunei Darussalam is heavily dependent on its 
oil industry as is evident from the latter'scontribution to the gross national product (GNP).Although the GNP contribution from fisheries(e.g., 0.26% in 1986) is small, fisheries resources
 
represent a potential 
 that can be developed to

assist in diversifying the economy (EPU 1986).
 

MANAGEMENT CONSIDERATIONS 

The country importa about 50% of its fish
requirements. Given the fisheries resources
potentially available in Brunei Darussalam, itshould be possible to satisfij local demand, in 
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terms of biomass at least, by enhanced exploita-
Lion of the fish stocks. It has been estimated that 
fresh fish demand in 2001 will be 9,334 t and the 
fish stocks have been estimated to have a 
potential yield that far exceeds this requirement. 

However, one has to consider consumer prefer-
ences. It is possible that certain types of fish 
desired may not be available in sufficient quanti-
ties to meet the local demand. It may also be that 
to exploit the stocks fully is more costly than to 
exploit them partially and import the rest of the 
fish requirement. 

it is thus necessary to obtain data on such mat-
ters as local demand and availability for particu-
lar fish types and cost of exploiting against cost of 
importing. These data can then be used in making 
decisions on the level of exploitation, level of 
exports and imports, and in accomplishing a 
comprehensive development and management 
plan for the fisheries resources. 

It is also envisaged that a healthy trade rela-
Lion will be established by Brunei Darussalam 
with other countries in importing fish types in 
short supply and exporting those in excess. 

ARTISANAL AND INDUSTRIAL FISHERIES 

Brunei Darussalam's fisheries have long been 
and are still artisanal in nature. Lately, however, 
they have been undergoing "industrialization" 
with the introduction of the trawl and purse seine. 

Four wooden stern trawlers are in operation at 
present, each fitted with a mechanical split drum 
trawl winch of 1.5 to 2.0 t barrel pull, compass, 
radar, echosounder and VHF transceiver as 
required by the Fisheries Department. The five 
purse seiners in operation have the same naviga-
tional instruments. There is a plan to increase 
this fleet. 

The introduction of the trawl and purse seine 
has brought a certain amount of unease and 
numerous complaints from some artisanal fisher-
rren. The most persistent complaints come from 
trap fishermen who accuse trawlers of sweeping 
a-Kay and destroying their traps. However, the 
Fisheries Department demonstrated to them that 
a properly marked trap would not be swept by a 
trawl net as the mark would assist the skipper of 
the trawler to take evasive action. It was also 
shown that extensive damage results when a trap 
is entangled in a trawl net, something that 
trawler fishermen do not want to happen at all. 
These demonstrations have helped pacify the trap 

fishermen, but complaints about loss of traps still 
remain. 

The Fisheries Department is aware that arti
sanal fisheries would not be capable of exploiting 
sufficiently available fisheries resources and that 
it is necessary to have industrial fisheries as well. 
But the plight of the artisanal fishermen who, 
although relatively less productive, have legiti
mate claims to improving their lot must also be 
taken into account. 

Among the steps taken toward this goal is the 
closure of an area of the sea 3 mile:s from the 
coast. This area is reserved for artisanal fisheries. 
The Fisheries Department has also started 
building artificial reefs. Moreover, enforcement 
and surveillance activities have been increased to 
prevent the encroachment of trawlers and purse 
seines into the fishing grounds of the artisanal 
fishermen. 

Despite these steps, it is envisaged that there 
would still be complaints from artisanal fisher
men. So, a continuous and patient education pro
cess would be necessary. The conflict between 
artisanal and industrial fishermen is not as seri
ous as it is in neighboring countries. This is 
because the Fisheries Department has imposed 
strict control over the development of the fisheries 
and, in general, the fisheries are still lightly 
exploited. 

OIL INDUSTRY
 

The oil industry is the mainstay of Brunei 
Darus3alam's economy. This industry has several 
structures at sea (i.e., pipelines on the seabed), 
which frequently are in the way of certain fishing 
operations (i.e., trawling). To avoid damage to the 
structures, a regulation has been imposed pro. 
hibiting trawling and purse seining within an 
area of 1 nautical mile from any such structure. 
However, at the moment, this is not a serious 
impediment as most of the pipelines are 
concentrated at one end of the country, and there 
are still large areas where fishing can be carried 
out far from the oil structures. 

In the future, when more oil wells will be struck 
at sea and more trawls and purse seines will be in 
operation, the constraints could become more 
pressing. Thus, the expansion of capture fisheries 
would have to consider the possible reduction in 
fishing grounds. This would necessitate a more 
conservative approach to the development of the 
fisheries or, alternatively, a review of the above
mentioned regulation. 
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The oil structures serve as sanctuaries for fish many other fisheries in the region--overexploitaand other marine life exploited by artisanal gear tion.

such 
This is what the Fisheries Department isas traps and lines. In this case, the expan- determined to avoid, and limited entry is expectedsion of these structures at sea would lead -to to be the major means of controlling fishing effort.increased fishing grounds for artisanal fishermen. 

ENFORCEMENT ACTIVITIES
CONTROL OF FISHING EFFORT 

In tandem with the control of fishing effort areMethods generally employed to control fishing the activities undertaken to enforce the variouseffort include closed areas, closed seasons, limited Fisheries Regulations. At present, the number ofentry and control on fishing gear. In Brunei staff available in the Fisheries Department toDarussalam, the methods used would probably be carry out enforcement work is limited and soclosed areas and limited entry. The former 
is 

are the number of vessels for sea-going work. It mustalready employed in trawls and purse seines, be realized that the quality of management wouldwhich are prohibited from fishing within 3 miles depend to a certain extent on the enforcementfrom the coastline and near oil structures. But facilities available.
these areas can net strictly be called closed as The 
 present development and managementthey are open to exploitation by artisanal fisher- strategies have been formulated without takingmen. With respect to limited entry, there is no into account losses due to illegal fishing, whichstrict control on entry to artisanal fisheries other are difficult to quantify. This is not considered tothan the licensing requirement. Up to the present, be a serious deficiency as illegal fishing is notany person who applies for an artisanal fishing perceived to be widespread. Nevertheless, thegear is invariably given one. This has been partly Fisheries Department plans to expand thebecause there have been no dramatic increases in enforcement staffs strength and to procure morerequests for licenses for artisanal gear and the vessels. 
bulk of the fishermen are operating on a part-time
basis. But the Fisheries Department is mindful ofthe undesirability of allowing entry to the fish- SCIENTIFIC ADVICE AND STATISTICS

eries without sufficient data on stock size and
optimum level of fishing effort, etc. To this end, a 
 The need to assess the fish stocks and obtainstudy is soon to be initiated to assess the stocks other related data before making decisions onavailable to the artisanal fisheries and the appro- fisheries development and management is widelypriate effort levels. Upon completion of this study, recognized by concerned scientists. In many counthe artisanal fisheries will also come under proper tries, however, the decisionmakers do not consultcontrol, a step toward their management. with fisheries scientists regarding biological andIt is mainly within the trawl fisheries that economic realities but rather make decisionsfishing effort control has been enforced strictly. based on political expediency. This practiceTrawling, after all, is known to be an unselective inevitably results in disastrous consequences.fishing method. This includes entry, which is Brunei Darussalaml has taken a very pragmaticstrictly regulated by means of a licensing system approach in this respect. The development of artibased on phased entry to a permissible level of sanal fisheries has not strictly been based on surfishing effort, There is also control on the vey results, although Khoo et al. (1937) have estihorsepower of the trawler engine based on a per- mated the maximum sustainable yield based onmissible level of horsepower units as suggested by statistics. Artisanal fisheries have been found notBeales (1982). to have increased dramatically with most ef theThe control of fishing effort in Brunei Darus- exploitation done by part-time fishermen. Also,salam takes on an important dimension when one the prawn and fish resources are being surveyedconsiders that most of the fisheriea resources are so that appropriate development and managein a very early stage of development, so there is ment could be made.good potential for expansion. Effective control at The collection and use of fisheries statistics arethis stage will ensure the continued viability of hampered by the lack of staff; which, in turn,the fisheries, Otherwise, there is the definite pos- results in insufficient coverage of the fishermen,sibility that they would go in the direction of late processing of data and inability to present 
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data in a form suitable for management purposes. 
At the moment, data are collected only from full-
time fishermen and not from part-time fishermen 
who greatly outnumber the former. 

AQUATIC ENVIRONMENT 

Fisheries depend on the aquatic environment, 
Pollution problems and the reduction of mangrove 
ecosystems adversely affect fisheries. 

Pollution is at a very low level at the moment 
but could rise with increased industrialization 
and urbanization. Chua et al. (1987) state that at 
present, pollution from industrial sources other 
than the petroleum industry appears to be negli-
gible. 

It would be particularly worrisome if the 
offending discharges were to be released into the 
Brunei River Estuary System as this is a very 
important fishing ground. In this regard, the gov-
ernment has commissioned a study to propose 
National Wat"' Quality Standards. Brunei Shell 
Petroleum has a contingency plan for oil spills. 
Therefore, pollution is not a major threat to the 
fisheries resources, at least for the present, but 
the necessity for vigilance can not be overempha-
sized. 

A possible threat to the fish and shrimp stocks 
in the Brunei Bay region is the reduction of the 
mangrove areas by conversion into human settle-
ment. Also, there has been increasing interest 
recently to convert mangrove areas into brackish-
water shrimp ponds. Studies have not been con-
ducted in Brunei Darussalam to establish a link 
between the mangrove swamps and the shrimp 
fisheries, but it is widely held that the rich belt of 
mangroves fringing the Brunei Bay area is the 
basis for the highly productive shrimp fisheries in 
that area. Mock (1966) observes that an altered 
shrimp nursery area had over 2.5 times fewer 
Penaeus aztecus and 14 times fewer P. setiferus 
than the natural habitat and Gedney et al. (1982) 
show reduced landings in Peninsular Malaysia. 
Zamora (1987) also reports that shrimp and fish 
fry were seen in great quantities among the tan-
gled rifts of Rhizophoraplants. 

Since the conversion of mangroves into shrimp 
ponds or other uses can have a negative effect on 
the shrimp fisheries, the Fisheries Department 
has plans to study the shrimp stocks and the 
mangrove ecosystem in the near future to esti
mate the amount of mangrove area that can be 
released for brackishwater shrimp farming with-
out markedly affecting the fisheries. 

Of concern also is the destruction of mangroves 
for logging and human settlement. Since the rele
vant government departments (e.g., Forestry, 
Housing Development, Town and Country Plan
ning) are all under the Ministry of Development 
as is the Fisheries Department a , the latter can be 
a moderating influence in reducing the impact of 
mangrove conversion on the fish and shrimp 
stocks. 

DISCUSSION 

Various issues introduced above are related to 
the development and management of the fisheries 
resources in Brunei Darussalam. Providing a 
sound scientific basis is the concern of the 
Fisheries Department. 

The basic approach used is one of obtaining 
data on fisheries resource levels, catch rates of 
suitable fishing gear, appropriate fishing effort 
levels, marketing data and others, before 
embarking on development or expansion. The 
development of the fisheries is not carried out in 
one instance, with fishing licenses corresponding 
with the total number of possible fishing gear 
being issued once and for all. Rather, the devel
opment is done in stages with monitoring and 
reviews in between. This is because the Fisheries 
Department is aware of the need to be cautious 
when using the results of initial resource surveys 
and of the tendency of catch rates to drop after 
initial exploitation. Thus, the development and 
expansion in fishing effort have been programmed 
to increase in phases. 

In the case of trawl fisheries, as based on the 
resource survey done from 1979 to 1980, a level of 
fishing effort was calculated by Beales (1982). The 
total number of fishing licenses commensurate 
with this fishing effort was not issued in one 
instance. At first, only five licenses were offered. 
This was followed by a period of monitoring before 
the next batch of licenses was issued. In this way, 
the problems of overexpansion and overcapi
italization were avoided, 

The two problems associated with the 
monitoring and review processes are in 
conducting repeated resource surveys and 
obtaining reliable catch and effort data from the 
trawler fishermen. The former is a constraint due 

aEditor's note: On 1 January 1989, the Fisheries 
Department wao transferred to a newly created Ministry of 
Industry and .Primary Resources. 
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to staff limitation and is already being addressed. However, the government, mindful of the non-The latter is the general reluctance of the trawler renewable nature of its oil and gas resources, hasfishermen to fill the logbooks with their catch and started to increase emphasis on the diversification
effort data, which is a more serious problem as it of the economy.
affects the monitoring of the fish being removed 
from the stock. This matter is currently being

attended to by the Enforcement Section of the REFERENCES
Fisheries Department to ensure that the trawler 
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ABSTRACT 

Red tides occurred in Brunei Darussalam in 1976, 1980 and 

twice in 1988. No unusual water discolorations were obse-.vedc.iring the latter incidences. However, high levels of paralytic
shellfish poisoning (PSP) toxins (up to 5,354 pgi100 g of flesh)were recorded in the green mussel Perna viridis, which was 
used as a test species. There was an increase in number butnot to "bloom proportions" of Pyrodinium bahamensevar. corn-pressa,which was identified as the causative agent of toxic redtides in the country. 

Regular monitoring for the presence of P. bahamense var. 
compressa in selected stations in the coastal waters and PSPtoxin levels in Pemna viridis is conducted by the Department ofFisheries. Public health safety during red tide occurrences

could be assured through the operation of a red tide action
plan, involving primarily the Department of Fisheries (DOF),
Ministry of Development; Department of Medical and Health 

Services (DMHS), Ministry of Health; Radio and TelevisionBrunei, Ministry of Communications, and other news media,
The d-tails of the operation of the action plan are discussed. 


INTRODUCTION 

Brunei Darussalam is located on the north-
western coast of the island of Borneo, between 
latitudes 40N and 505'N and longitudes 114023'E 
and 115022'E. It lies between the East Malaysian
States of Sarawak to the southwest and Sabah to
the northeast. 

Brunei Darussalam has been particularly interested in red tides since their first reported occur
ence in the country's waters on 11 March 1976(Beales 1976). The causative agent was initiallythought to be a Gonyaulax species but was lateridentified as a toxic variety (var. bahanze;'ase) of 

Pyrodinium bahamense Plate, 1906. Matdananand Selvanathan (1984) have dealt in detail with 
the two occurrences in 1976 and 1980 and the
methods used in monitoring and surveillance. 

The DOF has been monitoring the levels of P.bahamense var. compressa in selected sampling
red tides based on previous experiences. Betweensites in the coastal waters likely to be affected by 

the occurrence in 1980 and the end of 1987, noblooms or excessive number of the organism wererecorded. Further, no PSP toxins were recorded 
during this period, although several shellfishspecies were tested using the Standard MouseBioassay for PSP toxins. However, BruneiDarussalam was placed on a state of alertness for 
red tide blooms and possible PSP in July 1983,December 1985 and December 1986 due to the occurrence of either red tides or paralytic shellfishpoisoning in neighboring Sabah, East Malaysia.
On 2 December 1987, the DOF received a report
 

from the Animal Health Unit of the Agriculture
Department, Brunei Darussalam, which indicated 
that the Veterinary Clinic at Berakas had treated 
40 cats over a period of 2 days for suspected foodpoisoning after being fed fresh sardines 
(Sardinellasp.). Seven of the cats had succumbedto the illness while many were reported in serious 
condition. An examination of the stomach content
of the Sardinellasp. given to some of the sick cats
indicated that over 80% of it were made up of cells
of P. bahamense var. compressa. Subsequent par
alytic fish poisoning (PFP) toxin tests carried out 
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on the suspected Sardinellasp. indicated a toxin 
level of 196 gg/100 g of flesh. This reconfirmed the 
cause of the food poisoning in the cats as the tQxic 
dinoflagellate, P. bahamense var. compressa. The 
contaminated Sardinella sp. were imported from 
Sabah, East Malaysia. Quick action was taken to 
confiscate and destroy all planktivorous fish. The 
warnings issued to the public, based on the 
findings of the stomach content analysis of the 
sardines, prevented any PSP/PFP-related public 
health problems in Brunei Darussalam. A red tide 
alert was imposed. A ban on imports of planktivo-
rous fish and mollusks was also enforced. In 
Brunei Darussalam, no abnormal levels of P. 
baharnensevar. compressa or PSP toxins in green 
mussels (Pernaviridis), which are routinely used 
as test organisms, were observed during this 
period (December 1987). However, very high lev-
els of both PSP and PFP were recorded at the 
beginning of February and again at the end of 
April 1988. Table 1 gives the PSP/PFP toxin levels 
recorded for the first eight months of 1988. The 
maximum PSP toxin levels recorded in the green 
mussels from Serasa during these two periods 
(5,354 gg/100 g of flesh for February and 1,119 
4g/100 g of flesh for April) were very much higher 
than the maximum level recorded for Brunei 
Darussalam during the 1980 red tide occurrence 
(200 4g/100 g of flesh for green mussels from 
Serasa) by Matdanan and Selvanathan (1984). 

In addition to the regular monitoring and 
surveillance program carried out in Brunei 
Darussalam, there is a need to formalize the field-
tested procedures adopted during red tide occur
rences into a red tide action plan. 

THE RED TIDE ACTION PLAN 

Objective 

The objective of the red tide action plan is to 
provide time!y and adequate response to safe-
guard public health during toxic red tide occur-
rences in Brunei Darussalam or in the neighbor-
ing East Malaysian States of Sabah and Sarawak. 
The plan establishes the procedures and 
responsibilities so that the response time can be 
reduced to a minimum. The details of the 
procedures are to be made available to the 
departments and units concerned. Priority is 
given 	to human life. 

Organization 

Fig. 1 summarizes the proposed organizational 
structure of the red tide action plan. The National 
Red Tide Response Team (NRTRT) is to be made 
up of senior officers of the DOF, DMHS and the 
Municipal Board (MB). The DOF is responsible for 
executing the Red Tide Monitoring and Surveil
lance Program through the Environment Unit 
(EU) of its Marine Fisheries Section. Although the 
DMHS is directly involved in the safety of the 
public, the DOF and the MB play major roles in 
red tide-related public health problems as the 
former has overall jurisdiction over fish and fish
ing, and the latter, over markets and marketing. 
The Department of Broadcasting and Information 
plays a role in the dissemination of information on 
red tides, e.g., through government publications 
like the PelitaBrunei. 

Procedures 

The procedures are summarized in Fig. 2. In 
addition to th routine monitoring and surveil
lance carried out by the EU of the Marine Fish
eries Section of the DOF, any information on 
actual or suspected red tides should be immedi
ately conveyed to the Chairman/Deputy Chairman 
of the NRTRT who will then alert all other 
members. The following actions will then be 
carried out: 

Phase I - Confirmation of a red tide occurrence 

1. 	 The EU will immediately confirm the 

report and provide a feedback to the 
NRTRT. 

2. 	 Reports of water discoloration in the 
coastal waters outside the range of small 
boats will be investigated by helicopter. 

3. 	 Unusual numbers of Pyrodinium 
bahamense var. compressa in vertical 
plankton haul samples or in the gut con
tents of planktivorous fish will be detected 
-andanalyzed, to be followed by immediate 
PSP toxin assays of cultured Pernaviridis. 

4. 	 In the case of suspected PSP/PFP poison
ing, samples of cooked/uncooked food and, 
if traceable, samples from market outlets 
of suspected fish/shellfish should be 
tested. 

5. 	 Although a PSP toxin level of 80 Jig/100 g 
of flesh is generally accepted as hazardous 
to human health, the presence of 
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detectable levels of PFP/PSP toxins in occasional occurrence of a few cells P.of
fish/shellfish will be taken as sufficient bahamense var. compressa in plankton haul sam
evidence of the occurrence of a red tide. ples over the same period of time can be taken to6. 	 The DMHS will put all hospitals and clin- signal the end of a red tide. The following actions 
ics on the alert for patients with possible need to be taken: 
symptoms of PSP/PFP (refer to Appendix 1. The NRTRT should make a public1). announcement that 	the red tide alert is

7. 	 The airwing of the Armed Forces, the lifted. 
Royal Brunei Airlines, the Marine 2. All posters and boards put up to warn theDepartment and Brunei Shell Petroleum public should be removed unless they can
Company Sendirian Berhad (BSP) will be still serve the purpose of public educationrequested to report any unusual water oron awareness of red tides. Particular 
discolorations in the coastal waters. attention should be given to boards 

banning the harvesting of shellfish fromPhase II - Steps to be taken on confirmation of a specific locations.

red tide occurrence 
 3. 	 The EU will resume its normal monitoring 

and surveillance procedures.
Procedures will depend on the extent and
 

severity of the red tide incident and whether it is 
 Phase IV - Review of the red tide action planin Brunei Darussalam or other parts of Borneo. The red tide action plan should be reviewedHowever, the following general steps are to be after the occurrence of a red tide incident totaken: strengthen it. Further, at least an annual review
1. 	 Issue warnings on prevailing red tides and should be made to maintain the accuracy of emer

public safeguards (e.g., do not consume gency contact addresses and telephone numbers.
affected fish and shellfish) through radio, Updating of detection techniques for PSP/PFP
television, newspapers, posters, etc. toxins and the red tide organisms themselves2. 	 The Enforcement Section of the DOF will would be necessary because of the rapid progress
ban the harvesting/import of mollusks being made in these areas.
and, if necessary, planktivorous fish and The 	EU, in addition to executing the red tide
other affected organisms. monitoring and surveillance program, will be3. The 	 DMHS, DOF and MB will inspect responsible for logging the events during anmarkets and other sales outlets so that no occurrence and all details of the procedures
banned fish/shellfish are sold. relating to the action plan.

4. 	 The EU will: 
a. reduce the interval of monitoring


red tide organisms in the coastal CONCLUSION
 
waters to once-a-week, instead of
 
the usual once-a-fortnight 
 proce- Although Brunei Darussalam does not have adure, and PSP toxins to once-a- formal red tide action plan, it has followed several
fortnight instead of the usual procedures to prevent any undesirable public
once-a-month procedure; health problem related to the occurrence of red

b. increase stations tides in the orcountry 
cover Temburong, Tutong and Malaysian 

monitoring to 	 in the neighboring East 
States of Sabah and Sarawak. The

Belait Districts; and formalization of procedures into National Reda 
c. maintain close contact with the Tide Action Plan is desirable in view of the pro-

Fisheries Department of the East longed potentially life-threatening red tide periods
Malaysian States of Sabah and recorded recently. The PSP toxin level of 5,354
Sarawak with respect to the red pg/100 g recorded in green mussels in February
tide situation. 1988 (where 80 pgJ100 g is medically accepted as 

hazardous to human health) provides some idela ofPhase III - End of a red tide occurrence the potential danger to human life. Brunei Darus
salam was fortunate that such high PSP toxinThe recurrent negative results of PSP toxins in levels occurred at a time of a red tide alert fol

test shellfish for one month together with only an lowing the 1987 red tide incident. It was during 
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the alert period that the public was warned not to 
consume mollusks and planktivorous fish without 
removing all stomach contents and gills before 
cooking. There was also a ban on the harvesting 
and import of mollusks. 

The procedures laid down in the proposed red 
tide action plan will reduce the response time in 
case of an occurrence. Special attention will be 
given to public education on and awareness of red 
tides. Public discipline in responding to a red tide 
alert will ultimately determine the success or fail-
ure of the action plan. 

REFERENCES 

red tide in Brunei's coastal waters.Beales, R.W. 1976. A 

Brunei Mus. J. 3(4): 167-182.
 

Matdanan, 112. and S. Selvanathan. 1984. Occurrences of red 
tide in Brunei Daruesalara and methods of monitoring and 
surveillance, p. 17-24. In A.W. White, M. Anraku and K..K. 
ltooi (eds.) Toxic red tides and shellfish toxicity in 
Southeast Asia. Southeast Asian Fisheries Development 
Center, Singapore and International Development Research 
Centre, Ottawa. 

Appendix 1. Symptoms of paralytic shellfish/fish 
poisoning, diarrhetic shellfish poisoning and other 
effects of red tides. 

"Red tides" are known to cause at least the 
iollowing: 

Paralytic shellfish poisoning (PSP) - human :11-
ness and death resulting from eating shellfish 
that have filter-fed on toxic microorganisms, 

mostly dinoflagellates such as Pyrodinium
 
bahamense var. compressa.
 
Symptoms:
 

In mild cases: Tingling sensation or numbness 
around the lips gradually spreading to the face 
and neck, prickly sensation on fingertips and 
toes, headache, dizziness, nausea, vomiting, 
diarrhea. 
In severe cases: Incoherent speech, progression 
of stiffhess and noncoordination of limbs, gen
eral weakness and feeling of lightness, slight 
respiratory difficulty, rapid pulse. 
In extreme cases: Muscular paralysis, pro
nounced respiratory difficulty, choking sensa
tion; death through respiratory paralysis can 
occur within two to four hours after ingestion. 

Paralytic fish poisoning (PFP) - human illness and 
death from eating whole plankton-feeding fish 
that have fed on toxic dinoflagellates.
Symptoms: Same as for PSP. 

Diarrhetic shellfish poisoning (DSP) - gastroin
testinal distress caused by consuming filter
feeding shellfish that have fed on other dinoflag
ellate species such as Dinophysis.
 
Symptoms: After 30 minutes to a few hours, diar
rhea, nausea, vomiting, abdominal pain.
 

Fish kills - as a result of gill damage caused by
 
chemicals released by some species of
 
phytoplankton.
 

Suffocation of marine life - due to oxygen deple
tion, caused by phytoplankton respiration or
 
decay.
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Table I. The PBI'/M'P toxin levels teeomded in fisahsa113m in Brumil Daruawiam from Janw,7 to Augu" 9O8. 
Date Sample (uReciestoommon name) 

23 Jan PenauWrkds OrngAo) 
&Lirikojo IOban e~doid 
Portunidac M2en iadoh) 
Penoeldas (Udangboar,) 
Clupeilao (Aur-cum)

26 Jan Pen iki (aagAiu 
Pirm uirdis rfuajh(AW 
ZA gr-thuaaper.~n(Bflis) 
Sdnr mna.(Fcmawmg 
Clupeidao aruao~ 
Aortes (Bubok) 
Pomaidae (anrg bea,) 
Clupc~dae fKuaaV) 
RcuaL'.Aigef knoqur.

SFeb Pern ufrfdi (Kupanghhin) 
Perna iridIs upnaV ida) 
Penacld~e (Udang beia) 
Penaeidae (71dang heel) 
&Saejowrata (Ketorn befok)

2 Mar Pcnmo virliK~qjaapIruj4i 
JPenwauliidis(Kupongh4AiJaW

18 Mar Pawavidifa nKupwWhyaku) 
Pernao uiidis (KupmgWihwj 
Menix-merbix ruU) 
Ame (RuboAL)

6Apr Parnou vLridis Xupmghj au) 
Prvna vijricus (P&%Ig hyaw

21 Apr, Pawu vb fdpo h~u&,j 
&euaesa eucaulua (7zAtw

28 Apr Pernast U (Eupdi, tuZL 
Iernavri1La(Kang.Ajaw 
&cmnis-11Cueg4Uats MibVIp10 May Psraz viridis (&wapnsAjag 
Portunidaanete~ n,J 
Anchemiu- (FNa'O 
Scianida. (rGdatr'a) 
Gdida coawong (Luhut 
ScD41a straia (Mt i Afick) 
Pensoldas (Udand beas)


20 May 
 Pernsauiwdis (Kupnn.whAxw 
&-wruzcuuata ai~rw 
Geao"Od k~ 

2 Jun Porno rkw iJhosgXJP 
Parnoufrldi*(KL,~ hjau 

costfou cucuidlo Ol7p)
Mers.KYN~rutrg OrKwa


14 Jul Pemvde0i- ~g

Prnauldis(Nupong AUW


3Aug Pe~rna ,djddl (Erupnng NiWa 
Pa &&,*LgM.(zpnA"~6 Aug Saocostrar cuou~sts (Thrldp


13 Aug 
 Perna i'ilds(Xupw4AI~U) 
Puina virldia (Kaipnhljau 
Sq-ktLobar (ga"A 

Crab tletm. 


24 Aug 
 Perna £;tkldi (Kuprrng Ai.aWu 
Perjnavirid~a(.upraugA4Jou

23 Aug A~Adora SrWW. (Th&~yanjaX)X&I-
slit. 

4 gap Larnellbrnida(rajn 
Aaavu granw iThmbc6etjUW.

5 Sep Forum Wt'iAL (Kunmug AqLz) 
Pat" viriis tj~pWAU&V. 

?ti - not taxic. 

Location 

aAMAFCO (Muam) 
Within Brinei Daruisalam 
Within Brunei Darutaslaco 
JearudengT 
Within Brunei Dreruasiam 
GAMAJVO (uara) 
seraew 
FasarTitong 
Pasar Tutong 
Within Bruned Daruamalam 
Within Brunei Dorualam 
Within Brunei Danwauasam 
Within lirunel DarusalLm 
Within Brnae Darumealam 
GAMAPICO 
Scewn 

Within Brtumni DarusalAm 
Within Brunei Daruauiarn 
Within Brunei Daruasam 
GAMAFtCO 
Saran 
GAMAPCO 
Baran 
Within Brunei Dausanm 
Within Brunei lDarusaalm, 
GAKiAFC-

Gerass 

Sara. 

Sera"a 

GAML'FCO 
Barn 
Saran 
GAIIAJ'CO 
Within Brunel Thareaalam 
Within Brunei Dwruaaalzm 
Within Prunsi lDaruniam 
Within Brurni Darsalam 
Within Llrurtel Darunasslam 
Within lBrne Dualan, 
GAMAIrO 
Seaoa 
Wiitln Brunei Derusasaa 
GAMAFCO 
BarNIN 
Bsut" 

ft.ku Musm heow 


GA)IAPCO 
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GAAFCO 
Bereto 
Anduki 
GAMAFCO 
Beras 

Kuala Belait 

IKuaa Deait 
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Sea-

a2 n&mnpl Bowe 
J~amg ungul Ber 
Pulaa Mus o lsra 
pulau Munro Bear 
OAMATCG 

or. 

Taxicty 
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National Red Tide Response Team 
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Fig. 1. Organizational structure of the red tide action plan. 
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ABSTRACT 

The Central Visayas Regional Project-I (CVRP-I) has been 
implementing a US$3.5 millinn coastal resources management 
project at five sites encompassing 223 km of the central 
Philippine coastline for the past four years. Artisanalfishermen are recognized as the de facto managers of this 
resource. The project assists in developing a resource 
management system through community organization and use 
ofsimple appropriate technologies.

Habitat management addresses both resource degradation
and recruitment overfishing. Methods 'used by artisanal 
fishermen include coral reef/seagrass management with 
sanctuaries, mangrove reforestation and management and 
artificial reefs. Restoration of the nearshore coasal fisheries 
can reduce overfishing, allowing the maximization of profit 
from limited harvests. 

Harvest management builds on attitudes and opportunities
-esulting from successful habitat management and addresses 
growth overfishing. Methods used to date include small-scale 
sea ranching and farming, community control of illcgal and 
destructive fishing methods and use of fish aggregating devices 
(FADs). FADs present an opportunity for low everhead fishing
with sustainable harvests for handline fishermen. 

Fishing communities have responded very well to this 
approach. Their direct involvement as primary implennentorsof successful technologies makes them realize that they
themselves can significantly improve what many have 
regarded as a near hopeless situation, 

INTRODUCTION 

This paper deals with the approaches used in 
developing and implementing a coastal resources 

management project for artisanal fishermen as
part of a larger, watershed-based resource 

management project. The project was prepared for 
World Bank financing in 1981-82. Implementation
began in mid-1984 and is expected to continue
through 1990. Approximately US$3.5 million of 

the $35 million Central Visayas Regional Project-I
(CVRP-I) cost is devoted to marine fisheries. 
Nearly 10,000 families at five Nearshore Fisheries 
Project sites, encompassing 223 km of coastline on 
four islands in central Philippines, are expected to 
benefit directly from Project-I.

CVRP-I is intended to pilot strategies, 
technoiogies and approaches in coastal resourcesmanagement that could then be replicated
elsewhere in the Philippines. It is an action

research project that allows results to be used in
modifying the approach when warranted. In 
addition to resource management, the project
stresses the decentralization of the 

decisionmaking power thefrom central
government and the strengthening of local 
governments and government line agencies to 
assume responsibility for implementation during
the project's life and to continue the program 

developed after CVRP-I. 

PROJECT DESIGN 

A situation analysis of Central Visayas arti
sanal fishermen conducted during late 1981 and 

early 1982 included conversations with them.
Along with the usual pleas for more and better
fishing boats and gear from the forthcoming 
project were other complaints, whicb included: 

• 	 declining catch, both in number and size 
of fish; 

* declining fisheries income;

" increasing number of fishermen;

° 	 few remaining fish in the coast's shallow 

waters; 
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" 	 intense competition between commercial 
and artisanal fishermen; 

* 	 intense competition between artisanal 
fishermen and active, capture-efficient 
small-scale gears such as baby trawls, 
hulbot-hulbot (a bottom set encircling net), 
licum-licum (a micro purse seine) and 
large beach seines; 

• 	 widespread use of fine mesh nets; 
• 	 common use of explosives and poisons; 
" 	 widespread damage to and destruction of 

coral reefs and mangrove forests that 
result in the declining fish and shrimp 
harvests by many fishermen; and 

* 	 the general failure of government 
programs to provide artisanal fishermen 
with Yowered boats and more capture-
efficient gears. 

Three conclusions were drawn from the above-
maentioned information: 

1. 	 All the signs of overfishing were present, 
including recruitment, growth and 
economic overfishing. However, little 
formal scientific evidence was available to 
support this conclusion, which was. 
politically unacceptable at the time. 

2. 	 The destruction of shallow water fisheries' 
habitats was widespread. This was 
documented for mangrove forests (Bitia et 
al. 1979) and for coral reefs (Gomez et al. 
1981). 

3. 	 Uncontrolled access to a common resource 
was a root cause of most fisheries-related 
problems. 

Whether one subscribes to the definition of 
commoi. resource by Christy (1982) or by Bromley 
(1985), uncontrolled access to and overuse of the 
fisheries resource result in the destruction of that 
resource, the "tragedy of the commons" of Hardin 
(1968). 

The need for resource management was 
obvious. Key questions were: "How and where to 
begin?" and "Who could or would manage the 
resource?" 

The 	 question of who manages the coastal 
fisheries resource is quite straightforward. 
Fishermen make the decisions on how the 
resource will be utilized. Others, such as 
government agencies, can influence their 
decisions, but fishennen are the ones who decide 
each day what will happen at sea. 

Control of access to the resource through 
various forms of allocation is needed to lessen the 
pressure on the resource and to provide for a more 

equitable distribution of benefits from the 
resource. It is also important that fishermen begin 
to develop a sense of ownership and control over 
their productive resources. One cannot expect 
them 	to manage their resources better if they feel 
no sense of ownership or responsibility for these 
resources. 

Measures to regulate the harvest are usually 
attempted in overfishing situations such as these. 
However, given: (1) the lack of hard data on which 
to base any recommendation; (2) the need for 
regulations that would cover large areas 
extending well beyond the project sites; (3) the 
widespread disregard for existing harvest 
management measures; and (4) the lack of official 
governmental recognition of the need for such 
measures at the time, efforts in that direction 
seem futile. 

Habitat management presented another 
opportunity. Many fishermen expressed interest; 
it could be done effectively in limited areas. Some 
branches of government openly eficouraged it. It 
also would not threaten, in any way, access to the 
offshore pelagic fisheries on which most fishermen 
depend for their daily income. 

Three simple and appropriate approaches to 
habitat management technologies were available 
for use, although none had been well tested or 
widely used. The technologies available were: (1) 
artificial reefs that would be constructed and 
placed by fishermen themselves, (2) coral reef 
management including sanctuaries; and (3) 
mangrove reforestation. 

Coral reef management through the 
establishment of reef sanctuaries by the fishing 
community was pioneered in the Philippines by 
Dr. Angel C. Alcala and Dr. Alan T. White at 
Silliman University. They demonstrated that 
small island communities could learn to manage 
effectively their coral reef resources. Likewise, 
this author while working at the University 
developed a bamboo artificial reef module that 
could easily be built and set in place by the 
fishermen. He also adapted mangrove 
reforestation and management techniques from 
those being used by a few of these fishermen. 

With this small, largely untested but basic 
selection of management tools, the decision was 
made to design the CVRP-i Nearshore Fisheries 
component with a habitat management approach. 
From a fisheries management standpoint, habitat 
management would address primarily the 
problem of recruitment overfishing by providing 
improved and expanded nursery areas as well as 
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protected breeding populations. Each technology Technologies should also be introduced a few atalso carried with it the potential for elements of timea and when the community is ready.resource allocation; family management of and Artificial reefs and mangrove reforestation wereexclusive harvest from artificial reef clusters; the initial offeringsfamily-managed mangrove plantations under a management 

of CVRP-I. Coral reef 
was delayed until the third year of25-year lease (Stewardship Contract); and implementation since it requires a higher level ofcommunity-managed reef sanctuaries closed to all community organization and commitment. This isharvesting, because a portion of the resource is closed to all 

harvesting. 
Local government, government line agenciesPROJECT APPROACH and nongovernmental organizations (NGOs) mustalso be involved in any community-based resource 

management project. Projects haveThe approach deals directly with resource man- a limited lifebut programs begun under these projects canagers (i.e., community-based). The site staff live continue only if the needed administrative andand work in the fishing barangay (villages) and technical support services are available. Localthe project management system is designed to government officials asallow them to be are being trained projectas responsive as is possible to coordinators, and those in the line agencies, asthe community's needs. This includes giving the support staff. Community organization is oftensite manager full control over disbursements at best done by NGOs. Fishermen remain the leadhis site. The staff also need to develop and implementors.
maintain credibility with their clients. In this
 
respect, they were cautioned never to promise

anything unless they could deliver.


The development process begins 
 at the RESULTS AND LESSONS
barangay level with community organization andeducation in marine resources management. The Fishing communities readily adopted artificialsite staff introduce the project to municipal reefs, mangrove reforestation and coral reefofficials and engage all sectors of the community management as resource management tools.in an analysis of their situation by identifying the Filipino fishermen, who are reportedly veryproblems, opportunities, constraints and means of independent individuals, had difficultyovercoming these constraints. 

no 
As priority working together for a common cause with theproblems are identified and constraints lifted, this proper motivation.

learning process is repeated in a new situation.
The barangay'sDevelopment Council becomes the Habitat management
focus of this activity and provides a formal linkwith the local government. As high priority Fifty pyramidal bamboo artificial reef modules,problems invariably concern declining marine 

harvests, 

3 m long at the base and 1.m high, were placed in
there is great interest in project clusters at depths of 15-25 m. Cluster volume wastechnologies that deal with these problems. 65 M3 . Only eight to ten such clusters canProject activities should begin be on a small scale placed along 1 km of shoreline in most suitableand with little or no risk to participants. Informal areas because the water depth increases rapidly,community leaders who express genuine interest leaving only a narrow band suited for artificialare good starting points. Use of appropriate tech- reefs. The family management of each cluster wasnologies is essential. Fishermen will respond Posi- encouraged to allow the harest to be regulated attively to activities that clearly address a need, sustainable levels. Harvests from hook and linethat have minimal risk to them and that make 
sense (or 

and/or two fish traps (= pots) per cluster produceare known to work). As resource man- sustainable yields of 10 kg per cluster p,r week.agement techniques begin to work for one small Net income is sufficient to double the annualgroup, others will see their positive results and income of the poor fishing families. After the firstthus be more willing to participate. Cross visits by four years of project implementation, thefishermen from newa barangay to one where equivalent of 26,000technologies are already in place and working are 
modules (33,800 M3 ) have

-been placed along some 67 km of coastline ateffective extension tools, project sites by project clients. 
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In addition to developing populations of reef 
fish species for harvest, artificial reef areas 
attract large pelagic predators such as jacks, 
rainbow runners and narrow-barred Spanish 
mackerels. The presence of artificial reefs also 
seems related to the fact that small pelagics, 
particularly anchovies and sardines, tend to 
remain in the vicinity for much longer periods 
than in the past. The reasons for the latter 
phenomenon are not known but may also be 
related to the reduction in the use of explosives for 
fishing at the project sites, 

Artificial reefs proved to be an excellent entry 
point into the community. New fish populations 
developed on the reefs within months and 
fishermen clearly saw the relationship between 
habitat and reef fish populations. Perhaps, the 
greatest lesson learned by the fishermen was that 
they are quite capable of solving their own 
fisheries-related problems. They even modified 
the module design to make construction and 
placement easier without losing effectiveness. 

The value of mangrove forests as sources of 
food, wood products and shoreline protection was 
wel! known to most coastal residents. They were 
eager to reestablish mangroves despite the long 
wait for any potential harvest of wood products, 
but they lacked planting materials and were 
concerned about their security of tenure over the 
area. By mobilizing literally millions of seedlings 
and providing a 25-year lease agreement 
(Stewardship Contract) from the Department of 
Environment and Natural Resources over 
reforested areas, the project assisted clients in 
planting 620 ha over four years. 

Coral reef management began in earnest in the 
third year as scheduled. The community was 
encouraged to protect all living coral and associ-
ated seagrass beds from damage. In addition, the 
establishment of sanctuaries encompassing 15-
20% of the better remaining coral reef areas was 
recommended. Sanctuaries extend seaward from 
the shoreline to 300 m or more beyond the reef 
crest and 500-1,000 m along the coast. A fre-
quency of one sanctuary per 5 km of suitable 
coastline wvas recommended. 

Site-specific recommendations were developed 
with the community that made the final decision 
on sanctuary location and size. Local residents 
also developed and implemented their own 
management/protection plan. Within two years, 
11 of the 37 planned marine sanctuaries were 
established by the fishing communities in the 
project sites. 

The sanctuaries serve as protected breeding 
and nursery areas. Increased fish populations 
were evident within a matter of months in these 
sanctuaries. Within five years, the harvest of reef 
fish outside the sanctuaries is expected to 
increase significantly, perhaps doubling as it did 
at Sumilon Island (Alcala 1988). 

Clients quite naturally wish to protect their 
own habitat management activities from illegal 
and destructive fishing activities. This attitude is 
reinforced with resource management education, 
training, and the rapid and very positive results 
from artificial reefs. In addition, a composite law 
enforcement team (involving local government 
and several law enforcement agencies) was orga
nized in each municipality to aid in the control of 
illegal fishing activities. The result has been the 
near total elimination of illegal and destructive 
fishing methods within the project sites. This fur
ther aided habitat rehabilitation. 

Harvest management 

Early success in habitat management created 
situations in which communities began to exercise 
effective control over their coastal marine 
resources. They then began asking, "What can we. 
do next?" or "How can we bring back the species 
that were once common but are now rare or 
entirely absent in our coastal waters?" The 
obvious answer was to expand the original scope 
of CVRP-I and to begin to add harvest 
management activities to habitat management. 
Harvest management activities generally address 
the problem of growth overfishing. 

Small-scale sea ranching arid farming present 
opportunities for coastal residents to learn the 
basics of harvest management literally in their' 
backyards. Unfortunately, the available 
technologies are: (1) few in number (slipper 
oyster, green mussel and Eucheunia spp.); (2) 
restricted tc limited habitats; and (3) already 
under trial at the few potentially suitable areas 
within the pyoject sites. There are, however, a 
large number of marine organisms, particularly 
mollusks, with a high value and considerable 
potenial for ranching and/or farming. A program 
to develop simple technologies for ranching and 
farming has been established under CVRP-I. 

Some examples of progress to date in this area 
are: 

1. Silliman University Marine Laboratory 
staff mastered the spawning and larval 
rearing of giant clams (using Australian 
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funds, not CVRP-l); the staff recruited school of fish below.aggregated If commercial
fishermen reody to try growout methods fishermen and their purse seines can be kept
in "backyard" seafarms. Established away, this approach can provide profitable and
barangay within CVRP-I sites provided sustainable fisheries for many artisanal
the best available sites; trials are now fishermen. It can also address economic
underway. The economic potential from a overfishing by reducing the fishing cost while
few hundred square meters of sea bottom assuring a modest but steady catch with a high
is great. profit,margin.

2. 	 A small but prolific and delicious man- Sea ranching/farming and FADs are but first 
grove snail was introduced in two-year-old steps in developing harvest management strate
manigrove plantations at one project site. gies for Philippine artisanal fishermen. HarvestBiologists and mangrove plantation management must eventually be extendedown- to all 
ers are monitoring its population and har- aspects of capture fisheries.
 
vest to determine the sustainable harvest
 
level.
 

3. 	 Ranching methods for three oyster PROBLEMS
 
species, which are valued more for their 
 As with any project of its size, CVRP-I has hadshells than their meat, are now ready for its share of problems. Most have been or are beingfield trials. Methods vary from simple dealt with. But one issue remains most problemranching to providing specialized atic--the lack of government laws and regulations
substrates for wild spats to transplaniting on resource access. The new approaches to coastalwild spats to specific substrates, resources management that have been initiated

4. 	 A 3-ha sanctuary has been established by by CVRP-I and by others are not adequately rega community for a particularly valuable ulated and/or protected by existing laws and 
mangrove c!am to preserve its breeding regulations. A number of requests have been
population until a suitable harvest made but no new rules and regulations that dealmanagement method can be established to with these situations have been issued over the 
ensure its sustainable yield. past four years.


One problem facing the site staff in 
 imple- Fig 1 illustrates the situation. One must movementing habitat management has been the lir- from the open-access free-for-all to a well-manited area available for artificial reef clusters and aged resource with controlled access, The arg,mangrove plantations. The number of interested ment seems to be: should there be a move towardparticipants almost; always exceeds the space communal management or private property rightsavailable. In an attempt to provide more opportu- or none at all. Indecision seems to mean no new
nities, the project undertook experiments with regulations.
FADs. An examination of existing Philippine fisheriesThe payao, a bamboo raft anchored in deep regulations (Table 1) reveals that there exists awater with palm fronds suspended beneath it, is mixture of communal and private property rightsan indigenous FAD. It has been used extensively that affect portions of coastal marine resources.by Filipino commercial fishermen who harvest The remainder of the resources remains open
with purse seines, and it has been implicated in access. 
the massive harvest of juvenile tuna in Philippine The proposed measures (Table 2) also representwaters (Floyd and Pauly 1984) and in contributing a mixture of communal and private property
to the documented overfishing of small pelagics rights which are very similar to the existing(Dalzell et al. 1987). regulations. If implemented, the measures wouldFADs placed 3 km from the shore and har- lead to a better managed coastal resource. Avested only by handline can provide a very low flexible regulatory frameworl is needed withincost fishing opportunity for handline fishermen which communities can manage their coastal
(US$0.25/day). Average harvests of 4 kg per day resources. 
per fishermen give a gross income of $2.00, with a 
net profit of $1.75, which is very good by rural SUMMARY 
Philippine standards. Fifteen fishermen can be 
accommodated at each unit and their total daily The 	approach being developed under CVRP-Iharvest can approximate the daily growth of the follows closely the four principles advocated by 
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Berkes (1987) in the management of common 
resources: 

1. 	 The solution of the common problems 
starts with the control of the access to the 
resource. 

2. 	 Increasing production from a common 
property resource depends on the conser-
vation of the resource base. 

3. 	 The sustainable utilization of a resource is 
cosely connected to the use of appropriate 
technology for the harvest of that 
resource. 

4. 	 Local level management improves 
prospects for the sustainable use of a 
common resource. 

In applying these principles, the following are 
more specific recommendations: 

1. 	 Keep the approach people-centered 
because fishermen manage the resource. 

2. 	 To identify the real problems, assess the 
perceived problems carefully from the per-
spective of the fishermen and the various 
aspects of resource management too. 

3. 	 Tie in fisheries development with overall 
community development and include the 
local government, line agencies and NGOs 
in the process. 

4. 	 Use simple appropriate technologies for 
resource management and harvest. 

5. 	 Start small and demonstrate success 
before attempting to expand significantly. 

6. 	 Begin with management activities that 
can be carried out effectively within the 
project sites to gain the people's confi-
dence before attempting to impose broader 
regulations. 

7. 	 Maintain flexibility so that learning can 
be used to improve the project as it pro-
gresses.
 

8. Good community organization is at least 
as important to success as good 
technologies. 

The CVRP-I experience has shown that every
one who has been responsible for much of the 
coastal resource destruction in the Philippines can 
be transformed into an effective resource man
ager. Working directly with resource managers 
seems to be the key to success. 
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Table 1. Some existing Philippine fisheries regulations in which TURFs = resource allocations. 

Communal management Private property rights 

Municipal waters (5.6 km from shore) Oyster/mussel farm permit 
Trawl/purse seine ban (7 km from shore) Seaweed farm permit 

Minimum mesh size Fish corral permit 

Closed seasons Fishpond lease agreement 

Prohibit explosives/poisons Fish cage/pen permit 

Coral collection/export ban Bangus fry concession 

Muro-ami net ban 
Commercial hulbot.hulbot ban 
National fish sanctuary 
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Table 2. Some proposed fisheries management measures based on the CVRP.I experience. 

Communal management Private property rights 

Municipal marine sanctuary Stewardship Contract, (SC) overMangrove forest management reforested mangrove areasCommunity.based contract SC over exis~ting mangrovesReforestation in margroves Sea ranching permit
Mollusk harvest regulations Other sea farning permitsCommunal artificia reef areas Family artificial reef clusterwith AX.-based sanctuaries Fish aggregating device (FAD) 

yerini 

N Communal management 

No management 

" Uncontrolled acess-* 
" Unmanaged free-fo-al 
" Declining yields, both 

volume and economic . 

a Controlled access 
Well-managed resource 
Sustaied yields, both 
vo*Sustand economit 
volume and economic 

Private property rights 

Fig. 1. A coastal resources management continuum. 
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ABSTRACT 

This paper presents major findings and conclusions from .
study of the coastal t0urism resources management at Ban
Don Bay in southern Thailrnd. Research was undertaken over 
a period of une year (1986 to 1987), and management recom-
mendations were produced in 1988 as a contribution to anintegrated coastal resources management plan for the bay. 

Several island groups constitute Ban Don Bay's major
tourist attractions. The islands' wealth of natural resources,particularly their white sand beaches, clean marine waters 
and coral reefs, have begun to draw a considerable number of
tourists. Tourism volume at the bay's largest island has grown
from less than 15,000 in 1980 to over 300,000 in 1987. Thisgrowth has generated both beneficial and deleterious environ-

mental effects. On the positive side, the province has virtually

halted blast fishing by the local people, previously a major 

cause 
of damage to coral reefs, because officials have recognized 	 the potential economic benefits from tourism. Con-
versely, tourism development is also to blame for the degrad.-
tion of the very resources on which the tourism industry relies: 
tourist facilities are encroaching on beaches; liquid and molid 
wastes are polluting beaches and marine waters; and anchorsfrom tourist boats are damaging coral reefs. Another major
concern is the limited distribution of tourism benefits to the 
local people. 

Recommendations for the enhanced environmental man-
agement of Ban Don Bay's tourism resources emphasize strong
local participation in decisionmaking and in implementing 
management programs. Priority is given to initiating: (1) apilot project to integrate tourism development, resource con-
servation and community development; (2) an environmental 
task force to mronitor tourism resources regularly; (3) coral con.servation zones; (4) comprehensive solid/liquid wate treat-
ment programs; (5) public awareneso programs; and (6) amajor study on the socioeconomic impact of tourism at the local
and provincial levels. 

INTRODUCTION 

This 	paper presents major findings and reconmendations for Ban Don Bay in Surat ThaniProvince (Fig. 1) (Dobias et al. 1988). Ban DonBay's tourism industry is among Surat Thani 
Province's major income earners. The proper 
management of its resources in order to sustain
high tourism volumes is, therefore, a major con
cern for the province. Both Thai and foreign
tourists who were interviewed at Ban Don Bay's 
premier tourist island considered the naturalenvironment of the island as its strongest asset 
and were of the opinion that environmental conservation should be the island's first priority.

The 	 study focused on the bay's four majorisland groups--Samui, Phangan, Tao and Mu Ko 

Ang 	Thong Islands--which contain the bulk of 
coastal tourism resources (Fig. 2). The general
objectives were to: 

1. 	 characterize existing conditions as these
relate to the development of coastal 
tourism in the study area; 

2. 	 identify the major constraint.fs to the sus
tained development of these resources 
within an intersectoral framework; and 

3. 	 develop, at the prefeasibility level, mea
sures to mitigate these constraints to
achieve the enhanced management of the
coastal tourism resources. 

The specific objectives were to:
1. 	 promote appropriate development of 

coastal-based tourism resources, including 
socioeconomic concerns, within the Upper
South project site; and 

2. promote the increased coordination among 

development sectors for purposes
reducing coastal 

of'
imnacts that adversely

affect tourism. 
When formulating recommendations for the 

improved management of the coastal tourism 
resources at Ban Don Bay, particular attention 
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was given to the likelihood that the locallcentral 
government would be capable of implementing the 
recommendations. Of equal concern was that the 
recommendations provide for the maximum par-
ticipation of the local people in the management 
plan's implementation. Finally, emphasis was 
given to the suitability of the recommendations to 
be integrated with existing tourism management 
and development strategies (JICA 1985; TISTR 
1985) as well as with those proposed by other sub-
sectors involved in the Upper South project. 

THE STUDY SITE 

Major coastal tourism resources at Ban Don 
Bay include white sand beaches, coral reefs, 
nearshore waters, and island scenery. Each of 
these resources is present to some extent in all ofthesl greoues n sscaleis. 2 .

the island groups (Figs. 1 and 2). 

Samui Island 

Samui Island, covering 247 kin 2, is Surat 
Thani's premier tourist attraction and Thailand's 
third largest island. The island's white sand 
beaches and clean marine waters draw well over 
half of all the province's tourists each year (65% in 
1984). Coral reefs, which are still virtually unex-
ploited by tourism, arg located near Sumui and its 
satellite islands. 

The flow of turists to Samui Island began in 
the early to the mid-1970s (Cohen C82), but it 
was during the past eight years that the volume of 
tourists surged upward (Fig. 3). In 1980, the 
island received only 14,.".68 visitors, and in 1981, 
it had 33,154. In 1982, the volume increased by 
about 400% over the previous year. By 1987, 
Thailand's promotional "Year of Tourism," the 
number of tourists jumped to 306,000 (Anon. 
1988), which even exceeded government projec-
tions for 2001 (Fig. 4). Table 1 shows the projec-
tion of the tourist volume at Samui Island. 

With more and more tourists arriving, beach 
development increased at a faster rate and 
became a threat to natural resources. The number 
of hotel and bungalow roo-ms ot Samv'i Island 
increased by almost 100% bzLween 1984 and 1987 
(Fig. 5). The Tourism Authority of Thailand com-
missioned a tourism-carrying capacity study of 
Samui Island to try to quantify its capability to 
absorb further expected increases (TISTR 1988). 

During the past few years, Samui Island has 
progressed from being a "Class C" (low-budget) 
resort to a "Class B" resort with higher quality 
accommodations. This trend is expected to con
tinue. The tourist composition has correspond
ingly begun shifting from the "backpacker" type 
(though many low-budget tourists still come) to 
the more sophisticated class of visitors. 

Phangan Island 

Just 15 km north of Samui Island is an island 
two-thirds its size. Called Phangan Island, it has 
the same major tourist attractions as Samui 
Island. However, tourist traffic (23,000 persons in 
1984) and hotel construction are way behind those 
of Samui Island. But just the same, growth has 
also accelerated during the past two years. The 
island appears to be at the early stages of a large

tourism development similar to that witnessed at Samui Island six or seven years ago. 

Lodging facilities grew from 20 units in 1986 to 50 
units in mid-1987, with 556 rooms. By October 
1987, 57 establishments were operating with 696 

rooms. 
The tourist composition is strikingly similar to 

that of Samui Island six or seven years ago. Most 
visitors can come on a low budget and spend one 
month or more on the island because food and 
accommodations are inexpensive. 

The projection of the tourist volume at Phangan 
Island is also shown in Table 1. 

Tao Island 

Tao Island is a small (25 km2) isolated island 
located 45 km northwest of Phangan Island. Much 
of its coast is rocky, but there is an attractive 
sandy beach in the west. A coral reef near Tao 
Island contains diverse coral and fish species that 
offer good tourism possibilities, although destruc
tion from blast fishing and other illegal activities 
still occurs. Tao Island is visited by only the most 
adventurous tourists, who are not daunted by its 
isolation (3.5 hours from Phangan Island) and 
lack of comfortable facilities. There were about 
1,000 visitors in 1984, but the current number is 
not known. At present, six thatched lodging units 
exist, with 47 rooms in all. 

Mu Ko Ang Theng National Park 

Mu Ko Ang Thong National Park, one of 14 
marine parks in Thailand, was established in 
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1980. It covers 102 km2 of which 84 km2 are tourism resources, especially considering thatmarine. Of the 40 islands that comprise the both Thai and foreign tourists have identifiedarchipelago, 37 are within the park's boundary. Samui Island's beautiful natural environment asIsland scenery, coral reefs, an inland sea and its strongest asset and perceived resource conserwildlife are its important resources. The park's vation as its first priority (TISTR 1985).marine waters, in relation to the waters between Lack of tourism management and planningthe park, Phangan Island and Tao Island, are skills was cited by virtually all local leaders as anamong the richest fisheries sites in the Gulf of important constraint. Provincial officials and pri-Thailand. Because of this, the islands are heavily vate individuals are responsible for proposing andutilized by fishermen who have built shelters on especially for implementing tourism plans. Withseveral small, isolated beaches, out this local base of knowledge and skill, imple-The number of park tourists was approximately mentation will be appreciably hindered. Moreover,15,000 between 1983 and 1986, but increased to local leaders should be involved in the planningover 21,000 in 1987. Projection of the tourist vol- process at its earliest stages. Unfortunately, theyume at the park is shown in Table 1. usually prefer to do the planning at the centralMost visitors to the island originate from Samui offices in Bangkok.Island. They spend one to two hours on the main Another major constraint is the rapid growth inisland of Wua Ta Lap, go to a portion of the sea the tourism volume and the correspondingpartly encircled by one of the park's islands and increase in the development of tourism-relatedthen return to Samui Island. The park is not structures. It has reached such an extenthighly developed for tourism. It has only seven 2-

that 
development has considerably outpaced national or 3-room bungalows and a canteen for park per- and local management capabilities.sonnel. But there has been pressure from the pri- Based on precedents at other Thai marinevate sector for its increased development, parks, rapid tourism development in the absence 
of an overall park management plan could lead to 
serious conflicts between resource use and conser-MAJOR ISSUES AND CONSTRAINTS vation at Ban Don Bay's marine park. A case in 
point is Ko Samet National Park in eastern Thai-Management and administration land where conflicts between villagers and park 
officials in 1987 nearly forced the closure of theTourism crosses a multitude of sectoral lines, park. The villagers wished to expand theirapd so the proper management of its resources tourism service operation while park officialsmust rely on the cooperation of several gov- refused their expansion request s, citing the envieminent agencies and the private sector. How- ronmental damage already done by existingever, interagency coordination has been tradition- establishments.
 

ally poor and is perhaps the major constraint to

the successful implementation of tourism Socioeconomics
 
resources management recommendations. More
over, existing provincial and local tourism organi-
 Tourism development is often cited as a majorzations do not influence tourism development to tool in supporting local and regional socioecoany appreciable extent since the members of the nomic growth. However, socioeconomic problemsprovincial public/private sectors committee sel- caused by the tourism boom in this province weredoa come together, and when they do, cooperation a great concern of virtually all government andtends to be limited to the meeting room. Once the private individuals interviewed during this study.meeting is finished, the different parties go their This concern centers around the belief that theseparate ways. majority of the islanders receive few direct bene-Tourism management efforts at fits fromSurat Thani tourism. The indirect benefits they docontinue to focus on promotional activities. But receive, such as improved transportation routeswhile promotion is both necessary and worth- and public utilities, are thought to be offset by thewhile, in the light of the tremendous surge in rising cost of living spurred by tourism growth.tourism volume, particularly at Samui Island, it Locals complain of young people turni.g theirno longer i eeds to receive as much emphasis as backs on traditional ways and embracing Westernbefore. It would now appear more reasonable to habits. Some even report a marked increase ingive greater importance to the proper care of its drug abuse. The socioeconomic impact of tourism 
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on the local people must be better understood so 
that effective management strategies can be 
developed, 

Coral reefs 

Damage to coral reefs has been a main resource 
conservation problem for many years. Such dam-
age comes primarily from boat anchors and illegal 
fishing methods using dynamite and poison. 
Smothering of corals due to siltation has not been 
described but may be another important factor. 
Major constraints to effective coral protection are: 
(1) poor knowledge and skills of the local residents 
concerning management and protection options; 
(2) a paucity of boats, equipment and manpower 
in the Fisheries Department and the National 
Parks Division, which are responsible for coral 
protection; (3) the ability of blast fishermen to 
elude official boats on the open sea; and (4) incon
sistency of laws that have proscribed coral collec-
tion since 1975 but still allow the trade of coral 
products. 

Tourism has also catalyzed coral conservation 
efforts. Blast fishing at Samui and Phangan 
Islands has decreased markedly since 1983 when 
the Provincial Office publicly emphasized the 
need to stop such activities to conserve the coral 
reefs and tourism resources. 

Waste disposal 

Solid waste!3 are usually dumped on coconut 
plantations where they are left unburied and are 
washed away during heavy monsoon rains. 

The treatment and discharge of wastewater 
from bungalows ard hotels are also inadequate. 
Present national regulations require the prepara
tion of an environmental impact assessment (EIA) 
(and presumably, the wastewater treatment) of 
hotels with only 80 or more rooms, but the regula-
tions do not apply to dense groupings of small 
bungalows. If left unchecked, pollution from 
wastewater would discourage tourists, the vast 
majority of whom come to the islands for their 
pristine waters and beaches. 

Public awareness 

The province lacks a public awareness program 
that demonstrates to the local people and the 
tourism business operators why it is in their best 
interest to protect the resources and how they can 
participate in such efforts. Awareness programs 

are also needed for both domestic and foreign 
tourists, to let them know how they can help in 
the conservation efforts. 

Water supply 

Water supply is a problem on all the islands. 
Considerable sums of money will soon be spent to 
improve the water supply on Samui Island. This 
investment, however, must include provisions for 
the effective protection and possibly, revegetation 
of critical watersheds, marshlands and other pri
mary water sources. Without such an action, 
investment costs may later be compounded con
siderably due to the deterioration of the water 
sources. Other related matters requiring serious 
attention are the proper management, storage 
and utilization/conservation of existing water 
supplies. 

Visitor safety 

Passenger boats that ply Ban Don Bay are inef
fectively managed and supervised. Fines for safety 
violation are minimal. There is also no provision 
for the authorities to close ferry services or revoke 
the licenses of boats that violate the safety laws. 
An accident in 1987 that resulted in loss of lives 
due to improper boat operation and lack of safety 
measures, such as the provision of life jackets, 
highlights the need for strict regulations and con
trols of boats. Another major accident involving 
tourists cuuld seriously damage tourism promo
tion efforts at the bay. 

LECOMMENDED ACTIONS 

Management and planning 

An Environmental Task Force should be cre
ated to monitor the effects of tourism development 
on the resources. It would be responsible for 
reporting, monitoring and evaluating the results 
for the Royal Thai Government and recommend
ing measures to mitigate or prevent damage to or 

enhance the use of tourism resources. The task 
force would include experts in the fields of marine 
resources and management, tourism development 
and management, socioeconomics, solid and liquid 
waste management and/or other relevant fields. It 
would be chaired by the governor of Surat Thani 
Province and would also include local pub
lic/private sector representatives. The governor 
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and local officials would provide direction to the on the socioeconomic impacttask force, ensuring that its work is not just aca-	

on Ban Don Bay,
covering especially the more developed coastaldemic but one that will truly address the local resort sites.needs. A demonstration project integrating appropri-National parks and other protected areas ate tourism development, resource conservationshould be required to prepare long-range man- and community development should be located atagement plans before any further major develop- the less developed Phangan Island and cente, onment is permitted. This is especially important at a community-based organization (CBO). The CBOMu Ko Ang Thong National Park in the light of would be supported by a full-time field managerproposals to expand its boundary and of pressures with expertise in community development. Furfor its large-scale development for tourism pur- ther part-time support would come from outsideposes. Such plans will help anticipate and prevent agencies, providing onsite training and advice inor minimize damage to the resources and avoid the areas of community development, tourism andproblems that have occurred at other national marine sciences, as required. The CBO membersparks. It is essential that these plans be accom- would elect an executive committee which willpanied by specific monitoring programs and that coordinate with the above agencies. Financialfunding for park development be contingent on resources for CBO-related activities would comethe progress of implementation. from a central fund, possibly in the form of aA workshop on tourism management and plan- cooperative. Similar approaches ha e achievedning would bring together the province's senior impressive results in Thailand (Payapvipapong etofficials and nationally recognized experts from al, 1988) and the Philippines (White and Savinavarious fields or specializations in resources man- 1987).agement. Th workshop would be held annually Specific goals and activities initiated throughand focus on practical issue/constraint identifica- he CBO would be identified during joint consultion and problem-solving. The value of such an tations between CBO members and cooperatingapproach is that it would provide a regaiar forum agencies, but programs might include:
for local decisionmakers who are familiar with the 
 agEcproblems related to tourism. This would enable 1. Education and training in tourism develexpets cnresolution options withthem to explore prvidproblemwo sugestons or otenialinclude opment andbasic managemaentmanagement. Thistechniques forexperts who can provide suggestions for potential 	 could

bungalow operators, foreign languages
An "Upper South Coastal Tourism Committee"

should be established 	 and tour guide services; proper site develto oversee and coordinatecoastal tourism development in 	
opment; and the creative use of low-cost,the Upper South local construction materials.coataltouismdevlopentin heRegion (including Ban Don ppe Soth 2.Bay) and recom- AppropriateAppropriate promotion e of coralerto 	 r. promotand use heomend actions and policies to the Cabinet. This reefs. The CBO could promote the properwould enhance both "bottom-up" and "top-down" help of the experts, devise simple reefcommunication in the decisionmaking process, management strategies to enhance long-Committee members would include department term village benefits.

director-generals (or their equivalent) from all ter ve enmits.ministries that implc:tnent or oversee activities . Alternative economic activities. The CBOaffecting tourism development, and senior local 
officials and private sector leaders. A key compo-	

could provide an impetus for developing
alternative income-generating activitiesnent of the committee would be the Environmen- such as souvenir/handicraft production,tal Task F)rce. The committee should be included mariculture, etc.as a major component in an overall "Upper SouthCoastal Resources Commission."thCBcetroudbdvtdtodca	 the CBO center could be devoted to educa
tion and awareness displays concerning 
marine resources conservation. Periodic 

Socio-e.onomics education sessions could be given to theCBO members and the general public. 
The dyn; inics of tourism's impact on the local Increased support should be given to th3 Samuicommunities in Thailand are poorly understood. A Island District Agriculture Office in its efforts tomajor research project should focus particularly encourage the cultivation of new crops for sale to 



400 

tourism businesses. Support should also be pro- 
vided for the development of cottage industries 
(e.g., souvenir production, bee-keeping, etc.). 

Coral reefs 

A coral reef management strategy should be 
developed for the bay. It would rely primarily on 
the existing knowledge of the coral reefs status 
rather than on expensive and time-consuming 
field studies. It would include the establishment 
of coral conservation zones using existing legisla-
tion under the Fisheries Act of 1947. 

The local people would necessarily play a key 
role in the implementation of the coral reef man-
agement strat.,.,y. The Upper South team has 
already allocnted funds successfully to assist the 
local people i managing the reefs at Taen Island. 
The village headman of this island, using his 
strong influence on the people in the region, has 
built a base of support for protecting coral reefs 
that rim the island. The Office of the National 
Environment Board and the University of Rhode 
Island have recognized these local efforts to pro-
tect a critical marine resource and have promised 
support. This support will take the form of finan-
cial and technical assistance to a locally based 
conservation club now in the process of being 
formed by the village headman. Thus, in an area 
where government has limited manpower and 
influence, the local people have demonstrated how 
they can become protectors of ecological andtourism resources. 

tourislaeshouls. p4. 
Legislation should also prohibit the local sale of 

corals and coral products. Cottage handicraft 
industries promoted by the government should 
not include those using corals as raw materials. It 
has been shown that in situ, coral has high actual/ 
potential economic benefits in the form of tourism 
and fisheies production, and that healthy coral 
reefs are becoming increasingly scarce due to 
various destructive activities, including the 
collection of corals for sale. 

Any construction activity on the islands in the 
vicinity of coral conservation zones that would 
result in a significant silt runoff or discharge of 
inadequately treated effluents into these zones 
should be strictly prohibited by a Cabinet decree. 
This would include the mandatory use of the EIA 
nrocess. 

Beaches and marine waters 

Zoning plans should be prepared for all major 
islands/beaches in Surat Thani Province. Empha-

sis should be given to the monitoring of the zoning 
plans by the provincial and/or district officials 
who would report annually to the Interior Min
istry. Necessary modifications should also be 
made based on the annual assessments. The strict 
enforcement of existing laws prohibiting any 
development within 10 m of beaches should begin 
immediately. This should serve as an interim 
measure while zoring plans are being prepared. 

Comprehensive waste disposal programs should 
be developed, approved and implemented at all 
major coastal tourism areas in Ban Don Bay, 

beginning with Samui Island and followed by 
Phangan Island, Mu Ko Ang Thong National 
Park, the mainland ecast and Tao Island. 

Forest and water conservation 

Recommendations for forest and water conser-
Reomender 

vation include: 
!. 	 classification of watersheds and swamp

lands that determines priority areas and 
clearly delineates these on a map; 

2. 	 determination of existing land use and 
forest cover in the classified areas, 
including descriptions of threats to water
sheds, springs and marshes of high value 
as water sources; 

3. 	 ormulation of plans for maintenance 
and/or rehabilitation of priority water 
sources as determined by the classificationscheme; and 
rehabilitation of critical watersheds that 
have experienced widespread encroach
henexpeienced idepra or 
r nent.This should include programs for 
community forestry activities that could 
provide local incentives for maintaining 
forest cover and also compensate villagers 
for the loss of income from existing activi
ties in these watersheds (All and Dobias 
1985). 

In addition, all future water development pro
jects should be required to include protection and 
monitoring programs for water sources at the 
earliest stages of project development. 

Public awareness programs 

Various interest groups can be invited to par
ticipate in public awareness programs. Such 
groups will fall under these categories: local resi
dents, tourism service operators and tourists. 

The public awareness program would operate 
from a "Tourism Resources Conservation Center" 
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staffed by two full-time administrative Pemployees, The environmental management recommendaa small maintenance staff and several part-time tions (Table 2) presented in this paper attempt tovolunteer assistants. The center would include define how tourism can be used to justify naturalfacilities for slide shows, movies and informative resources protection while offering practical stepsdisplays. It would serve as the base for an exten- to mitigate environmental damage caused bysion program and as a production and mainte- tourism growth. A key to the improved managenance site for information media. ment of tourism resources is the provision for a 

strong local participation in management plan-Boating safety ning and implementation. The people of SuratThani Province have demonstrated that they canThe Harbor Department should detail two off- play a major role. Some outstanding examples arecials at Surat Thani to inspect passenger boats the Taer. Island village headman who used hisand ensure that they adhere to safety regulations, influence to protect the island's coral reefs, andThe old boating safety law should be amended to the monk at Phangan Island who used Buddhistinclude increased fines and penalties for viola- teachings to discourage the deforestation of antions, and mandatory inspection and official important watershed. Support for these and otherapproval of all passenger vessels should be initiatives by the Upper South Projectrequired before licenses are issued. can help
Surat Thani Province become a model for respon
sible coastal tourism development in Thailand. 

Evaluation and monitoring programs 
REFERENCES
Even the least ambitious management plans
will likely fall short of their goals if evaluation All, R. and R.J. Dobias. 1985.
and monitoring programs are not 

Tree planting as a profitable
included as ecologica!strategy. Nat. Hist. Bull. Siam Soc. 33(1):39-.45integral components. Evaluation and monitoring Anon. 1988. Campaign for Samui. Bangkok Post, Bangkok. 26are too often considered dispensable by imple- May.Cohen, E. 1982. Marginal paradises.bungalow tourism on thementing agencies. Yet without such programs, it islands of southern Thailand. Ann. Tour. Res. 9(2): 189-228.is impossible to measure the success of manage- Dobias, R.J., S. Tiraattayapitukl, P. Chamchamras and R.ment strategies and to devise new strategies to Pichawattana. 1988. Management of coastal tourismmeet changing conditions. Therefore, each of the resoure" at Ban Don Bay. Report toNational Environment Board. the Office of therecomnmendations presented for tourism manage- ONEB, Bangkok, Thailand.105 p.ment in the Upper South subregion contains pre- JICA (Japan International Cooperation Agency). 1985. Thescriptions for evaluating and monitoring activi- subregional development atudy of the upper south part ofThailand. Vol. 7, Tourism. National Economicties. Much of this would be undertaken by the Development Board, Bangkok, Thailand. 

and Socia] 
proposed Environmental Task Force, but several Payapvipapong, P., T. Traitongyoo and R.J. Dobias. 1988. Integovernment agencies would also be given some grating park conservation and rural development in Thairesponsibility, 


land. Paper presented at the International Union for the
Conservation of Nature (IUCN) Genera! Assembly Eco
nomics Workshop, 3-4 February 1988. San Jose, Costa Rica.


SUMMARY AND CONCLUSION TISTIR (Thailand Institute of Scientific and Technological
Research). 1985. Master plan for tourisr development ofKo 
Samui/Surat Thani, 427 p. Tourism Authority of Thailand,

The growth of tourism development at-Ban Don Bangkok, Thailand.11STR (Thailand InstituteBay of Scientific and Technologicalhas proved to be a doublo.edged sword. Research). 1988. Tourism carrying capacity of Ko Samui.Tourism has justified the protection of coral reefs Draft. final report for the Tcurism Authority of Thailand,from grossly destructive blast fishing, but.it has Bangkok, Thailand. 83 p. (In Thai).
also contributed to the degradation of beaches and White, A. and G. Savina. 1987. Conmunity-basedreserves: marinea Philippine first, p. 2022.2036. In Coastal Zonemarine waters. The provincial economy has been 1P87, 26-30 May. Seattle, Washington.
invigorated by tourism growth, but significant
economic benefits apparently have failed to reach 
a broad segment of the local population. Tourism
has introduced rural '1hais to people of many
nationalities, but it has also occasionally led to 
cultural problems. 
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Tal 1. P Means of tourlA volume at smui Iland, Phipn Island and Mu Ko 
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Table 2. Summary of the rec mn, dations on the coutal tomrism raeorces nmamen, of Ban Don laUy, grouped 
uwordicr to category end riority. 

Category 	 Recommedations PrioriIy 

A. Management and planning 	 Ftablish an Environmental Task Fore to mraite the 1 
plan's Implamntation and the impa.t afresource use. 

Pilct pzqct at Phangin island. 2 
Prepare and implement the protectod area's master pluVh 2 
T.urfam management and planning workshop, 2 
Establiah Upper South CmeAtel Tourism Committee. 2 

B. 	 5ociosconomtica Pilot project at Phangan slaodb. 
Maijr maearh pncect on the suciumcono nic 1 

icmpat o( coesW tourism, 
Support Samui Island District's efforto in 3 

"agtiultue for tourism" progr,%a 

C. 	 Coral reeft Patabliah coral conaration zonra, supyly mooring 1 
buoys and register coral tour beat opmatms. 

Revise lgislation aid xiquira EIAL 1 
Extend Mu Ko Ang Thong National Park's bcndaiy. 8 

D. 	 Beache and nearshom Develop, approve and implement comprehensive olid 1 
waters and liquid waste disposal prgrnm At major 

cceatal tUrirm sit. 
Sawngten regulations governing the diachatge of 2 

wastewater from hotels and bungalowc. 
Use simple zoning for all rejrprovincial 2 

beaches and aejacent areas and strictly 
enforce exiating legislations. 

E. 	 Forsts and water Require water development proecta to incorpo- 1 
conservation rate watershed and swamplar eonaervation 

meaaw-ea it the prdct'es earlieat atagea. 
Develop compmhensive watemhectwampland 2 

conservation an//r refm'tt;on plane 
and pzxets at important Kites. 

I 
progrmn for important tourism resouroes. 

Develop a mangrove intepretatnion pregram. 8 

F. Public awareneas 	 Develop and implemant a public awareness 

G. Communication 	 Poet HarborDepartmest .Mnsat 1 
SuretThane. 

Strumgthen boating safity rq;olatims. 2 

*Priority 1: Of higet priority and should be iriplementod at once. 
Priority 2: High priority by implementAtion could be degayed to latr year. 
Priority 3: Important but ofleas ugeucy than (1, and (2). 

bThia pilot prqect has diret implications on the strengthening of the local participation in tourism 
management and on incresaing the loa benefits derived fiom touriam; thus, it is listed twice. 
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Fig. 1. Upper South project boundary. Fig. 2. Major tourist areas at Ban Don Bay. 
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Fig. 3. Tourist volume at Samui land from 1980 to 1987. Fig. 4. Actual and projected tourist volumes at Samui Island. 
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BUNPAPONG, S. and A. NGERNVIJ1T. 1991. Coral reef man- A management plan was prepared for the coralagement plan for the islands of Ban Don Bay, Thailand, p. reefs of Ban Don Bay as one of five issue-oriented405-412. In L.M. Clou, T.-E. Chua, H.W.Khoo, P.E. Lim,J.N. Paw, G.T. Silvestre, M.J. Valencia, A.T. White and pX. 	approachesWong (eds.) Towards an integrated management of tropical 	
for managing its coastal resources.The planning processcoastal resources. ICLARM Conference Proceedings 22, 455 	

has been a collaborativeeffortp. National University of Singapore, Singapore; National 
among three concurrent coastal resourcesprojectsScience and Technology Board, Singapore; 	

handled Thailand's Office of theand Internantional Center for Living Aquatic Resources Management, 	 by
Philippines. 	 National Environmental Board (ONEB). The gen-,eral outline, rationale and objectives for coral reef 

management in the bay were presented in 
ABSTRACT 	 'Recreation and tourism subsector final report"(Dobias et al. 1988) under the ASEAN/US CoastalResources Management Project. Technical infor-

Coral reefs are an example of a valuable coastal resource ResourceM an re eznig wasfprthat deserves special management attention. At Bah Don Bay,coral reefs have potentini for lucrative tourism earnings and as 
mation on the coral reefs and reef zoning was pro

essential habitats for marine organisms. 
vided, through a study supported by the Associa-

Most sources of coral damage at Ban Don Bay can be linked 
tion of Southeast Asian Nations (ASEAN)/Australia Cooperative Programme or) Marine Scito economic uses such as destructive fishing, sale of coral, andsiltation caused by bungalow and hotel construction.

conctraints to improve coral protection 
Major ences. Finally, the plan's implenentation will beare: (1) poor local supported in part by theknowledge of management and protection options; (2) a lack of 	 URIUSAID Caastal 

local managemant authority 	 Resources Management Project. Actualover coral resources; 	 plan for
interagency coordination; (4) inadequate 

(3) poor mulation was done by a Working Group on Corallaws; and (5) a Reef Management Planning, whichpaucity ofequipment and manpower to patrol the reefs. 
developed a 

'Programs offering local incentives for coral conservation consensus among central and. local agencies whosehave been formulated and ar discussed. Coral conervation activities/jurisdictions affected coral reef use andzones are also expected to be declared for Ban Don Bay's most management at Ban Don Bay.outstanding coral reefs, with only nonconsumptivo usesallowed. Outdated legislation will likewise be amended and
institutional arrangements 
 imp-oved to implement the management plan. CORAL REEF STATUS 

Although not luxuriant by international standards, the coral reefs of Ban Don Bay are among
INTRODUCTION the best in the Gulf of Thailand and represent avaluable tourism resource in addition to their 

ecological functions. In the bay, tourism increasedBan Don Bay, Surat Thani Province, in the Gulf 	 from US$15,000 in 1980 toof Thailand has three 	 over US$300,000 bymajor island groups: Ko 1987 and is now one(meaning "island") Samui, the largest (250 km2 ); 
of Surat Thani Province's 

Ko Phangan major income earners. This nature-based tourism(!.0 kM2 ), approximately 15 km relies on the diversity and quality of the islands'north of Ko Samui; and Mu Ko Ang Thong, an environment of which coral rbefsarchipelago 	 are an integralof 40 small islands; it is a national part (Dobias and White 1988).park. Each of these island groups contains coral 
resources of value both to the region's fishing and 

Fig. 1 shows the locations and relative qualities
of the area's reefs as iategorized by a 1984 studyburgeoning tourism industries. (TISTR 1985). Ko Samui, having undergone the 
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most advanced tourism development and also 
being the most accessible island, contains few 
undisturbed reefs. Only the reef at Ko Mat Lang 
near the northern end of Hat Chaweng is still in 
good condition. Comparatively healthy reefs capa-
ble of attracting tourists and maintaining th 
integrity of the marine environment are also 
located along Ko Samui's satellite islands to the 
south (Sudara 1988). 

Coral reefs at Ko Phangan have undergone con-
siderable damage in the past but remain among 
the most attractive in Ban Don Bay. Two reef 
areas, which possess high tourism potential, are 
located along the island's south coast that 
stretches for around 10 kin, and a smaller reef in 
the northwest (Sudara i988). 

Ko Tao, located 45 kin northwest of Ko 
Phangan, has a beautiful reef containing diverse 
coral-and fish species that offers excellent tourism 
potential even though destructive activities con-
tinue there (Dobias et al. 1988). 

Mu Ko Ang Thong National Park is the only 
marine park in the bay. The park harbors rich 
fisheries and is thus used heavily by fishermen 
who inhabit several of its islands. Coral reefs have 
been seriously damaged there, with layers of silt 
atop dead massive coral. Nonetheless, the park 
contains attractive reefs at Ko Sam, Ko Wua 
Khan Thang and Ko Nai Phut (TISTR 1985). 

PROBLEMS AND ISSUES 

Coral reef degradation has been a major 
resource conservation issue in the bay for several 
years. The problem appears to be most serious at 
Ko Tao, where reef blasting is still being done by 
fishermen from outside of the area. They are sup-
ported by a small but influential segment of the 
island's inhabitants who receive part or the catch 
as a reward for not reporting this activity to the 
officials. 

The frequency of blast fishing at Ko Samui and 
Ko Phangan has decreased since 1983, when the 
provincial office publicly emphasized the need to 
stop such activities. Unfortu.ately, the use of poi-
son to capture fish has beeome increasingly fre-
quent, especially at Ko Phangan. When used reg-
ularly, poison can be as lethal to coral and its 
associated fauna as dynamiting (White 1987). 
Another destructive fishing method recently 
introduced is to encircle a broad area of corals 
with small mesh nets and then to pound on the 
coral rock to frighten the fish, which flee from the 
coral into the nets (Sudara 1988). 

Illegal fishing for club mackerel by trawlers is 
still common throughout the ,4-j Ko Ang Thong-
Ko Samui-Ko Phangan area. Sometimes these 
trawlers encroach into reef areas and break corals 
with their nets. The enforcement of existing fish
eries management regulations is not effective, in 
part because of a paucity of manpower, equipment 
and budget at the Ko Samui District Fisheries 
Office (DOF 1983). 

A.. oher major threat that is growing in tandem 
with the tourism boom is siltation and wastewater 
pollution from beach development. Bungalow and 
hotel construction at Ko Samui, for example, 
increased by over 100% during the period .984
1987 when the number of rooms went from 1,400 
to 3,000. There are few regulatory controls to pre
vent or mitigate such damage to coral reefs. 

Damage by boat anchors is still relatively 
minor, as only 2% (around 8,500) of all Ko Samui 
tourists visit coral reefs. However, with the 
expected increase in coral reef tourism, there will 
be a corresponding increase in reef degradation 
due to boat anchors if preventive measures are 
not taken. 

EXISTING MANAGEMENT 
AND CONSTRAINTS 

The existing management of coral reefs entails 
mainly provincial sanctions against dynamite 

fishing and national regulations against coral 
collection and trawling. At the national level, 
coral reefs are protected by two statutes: the 
Fisheries Law of 1947 and the National Park Act 
of 1961. The former governs marine fisheries and 
the conservation of selected marine species. It 
prohibits the collection and export of corals, the 
use of poison and explosives for fishing and 
trawling and push-net operations within 3,000 m 
from the shore (URI/USAID 1988). The National 
Park Act, on the other hand, prohibits visitors 
from littering and collecting corals. 

Reef management at the provincial level 
depends primarily on the provincial policy handed 
down by the governor. In Surat Thani, the gover
nor issued a policy in 1983 prohibiting reef 
destruction by hotels after a major resort dug out 
the reef along its beach front to improve the 
swimming area. The governor was also instru
mental in gaining local cooperation to lessen prac
tices that are destructive to corai, particularly 
dynamite fishing. 
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Despite these regulations and 	 policies, coral and local government agenciesreef degradation continues at Don 	

as well as the pri-Ban Bay vate 	sector. Based on the workshop's outputi qndbecause of the following: related ONEB efforts to reach a consensus among'1. 	 Public appreciation of coastal resources local agencies and residents, action plans werehas been generally low. Little effort has formulated to deal with CRM issues and probbeen made to raise public awareness lerns. Among these were recommendations to allethrough education programs that demon- viate coral damage by offering alternative ecostrate the value of healthy coral reefs to nomic incentives for coral conrervation. Table 1tourist businesses and to local inhabi- summarizes the issues and recommended stratetants. 
2. There is poor knowledge among local peo-

gies and actions for improved coral conservation 
at Ban Don Bay (Dobias and White 1988; Lemayple, government officers and tourist opera- and Chansang 1988).tors 	 concerning workable management The overall management plan has the followingoptions that cah be carried out at the local objectives: (1) to formulate zoning plans andlevel. 

3. 	
strategies for coral conservation; (2) to prioritizeGovernment agencies directly responsible recommendations and identify those that can befor coral reef protection lack sufficient implemented immediately; (3) to establish a coopboats, equipment and manpower to patrol erative framework between implementing agenthe reefs effectively. cies 	 and local communities; (4) to provide a4. 	 Poor coordination among government foundation !br public support and involvement;agencies, both at the local and national and (5) to promote public awareness programs forlevels, prohibits effective action to con- coral 	conservation. serve coral reef resources; often, those who To enhance opportunities for the plan's implemake the plans and those who are mentation, two planning approaches were 	considexpected to implement them do not inter- ered 	essential. The first was to use a "bottom-up"act, leading to confusion and, in many approach, leading to mechanisms for the local concases, apathy on the part of the local trol of coral management programs. In line withimplementors this approach, it was reali2ed from the beginningAn encouraging development in the region has that 	a significant level of implementation co'ildbeen 	the formation of a Nature and Environment occur only 	when the programs received the sup-Conservation Club (NECC) at Ko Samui. The port and active involvement of the local people.NECC is spearheaded by the village headman of Second, coral management programs emphasizedKo Taen (a small island just south of Ko Samui) that sustainable uses should be encouraged in thewho'has played a pioneering role in protecting the context of reasonable control rather than on totalcoral reefs his foraround island well over 	 a prohibitions (which are often not enforceable),decade. NECC members include local leaders, thus, allowing the local people to continue to reapcommunity members and bungalow owners who benefits from coral reef resources.hope 	to protect the islands' natural environment, Management programs (Table 2) were 	categomaintain the native culture and traditions and rized along issue-oriented lines: (1) recreation andpromote public on 	 For-awareness conservation. tourism; (2) fisheries management; (3)mation of the club was 	 watermotivated primarily by quality maintenance; and (4) public awarenessconcern arising from the socioeconomic problems and education. 

precipitated by the tourism boom. 

MANAGEMENT PROGRAMS
 
CORAL REEF MANAGEMENT PLAN Most of the management programs outlined will 

be implemented through local government agen-A Regional Workshop on Coastal Resources cies and nongovernmental organizations (NGOs)Management (CRM) Strategies and Plsnning for.
Ban was 	

with advice and assistance from central govern-Don 	 Bay organized by ONE8 in mid- ment offices and individual experts. In this way, a1987 	and was attended by over 100 participants, 'foundation for local management capabilities willincluding representatives from central, provincial be established and fostered. 
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Recreation and tourism 

These programs consolidate the recommenda-
tions made earlier by the ASEAN/Australia Coop-
erative Programme on Marine Sciences (Sudara 
1988) and those by Dobias et al. (1988). Fig. 2 
shows the proposed zoning for specific sites that 
have high tourism potential. Zoning will allow for 
three levels of use: (1) a sanctuary zone using reg-
ulations under the National Park Act and the 
Fisheries Law that prohibit fishing, collecting or 
any destructive uses; (2) a conservation zone 
where tourism activities are allowed under certain 
restrictions and certain fishing activities are pro-
hibited; and (3) a general use zone where guide
lines for habitat protection apply without specific 
provisions, 

1. 	 Demonstration buoys at Ko Taen. A broad 
uutline of activities for placing mooring 
buoys at Ko Taen was prepared in 1988 
following discussions with local leaders 
and ONEB/URI experts (Dobias and Chet-
tamart 1987). This program will use buoys 
to demarcate the outer reef at Ko Taen 
and provide mooring buoys for tourist 
boats as an alternative to throwing their 
anchors onto the reef (Fig. 3). Ko Taen 
was selected for this demonstration pro-
ject because the likelihood of success is 
high given the strong local support. Once 
boat operators become familiar with the 
use of, and need for, such buoys, the pro-
gram will be extended to other important 
reef areas used by tourists, 

2. 	 Park zoning and boundary extension to Ko 
Tao. Multiple-use zoning for marine parks 
has met with a fair degree of success in 
many parts of the world (ESCAP 1985; 
MacKinnon et il. 1986; White 1988). The 
National Parks Division is now proceeding 

with the extension of the Mu Ko Ang 
Thong National Park boundary to include 
Ko Tao and is also preparing a prelimi-
nary management plan for the park. A 
zoning scheme, to include all three zoning 
types mentioned above, will be incorpo
rated into the paik's plan to allow for bet
ter control of multiple uses within the 
park, particularly of tourism ris-A-vis 
coral reefs. 

3. 	 Sanctuaries at Ko Taen and &. Phangan. 
Small areas of special importance will be 
established as sanctuaries to maintaia the 

integrity of coral reef ecosystems. Only 
research studies, free of tourism, fishing, 
collecting and other such activities, will be 
allowed in these areas. 

4. 	 Conservation zones at Ko Samvu and Ko 
Phangan. Several degraded coral reefs 
here can recover if tourism and fishing are 
properly regulated. These reefs will be 
given conservation zone status. Mooring 
buoys will be placed near them for use by 
tourist and fishing boats, following the 
buoy demonstration project at Ko Tnen. 

Fisheries management 

The fisheries management programs aim to: (1) 
limit and prevent reef damage caused by blasting 
and fishing gear; (2) avoid damage caused by the 
collection of coral, aquarium fish and shells; and 
(3) improve fisheries management regulations and 
policies. 

1. 	 Marine sanctuary at Ko Taen. A marine 
sanctuary will be declared at key reef 
areas as mandated by the Fisheries Act of 
1947. This act allows for the establish
ment of zones where all types of fishing 
are prohibited but where tourism can con
tinue to oper'ate. 

2. 	 Fisheries management scheme for reef 
fishes. This program aims to maintain 
artisanal fishing as a source of income, to 
preserve traditional culture and to main
tan underwater. resources for diving and 
snorkeling. The scheme will also provide 
size limits, catch quotas and seasonal clo
sures for endangered commercial species 
such as lobster. 

3. 	 Upgrading of law enfbrcement on illegal 
fishing. This program will seek to revise 
existing laws by including habitat protec
tion objectives. It will also organize coop

erative patrol and enforcement activities, 
identify and fill gaps in the regulatory 
framework and develop mechanisms 
which will provide better cooperation 
among responsible agencies. 

Water quality maintenance 

1. 	 Mandatory EIAs for beach resort con
struction. This will include the strength
ening of existing laws regarding EIA 
requirements for hotel/ bungalow con
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struction and prohibiting construction CONCLUSION 
activities adjacent to sanctuary areas.

2. Guidelines for mitigating the siltation of The management planning process has successreefs. Broad guidelines for minimizing fully initiated consensus among the local/centralcoral reef degradation from siltation will government and the private sector on how to dealbe drafted. ONEB will then be responsible with the problem of coral destruction and how tofor producing the final guidelines (possibly maximize the socioeconomic potentials of coralin the form of EIA requirements) to be reefs. Initial emphasis will be given to projectssubmitted for official action, that will demonstrate the feasibility of the strat3. Water quality monitoring. This will be a egy and how local people can play a larger role inregular management activity. Other management/conservation activities. Localparameters to be monitored will be live involvement, cooperation among various governcoral cover, reef fish density, anchor dam- ment agencies and a focus on clearly definedage and the presence of rare or uncommon issues are key features of the strategy.
species. 
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2. Exhibition and media campaign. A coral REFERENCESexhibition will bring together tourismoeraibtos botwran localhr lors,
operators, boat owners and local 
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Table 1. Summary of coral degradation issues, strategies and actions. 

Issues 

Dynamite fishing 

Coral destruction by 
fishing and poisoning 

Coral destruction by boat 
anchors, trampling and 
collecting 

Siltation and pollution 

Strategies 

Public education and 
awareness 

Fisheries management 

Park management 

Legislation and local 
support 

Public education 
and awareness 

Legislation 

Public education and 
awareness 

Tourism and park 
management 

Legislation 

Legislation and 
enforcement 

Administration 

Actions 

Produce and distribute information materials; 
organize a coral exhibition at Samui; train 
fishermen and boat and bungalow operators; 
and initiate a conservation program in schools. 

Declare a fish sanctuary at Ko Taen and provide 
mooring buoys there. 

Extend marine park's boundary to include Ko 
Tao. 

Revise the Fishery Law to increase penalties for 
blast fishing and coordinate with local interest 
groups to patrol the reefs. 

Produce and distribute information materials; 
alort locals and businoss operatrs of economic 
impact; campaign to emphasize the importance 
of corals. 

Establish size, catch and season limits; issue 
certificates for aquarium fish operations. 

Alert local people and business operators of eco
nomic impact. 

Designate coral and buffer zones; zone critical 
areas outside the park; establish -a scientiP,: 
research zone in two of the sites; create con
servation zones at Ko Phangan and Ko Samui; 
organize a community-based management 
scheme for the conservation zones. 

Revise the law to prohibit the sale of all owral 
products. 

Declare and enforce the City Plan Law in 
specific areas; enforce EIA reguiltions for waste 
management and the Sanitation Law of 1941; 
prohibit construction work adjacent to coral 
sanctuaries. 

Give a high priority to environmental protection 
and management in government agencies 
responsible for tourism-related activities; 
improve cooperation and communication 
between government agencies and local 
authorities. 

http:presenL.ed
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Table 2. Summary of priority monagement programs. 

Program Recommended projects Priority 

Rec'eation 0 Demonstration of'mooring buoys at Ko Ton Iand tourism . Park zonin and boundary extensionto KoTao I
 
0 Sanctuaries at Ko Taen and Ko Phangan 2 
. Conservatlon zones at Ko Samui and Ko Phangan 
. Multlple.use soning of Mu Ko Ang Thong National Park 

2 
2
 

Fisheries * Marine sanctuary at Ko Taen 
 I
management • Management scheme for rr fish 2 
. Upgrading of law enforcement on nlllegl fishing 2 

Water quality * Mandatory ElAn for beach resort construction I
maintenance * Guidelines for mitigating the siltation of reefs 
 2
 . Water quality monitoring 
2 

Public awareness a Information and visltor service center 

and education * Exhibition arid media campign 

I
 
I 

* Traning tour guides and operators 2* School curriculum on marine ccoloily and conservation 2 
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Fig. 1. Locations and relative qualities of coral reefs in Ban Don Bay(TIS '11985). 
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ABSTRACT 

The conditi,n of marine resources in Tarutao National Park 
was investigated and their major management problems were 
identified under the Office of the National Environment Board/
University of Rhode Island/United States Agency for Interna
tional Development Coastal Resources Management Project
(ONEBIURI/USAID CRMP). 

In general, marine resources and habitats in the park have 
been degraded due to variouR improper uses. Several coral 
reefs have been destroyed or seriously harmed by blasting,
anchor damage, tourism, ston damage and crown-of-thorns' 
infestations. Coastal waters adjacent to areas of intensive use 
have become polluted due to the release of untreated waste 
effluents. Stock depletion of marine species has resulted from
overharvesting and illegal trawling. Because of these, man-
agement programs, which emphasize park and public coopera-
tion in the protection of marine resources, are recommended, 

INTRODUCTION 

Thailand has 14 marine national parks covering 
a total area of 4,726 km 2. Essential ecosystems 
and resources found in these parks support major 
economic activities such as tourism and fisheries, 
Ope of them is the Tarutao National Park, which 
is located in the lower Andaman Sea, west of 
Satun Province near the Malaysian border. It 
consists of two main island groups, the Tarutao 
Islands and Adang-Rawi Islands, and covers a 
total area of about 1,490 km 2, of which 1,260 km 2 

are marine. The park has forests, beaches, aquatic 
fauna and coral reefs, which play important roles 

in the local and regional ecoaomies and are major
tourist attractions. Because of its valuable 

resources, Tarutao National Park has been
included in the ASEAN Heritage Parks network.

However, because of the increasing stress
exerted by various user groups, the resources,
especially marine, within Tarutao National Park 

have been degraded. In response to this problem, 
a Marine Parks Planning and Management Task 
Force under the Thailand Coastal Resources 
Management Project (CRMP) has been set up to 
develop sound management strategies for the conservation and sustainable use of resources within
marine parks, especially in Tarutao National 
Park. 

The CRMP study has identified major issues 
associated with marine resources conservation in
the park and has developed preliminary measures 
for the improved management of these resources 

so that they can better support sustainable
tourism and local uses. The preliminary recom
mendations emphasize that management pro

grams should help conserve valuable marine 
resources, generate benefits for local communities 
and involve the public in park management. 

METHODOLOGY' 

A survey of the marine environments and 
resources in Tarutao National Park was under
taken in April 1988 to determine existing condi
tions and associated management issues. This 
included the physiccchemical properties of the 
coastal waters, such as transparency, salinity, pH,
suspended solids, total alkalinity, dissolved oxy
gen (DO) and biological oxygen demand (BOD5 ),
which were measured and analyzed using the 
methods described by the American Public Health 
Association (APHA 1985). 
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The egg and larvae of marine species were also 
collected from various coastal areas using a 
plankton net of the 100-. mesh size. Samples 
were analyzed for abundance and composition at 
Kasetsart University in Bangkok. 

Observations of coral reefs were made by diving 
and snorkeling, and reef conditions were recorded 
by underwater photography. 

EXISTING CONDITIONS OF MARINE AREAS 

Coral reefs 

There are virtually no reef communities 
remaining around Tarutao Island that have not 
been degraded to some extent by human use and/ 
or natural calamities. Most of the reefs are found 
in the area of the Adang-Rawi Islands, but their 
conditions varied considerably (Fig. 1). The reefs 
were classified as: 

1. 	 Intensively damaged, with dead corals 
found over extensive areas due to crown-
of-thorns'. (Acanthaster planci) infesta-
tions, reef blasting, arid anchor and storm 
damage. This was observed in the south-
ern coasts of Adang and Rawi Islands and 
in the northeastern coast of Ri-Pe Island. 

2. 	 Seriously damaged but still ecologically 
valuable as fish habitats and could recover 
if given adequate protection. Such reefs 
are located in the eastern and western 
coasts of Adang Island and in the north-
ern coast of Rawi Island, formerly 
destroyed by reef blasting but with rem
nants of massive structures still useful as 
shelters or spawning grounds for reef fish 
populations where the regeneration of new 
corals was observed within the reef 
communities. 

3. 	 In fair condition with damage limited to a 
few localized areas. These remain valu-
able for recreational use and are composed 
of various coral species, of which at least 
50% are undamaged. These reefs are dis-
persed as small reef communities sur-
rounding Ka Ta Island, in the northern 
coast of Hin-Ngam Island and in the 
northern and western coasts of Ri-Pe 
Island. Nevertheless, these reefs are still 
subject to anchor damage, crown-c-
thorns' infestations and local fisheries ac-
tivities (e.g., creating channels in the reefs 
to allow the passage of fishing boats). 

4. 	 In pristine condition. This includes only 
one small community of soft corals in the 
deep waters between Adang and Hin-
Ngam Islands. 

Water quality 

As shown in Table 1, physicochemical proper
ties of coastal waters around the Adang-Rawi 
Islands are suitable for supporting aquatic life 
and recreational activities. The coastal waters 
around Tarutao Island, in contrast, have rela
tively high suspended solids with low light trans
parency, especially at the Talo-U-Dang Bay. Fur
thermore, the biochemical oxygen demand (BOD5) 
value observed in the bay (4.6 mg/I) is higher than 
in the open sea. This condition might be a natural 
occurrence generated by the comparatively stag
nant water characteristics that bring about the 
intensive growth of phytoplankton (Khokiatti
wong et al. 1986). 

The water quality at the Pante-Malaca Bay in 
Tarutao Island, which receives untreated waste
water from tourist lodging areas, has a tendency 
to become polluted. It was observed that the BOD5 
value of the water in the bay is substantially 
higher than in other areas and that it has a rela
tively low DO concentration. The trend toward the 
increasing number of tourists in the park, from 
12,202 in 1985 to 18,195 in 1987 (Chettamart et 
al. 1988), will lead to the increased degradation of 
the water quality in Pante-Malaca Bay in the 
future, if immediate preventive measures are not 
made. 

Marine fauna and fisheries 

The abundance of fish eggs and larvae in the 
coastal waters of the park is shown in Table 2. It 
was found that the fish eggs and larvae of marine 
species are more abundant in the waters adjacent 
to mangrove forests, especially at Mq-Kham Bay, 
than in the reef areas. They were hardly detected 
in the offshore waters near sandy beaches. Thus, 
the mangrove and reef areas require strong pro
tection. to preserve them as vital spawning and 
nursery grounds for many marine species. 

Interviews with local fishermen revealed that 
there are a large number of gill net operations in 
mangrove coastal areas where mullets, groupers 
and sea bass are abundant. Illegal trawler opera
tions in Ma-Kham Bay are also frequently 
reported. Intense fishing is conducted in the reef 
areas of Adang-Rawi Islands where aquarium fish 
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and other valuable species are harvested intensely 3. Formal training programs on reef protecby gill nets and deepwater traps. Also, reef blast- tion should be offered to guides, touring and shell collection are still practised occa- agents, boat operators and national parksionally in the reef areas. staff to ensure the appropriate use of 
reefs. The training should be supported by

ISSUES AND RECOMMENDED local institutes or universities. A core
MANAGEMENT PROGRAMS group of two to three park staff trained in 

basic coral reef ecology and monitoringThe major marine resources management should be created to monitor reef condiissues of Tarutao National Park were identified tions and serve 'as a liaison between theand preliminary management programs were park and the tourism industry.formulated. The programs' objectives are to con- 4. "No anchoring zones" should be designedserve and protect marine resources to support for heavily used coral reefs. Mooring buoysmultiple uses. The proposed measures will focus should be installed for recreational pason coordination between the public and private senger vessels at these sites. Demarcationsectors so that management strategies can be im- buoys should also be installed to keep vesplemented effectively. sels out of vlnerable reef areas. The 
placement of buoys needs t.e cooperativeCoral reef issues and management effort of park officials, local divers, coral 
reef specialists and tour companies to im-There are a few reef communities of relatively plement the program successfully.good quality remaining in the park, and these are 5. Illegal reef blasting should be stopped bycontinually being degraded by improper fishing improving the existing law enforcementand tourism activities such as reef blasting, capabilities of the park.

anchor damage, coral collection and littering.
These problems result in part from the lack of 
awareness on the value of coral reefs among Water quality issues and management
users. 'These issues are common to coral reefs inPhuket and nenrby areas (Lemay and Chansang The increasing pollution of nearshore waters1988). Crown-of-thorns' infestation is another which receive waste effluents from intensive useproblem in the reef management of the park. zones, such as tourist lodging areas, is a problemPrograms for reef management should mini- since this reduces the park's capacity to servemize the destructive impact from various human various recreational activities.activities and natural phenomena and they should Water quality management should limit thealso enhance public appreciation of coral reefs impact of pollution on recreational waters and
through these: coral reefs.1. Crown-of-thorns' infestations ha,=,, to be 1. A wa;ewater treatment system withincontrolled. This could be implemented ini- the intensive use zones, especially attially by hiring local divers to inject a Pante-Malaca Bay, should be developed.chemical solution, as suggested by coral The system should be Constructed in suchspecialists, into the starfish. This opera- a way that it is in harmony with thetion should be monitored to determine its surrounding area and does not require aeffectiveness while exploring other control large budget. Simple oxidation pondsmeasures. might be sufficient ',brthis purpose.2. Expand information services for tourists, 2. Carrying capacity studies should be doneguides, boat operators, tour agents and for each intensive use zone to set guidelocal residents to make them more appre- lines to prevent the further impact ofciative of the values and benefits of coral tourism on the environment. Intensive usereefs. These services should be conducted zones should not be allowed in areascontinuously by coordinating efforts where receiving waters are sensitive tobetween the park and concerned private development impacts, such as at Talo-U

organizations. Guidelines for the proper Dang Bay.access of coral reefs should be prepared 3. Any shoreline development should avoid.nd implemented. the erosion and drainage of wastewater 
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into the reef areas. One measure to pre-
vent this is the establishment of buffer 
zones between the residential areas and 
reef areas such as between communities 
on Ri-Pe Island and the reefs in the 
island's southern coast. 

Marine fauna issues and management 

Illegal trawling in areas adjacent to mangrove 
forests and intensive artisanal fishing in the reef 
areas are ccnsidered major problems that lead to 
the stock depletion of both commercially and eco-
logically valuable species within the park. 

Reduction of harvesting pressure so that the 
sustainable yield of marine species can be 
achieved by the following: 

1. 	 Coastal areas adjacent to mangrove 
forests and reefs should be declared as 
'reserved zones". Within these zones, fish-
eries regulations, such as size limits, catch 
quotas and seasonal closures, should be 
established. The declaration of such zones 
should be accompanied by a strong public 
awareness program that will encourage 
better understanding between local and 
park officials. This is important since 
there is evidence that populations of lob-
sters, cowries, giant clams and some 
aquarium fish in the western coast of 
Thailand have been reduced substantially 
due to overharvesting (Tantanasiriwong 
1978; Boonyanate et al. 1986). Therefore, 
the program should emphasize these 
valuable species and include those that 
play vital ecological roles (e.g., trumpet 
snails). 

2. 	 For long-term management, the posses-
sion and trade of depleted or endangered 
species must be prohibited by the en-
forcement of regulations. This program 
will need the cooperative effort of several 
government sectors to attain the desired 
results. 

CONCLUSION 

Marine resources within Tarutao National Park 
are deteriorating rapidly due to inappropriate use. 
The recommended management programs all rec
ognize that traditional uses must be incorporated 
when planr.ng, where possible, and that the coor
dination ' i;ween the private and public sectors is 
vital to implementation. The improved flow of 
benefits from the park to the local communities 
must likewise be emphasized. These recommenda
tions for the management of the park have to be 
integrated into the park's "master plan" prior to 
implementation. 

The establishment of a Park Management 
Coordination Committee, which will include rep
resentatives from the park, province, local cor
munity and tourism industry who will support the 
park administration's programs, will help ensure 
their successful implementation. 
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Table 1. Marine water quality in Tarutso National Park, April 1988. 

Stations'Pa-ame'mrs 1 2 3 4 5 6 7 
Water temperature (*C) 31 30 31 31 30 30 30Transparency (m) 0.8 1.5+ 1.2 1.7 1.5 5.0+ 5.0+Saluiity (ppt) 34 30 30 28 32 30 32pH 8.3 8.3 8.2 8.2 8.3 8.2 8.2Dirsolved oxygen (mg/) 5.2 5.4 5.7 5.0 4.1 4.9 5.7BOD5(wg/]) 
 1.3 2.2 4.6 1.2 9.7 0.5. 1.6Total alkalinity (mg as CaCO) 160 160 180 170 180 170 170Suspended solids (mg/I) 106 103 147 123 99 78 17 

*Stations:1. Son Bay ,Trrutao Island TableP. z ,tndnce of l&h eggs and larvae ofmarine spedes, Tarutao National2. MaKham BDa,Tantao Island3. Talo-U.Dang, Tarutao Island	 
Park, April 1988. 

-1.Talo-Dap Bay,Taruto sland 3 . Pante-Won a Bay, Tataosland Numbers per m
Stationes F'h6. 	 LamSon PBint, Adang Island Fish Mollusk Shrimp Crab 

eggs larvae larvae larvaA larvae7. Tale Reeps Boy, Adang Island 

1 944 64 96
2 1,800 a 304 112 272 
4 10 16 582 118 585 16 624 
6 12 
7 6 848
8  10 

Stations: 1. Son Bay, Tarutao Island (mangrove zone)
2. Ma-ham Bay, Tarutao Island (mangrove'zone) 
3. Talo-U.Dang Bay, Ter'itao Island (mangrove zone)
4. Talo-Dap Bay, Tarutao Island (mangrove zone)
5. Pante-Mlasca Bay, Tarutao Island (mingrova zone)
6. Lam-Son Point, Adan Island (sandy beach zone)
7. Talo.Reepa Bay, Adang Island (reefzone)
8. Talo-Ngo Bay, Rawi Island (sandy beach zone) 
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Fig. 1. Condition of reefs around Adang and Rawi Islands, Tarutao National Park, April 1988. 



The University of Rhode Island's
International Coastal Resources Management Project 

WILLIAM V. BRANAN 
International Coaslal Resources Management Project
The Uriversity of Rhode Island
 
Narragansett, RI 02882
 
USA
 

BRANAN, W.V. 1991. The University of Rhode Island's Inter-
national CoastalResources Mdnagement Project, p. 419-
422. In L.M. Chou, T.-E. Chua, H.W. Khoo, P.E. Lim, J.N.
Paw, G.T. Silvestre, Ma. Valencia, A.T. White and PlC.Wong (eds.) Towards an integrated management of tropical
coastal resources. ICLARM Conference Proceedinga 22,455 p. National Uriversity of Singapore, Singapore;
National Science and Technology Board, Singapore; and 
International Center for Living Aquaticagement, Manila, Philippines. Resources Man-

ABSTRACT 

Coastal resources management (CRM) is needad to reduce
the adverse impact of a major population increase on the envi-
ronmental quality of coastal areas worldwide. The University
of Rhode Island's Coastal Resources Center (CRC) 	operates
cooperative CRM piograms in Ecuador, Sri Lanka, Thailand 
and the United States. In each country, CRC works with CRMin-country teams to formulate, implement and test local andnational CRM strategies. Management recommendations from
previous studies usually 2xist, so CRC focuses more on pro-
gram implementation. CRC helps tc review any existing 
research and recommendations; defines future studies oractivities that will have the greatest likelihood of being directly
applicable to formulation and management strategies; designs
procedures to assess the impact of coastal ecosystems; 
strengthens the in-country professional staff to plan for andmanage coastal development and infrastructure; and helpscountries develop the institutional capabilities to address 
resources -se conflicts effectively, 

INTRODUCTION 


Nearly three-fourths of the earth's population is 
concentrated in the coastal zone. As this population doubles, perhaps by 2020, most of the
increase will concentrate in tropical coastal areas.
To help protect these environments, the Univer-
sity of Rhode Island's Coastal Resources Center 
(CRC) was created in 1971 to undertake the
research, planning and policy formulation 
required by state agencies charged with the man-
agement of Rhcde Island's coastal ecosystems.
CRC also coilaborates with leaders of developing
coiintries in formulating, implementing and test-
ing integrated CRM programs, 

ELEMENTS OF COASTAL 
RESOURCES MANAGEMENT 

There are several CRM elements that CRC provides 	on a regular basis, namely:
1. 	 training programs and workshops for

institutions, agencies and officials to
stituthns te nir o al
and hic
strengthen their in-country technicalcapability and comprehension 

of the forces 
affecting trends in coastal ecosystems, sothat as decisionmakers, they will be better 
able to address resources use conflicts;

2. 	 public education and outreach programs
through schools and tomedia increase
their 	local involvement in CRM and thus
assist officials in the decisionmaking pro

cess;
3. 	 advice and assistance on special areamanagement planning for agencies and

officials so that they can focus on issues 

and 	 formulate comprehensive and inte
grated CRM strategies in selected demonstration sites where management options 

are tested against real issues; and
4. 	 national policy development to establish

realistic, implementable, nationwide envi
ronmental quality protection standards 
linked to consistency reviews. 

Emphasis on implementation 

CRC reviews existing research and recommen
dations and defines further studies 
or activities
that will have the greatest likelihood of being
directly applicable in the formulation and
implementation of management st'ategies. It
develops procedures to azsess the impact cf
coastal development proposals. CRC investigates
the forces that affect trends in the condition and 
use of coastal ecosystems. The center also
strengthens the in-country professional staff in
planning and managing coastal development and 

-"
,.' ' , 4 1 9 
17112n 
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infrastructure, including the development of insti-
tutional capabilities to address resource use 
conflicts effectively. 

CRC's critical step is in the implementation of 
appropriate CRM strategies. In many countries, 
good 	 studies and CRM recommendations have 
been 	 provided by local and foreign consultants. 
Their value is limited, however, because they have 
not been implemented. Often, this is because no 
implementation capability is available or similar 
problems have not been addressed in the past, so 
that the proper linkages have not been estab-
lished among the regulatory and implementing 
agencies. Thus, CRC stresses training, public edu-
cation, special area planning and national policy 
development to foster appropriate CRM imple-
mentation. 

Phased approach 

CRC has four approaches for the implement-
ation of its strategies: 

1. 	 recognize a country's social history, envi-
ronmental assets and development goals; 

2. 	 emphasize the development of public par-
ticipation; 

3. 	 focus on a relatively few, well-defined 
CRM issues; and 

4. 	 build in an orderly and low-risk manner 
the designs of succeeding phases that 
depend on the responses to previous 
phases. 

PILOT PROGRAMS 

CRC operates collaborative projects in Ecuador, 
Sri Lanka and Thailand through agreements with 
the United States Agency for International Devel-
opment (USAID). The time for CRM is now 
appropriate in many developing countries because 
some techniques can be adapted from the United 
States and several Europgan countries, which 
have more than a decade of experience in design-
ing and implementing integrated CRM programs. 
Examples from developing countries, particularly 
in Southeast Asia, are also useful. 

Ecuador 

CRC assists the Directorate for the Environ-
ment, Ministry of Energy and Mines of Ecuador to 
develop management strategies for the generally 

arid and sparsely inhabited 1,800-km mainland 
coast. Here, coastal development has been domi
nated by boom-bust cycles--shipbuilding died 
around the turn of century when forests were 
depleted, and this has been follcwed by booms in 
taiga, cacao, coffee and bananas. 

One of the major issues is related to the current 
expansion of shrimp production in coastal ponds. 
The industry, which employs nearly 100,000 peo
ple, makes Ecuador the world's largest producer 
of farm-grown shrimp. Due to poorly developed 
guidelines for land use, the construction of shrimp 
ponds has caused big losses of mangroves even 
within national park areas. In 1984, 11% of the 
country's original mangroves were lost and in 
1988, more than one-third. 

Urbanization is also a major issue. Guayaquil 
and other urban areas are growing explosively, 
and there are no realistic prospects for sewage 
treatment or land planning in most areas. Also, 
newly initiated nearshore oil drilling has created 
considerable concern about its impact on water 
quality. CRC's initial efforts are to protect and 
maintain water quality and wild shrimp stocks; 
simplify and improve the permit system for new 
ponds; evaluate economic policies affecting the 
shrimp industry; develop a technical assistance 
program and training options for mariculturists; 
and initiate public education programs. Current 
efforts are designed to: 

1. 	 form a citizen corps to improve the 
enforcement of existing statutes through
out the coastal area, particularly in polic
ing the aquaculture permit system; 

2. 	 designate special management' zones for 
aquaculture, mangrove production and 
water quality in areas that serve as micro
cosms for the resolution or' priority issues 
and create a committee for each manage
ment zone; 

3. 	 create advisory committees to represgnt 
the full range of interests of a special 
management zone, together with the 
appropriate agencies of local and regional 
governments; 

4. 	 establish a small and well-defined 
national group to provide high-level gov
ernmental support for CRM, assure politi
cal and administrative backing to solve 
conflicts, obtain international support and 
promote interagency cooperation; 

5. 	 establish a public education program on 
priority coastal issues to improve the 
understanding of their solutions; and 
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6. 	 conduct training courses to facilitate the 7. build community support for CRMimplementation of CRM programs. through public education programs. 

Future efforts include studies leading to the pub
lication of a CRM planning document, the StatusSri Lanka of the Coast2000. 

CRC assists the Coast Conservation Depart- Thailand
 
ment (CCD) of the Ministry of Fisheries of Sri
Lanka in preserving and managing critical coastal CRC assists the Office of the National Envihabitats nationwide. Athough coastal manage- ronment Board (ONEB), Ministry of Science andment programs date back to the 1940s, serious Technology in Bangkok, Thailand in the formulaenvironmental problems are 	 becoming more tion, implementation and testing of local andthreatening in populated coastal areas. provincial CRIM programs aimed at formulating aA major problem is th, loss of coastal land to national CRM policy for incorporation into theerosion, which results from powerful monsoons Seventh National Economic and Social Developand other natural forces, despite the presence of ment Plan. many natural defenses such as nearshore reefs Thailand's coastal population varies fromthat 	buffer the energy of large waves and sedi- sparse to dense. Its coastal waters are often 

ments from rivers that replenish eroded beaches,These defenses 	 severely degraded by siltation, pollution and overare also being compromised by fishing. Mounting pressures are being added byvarious human activities. Corals are being mined an expanding tourism industry, which is a majorillegally to produce plaster, mortar and sand to foreign exchange earner. Coastal tourism is sursupply the needs of the construction industry. The passed only by tourism in Bangkok.CCD strives to control these problems. CRC 	is midway through a three-year coopera-Sri Lanka's coastal management plan, which tive CRM project with ONEB, which includes:has 	been completed, tries to avoid moving too 1. .a provincial CRM demonstration project inquickly to solve several management issues in Phu!:et;many areas. Rather, it focuses on major issues, 2. a public awareness and involvement prosuch as coastal erosion and the, loss or degrada- gram;tion of natural coastal habitats, historical, archae- 3. formulation of national CRM policies;ological, scenic, recreational and cultural sites 4. training in CRM for governmental pera' ong the coasts. sonnel; andThe management plan and CRM's efforts in Sri 5. marine parks management demonstrationLanka intend to: projects.1. 	 strengthen CCD's enforcement capability Phuket is CRC's initial demonstration site. Itthrough the standardization of responses 
to 	

had 27 hotel roon.s in 1969 and by 1987, theseshorten the time for processing permit had increased to 6,000. However, the infrastrucrequests, including computerized permit ture 	(roads, sewers and services) had largely beenmonitoring; neglected, and the degraded environment2. 	 ensure consistency between the National reflected a critical need for comprehensive, long-Coastal Management Plan and the Coast range environmental planning. The current' levelConservation Act; of 0.5 million tourists per year in Phuket has been3. 	 resettle squatters away from erosion- projected to reach 3 million per year by 2000.prone coastal areas and develop alterna- Other problems affecting the island include thetive livelihood projects for them; encroachment on public lands by rubber plan4. 	 transfer CRM's authority and responsibil- tations and tourist development and the destrucity from the central government to the tion of coral reefs by boat anchors, sediments fromprovi-ces for regulation, planning and inland quarries, construction and offshore tinpermits' inspection; and provide training mining.
to district officers on coastal management; Among CRC's activities in Phuket, which are5. 	 map and describe the historical coastline designed to maintain a robust economy, are:and scenic sites; 1. 	 protecting coral reefs and other nearshore6. 	 establish a postgraduate course in CRM; marine resources by implementingand community-based management projects; 
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2. 	 improving water quality by assisting in 
the implementation of the local sewer dis-
trict for the Patong watershed, construct-
ing a demonstration septic system for 
houses and developing a stormwater sys-
tem; 

3. 	 developing administrative means through 
the provincial and local governments to 
plan and manage future land use, includ-
ing the building of public roads and facili-
ties, and stabilizing tin, gravel and lignite 
quarries; 

4. 	 publishing a resource profile of Phuket to 
be used as a guide in management; 

5. 	 developing a legal framework for envi-
ronmental protection; 

6. 	 building a public awareness program on 
CRM through school and media cam-
paigns; and 

7. 	 training hotel sewage plant operators, 
tour boat guides and local officials to focus 
on resource management issues in rela-
tion to their respective roles. 

Recently, CRC signed a second USAID agree-
ment, which will last until 1996, to advise ONEB 
and other Thai agencies and institutions. This 
agreement will include the: 

1. 	 formulation and implementation of special 
area management plans for particular 
resources, such as coral reefs and man
groves, water quality, etc. (CRM will be 
established in five, new sites in addition to 
Phuket.); 

2. 	 incorporation of the collective experience 
from special areas into national CRM poli
cies; 

3. 	 project integration and outreach through 
various media campaigns, public meetings 
and school programs with the aim of 
building public participation in CRM; 

4. 	 strengthening of the research and man
agement capability of selected Thai insti
tutions through seminars, observation 
tours in the United States, direct partici
pation in ongoing CRC activities in Thai
land and assistance in developing CRM 
curricula in Thailand; and 

5. 	 increasing the instructional capability of 
selected Thai agencies and institutions 
through postgraduate courses from vari
ous US universities; special long-term, 
nondegree internships in the US; and in
country CRM training programs. 
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ABSTRACT 

The reefs of Bolinao and Cabarruyan Island on the northwostern margin of Lingayen Gulf produce aharvestable biomass of at least 29.3 t km-2 year-. Thirty-nine percent of these are finfish, 33%, invertebrates and 28%, seaweeds. Anmong the important invertebrates are octopus, gastropod shells, abaloneand sea urchin. Of these, the most abundant are the gastropod shells, which contribute as much as 25%to total production. The natural stock of commercially important species of finfish and invertebrates are
overexploited.

About 1,760 households depend directly on these resources for their living. They exploit the reefs at arate of 56 human-hours km-2 d-1. On an average fishing day, a reef fisherman can bring honme 11.5 kg ofproduce, from which he earns about US$20.40 monthly. Compared to his family's needs, he earns barely
a third of what a family of six should spend to subsist.

The dwindling per capita production clearly indicates the need for coastal resources managementintervention. Foremost in a manager's agenda will be the issues of habitat conservation, alternativelivelihood and ,-atch distribution. Here are some recommended measures: establish seed areas and identify those areas that should be rehabilitated by the municipal governments and declare a closed fishingseason for key resources like siganid fry and spawners, sea urchin and abalone. 
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ABSTRACT 

Lingayen Gulf is a major fishing ground for large tuna and small pelagics. The average annual tuna 
catch in 1986 was 5,118 t, which was 46% of the total annual catch in the gulf. Yellowfin tuna caught by 
hook and line ranged from 90 to 160 cm and from 20 to 168 kg. The skipjacks ranged from 22 to 64 cm 
and from 0.3 to 4.5 kg. The small pelagics consisted of anchovies (13.5%), roundscad (12.9%), half-beak 
(5.6%), Indo-Pacific mackerel (4.8%), sardines (4%), flying fish (4%) and big-eyed scad (3.1%), which col
lectively comprised almost 50% of the total catch of small pelagics. 

Fishing is done by both commercial boats (3 GT and more) and artisanal boats (motorized and nonmo
torized) below 3 GT. The commercial fleet is dominated by bottom trawlers which, in 1987, had 24 
medium and two large boats from 20 to 30 GT. Artisanal fisheries operate some 20 types of fishing gear. 
The most productive were the gill net (33.7%), round haul seine (26.5%), cast net (8.5%) and hook and 
line (3.3%), which collectively landed over 70% of the municipal fish catch in 1986. 

From 1977 to 1986, the average pelagic fisheries production was 9,487 t or only 37.2% of the total fish 
production in Liugayen Gulf. Of this, 5,024 t or 64.5% was caught by the artisanal sector, the rest by the 
commercial sector. 

Given this baseline on the Lingayen Gulf fisheries, this paper shows the lack of information on pelagic 
resources in the gulf and the poor knowledge of commercial operations on pelagics outside the gulf but 
often recorded as Lingayen Gulf in origin. The paper, based on secondary information, suggests that: (1) 
tunas are not recognized as a major resource in Lingayen Gulf and (2) bamboo rafts should be used to 
aggregate tunas for artisanal-scale handling operations since these greatly enhance the income of fish
ermen as has happened in other areas of the Philippines. 
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ABSTRACT 

Assessment of the water quality in Lingayen Gulf was done for 18 months beginning March 1987 in 15offshore and river stations. The following parameters were covered: pH, temperature, dissolved oxygen(DO), salinity, transparency, suspended solids, nutrients, heavy metals and coliforms.DO values were less than the National Pollution Control Commission (NPCC) standard of 5 mg/l andwere recorded constantly in river stations in Coliat, Inerangan, Patalan, Agno and Dagupan. These lowDO values coincided with high nutrient concentrations, suggesting that these areas were loaded with 
waste. 

Inerangan River frequently yielded a high amount of suspended solids, which range from 1,597 to5,566 mg/l. Agno, Dagupan and Patalan were identified as critical areas. Agno River contained the highest levels of Pb and Cd, which range from 4.920 to 5.400 ppm and from 0.032 to 0.049 ppm, respectively.
The NPCC limit is 0.05 ppm for Pb and 0.01 ppm for Cd.

Sediments from Dagupan gave the highest Hg concentration at 0.32 ug/g dry wt. No NPCC limit wasavailable for Hg in the sediment, but its relatively high level in Dagupan might indicate a high level ofthe metal in the shellfish gathered in the area. Both the Patalan and Dagupan Rivers had coliform levelsexceeding 2,4Q0/100 ml. According to NPCC, coliform level should not exceed 1,000 most probable number (MPN)/100 ml. All other parameters were within the limits set.by NPCC. 
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ABSTRACT 

This paper reviews the status of brackishwater aquaculture in the eight coastal municipalities of 
Pangasinan in Lingayen Gulf, Philippines. This is based on a survey conducted from July 1987 to March 
1988 covering 499 farms and representing 11% of the total brackishwater fishponds in the area. Average 
production was low at 896 kg/ha/year as compared to other areas in the country. 

Aquaculture development in Lingayen Gulf is discussed in the context of pond culture intensification 
of milkfish and shrimp and expansion through the establishment of mariculture projects. Potential 
mariculture sites including cultivable species in Lingayen Gulf. especially in Pangasinan, have been 
identified. Preliminary results of ongoing farm testing activities for oyster culture and cage culture of 
siganid are also presented. 
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ABSTRACT 

This study investigated the milkfish fry gathering industry in two adjacent communities in LingayenGulf, Philippines. One site has beaches classified as part of the national seashore park and the otherfalls under municipal management and is concessioned at present to a group of resident smali.scale 
fishermen.

Differences in the economic structure of the two communities were identified and evaluated. Marketsystems employed were defined and analyzed in terms of maximum returns to milkfish fry gatherers.Significant economic and social contributions of milkfish fry g& hering were enumerated and their implications probed. The major problems ranged from gear inefficiency and storage to dwindling annualcatch. Recommendations included the regulation of net types, which capture spawning milkfish,development of stocking ponds the 
near fry grounds to minimize mortality rates and the adoption of more

efficient economic arrangements for marketing. 
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ABSTRACT 

The use of explosives in fishing is illegal and punishable with stiff fines and prison terms. Neverthe
less, it persists in a number of coastal villages in Lingayen Gulf. This paper is an ethnographic study of 
a fishing village in the gulf area based on primary and secondary data gathered from April 1987 to 
March 1988. It describes (1) how blast fishing is practiced in the village; (2) the perception of the village 
residents regarding the illegal practice; (3) the factors that affect its continued use; and (4) the measures 
taken by government agencies to check its use. 
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ABSTRACT 
Bacterial counts were measured in water samples collected from Segara Anakan and its vicinity for aperiod of one year. The bacteria were divided in three categories. Heterotrophs and halotolerants weremeasured as indicators of organic matter concentration and aquatic terrestrial influence, respectively.Coliform, fecal coli and fecal. streptococcus, collectively referred to as indicator bacteria, were used tomeasure the extent of sewage pollution. Pathogenic bacteria, such as Salmonellaparatyphi, were cultured from water and sediment samples to estimate the pollution in the estuary.The data show strong correlations between the bacterial counts and the environmental factors at thelocations where the samples were collected. Water from stations close to the river mouths and villageshad higher counts of halotolerant and indicator bacteria. Coliform counts were observed to be as high as2,000/100 ml and fecal coli, to be as high as 200/100 ml. The ratio of coliform to fecal coli was used as ameasure of the relative age of the marine environment of the pollution from major rivers.Count fluctuations from station to station were also shown to be influenced by temperature and season and organic matter concentrations. Average counts for all ten stations showed predictable patternswhen plotted over the one-year period. Higher amounts of halotolerant and indicator bacteria were consistently found during the rainy season when runoff and river discharge were greatost. lieterotrophicbacteria peaked in average concentration at 123 x 103 ml during the rainy season but also showed asmaller rise during the dry season. The lowest counts for all bacteria were from samples collected duringtransition periods (between rainy and dry seasons). The authors refer to their results to point out theproblems of seasonal water quality and health risks caused by excessive pollution in the Segara Anakan 

estuary. 
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ABSTRACT 

This study evaluates environmental laws and regulations that are related to Coastal Resources Man
agement (CRM) in Segara Anakan-Cilacap and their effectiveness in protecting the living environment. 
These laws are: (1) Agrarian Law No. 5/1.960 and related governmental regulations, which legislate the 
means for private control over land; (2) Forestry Law No. 5/1967 and related governmental regulations, 
which legislate the national control and management of mangrove forests; (3) Local Government Law 
No. 5/1974 and related governmental regulations, which give jurisdiction to local government over land 
within its boundaries; and (4) Environmental Law No. 4/1982 and related governmental regulations 
which prescribe the national use of the environment and its resources. 

There are two opinions about CRM because of the different orientations to Segara Anakan-Cilacap's 
land use planning. The Department of Forestry (Perautani-State Forestry Corporation) officials claim 
that their department is the only institution authorized to control coastal forests, including mangroves. 
On the other side, the Cilacap local government claims that it has the authority to develop and use the 
-.reas under its jurisdiction. The local government has ercouraged Segara Anakan-Cilacap people to 
develop agriculture as an alternative to traditional fishing. To do this, they should cultivate the sur
rounding land by clearing mangroves. Such deforestation erodes natural iiabitats and affects fisheries 
abundance. Forestry officials say that agricultural development increases mangrove deforestation. 

These fundamental legal problems need to be resolved. Furthermore, any plan concerning the devel
opment and management of Segara Anakan-Cilacap should consider the interest of the local people and 
the environmental characteristics of the area. 
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ABSTRACT 
Segara Anakan-Cilacap on the southern coast of Java has extensive natural resources. Its mangroveforest is the largest in Java. The lagoon and its tributaries are inhabited by a variety of fisheriesresources on which many local comipunities depend.This study anal -es social change, which is caused by alterations in the basic environment in thecommunities of Segara Anakan-Cilacap.
An example is the high sedimentation in Segara Anakan, which originates frem rivers flowing into thelagoon, and the upland erosion that has increased dramatically. Both have changed the basic physicalenvironment of the lagoon and have created problems such as:1. decreasing income for the 7,813 people, 87.5%of which are fishermen (1987);2. changing land use--mangrove areas have been converted into paddy fields, especially where land

accretion has occurred;3. conflicting interests between the village people of Segara Anakan-Cilacap and the State ForestryCorporation about ownership of the accreted land; and4. managing the Segara Anakan-Cijacap environment to provide better protection for nursery
grounds of offshore resources.Data surveys show that the majority of the Penikel village people of Segara Anakan-Cilacap expect tochange their livelihood from fishery to agriculture or in combination. Public officers' attitudes tend tosupport this change, although they are compounded with environmental problems and the poor localeconomy. There is no change agent or proper institution in Segara Anakan-Cilacap to support a comprehensive shift in livelihood and the better management of lagoon resources. Thus, the study suggests thata plan should consider a new institution to coordinate a management plan and that existing local institutions be involved in the planning process. Local communities should also be an integral part of planning and implementation because they have the largest impact on local resources use. 
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ABSTRACT 

The poor socioeconomic situation in Segara Anakan-Cilacap is at the base of the resource management 

problems there. This study analyzes the economic activities, level of income and the contribution of fish

eries in relation to ether livelihoods. It makes recommendations on how to increase income and decrease 

dependence on fisheries for the population of 7,812 or 4,602 households. 

Baseline surveys showed that the mean income is below the national poverty threshold of 320-480 kg 

or its equivalent and that 74% are fishermen, 17% are formers and 9% have other occupations.of rice 
About 70% of all household income still comes from fishing, which has declined significantly in the last 

ten years. 
Offshore fishing outside the lagoon is the most profitable; this is done through the use of gill nets by 

fishermen with outboard motors for their boats. In the lagoon, the most profitable and nondestructive 

methods of fishing are done through the use of trammel nets (jaringciker), bamboo traps (wadong) and 

lift nets (pintur).The latter are used for crab fishing and are recommended to replace the fine-meshed 

nets that are depleting the fish stocks. The use of these methods is to be encouraged while considering 

maximum sustainable yield. 
Farming contributes to only 8% of the household income, although an undisclosed amount is derived 

from mangrove exploitation for wood, charcoal and some wildlife. Aquaculture of tilapia is feasible. Mar

keting can be improved and postharvest processing is encouraged to increase income from the present 

fish catch. Households earn more--above their average income--in doing certain day-labor activities such 

as frog keeping, water fetching and construction work. 
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ABSTRACT 

The institutional framework for Coastal Resources Management (CRM) in Segara Anakan-Cilacap
and other regions in Indonesia is generally based on Law No. 4/1982, which regulates the principles of
environmental management. On the national level, the management should be implemented by a coor
dinating body, chaired by a minister. The sectoral part is managed by a ministry or a nonministerial
institution in accordance with its specific function. Environmental management in the regions is
enforced by the local government. An important regulation derived from the above law is Governmental
Regulation No. 29/1986, which is concerned with the analysis of an environmental impact.

Each law regulating certain aspects of the environment stipulates rules on the authority of govern
mental institutions to manage limited parts, without considering the need to coordinate activities. Law
No. 4/1982 is supposed to have an impact on coordination, but it has so far been ineffective. 

To establish an applicable institutional framework, it is necessary to:
1. 	 review the environmental laws and other lower-level statutes with empirical data that will affect

land use under the Department of Forestry, the Agrarian Land Board Office and the local gov
ernment (Bupati);

2. 	 encourage local government officials to become responsible agents of change in implementing 
programs that could move people to follow environmental management regulations;

3. 	 form and authorize a coordinating body at the local government level to implement environmen
tal management programs; and 

4. establish better coordination among environmental study centers in universities to improve poli
cymaking.

The local agencies and leaders who should be involved in a CRM program are the regional planning
agency (BAPPEDA), the local government (Bupati), the Agrarian Land Board Office, the Department ofForestry or the State Forest Corporation (Perhutani), the Department of Fisheries, the local police and
the village council and chief. 
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ABSTRACT 

The Coastal Resources Management Project (CRMP) of the Office of the National Environment Board 
(ONEB) of Thailand places a high priority on the use of different types of mass media to reach the gen
eral public, teachers, administrators, politicians and private investors for the scientific and technical 
aspects of CRM. In Thailand, there are 22 daily and weekly national newspapers--13 in Thai, 2 in 
English and 7 in Chinese--with a combined circulation of more than 2 million, of which 50,000 is in Chi
nese. There are 94 weekly, biweekly and monthly magazines; 10 TV stations covering 80% of' the country 
and over 400 radio stations. There are also over 100 local weekly newspapers in all 72 provinces, 
excluding Bangkok. 

A census of all the major newspapers had been undertaken for three months (April-June 1988) for 
topics related to CRM in any capacity. This census found 378 news items--114 articles and 264 news
briefs and reports. The most frequent topic was coastal development, followed by coastal agriculture and 
fisheries, environmental problems and pollution; coastal parks received the least attention. The Bangkok 
Post (in English), for instance, had Lhe most news items on CRM. Coastal development and environment 
were the most frequently reported topics, while coral reefs and mangroves were the least. 

The CRMP intends to use the print and the broadcast media as much as possible by inviting them to 
project activities and providing them with press releases and CRM bulletins. 
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ABSTRACT 

This study documented the local patterns of coastal resources use in the fishing community of Pak KraDae, Ban Don Bay, Thailand. An anthropological approach, composed of several interview techniques,was used to gather qualitative data from 127 households. Most Pak Kra Dae villagers had at least fouryears of mandatory education and about 8% had six years. All were Buddhists and most were of Chinese 
descent. 

The main occupations are crab fishing, oyster culture and push-netting. Secondary jobs include smallbusiness, wage employment, shrimp culture, trawling, labor in a rubber plantation or dried shrimp factory, poultry raising, government employment and machinery operation. The average annual income perfishing household was US$3,200. Additional income was averaged at US$2,000/year in less than 50% of
the households. 

Mangroves are traditionally used as a fishing ground, source of firewood, charcoal, and in constructionmaterials. Currently, the remaining mangroves are preserved as windbreakers although the areal cover
age is declining.

The villagers' level of awareness of seawater quality is high. They complained of the pollution of thewater coming from the factories and shrimp farms; they also thought that water could not circulate wellenough to carry away the pollutants. Thus, they have moved their oyster beds farther offshore. Inshorefishing also decreased, so deepsea fishing has become more common.The major issues on resources use, as seen by the villagers, are the depleting mangrove forests, worsening water quality and declining inshore fisheries. They saw the causes of these as beyond their village's control and, thus, they are forced to adapt to the changing environment. The village, however, preferred to maintain the mangroves on which inshore fisheries are dependent. 
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ABSTRACT 

The Ban Don Bay coastline covers about 1,100 km2 and that of Phangnga Bay covers 1,180 km2. Rapid 

development is affecting land use in both bays. Common-use conflicts include bracishwater aquaculture 

development in the mangrove/estuarine areas and agriculture in coastal habitats or in inappropriate 

land and unplanned urban development. There is no zonation plan for land along the coast, except 

guidelines for forest management. 
The project surveyed existing land uses; established criteria for land uses vis-&t-vis land use capability; 

developed map overlays and zonation plans; and formulated strategies for implementation. 

For Phangnga Bay, it was concluded that pond aquaculture is not appropriate because of high tidal 

fluctuation; high sediment loads adversely affect bay cage culture; and mangroves are relatively intact 

except in those areas used for traditional exploitation (e.g., charcoal-making). In this bay, the mangroves 

should be maintained because of their unsuitability for pond culture. Cage fish and mollusk culture can 

be promoted inGtead. Sedimentation caused by tin mining should be regulated. All deforestation should 

be stopped. 
For Ban Don Bay, it was concluded that pond culture development, which has replaced 77 km2. of 

mangrove and 20 km2 of paddy land since 1967, should be stopped. A zonation plan is recuinmenued that 
areaspreserves all remaining mangroves, allows continual pond culture and shows potertial for 

brackishwater culture. In particular, mangrove strips of up to 70-m wide along rivers and coasts should 

be reforested using local participation. Pond culture should be sustainable with respect to !znil and water 

conditions, ecological impacts on the soil and the downstream water quality from pond culture. Areas for 

the expansion of aquaculture should be qualified by the potential for acid-sulfate formation depending on 

their pH. Education of the local population and law enforcement are recommended to implement such a 

zonation plan. 
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ABSTRACT 

Samui Island is attractive to tourists because it has a combination of recreational marine resources.However, inappropriate and unregulated tourism development may be degrading this natural heritagethat both local residents and tourists value. This paper highlights how these resources are connected tothe lifestyles of the residents, and how residents and their resources are connected to tourism.The perceptions of the local residents toward resource management problems were obtained from a survey on the island, covering four different types of communities.
The survey focus was on: satisfaction with life; perceptions of what comprised "the good life"; and how

the quality of life could be improved.
The communities were also asked about their present work problems in fishing, tourism, transportation and about general problems relating to land, water for agriculture and for dinking; food supplies;environment; the efficacy of government agencies and services; sales of handicrafts and other goods totourists; debts; education; employment opportunities; security; migration; energy supplies; road safety;and religion and media in the context offurther tourism expansion and resource exploitation. 
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ABSTRACT 

Phangnga Bay on the western coast and Ban Don Bay on the eastern coast of the Upper South region 
of Thailand were once endowed with rich and diverse mangrove forests. Due to human activities, man
grove resources have been seriously degraded, especially in Ban Don Bay. The existing mangrove forests 
of Phangnga and Ban Don Bays are approximately 19,637 and 4,160 ha, respectively. 

Land uses in Phangnga Bay are shrimp ponds (125 ha), agricultural land (3,994 ha) and mining (672 

ha). In Ban Don Bay, shrimp ponds and agricultural land are the two main land use types with areas of 

5,331 and 2,723 ha, respectively. During the past ten years, more than 60% of the total mangrove forests 

along the coast of Ban Don Bay were converted into other types of land use; in Phangnga Bay, mangrove 

forests converted into other types of land use reached 20%. 
The average stem density of mangroves in Phangiiga Bay is greater than in Ban Don Bay at 632 trees/ 

ha. Rhizophora apiculata,the most commercially important species, has the highest stem density (238 

trees/ha) in Phangnga Bay. But in Ban Don Bay, this species has a low density, with an average of only 

76 trees/ ha. Avicennia has the highest stem density in Ban Don Bay. Most mangrove areas in Phangnga 

and Ban Don Bays have low stem volumes, averaging 38 and 85 m 3/ha, respectively. The low stem vol

ume is due to the high density of small-sized trees (4-10 cm in diameter) and the selective cutting of 

large trees (>10 cm in diameter) for use in charcoal-making, firewood, posts and poles. However, the 

natural regeneration in terms of the densities of samplings and seedlings is good in both bays. 

Management issues identified are the: conflicts in mangrove land use; the lax harvesting system; in

sufficient manpower and facilities for forest protection; the lack of public support for forest conservation; 

and the inadequate cooperation among mangrove resource institutions concerned. These problems were 

identified as the causes of the degradation of mangrove forests and the alteration of the physical condi

tions of the areas. 
Management measures aimed at mitigating the continued destruction of mangrove resources are: 

mangrove land-use zoning; strict harvesting control; continuous protection activities, with adequate en

forcement mechanisms and sufficient manpower and facilities; reforestation; and the establishment of 

public awareness programs. 
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ABSTRACT 

Wildlife in Ban Don and Phangnga Bays in the Upper South area of Thailand was assessed by measuring species diversity, occurrence and abundance. A census of birds, mammals, amphibiansreptiles was taken by direct observation, habitat inventory and from interviews with local residents. 
and 

The major wildlife habitats in Ban Don Bay are mangroves (46 kin2), Melaleuca (216 kin2), evergreen
forests (2,089 km2) and agricultural areas (5,694 kim2). In Phangnga Bay, mangroves (246 kM2) andcoastal lowlands (3,606 km2) are the major habitats. A total of 81 families of wildlife consisting of 242species (159 birds, 35 mammals, 18 amphibians and 30 reptiles) were found inhabiting Ban Don Bay,while 55 families with 157 species (120 birds, 7 mammals. 4 amphibians and 26 reptiles) were found in 
Phangnga Bay.

Birds had the highest diversity in both areas, with insectivorous species in evergreen habitat types asthe most common. The study observed five rare and endangered wild animals, which included twomammals, a white-handed gibbon (Hylobates lar) and a serow (Apricornis sumatraensis) in the 
evergreen forest; and a mammal, the smooth-coated otter (Lutraperspicillata);a bird, the masked finfoot (Ileliopaispersonata);and a reptile, the saltwater crocodile (Crocodylusporosos), in the mangroveforest. Three sites of outstanding shorebird concentrations were found in Phangnga Bay, of which two are not protected or managed. Thirty-six legally protected areas covering 6,667.5 km 2 have been estab
lished in the Upper South area and represent all main habitats.

Habitat destruction, resource use conflicts in protected areas and illegal hunting are the main problems in the Upper Sbuth's protected areas for wildlife. Recommendations include adopting development
plans for agricultural expansion which also protect natural habitats, more intensive surveys of endan
gered wildlife and further education for the local residents near the protected areas. 
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ABSTRACT 

A key aspect of coastal resources development planning involves an analysis of the socioeconoraic 
characteristics of the area concerned. While there has been some development in the scientific literature 
on the use of GIS as a tool for the physical resources assessment and planning of coastal zones, the 
application of such a tool in the socioeconomic area has been less advanced, especially in the developing 
countries. The lack of a proper spatial framework for socioeconomic data collection and the high cost for 
GIS have been the major reasons for this. However, recently available GIS software for personal com
puters offer hope for change. This paper reports on preliminary experiences in applying GIS techniques 
for various socioeconomic planning analyses in an ongoing research project on coastal resources manage
ment for the South Johore coastal region in Peninsular Malaysia. 

This paper also provides an overview of the various typical socioeconomic analyses and planning 
issues, particularly those in coastal resources management, where socioeconomic assessment should 
relate to the physical resources available in the area. It discusses the database requirements to address 
these issues and illustrates the typical data constraints in the study area, the South Johore coastal 
region in Peninsular Malaysia. It briefly reviews how GIS can be used profitably to address questions, 
considering the particular data constraint of the problems encountered. A specific GIS software, SPANS, 
is used for this purpose. This paper then presents some representative analysis results that have been 
obtained using the SPANS package in the research project. Finally, the paper discusses some potential 
applications and their implications on the socioeconomic data collection methods and database develop
ment framework of the various government agencies concerned. 
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ABSTRACT 

This paper presents the results of a questionnaire survey consisting of about 1,000 householdsselected from the various parts of Singapore through a stratified random sampling procedure. Thesuivey, conducted in June 1987, was the first of its kind. Its objectives were as follows: (1) study thecommunity's awareness of marine issues and concepts; (2) identify the citizens' preferences for marineresource commodities; and (3) examine the general percepGons on the use of the limited coastal area.The results were somewhat mixed. Respondents' awareness of marine issues and concepts was poor,although the results varied widely across the levels of educational attainment. Citizens' preferences forseaside accommodation and marine recreation also depended heavily on their income and educationallevels. The relatively well educated and wealthy citizens preferred seaside to inland living. The resultsdid not show any clear indication of the citizens' perceptions on the pattern of use of the coastal zone.There was, however, general optimism about the prospects of Singapore's marine industries. 
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ABSTRACT 

The Southern Islands of Singapore comprise over forty islands off the southwestern coast of the main
island of Singapore. The area is bounded on the south by Indonesias territorial waters. Separating the 
two territories are the Main Strait and Philips Channel, which, together with the Malacca Strait, consti
tute one of the busiest international shipping routes in the world. The coastal area (including the water
front land on the main island's coast) has been developed over a period of one and a half centuries but 
more so after World War 11 and especially since the 1960s. The main developments are in shipping and 
port, manufacturing industries--including petroleum refining, petrochemicals, stor.ge of liquid products,
shipbuilding and repairing-.and other heavy industries. Several of Singapore's power generation plants 
are also located in the area. The pressure to develop water resources has impounded several of the rivers 
on this stretch of the mainland's coast. Concurrently, major efforts have gone into developing recre
ational and tourist facilities on Sentosa and many nearby islands. Three of the southernmost islands are 
reserved for military use. Much of the coastal area surrounding the Southern Islands and the activities 
there have undergone tremendous changes over a very short period of time. This coastal area clearly re
quires a management plan to ensure, on the one hand, that vital development needs are not hampered
and, on the other, that the consequences of environmental pollution and degradation are controlled so as 
not to affect adversely other resource uses (both present and potential) such as fishing, aquaculture,
tourism and recreation, and education and research. There are also cultural and aestbetic aspects of the 
area that should be preserved and enhanced. Ways should also be found to preserve the small commu
nity in Pulau Sakeng and to draw together the diverse elements of coastal area management. At this 
stage, the proposed management plan is intended to stimulate discussion rather than produce a final 
solution. 
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ABSTRACT 

Economic analysis of coastal resources is needed to evaluate fully alternative development scenarios.Because of the links between the physical, economic and social systems in the coastal zone, actions takenin one part of that zone can affect other coastal resources and resource users. Economic analysis helps toexplain the magnitude 'of these impacts and interactions as measured in monetary terms.In this analysis, one encounters two major areas of difficulty: (1) how to place monetary values onvarious goods and services, some of which are not commonly bought or sold and (2) how to analyze various alternative development options. The former is a question of valuation; the latter is one of evalua
tion.

In recent years, analytical techniques have been developed to place monetary prices on many environmental and resource goods and services; the use of these techniques is discussed. The process of comparing alternatives, or evaluation, raises important questions about the physical boundaries of the analysis, appropriate prices and discount rates to be used, and how to balance private and public benefits.Examples of the application of both valuation and evaluation approaches are presented, based on theanalysis of mangroves and a specific bay ecosystem in the Philippines. 
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ABSTRACT 

The Association of Southeast Asian Nations (ASEAN) confronts many coastal management problems 
such as the depletion and degradation of habitats, the depletion of fish stocks, coastal flooding, water 
quality problems and the like. However, the social, economic, political and administrative conditions and 
traditions of its member-countries are sufficiently different that no single coastal management model is 
likely to be appropriate for all countries in the region. Although they have no single optimal model, their 
tasks of program development are very similar. Thus, there is much to be learned from comparing plan
ning and management experiences. 

However, each member-nation must carefully tailor its own program to include: 
* 	 an identification of specific coastal problems to be addressed; 
* 	 an identification of priorities among these problems; 
o 	 an analysis of specific processes that caused these problems; 
* 	 an identification of specific management techniques (such as development guidelines) designed 

to mitigate these problems; 
* 	 a set of organizational arrangements and administrative processes for implementing a manage

ment program; and 
* 	 the designation of a geographic area within which management will occur. 
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