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Foreword 

The coastal waters of Southeast Asia have some of the world's richest ecosystems and are 
characterized by extensive coral reefs and dense mangrove forests. Blessed with warm tropical climate 
and high rainfall, these waters are further enriched with nutrients from the land, which enable them to 
support a wide diversity of marine life. Because economic benefits could be derived from them, the 
coastal zones in these countries teem with human settlements. Over 70% of the population in the region 
lives in coastal areas where resources have been heavily exploited. This situation became apparent 
between the 1960s and 1970s when socioeconomic pressures increased. Large-scale destruction of the 
region'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 resources are valuable assets that should be utilized on a sustainable basis. Unisectoral 
overuse 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 a 
certain extent, increased government revenues, but could prove detrimental to lowland activities such as 
fisheries, aquaculture and coastal-tourism dependent industries. Similarly, unregulated fishing effort 
and the use of destructive fishing methods, such as mechanized push-nets and dynamiting, have seri- 
ously destroyed fish habitats and reduced fish stocks. Indiscriminate cutting of mangroves for aquacul- 
ture, fuel wood, timber and the like has brought temporary gains in fish production, fuel wood and tim- 
ber 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 (MEAN) are sub- 
jected 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 of 
these 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 and 
multisectoral approach in developing management plans that will provide a course of action usable for 
the daily management of the coastal areas. 

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

a analyzing, documenting and disseminating information on trends in coastal resources develop- 
ment; 

0 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 dissemination programs, CRMP also attempts 
to develop site-specific CRM plans to formulate integrated strategies that could be implemented in the 
prevailing conditions in each nation. To date, these management plans have essentially reached the final 
phase of completion and require approval, endorsement and funding for implementation. 

v i i  



The Technical Workshop on Integrated Tropical Coastdl Area Management, held in Singapore on 28- 
31 October 1988, aimed to foster regional cooperation among scientists through an exchange of ideas, 
information, experiences and 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 Sinwpore, 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 inception 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 resmrces and communities, legal and institutional 
arrangements in coastal area management, environmmthabitat enhancement and production, and 
resource planning and management. The papers were bawd on research made and secondary data gath- 
ered by the various project task groups. 

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

We would like to express gratitude to the editorial aff of the ASEANNS 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. dosue and Eloisa Espiritu for typing them; and 
Rachel Atanacio for drawing the figures and preparing the layout. Appreciation is extended to Mr. Len 
Garces 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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Session I 
Coastal Resources Assessment 



An assessment of the coastal environment 
of Phangnga Bay, Thailand 

PRAWIN LIMPSAICHOL 
NIPAWAN BUSSAWIT 
Phuket Marine Biological Center 
Department of Fisheries 
P.O. Box 60, Phuket 83000 
Thailand 

LIMPSAICHOL, P. and N. BUSSARAWlT. 1991. An assesa- 
ment of the coastal environment of Phangnga Bay, Thai- 
land, p. 3-11. In L.M. Chou, T.-E. Chua, H.W. Khoo, PE. 
Lim, J.N. Paw, G.T. Silvestre, M.J. Valencia, A.T. White 
and P.K. Wong (eds.) Towards a n  integrated management of 
tropical coastal resources. ICIcARM Conference Proceedings 
22, 465 p. National University of Singapore, Singapore; 
National Science and Technology 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 ASEANIUS Coastal Resounes Management Project 
(CRMP). General environmental and oceanogaphic 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 (el0 ppt) from mangal 
canals. Coliform bacteria and other biological parametera 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 a e a B  were rough. The deterioration of eco- 
nomically important bivalve beds (Paphia spJ war observed to 
be related to the concentratione 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 h a  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 rnm. 
I t  is characterized by a calm sea and weather. 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 bay is shallow, 
largely influenced by runoff, with extensive mud- 
flats and fringing mangroves. Two stations, 
located on the eastern coast of the bay near Krabi 
Province, 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. 



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 plankton1 
shelltish 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 possible 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 d s )  during the north- 

east monsoon. The subsurface water intruded into 
the bay with a relatively strong flow (maximum 
s p e d  of 0.109 d 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 rn l s )  
was observed on the west coast (Fig. 1). 

Patterns changed during the southwest mom 
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 
( m ~ i m u m  speed of 0.093 m/s) was observed on 
the east coast. Similarly, subsurface water moved 
into the bay (maximum speed of 0.185 d s )  along 
the east coast while a minor subsurface flow was 
observed (maximum speed of 0.179 d s )  along the 
west coast (Fig. 1 ). 

During the northeast monsoon, a minor surface 
current (maximum speed of 0.099 d 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 21s). 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. 

%tal suspended solid (TSS) concentrations 
w e e  identical (12.8+3.2 ppm) on both coasts while 
the inner bay value was higher (18.1L5.0 ppm). 
The pH values in the inner bay water, affected by 
runoff, were lower (pH 8.23k0.09) compared to 
thage (pH 8.35f0.10) on both coasts (Table 2). 

Yalues of salinity, temperature, dissolved oxy- 
gen (DO) and total alkalinity were 32.0f0.8 ppt, 
28.6+0.4"C, 6.5k0.5 ppm and 134.W32.0 ppm 



CaCO,, respectively, which were identical in the 
three areas. The salinity in the inner bay was 
lower. 

Nearshore DO slightly exceeded that of the off- 
shore water (6.3k0.05 ppml, which may indicate a 
higher primary productivity. In general, the water 
quality of the outer sites of both coasts was char- 
acteristic of the open sea (Limpsaichol et al. 
1987). 

Table 3 presents the hydrological conditions 
observed during the northeast and southwest 
monsoons while the typical water quality parame- 
ter variation along the upstream and offshore 
stretch is shown in Figs. 2 and 3. 

The TSS patterns were closely related to water 
circulation in the bay. During the northeast mon- 
soon, the relatively high TSS (14.0f2.0 ppm) of 
the inner bay water was probably transported, 
partially settling off and being diluted along the 
counterclockwise path to the west coast, while a 
relatively low TSS (10.lf1.3 ppm) was observed 
along the east coast, where the partial mixing of 
runoff and seawater occurs. 

Similar patterns of TSS were observed in the 
southwest monsoon. The magnitude was higher 
due to strong winds, a clockwise circulation and 
the strong flow of the subsurface's counter circula- 
tion. Thus, a very high value of TSS (96.8f13.2 
ppm) was recorded in the inner bay with an in- 
termediate value of 10.8f2.0. A comparatively low 
value (20.8B.2 ppm) was observed on the west 
where the partial mixing occurred. The TSS in the 
inner bay varied greatly from 615.0 ppm during 
the southwest monsoon to 41 ppm during the 
northeast monsoon. 

The inner bay TSS had a low organic content. 
This implies that the sediment consisted of loosely 
combined silt and clay derived from mine tailings. 
The subsurface TSS during ebb tides generally 
contained a lower organic load than the surface 
TSS, which supports the above pattern. 

During the northeast monsoon, the TSS content 
in the bay was relatively uniform (14.0-12.0 ppm) 
throughout ebb and flood tides. In contrast, the 
strong southwest monsoon's resuspending action 
occurred typically along a stretch about 1 km 
before and behind the coastline. Thus, a very high 
TSS content was observed upstream during flood 
tides and vice versa as well as during ebb tides. 
This ~howed that the majority of TSS in the bay 
was derived mainly from the resuspension of 
deposited sediment along the shore. 

Similar salinity (31.93k0.27 ppt) was recorded 
during the northeast monsoon at flood and ebb 

tides in the bay, implying uniform circulation. 
Southwest monsoon subsurface inflow on the west 
coast resulted in a slightly higher salinity than on 
the east coast (32.28f0.04 ppt) while relatively 
low salinity prevailed in the inner bay water 
(31.06-tO.5 ppt). Diurnal variation (4.3 ppt) was 
considerably higher during the northeast monsoon 
(1.6 ppt). An upstream salinity variation of 11.9 
ppt was observed. 

During the northeast monsoon, the east coast's 
salinity varied by 1.20 ppt (Table 4). This ex- 
tended 2 km from the coastline beyond which the 
salinity remained uniform throughout (32.94f 0.27 
ppt) and relatively stable. Such a salinity varia- 
tion was greatly enlarged during the southwest 
monsoon. During a prolonged dry period, a 3.5 ppt 
variation extended for 5 km offshore while an up- 
stream variation of 12.0 ppt was enhanced during 
heavy rainfall periods. 

The buffering property of the coastal bay waters 
was relatively high, as  indicated by the total 
alkalinity shown in Table 3. 

The northeast monsoonal water temperature 
(28.62+0.40°C) in January was relatively lower 
than the southwest monsoonal value (32.3k0.5"C) 
in ;Tune. These values prevailed uniformly in the 
coastal waters where a 3OC diurnal variation was 
recorded regardless of ebb or flood tides. 

High nutrient contents (PO, and NO,) were 
generated in the mangal upstream area during 
the northeast monsoon. They were diluted by the 
downstream water and moved into the bay during 
ebb tide. The nutrient-rich stream water was then 
pushed backwards upstream during flood tide. 
Thus, high nutrient contents were again recorded 
in the upstream water. Although the southwest 
monsoon caused a fluctuation in nutrient contents 
as runoff from various sources, a similar circula- 
tion pattern was observed. 

Aquaculture activities, chiefly cage culture, are 
increasing and one of the sites (KK site), about 3 
km upstream of Park Lao River called kokekrai 
affected the water quality in the area. This inten- 
sive cage-mariculture site usually associated with 
human settlements (with 400 cages) caused very 
turbid water (TSS 106 mgA) and had exceeded the 
threshold value (NTAC 1972). The TSS consisted 
of a high organic fraction (OF) of up to 63 ppm, 
which was mainly the remainder of fishmeal 
(Table 3). 

The microbial decomposition caused very low 
DO (<3 ppm), which further decreased at night. 
Thukhvinars et al. (1983) reported the DO content 
in heavy culture areas to be as  low as 1.5 ppm at 



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 
CaC03). 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 MPNI100 ml) was 
recorded, which exceeded the acceptable value of 
1,000 MPN1100 ml (Unkulvasapaul and 
Simachaya 1986). 

High levels of coliform bacteria (1,400 MPN1100 
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 gCIm2lyear from a range of 287- 
956 gC/m2/year (Siindstrorn 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/m3/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 
mgIm3. Copepods were the most abundant group 
(30.3%). Other zooplanktonic larvae were crabs, 
shrimps and bivalves, which shared the propor- 
tion ranges of 1.2-10.7%, 0.9-2.6% and 0-2-5.5%, 
respectively. 

High densities of zooplankton were recorded 
during the northeast monsoon in the inner bay. 
Their abundance and distribution were compli- 
cated but the hydrodynamic regimes and feeding 
obviously 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 

obsewed in some locations. The third layer con- 
sist& of fine and coarse sand and was low in 
organic content with coarse shell fcagments. 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. 

Mfrobial decomposition of organic material 
occurred in the sediment layers typically under 
anaerobic condition that leads to the intensive 
genetation of H,S. Sulfide level in the sediment 
was BS high as 306.6 mgkg wet wt. during the 
northeast monsoon compared to 223.9 mgkg 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 
innet 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 kglday, mainly 
of penaeid and metapenaeid shrimps. The average 
catch yield was 4.0k1.2 kglday a t  a size range of 6- 
15 cm in length. Catch comparison with 15 boats 
during the southwest monsoon yielded 1-5 kglday. 
Similar species were recorded but the catch yield 
average was only 2.7kl.l kdday. A significant 
decline in yield occurred during the southwest 
monsoon. 

One factor affecting the shrimp yield was the 
increrase in TSS, especially during the southwest 
monsoon, which caused a seaward distribution of 
shrihp species. 

Bivalves 

Study emphasis was put on economically impor- 
tant bivalves, i.e., the short-necked clam (Paphia 
spS land the cockle (Anadam spp3. They were 
k n o w  to spend their early life as planktons 
drifting along the coastal waters for about 14 days 
befoe metamorphosis and settlement. However, 
various conditions limited the settlement of lar- 
vae. 



Sediment cores taken during the northeast 
monsoon showed that the bivalve (Cuspidaria spJ 
of 5 mrn inhabited the top sediment surface. It  
was much disturbed during the southwest mon- 
soon. 

Fish larvae 

The fish larvae results were based on the anal- 
ysis of samples taken from January to December 
1984 by Janekarn and reported by Janekarn and 
Natheewathana in 1988 (Fig. 4). 

Forty-nine families of fish larvae with 4,122 
individuals were identified. Of these, twenty-six 
families (63.8%) have economic importance. Sci- 
aenidae, Leiognathidae, Engraulidae, Carangidae 
and Cynoglossidae made up 84.3% of the economi- 
cally important group. This group was more 
abundant in the outer bay (15%) than in the inner 
bay (2%). The highest density was observed in 
January and the lowest in September. 

The distribution dynamics of fish larvae in the 
bay was in response to the environmental stress 

coastal areas during prolonged heavy rainfall. On 
the other hand, less extreme salinity changes 
were observed during the northeast monsoon. The 
coastal water was generally saturated with dis- 
solved oxygen. The low DO (<3 ppm) and total 
alkalinity (<60 ppm CaCO,) were observed in the 
intensive mariculture sites with corresponding 
high coliform bacteria (1,700 MPN/100 ml). The 
pH and temperature values were generally uni- 
form during the northeast monsoon while a small 
drop in pH and a 3°C increase in temperature 
were recorded during the southwest monsoon. 

High nutrients (No3 and POJ were generated 
in the mangrove areas, and these contributed to 
the high primary productivity (70 mgCIm3h) of 
the coastal water. 

The top sediment consisted mainly of silt and 
clay with relatively low organic content. The 
deeper sediment contained finer sand and a 
higher organic fraction with shell. fragments. 
Monsoonal influences altered the depth of the top 
sediment from around 8 cm during the northeast 
monsoon to 3 cm with diurnal variations during 

monsoon where salinity and TSS variations were 
small but were higher during the southwest mon- 
soon, aside from the residual water circulation 
resulting from the outer bay. 

due to mon~oo~~variation. The high and low densi- ' the southwest monsoon. Relatively high sediment 
ties were in close correlation with the northeast sulfide was recorded during the northeast mon- 

soon, Evidently, low survival of metam'orphosed 
bivalves was attributed to severe sediment condi- 
tions such as sediment perturbations. 

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 
northeast monsoon was counterclockwise. It  was 
accompanied by a subsurface circulation in the 
same direction. During the southwest monsoon, 
the surface residual circulation turned clockwise, 
opposing the subsurface circulation, which caused 
the resuspension of the bottom sediment. The sur- 
face residual circulations can make planktonic 
larvae drift into the sea within eight days before 
metamorphosis. 

During the southwest monsoon, most of the 
TSS were derived from the resuspension process 
a t  the coasts, Its magnitude was recorded at 96.0 
ppm with 615 ppm diurnal variations in the inner 
bay. Similar patterns were observed during the 
northeast monsoon but with a smaller magnitude. 
The TSS contained a relatively low organic frac- 
tion from previously discharged mine tailings. 

The coastal area was affected by the diurnal 
salinity variation during the southwest monsoon. 
The potential variation of 12 ppt affected- the 

RECOMMENDATIONS 

Shellfish larval movement, which is extremely 
complex and difficult to discern, needs to be fur- 
ther studied before proper management measures 
can be proposed. The input of sediment to the bay 
is generally detrimental, thus, it should be 
decreased. Large ranges of salinity limit the 
appropriate species to be reared in the bay. 
Management should be sensitive to the variations 
that exist in selecting species. 

Low dissolved oxygen and high coliform bacte- 
ria occur locally near the mariculture sites due to 
the accumulation of excess feed and waste. Also, 
water movement is slack because of the cage 
setup. Thus, proper mariculture management has 
to consider the density of cages, among other fac- 
tors. 

Abundance of economically important fish lar- 
vae in the outer bay depends on water circulation 
and avoidance of inner bay stresses. However, 



spatial and temporal information are still lacking HMSQ. 1981. The analysis of agricultural materials. HMSO, 
to plan for closed seasons for trawling, push-ne6 
ting and use of other fishing gear responsible for 
overfishing. Public education will then be neces- 
sary to disseminate the importance of controlling 
ovefishing. 
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Table 1. Sample veriablea of units and techsiqwe uwd in eamplinp. 

Variable Unit Technique Referem 

TSS P P  (msfl) GF/C Ntratlon APIfA-AWWA-WPCF (1875) 
Organic Haso4-Wm4 HMSO (1981) 
fraction digwstion 

SaUnity PPt Conductivity APHA-AWWA-WPCF (1975) 
Tempereturn .C Thermister YSI 
DO PPrnb@) OLygen meter YSI 
PH 
AUralinity CaCOs @trickland and P a m a  (1872) 
Nutrients pg-awl Speamphotometry Stricklmd and P m n s  (1972) 
WO,, NOB, PO41 
Collfolm MPNnOOd Multiple tub- 
Currente d e  Current meter 
Direct'in D e p  ref. Current meter 

to north 
Has  WJ'4f wet Zi nc&ate and Grssshoff et al. (1983), J+rgennen and 

w t  v-tmphotametw Fenchd (1974) 
King end Zarbin (1969) 

Fish larvae IndA,OOO Plankton net type UNESCO (1968) 
ma WP-8.1 mm meah and 

4% formalin preservative 



Table 2. General monitoring (Jarmazy July 1987). 

Parameter East coast Went mast h r  bay 

mu P P ~  1 2 M . 2  12Ri3.2 10.1l6.0 
pH 835iOlO 8.3Sf0.10 8.23f0.09 
salinity, & 32.M.8 32.OM.8 31.7il.3 
Temperahue, A~ 28.W.4 2S.BfO.4 a8.6M.4 
DO 6.M.5  6.M.6 6.Bf0.5 
Alkalinity 134.at32.0 13.l.Oi32.0 134.OH2.0 

Table 3. Hydrological conditions. 
Northeast monsoon (January-February 1988) Southwest monsoon my-June 1988) 

Parameter East coast West coast Inner bay KK site Eastmast West coast Inner bay KK-site 

TS, P P ~  10.1d.3 7.W.O 14.Ct12.0 5.87.3 
ATSS 18.1 18.1 41.0 
OF (TSS) LT 16.4B.1 31.W4.6 18.2t6.1 31.9663.66 

HT 28.124.7 
Salinity, ppt 31.9-.27 31.93?027 31.93M.27 27.84-30.8 
ASalinity 1 .20 1.57 1.56 
DO, P P ~  6.Sm.34 6.2e0.31 6.26M.31 3.80-4.45 
ADO 205 1.82 2.41 
Alkalinity 

P P ~  ~ C O S  160.W1.0 160.M.O 160.W1.0 157-158 
dAIkalinity 3.0 3.5 5.0 
pH 8.27H.02 0.12f0.04 8.12M.04 7.53-7.78 
APH 0.08 0.16 0.36 
Temperature, 'C 28.62f0.40 28.62M.40 28.6210.40 29.629.9 
ATemperature 2 2 3 
Coliform bacteria, 

APPNnOO ml 23-260 34-2,400 

Notes: KR = Kokekmi rage mariculture; A = variation. 
Data enclosed in parentheses were mllected in August 1987. 

28.7i5.0 
115.3 

18.W.4 

32.28M.04 
1.0 

Saturated 

182.W.1 
27.5 

8.08NJ.03 
0.57 

32.6H.5 
2 

4-350 

20.8B.2 
48.6 

10.8f2.0 

32.41fl.02 
1.0 

Saturated 

160.OL4.0 
5.0 

8.18H.01 
0.09 

32.7f0.5 
1.2 

96.8fl3.2 
615.0 

1 0 . ~ 0  ' 

3 1 . W . 5  
4.3 

Saturated 

160.0?4.0 
6.0 

7.97H.04 
0.62 

31.e0.5 
1.8 

9-170 

Table 4. Upstream-oirshore atretch salinity variation. 

Lacstion Northeast monsoon Southwest momom Potential 
variation 

lhtfoast Sdinity 1-20 PPt b 6  P# 11.90 ppt 
OtYnhole 2km 6km 8km 

west coast Salinity 1 ppt 1 ppt 
O&hom 2 km 2 h  



a Surface 

Southwest Monsoon 

Fig. 2. Typical variation in TSS. Northeast monsoonal-uniform variation 
(A). Southwest monsoonal-high TSS (B) in upstream and offshore during 
flood and ebb tides, ~spectively. Typical salinity variation of 12 ppt (C) 
located upstream. It can be much larger under heavy rainfall. 

PUNYEE RIVER 
A Narlhnast monnrn *.* r 

(Jan - F& 1988) 

Fig. 1. The mastal residual circulation patterns of Phangnga Bay in 
the Andaman Sea coast of Southern Thaiiand. The hydrographic 
data were adlected during spring tides in January 1988 of the 
northeast monsoon and in June 1988 of the southwest monsoon. 
Surface patterns (A) represent 1 m below surface circulation. 
Subsurface patterns (B) repreaent 0.5 m above the bottom of the 5 
m depth mean tidal level. 

Fig. 3. Nutrients input (A, B, D and E) during the northeast and 
southwest monsaons, seawards at ebb tides and seawater flushes 
upstream during flood tides. High nitrite was generated in the coastal 
waters (C), otherwise, it was uniform (C and F). 
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Fig. 4. The fish larvae were based on samples taken from 14 stationm around the bay fmm January ta December 1984. There 
were many families and high density in the outer bay but relatively few f a m i l i ~  and low density in the inner bay: (a) the 
abundance and distribution according to site; (b) the seasonal abundance and dietribution; and (c) high and low densitim in 
the northeast and southwest monsoons, respectively (Janekarn and Natheewathana 1988). 
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ABSTRACT 

Fisheries, while a small contributor in terms of national 
grosa domestic product (GDP), is important b Brunei Darus- 
salam. There ia a high per capita consumption of fish, and 
many people are engaged in fmhing, especially on a part-time 
basis. 

This paper reviews the auweys and studies that have been 
carried out to assesa the fish atocks in the country. Sulveys 
have been conducted since the late 1940s; the early ones were 
incomplete. The demereal trawl aurvey conducted in 1979-1980 
with KIP Lumba-lumba was more comprehensive, the resulta 
of which were used to develop the fisheries, Subseqi~ent 
monitoring of the fish stocka has included regular trawling 
stations at selected grid .squares and the collection of catch 
statietics from fishermen. 

INTRODUCTION 

Fishing has traditionally been an important 
occupation in Brunei 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. They 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, the former is still important 
given the national policy of diversifying the econ- 
omy. 

Fish stock assessment began in the late 1940s 
and has continued until the present, with various 
periods of inactivity in between. The gear and 
fishing methods have become more sophisticated 
over the years. The results of the latter surveys, 
especially those by KIP Lumba-lumba, have been 
used to expand and develop the fisheries in con- 
trast to the earlier surveys, which remained in the 
form of unpublished catch records. Beales (1982) 
has dealt extensively with the surveys by vessels 
in Brunei Darussalam up to that conducted by 
KIP Lumba-lumba in 1979-1980. This paper 
reviews these surveys and other subsequent 
works on the etock assessment of fish resources in 
the country. 

The first survey was by MV Saripah which 
lasted from Jpne 1949 to January 1950 when 
another vessel, MFV Tinggiri, continued the sur- 
vey until September 1950. MFV Tinggiri was a 
75-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. 



RN Manihine 

In 1955, RIV 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-rnm 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- 
pahlMFV Tinggiri results. The catch rate from 
these hauls did not exceed 100 kglhour, 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 RIV Manihine off 
Brunei Darussalam. 

MFV Arapan Tei and MFV Berjaya 

In 1968, further surveys were carried out over 
four periods using small prawn trawlers, namely, 
MFV Arapan Tei and M W  Berjaya, 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 catch rate was 59 kghour 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 though the trawl 
used was actually designed for catching prawn, its 
composition in the catch was only 1.3% of the total 
catch. 

RN Penyelidek I and II 

The Malaysian research vessels R I 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 Darussalarn sector 
(Beales 1982). 

The two vessels were 23 m in length and were 
powered by engines between 320 and 365 brake 
homepower (bhp). They were equipped with 
"Errgel" German otter trawls with 40 mm cod-end 
meeh size and 20 m wide at the mouth of the nets. 
The vessels made 24 valid hauls for the 1-hour 
dmtion,  mostly at  depths of greater than 37 m 
for each. The survey area was in a region subse- 
qumtly called Stratum 2 in the following survey 
by KIP 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 
thmughout 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 KIP Lumba- 
lumba. 

W P  Lumba-Zumba 

In September 1978, the Fisheries Department 
of Brunei Darussalam purchased a 15.2-m steel 
stern trawler for use as a research and training 
vemel. Named KIP Lumba-lumba, it was used for 
the demersal resource surveys conducted in the 
country's waters in 1979 and 1980 and for other 
stock monitoring 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 
KIP Lumba-hmba were different--they were well 
planned and comprehensive, i.e., the report gave 
notonly stock size and yield but also guidelines on 
thej development of trawl fishery. Beales (1982) 
hag dealt extensively with the KIP Lumba-lumba 
surveys. The following summary is based on his 
repbrt. 

The demersal trawl used during the 1979 and 
1910 surveys was a Boris "Goshawk 57-foot 
headline box trawl. In calculating the swept area, 
a @re of 30 ft for the mouth opening was used. 
The area surveyed was generally in the waters 
beikeen 6 and 100-fathom isobaths (Fig. 4). It was 
divided into two strata based on depth. Stratum 
1, fkom the coast to the 25-fathom isobath, has an 
area of 3,533 km2, of which 1,466.0 kmz or 41.5% 



was taken to be accessible t o  trawling. Stratum 2 
stretched from Stratum 1 seawards, approxi- 
mately up to the 100-fathom isobath. It has an 
area of 5,848.0 km2, of which 4,905 km2 or 83.9% 
was considered to be accessible to trawling. The 
area was then divided into grid squares of 64.75 
km2. 

The mean catch rates were from 205 valid hauls 
of the 1979-1980 survey. The composition of the 
marketable catch was: 55.4% Leiognathidae, 6.3% 
Mullidae, 5.2% Carangidae, 4.8% Ariidae, 3.9% 
Scianidae and 3.4% Nemipteridae. The remaining 
21% consisted of trash fish. 

The estimated standing stock and potential 
yield are given in Table 4. The potential yield was 
estimated using Gulland's equation: 

Py = MO.5 Bo 
where, 
Py = potential yield; 
M = coefficient of natural mortality 

set at unity; and 
Bo = unexploited stock size. 

CATCH RATE MONITORING IN 
SELECTED GRID SQUARES 

Following the 1979 and 1980 surveys, KIP 
Lumba-lumba was used to monitor stock sizes in 
three selected grid squares monthly. This moni- 
toring was very important in gauging the state of 
the stocks through a standardized catch rate, as 
trawl fishery was progressively developed and 
expanded through the increase in the number of 
trawlers. 

Halidi (1987a) analyzed the monitored data up 
t o  1986. He concentrated the analysis on two grid 
squares, namely, P35, Q35 (Square P38 was 
ignored as this is located within the 3-mile coastal 
zone where trawling is prohibited.) (Fig. 5). 
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 
in the fish stock abundance for the entire Stratum 
1. The 1979-1980 survey results for the two grid 
squares were also used to observe any differences 
in the unexploited stocks of Brunei Darussalam's 
marine fisheries. 

For each grid square, three hauls of about a 
half-hour duration were made, and, the total catch 

per hour and catch per unit effort (CPUE) were 
computed. From early 1979 to the end of 1986, a 
total of 163 hauls were conducted. 

The preliminary analysis (Fig. 6) suggested that 
the demersal stocks may be declining at  the rate 
of 7.7% per year. In terms of FOX'S model, the 
maximum sustainable yield (MSY) is reached 
when the biomass is reduced to 37% of its original 
value (Fox 1970; Ricker 1975) and, thus, overex- 
ploitation of the stocks would begin in mid-1991, if 
the present depletion rate of 7.7% per year con- 
tinues. 

Because only four trawlers have been licensed 
to operate in Brunei Darussalam since 1984, 
Halidi's preliminary analysis (1987a) did appear 
rather alarming and odd. The possible reasons 
proposed by Khoo et al. (1987) for the apparent 
decline were (with our comments added): 

1. Catch rate in grid squares sampled may 
not be representative of the total area. 
(This would mean that the decline is pos- 
sibly localized in the particular grid 
squares and, thus, does not reflect the 
whole situation.) 

2. Illegal fishing activity 
(There is not much evidence of illegal 
trawling activities in these areas but a 
thorough investigation is necessav to 
eliminate this reason for the apparent 
decline of the demersal fish stock.) 

3. Statistical artifacts 
(Since the data analyzed were limited to 
total catches and their distribution was 
extremely skewed, the result could be a 
statistical artifact.) 

4. The apparent decline in CPUE could be 
due to the natural, long-term fluctuations 
of recruitment. (Unlikely.) 

Whatever the reasons, the Fisheries Depart- 
ment of Brunei Darussalam is presently engaged 
in redoing the survey conducted in 1979-1980 to 
ascertain whether there has been any decline in 
the stocks and to provide details on the present 
stock composition. 

CATCH STATISTICS FROM FISHERMEN 

Inshore fisheries (Figs. 7 and 8) are still the 
mainstay of the fisheries sector. Various fishing 
gear are operated (Khoo et al. 1987). Catch and 
effort statistics from the Brunei Muara District 
have been recorded from these fisheries since late 
1982 from the full-time fishermen (Fig. 6). In 1987 



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 Leiognuthus 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 a t  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 camed 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 KIP Lumba-lumba 
prwed to be a watershed in this respect; the 
report provided definite guidelines for the subse- 
qumt commercial development of the fisheries. 
The trawl fisheries in Brunei Darussalam devel- 
o p d  largely on the results of these surveys. 

The demersal stocks in three selected grid 
sqAres have been monitored since 1980. Halidi 
(1987a) suggested that the stocks declined but 
thia must be read subject to the above-mentioned 
caveats by Khoo et al. (1987). In any case, the 
FiAeries Department is conducting another dem- 
era1  resource survey that will answer some of the 
qumtions 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. 

n u s ,  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. 

hngth-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 
couM be of little use in deriving the population 
panmeters (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. Eatimates of GDP by k i d  of economic activity a t  1W value (million 
dollara). 

Economic activity 1988 

Forestry and logging 14.8 
Fishing 14.9 
Electricity, gas and water 17.7 
Agriculture and hunting 78.0 
Banking and finance 180.1 
Construction 233.5 
Mining, quarrying and manufacturing 2,920.2 
Others (e.g., trade, matawants, insurance) 2,186.2 
Total 6,644.4 

Source: Economic Planning Unit. 

Table 2. Suntey data and number of hauh made by M F V A m p  ni and 
lldFVBwjap in 1968 (from Beales 1982). 

Date No. of hauls 
- .  

1 14-16Abs~chl968 
2 1-13 July 1966 
8 14-27 September 1- 
4 9-23 November 1968 

Table 3. Mean catch per unit effort and estimated fish density of surveys by RIV 
PenyeMek I and II In Brunei Darussalam waters. 

Commercial fish 144 1.4 4.8 
Trash fmha 114 1.1 3.8 

Total 258 2.5 8.6 

aIncluding all membera of the family Leiognathidae, except hwgnathus 
splendens. 
bThe trawlable areas cover 1,400 nmzand exclude reek. 



Tablo 4. Unexploited standing stock size (Bo) and potcdtial yield (Py) in tons in areas acmssible to 
trawling (Beales 1982). 

Stratum 1 2 

Area accessible 1 , G G . O  4,905.0 
to trawling (krn2) (41.5%) (83.9%) 

Bo PY Bo 
Trash fish 3,461.6 1,730.8 3,142.8 

9. 
1,571.4 

Marketable 16,388.4 7,694.2 5,515.4 2,767.7 
Total 18,850.0 9,425.0 8,658.2 4,329.1 

hiognathidae 9,245.0 4,622.5 790.4 395.2 
Marketable excluding 

Leiognathidae 6,143.4 3,471.7 4,725.0 2,362.5 
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Fig. 1. Brunei Darusaalam and ita districts (adapted h m  Chua et 9.1987). 
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Fig. 2. Areaa mrveyed by MFV Ampan Tei and MVP 
Berjaya in 1968 (adapted from Bealea 1982). 

Firr. 3. h a s  surveved bv MFVPenwlidek I and ZI in 1972 
(a:apted from ~ e a i e ~  1982). 

Fig. 4. KIP Lunba-lumbak study area and etratum 
boundaries (adapted from Beales 1982). 

Fig. 6. Poeition of the three equarea monitored fmm 1978 
to 1986. 

F .I 

5 - -  Fig. 6. Trend in catchleffort of demerssl fish off Brunei 
,- 04 Damsdarn, grid aquares 1 (Q35) and 2 P36), 1979- 

8 l a -  

1986. Trend line has a dope significantly different from 
zero (95% level of mnfldenoe) when fitted with a 
number of haula used for computing means (black dots) 

o - L ' ' l ' ' ' ' ~  
1979 E#Y) 1981 1s8e sm 1ss4 ms lstre as rantau (weighting factore from Chua and Pauly 

Y e a r  1989). 



Fig. 7. Brunei Damssalads wastal fishing grounds class*ed according to gear (adapted from Chua et 
al. 1987). 

Fig. 8. Brunei Darussalam'~ estuary fishing gkounds classified according to gcar 
(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 to 
increased concern for the destructive effect of mch operations. 
A total of 47 push-net boat-tripe was sampled in the course of 
the study. Mean catch per unit effort (CWE) was about 316 
kghoatlday with a "mmmercial" to "trash fish" catch ratio of 
4:6. The "commercial" mmponent is mmpoaed largely of 
penaeid shrimp (66%) and swimming crab (IS%), while the 
"trash fish" mmponent is mmpsed of more than 60% "true 
trash fiah (i.e., apeciea groups not preferred for human mn- 
~umption) and leas than 40% undersized individuals of com- 
mercially important reaource organisma. Thia implies that 
approximately a quarter of puah-net CZWE--and hence, 
landings--is composed of undersized individuals, thus hinting 
at tremendous growth overfishing. Such growth overfishing is 
a d i d  msult of the mesh size used (1.5 cm) and the mncen- 
tration of activities by push-net boats in nearshore and shallow 
areas. Push-net operations compete with the important arti- 
sanal gilt netkrammel net sector for similar target speciea (i.e., 
shrimp and crab). A ban on push-net operations within 3 km 
from the shore is proposed so aa to reduce immediately their 
damage to the fisheries. The phase-out of push.net boats over 
the medium-term is likewiae 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 (NSO 
1987). Penaeid shrimp (largely Penaeus merguien- 
sis) and swimming crab (Portunidae) dominate 
the landings in terms of value and account for 
about 150 and 30 million baht per year, respec- 
tively (Lohsawatdikul1988). 

As described in the coastal environmental pro- 
file of Ban Don Bay, Paw et  al, (1988) point. to the 
excessive fishing effort and the capture of 
undersized 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 from 
the scoop net used in catching Acetes, consists of 
two poles arranged in a cross to spread the net 
attached to i t  (SEAFDEC 1986). I t  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 e t  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 of 
which 57% were "trash fish." Of the "trash fish" 
component, 47% were juveniles (2-6 cm) of com- 
mercially important resource organisms. This 
implies that over a quarter (27%) of push-net 
landings consists of undersized fish of commercial 
importance. Under the auspices of the ASEA.N/US 
Coastal Resources Management Project (CRMP), 
a more comprehensive study of the push-net fish- 
eries 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. 



MATERIALS AND METHODS 

Data for this study were collected from landings 
of push-net boats in Don Snk, 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 . . ,  into 
"commercjal" 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 further sorted into 
species whenever possible in the course of the 
study. 

The cntch 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, a s  follows: small push-net ( d B  
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 conveiked "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, 1 8  from medium, 

and 21 from large push-nets. Table 1 gives the 
mean CPUE CkghoaWday) for the three types of 
push-nets. The CPUE varied from 233 to 367 
kg./baat/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 cntch of the three push-net types. 

The "commercinl" component of the cntch is 
mostly supplied to the fresh fish market while the 
"trash fish" is used for ducWfish meal. The 
"comtnercial" 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 
portwnids (6%). The fish and squid components of 
the "commercin1" catch are largely treated as by- 
catch and seldom marketed, a s  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- 
guierlsis and Metapenaeus breuicornis which 
together make up around 70% of the catch. Small 
push-nets deviate from this overall trend, showing 
a greater dominance of P. rneguiensis (60%) and a 
higher contribution of P. semisulcatus (15%) in 
the catch. 

The "small" shrimp category is composed pri- 
marily of Metapenaeopsis lysianassa (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 ~ a t c h e s  dominated by M. lysianassa (88%) and 
medurn 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. 

T& "trash fish" catch is composed of' the "true 
trash fish" (i.e., species groups not preferred for 
h u q n  consumption and with very low market 
value) and undersized individuals or juveniles (2-6 
cm) ~f commercially important components of the 
catch. Of the "trash fish" CPUE of about 196 
k&at/day, around 36% (114 kg/boat/day) is "true 



trash fish," while the rest is composed of under- 
sized demersals @%), pelagics (12%) and inverte- 
brates (6%). Overall, undersized individuals of 
commercially important species groups comprise 
26% (82 kg/boat/day) of the catch for the combined 
push-net fleet (i.e., except for the "large" shrimp 
and squid). I 

Table 3 gives the relative abundance of fami- 
lies/groups comprising the various "trash fish" 
landings for the three push-net types. The "true 
trash fish" group is  composed primarily of slip- 
mouths (Leiognathidae) and nonswimming crab 
(i.e., other brachyurans excluding portunids), 
which collectively account for over 60%. The dem- 
ersals are primarily fish of the family Sciaenidae 
and Cynoglossidae (56%), the pelagics, chiefly 
Engraulidae and Clupeidae @I%), and inverte- 
brates, mostly shrimp (54%). 

DISCUSSION 
1 

Results of the present study indicate that the 
mean catch rate for push-net boats in Ban Don 
Bay was about 316 kghoatlday with a 
"commercial" to "trash fish" ratio of 4:6. The 
"commercial" component of catches is composed 
largely of shrimp and swimming crab, while the 
"trash fish" component is composed of more than 
60% "true trash fish" and less than 40% under- 

catch rate is reflective of the trend in the push-net 
fishery from small to larger-sized push-net gear. 

In view of these findings, a licensing scheme 
should be implemented to prevent the increase of 
push-net units in the area. Efforts to reduce the 
number of push-net boats in Ban Don Bay, via 
accretion of older vessels andlor conversion to 
drift nets for pelagics or crab, should be given pri- 
ority. Over the short-term, push-net operations 
can be banned within 3 km of the shore to mini- 
mize their damage to the fisheries. An increase in 
mesh size may be desirable (and requires further 
investigation), although mesh size regulation may 
be impractical since shrimp are the main target 
species. 
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Table 1. Mean catch pcr unit effort, CPUE [kgbat.day), of various push-net m s  operating in Ban Don Bay, 
Thailand for the period March 1987-May 1988. 

Type ofpush-net 
Resodgroup Small Medium w Weighted mean 

CPUE 96 CPUE 5% CPUE 7% CPUE % 

'Commercial" catch 79.7 34.2 106.3 36.3 147.2 40.1 120.1 38.0 
" J a r g e m  shrimp 25.0 10.7 . 18.0 6.2 30.6 83 24.5 7.9 
"Small" shrimp 20.4 8.8 39.2 13.4 76.2 20.8 52.5 16.6 
Squid 11.3 4.8 11.1 4.0 15.6 4.2 13.9 4.2 
Swimming crab 19.7 8.4 W.4 7.3 17.6 4.8 19.4 6.2 
Fish 3.2 1.4 3.1 1.0 3.8 1.1 3.4 1.1 
Others 0.1 €0.1 12.9 4.4 3.4 0.9 6.4 2.0 

'Trash fish" ~~ 153.4 65.8 186.6 63.7 W9.8 59.9 195.8 62.0 
'h trash fish 76.6 32.9 109.2 37.3 132.6 36.1 114.2 36.2 
Demersal fish 23.9 10.2 19.9 6.8 29.6 8.1 24.9 7.9 
Pelagic fish 42.5 18.2 38.1 13.0 35.3 9.6 . 37.6 11.9 
Invertebrates 10.4 4.5 19.4 6.6 22.2 6.1 19.1 6.0 

Total catch 233.1 100.0 292.9 100.0 367.0 100.0 315.9 100.0 

Table 3. Relntive abundance (5) or iamiliedgmops comprieing "trash W landiqa 
of various push-net types in Ban Don Bay, Thailand. (5ee Table I Tor catch rates of 
"trash hh" by the three pnnh-net types.) 

Type of push-net 
Fdylgroup Small Medium Large Weighted 

mean 

Demeraal fish 
Cynogto~dae 
Platycephahidne 
Sfieenidse 
Sihginidae 
Others 

Invertebrates -* &limp" 
"Small shrimp" 
Squid 
Swimmingcrab 
Others 

Table 2. Relative abundaooe (5%) oC species comprising ehrimp landings of various N 
push.net types in Ban Don Bay, Thailand (See Table 1 for catch rates d'large' and 
"small" shrimp by the three push-net types.) 

Type of puah-net 
Gmuplspdes Small Medium Large Weighted 

meBn 

"Small" shrimp 
Metapenampsis burbaia 
M. fukw 
M. IyghKma 
M. aIridrJm 
Pampenneopsia spp. 
Others 

Fig. 1. Operational range of boats using push-net in Ban Don Bay, Thailand. 
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ABSTRACT 

This paper presents an overview of the capture fisheries of 
Lingayen Gulf (mvering landings, exploited resources and cap- 
ture methods) and rrummarizea the major findings from 
assessment studies in the area relevant to the statue of pre- 
vailing exploitation of the fmheriee reeourcem. The available 
information indicates, among othere, that: (1) excessive fishing 
effort on the fieheries resoulces results in total yield to 
biomass ratio of about 5.2 and reduction of demeraal biomaee 
to about 18-36% of ite original levele in the lata 1940s; (2) 
growth overfishing due to the use of small-mesh (2 cm) nets 
results in losees of about 20% and 40% relative to maxima in 
yield and value, respectively; and (3) spwiea cornpition 
changes reflect overfiihing. Rents fmm municipal and mm- 
mercial fishing operatione, when evaluated, indicate that these 
are negative or negligible, and show signs (albeit preliminary) 
of overfishing. The high population denaity, low income and 
poverty of fmhennen, the intmse competition for fishing 
grounds and reewrcee, the rampant urre of exploaivee in fish- 
ing, and the high level of malnutrition in the coastal area & 
not represent optimally mstainable conditions. The paper rec- 
ommends mom 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. 11980) provide a review of 
studies conducted up to the late 1970s. Assess- 
ment during this period principally relied on non- 
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 overexploitation in various 
fishing 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; Silvestre 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 bg . ,  Pauly and Mines 1982; Sil- 
vestre 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 &iR in govern- 
ment concern from resources development to  
resources management is becoming apparent. 

Lingayen Gulf (Fig. I), 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 



2,000 km2, the gulf produced landings of about 
11,800 t/year of fisheries products worth approxi- 
mately B150 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 significance 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 
ASEANNS CR;L)IP 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 12) 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. 
(1 989). This paper summarizes the major findings 
relevant to the two objectives- mentioned above, 
based 011 a synthesis of the secondary and original 
data. 

The Lingayen Gulf capture 
fisheries: an ovemiew 

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. 

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

Thk 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 adisanal fishermen, while only one type of 
geap-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 
geadmethods to marine fisheries production in 
the gulf during the period. 

Taawling represented the only form of commer- 
cial fishing activity in Lingayen Gulf a t  the start 
of monitoring activities in May 1987. The rest of 
the commercial catch reported for the gulf in the 
BFGR statistics was taken outside the geographi- 
cal Emits 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 nagupan City and using Danish seines, began 
opemting in the gulf in April 1988. Initial findings 
indilcate 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 11, 
15 beam trawlers were already operating in the 
area. After the lull in fishing activities brought 
abowt by the war, trawling operations resumed. In 
194$, seven otter trawlers 110-30 GT) using 
recqditioned diesel engines (50-225 HP) were 
fishing in the gulf (Warfel and Manacop 1950). 
However, subsequent information on trawl effort 
wad unavailable until 1976 because of the lack of 
quahtitative studies in the intervening years and 
the aggregate nature (on a countrywide basis) of 
staiistics 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. 



Mines (1986) reports that the trawl fleet in 
1983 was composed of 40% medium (10-20 GT) 
and 60% large (over 20 GT) trawlers, and that 
only 23 of the 34 units registered by BFAR were 
actually operating. Signey (1987) reports that 
about 345 fishermen were employed directly in 
trawl operations in the gulf a t  the time. The 12- 
month monitoring of trawlers in the gulf between 
May 1987 and April 1988 has clarified the compo- 
sition and operational details of the trawl fishery. 
The trawl fleet in 1987 is composed of 24 medium 
and 2 large trawlers (20-30 GT). There are 17 (i.e., 
16 medium and 1 large) and 8 (i.e., 7 medium and 
1 large) trawlers that are based (and land their 
catches) in Damortis and Dagupan City, respec- 
tively. One medium trawler is based in Sual, Pan- 
gasinan. Large trawlers make trips lasting 10 
days and land their catches with the help of car- 
rier vessels. Medium trawlers, on the other hand, 
operate a t  sea for two days and are back in port 
for a day before the next trip. Vessel and gear 
dimensions of typical medium trawlers operating 
in Lingayen Gulf are given in Fig. 2 and 3, respec- 
tively. Generally 1 3  m long and 3 m wide, medium 
trawlers use two-seam bottom trawls with head- 
rope and groundrope lengths of 40 m and 45 m, 
respectively. Cod-end mesh sizes vary between 1.5 
cm and 2.5 cm with a cover of about 3 cm to 4 cm. 
The length of towing warps is usually 275 m and 
adjusted with depth. Trawling activities in Lin- 
gayen Gulf are limited to the nearshore soft- 
bottom areas between Lucap and San Fernando 
from about right under the shoreline to a depth of 
50 m (Fig. 1). 

About 220 fishermen were directly employed in 
commercial trawl fishing operations in Lingayen 
Gulf in 1987. Landings by the trawl fleet totaled 
about 3,300 t a t  the time, approximately 80% of 
which were accounted for by medium trawlers. 
Mean catch rate during the period monitored 
(May 1987 to April 1988) was 32 kgkr,  being 
highest in June 1987 (51 kglhr) and lowest in 
January 1988 (22 kghr). The catch during the 
period consisted of 158 speciedgroups distributed 
among 58 families. Table 2 gives the relative 
abundance of the ten most important fami- 
lieslgfoups making up the catch of trawlers. In the 
late 1980s, leiognathids made up almost one-third 
of trawl catches (i.e., 31.4%) and, together with 
carangids, hairtails, scombrids and lizardfish, 
made up 67% of the catch (Ochavillo et  al. 1989). 
Table 3 gives the ten most important 
species/groups among trawl landings during the 
same period. The orange-fin ponyfish, Leiog- 

nathus bindus, made up 18% of the catch, fol- 
lowed by Trichiurus haumela (9.0%), Gazza min- 
uta (7.1%), Saurida tumbil (5.6%) and Atule mate 
(5.5%). These five species made up almost 45% of 
the trawl catches. 

Sixteen towns and one city border Lingayen 
Gulf from Cape Bolinao to Poro Point. In 1985, 
BFAR reported the existence of 12,500 municipal 
fishermen in these places (Calud et al. 1989). 
About 46% of these fishermen are in Sector I (see 
Fig. l ) ,  while 36% and 18% are in Sectors I1 and 
111, respectively. A total of about 7,050 banca (60% 
of which are motorized) was reported from the 
area, giving a banca-to-fisherman ratio of 0.56. 
Mean municipal landings in 1983 were 8,700 t 
(Mines 1986) and this figure implies that each 
municipal fisherman lands about 0.70 t/year on 
the average, or about 58 kglmonth. 

The municipal fisheries in the gulf are complex 
as can be seen from the various methoddgear 
used by the small-scale fishermen (McManus and 
Chua 1990). The variety and seasonality of fishing 
gear used are influenced by the bottom 
topography and substrate of the fishing ground, 
the fauna or target species in the area of 
operation and the level of capital input and 
returns that the gearlmethod entails. Table 4 
gives the frequency of use of the different 
municipal gear in the various municipalities 
bordering the gulf based on an inventory by Mines 
(1986). Note the preponderance of simple and 
inexpensive fishing gear. Surface gill nets, spear 
guns and pots or traps are preferred by fishermen 
in Sector I, which is characterized by coralline 
growth and uneven topography. Meanwhile, baby 
trawls and beach seines together with gill nets 
and crab pots are common in Sector 11, which has 
mostly soft and muddy substrate with a few 
patches of hardhocky bottom close to the shore. 
Bottom gill net, line gear and round haul seine 
operations in the deeper parts are preferred in 
Sector 111, which is characterized by a sandy 
bottom with a scattered rocky substrate. The 
shallow areas in this sector are limited. 

The original data gathered by the Resource 
Assessment team have allowed a characterization 
of the typical design specifications, operations, 
and catch rate and species composition of the 
various municipal fishing gear used in the gulf. 
Detailed discussions covering these topics are 
given in Calud et al. (1989). Table 1 shows the 
relative contribution of the various artisanal gear 
to municipal fisheries production in the gulf. Gill 
nets contributed 46% of the municipal landings 



between May 1987 and April 1988, and despite 
being illegal, blast fishing accounted for 10%. 
These two methoddgear 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 I1 
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 literatuie, therefore, have 
resorted to indirect or nonconventional methods 
(e.g., comparison of estimated productivity per 
unit area with current landings or hamest) 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 

proj&ted per capita extraction rate. The fisheries 
resodrces are subjected to heavy fishing pressure 
and yompetition is quite intense, especially in the 
neadhore areas (Mines 1986). Available 
assemsments, therefore, indicate that the gulfs 
resodrces are heavily exploited, if not ovefished. 

TEYe term "overexploited" or "overfished refers 
to tbe unsatisfactory use by a fishery of a given 
stock or resource. The perception of what 
conditutes an overlished stock has evolved with 
the Videal" management goal from: (1) maximum 
susainable yield (MSY) in the 1950s; to (2) 
madmum economic yield (MET) in the 1960s; to 
(3) dptimum sustainable yield (OSY) in the 1970s. 
Comspondingly, three forms of ovefishing are 
rec-ized, namely: (1) biological ovefishing, 
assqiated with nonattainment of MSY; (2) 
ecoribmic ~ v e ~ s h i n g ,  associated with 
nonattainment of MEY; and (3) "system" 
overfishing, associated with nonattainment of 
OSY. Biological ~ v e ~ s h i n g  results from excessive 
fishing effort andlor low length-at-first-capture 
leaddng 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 
chamges. These types of biological overfishing are 
claaified into growth, recruitment and ecosystem 
overfishing (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 
expbitation, were not achieved. 

The secondary and original data reinforce the 
previous assessments of Lingayen Gulf. While 
some still argue that the information a t  hand does 
not , convincingly demonstrate overexploitation, 
the buthors maintain that the collective evidence 
doel indicate heavy fishing pressure and 
ove6shing. Evidences are described below. 

Wgh Fisherman and Boat Density. Fishermen 
and! banca in the coastal municipalities adjoining 
the ,gulf (i.e., 12,500 municipal fishermen and 
7,Om banca) mean that there are: (1) 78 fisher- 
men per km of coastline; (2) 47 boats per km of 
shoteline; (3) 12.5 fishermen per km2 of municipal 
fishing ground (defined as the area enclosed by 
the coastline and the 7-fathom, 7-krn ban); and (4) 
7 boats per km2 of municipal fishing ground. The 
nurlber of fishermen in (1) and the number of 



boats in (2) are among the highest in the country; 
it implies that the municipal fishermen and boats 
would be, on the average, 13 m and 38 m apart, 
respectively, when spread evenly along the 
coastline. Combined with fishing effort from the 
26 commercial trawlers in the gulf, the figures 
support previous observations of heavy fishing 
pressure on the fisheries resources. 

Low and Declining Catch Rates. Annual 
municipal fisheries production in Lingayen Gulf 
he. ,  10,500 tlyear) in 1987 implies a catch rate of 
about 0.84 t/fisherman/year or 70 kglfisher- 
madmonth, which is very low (in fact, one of the 
lowest in the country). .For the commercial fish- 
eries sector, the catch rate during the late 1940s 
approximates that which would be obtained a t  
near virgin biomass levels due to the lull in 
fishing activities brought about by World War 11. 
The catch rates in the late 1980s have declined to 
about 18-35% of their original levels in the 1940s 
(Fig. 7). Surplus production models indicate that a 
stock is overfished when catch rates have declined 
below 40-502 of their value in the unexploited 
stock. 

High Extraction Rates. The harvest levels given 
in the previous section (see Table 1) show that (1) 
the extraction rate is a t  least 10.5 t per km2 of 
municipal fishing ground and (2) the yield is 6.9 t 
per km2 of the total area in Lingayen Gulf (i.e., 
about 2,000 km2). Moreover, Calud et al. (1989) 
estimate the total yield-to-biomass ratio in Lin- 
gayen Gulf to be about 5.2 a t  current production 
levels, and trawl yield-to-demersal biomass ratio 
to be about 2.8. These are quite high compared 
with the productivity of similar tropical fishing 
grounds (see Armada et al. 1983), 

Growth Ouerfishing. Fig. 8 illustrates, for the 
trawl fisheries of the Philippines, the range of 
eumetric lines that maximize yield from the fau- 
nal assemblage in the mesh size (Ms), and fishing 
mortality (F), plane (Silvestre et  al., in press). The 
figure in essence delineates the optimum opera- 
tional range for the fisheries given the two factors 
(Ms and F) that are frequently the object of man- 
agement intervention. Note that the 2.0-cm mesh 
size commonly used in Lingayen Gulf is appropri- 
ate only for very low F levels. The prevailing Ms 
and F (= 2.8 per year) on the trawlable biomass 
lead to considerable growth overfishing, resul~ing 
in losses of up to 20% and 40% relative to maxima 
in yield and value, respectively. In addition, 
Ochavillo et  al. (this volume) show high exploita- 
tion rates (0.23-0.72) for most species making up 
the catch of trawlers in Lingayen Gulf. 

Recruitment and Ecoqtstem Overfishing. Table 
2 shows that the changes in familylgroup composi- 
tion of the demersal biomass in Lingayen Gulf 
reflect recruitment and ecosystem overfishing. 
Such changes were brought about by, among oth- 
ers, the increasing level of fishing effort (see Fig. 5 
and the previous section) that caused the decline 
ofdemersal biomass in the gulf (see Fig. 7). The 
observed changes in the faunal composition, 
which is similar to those noted in other fisheries 
of the Southeast Asian region, include: (1) 
increased squid abundance; (2) disappearance of 
rays (i.e., large, long-lived species); (3) disappear- 
ance of formerly abundant lactarids; (4) increased 
abundance of triggerfish; and (5) above-average 
decline of large, high-valued species (e.g., lut- 
janids and flatfish). 

These changes illustrate the existence of heavy 
fishing pressure on the fisheries resources of 
Lingayen Gulf and show symptoms of the three 
forms of biological overfishing. While economic 
analyses of the Lingayen Gulf fisheries are quite 
limited in scope to establish the elements of 
economic overfishing, some indications are given 
by the works of Signey (1987) and Afionuevo 
(1989). These works estimate pure profit or 
resource rent in commercial and municipal fishing 
operations in the gulf to be negative or negligible. 
They also argue that the low profitability of 
fishing operations has resulted in very low 
repayment ratesfor fisheries credit programs in 
the gulf area (e.g., zero repayment rate for the 
Kilusang Kabuhayan a t  Kaunlaran (National 
Livelihood Program) credit scheme between 1981 
and 1986). 

The occurrence of "system" overfishing is 
difficult to illustrate because available 
information is inadequate, objectives for 
"optimization" of benefits are unclear, and such 
evaluations are subjective. This paper, however, 
argues that the following do not constitute 
optimally sustainable conditions: high density, 
low income and extreme poverty of the fishermen; 
the increased competition for fisheries resources 
and fishing ground and conflict among them; the 
high incidence of malnutrition;.and the rampant 
use of explosives in fishing. 

CONCLUSION 

There is an excessively high fishing pressure on 
the fisheries resources of Lingayen Gulf. The 
immediate issue confronting the capture fisheries 



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 lawdregulations 
is in order. Such laws include the 7-km, 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 a t  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 an 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 andlor address resource allocation and 
management of the resources; (2j creation of 
alternative employment opportunities to draw 
effort away from capture fisheries; (3) "identifica- 
tion andlor clarification of management 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 

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

% of total 46 of sector 
SBaOrlgear type Landinge (t) landings landings 

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

Commercial 
Large trawl 
Medium trawl 

Total 13,875 100.0 
- - 

Sourcerr: Calud et al. (1989) and Ochavillo et al. (1989). 



Table 2. Relative abundance of important familiedgroups in the catch of trwlers operating in Lingayen Gulf, from the late 1940s to the 
late 1980s. 

Period 
h t e  1940P Late 1970sb Early 1980sC Late 1B80sd 

Relative Relative Relative Relative 
abundance abundance abundance abundance 

Rank Familylgroup % Familylgroup (%I Fa~@y/group % Familylgroua (%I 
1 Leiognathidae 63.0 
2 Synodontidae 7.4 
3 Pomadasyidae 6.7 
4 Nemipkridae 6.6 

Lulmidae 3.1 
6 Pm tod~dae 2.5 
7 Das atidae 1.9 
8 ~ac&"idae 1.8 

hiognathidae 
Caran 'dae 
Ballshiae 
Trash fish 
Scombridae 
Meneidae 

pTd%ae ephalopods 

Mullidae 

- .  . 

Leiognathidae 
Carangihe 
Trichiuridae 
Scombridae 
Sp2;tidae 

Cephalopods 
Nemipteridae 
Engraulidae 
Apogonidae 

Total 95.3 Total 89.3  TO^ 93.0 Total 82.1 

Catch rate (kglhr) 92.1 63.7 40.5 31.8 

'Based on data from Warfel and Manacop (1950) coverin the period Februa April 1949. 
bBased on data fmm A rieto and Villoso 0982) (overin f i e  =nod FebruaTqb8 to January L8/8. 
 baaed on data from d n e s  (1986) coverin thdperiod $14 P983 to A ri l l984 
'JBased on data from Ochavillo et h. (1989f covering the period June f987 to Al)d 1988. 

Table 3. Relative abundance of the ten m e t  importall ~peciedgmups making up the caWl of 
trawls and bottom gill nets in Lingayen Gulf, Philippima 

Gear type SpecieJGmup Relative abundance (%) 

Trawl 

Bottom gill net 

*te@aalhus  bindus 
"lhhiurua haurnla 
* h a  m l ~ u l a  
Sour& tumbil 
'Atuls mate 
*Ratrelliger brnchysoma 
toligo spp. 
'Upmeus sulphureus ' 
APogon aPP* 
fihXSlrrhu6 ihYBRUS 

Total 

Rwtrelliger kanqgurlo 
*U minuta 
Leiogmthus splenderur 
'Tkichiurus hnumela 
' U p m u s  sulphursun 
'Rastrelliger bmchysoma 
Alepes djeclnhn 
'Atule mate 
LsiogMUus breviroetrls 
*Leiognathus bindus 

Total 
-- - 

'Speoim eommon to the two geadmethode. 
%ume: Calud et al. (1889), OchavlUo et al. (1989). 

Table 4. l h p m c y  or use or the mom important municipal fishing 
gear in Lingayen Gulf. 

Seetor of operation 
Type I II 111 

Bottom est gill net 
DriWmrfw gill net 
Round haul cine 
Beach seine 
Baby trawl 
Bag net 

gun 
Fiah pt 
Crab pDt 
Fiah mrrd 
Hwk and lime 
Multiple hmk and line 
fan# lime 
Lift net 

X XX XX 
X X X X  X 

- X X K  
X x X X  
- X X  X 

X - 
XX - 
X X X X  
X X X X  X = X X X  
XX X X X  

X X M C  
XX X X X  
- X -  

TaMe 6. Relative abundanw of the tenn met important familieu 
ca*ht by blaat liehermen in Lingayen Gulf. 

Re& F a d b  Relative abundanw (%) 
- 

1 Carangldae 66.2 
# MugUidne 10.8 
8 Siganide 9.1 
4 Engraulldae 2.6 
C Lutjanidne 2.1 
4 lsignathidne 2.0 
7 Smmblidae 1.6 
I Sphyraenidaa 1.8 
1 kthrinidae 1.1 

10 fhiorranidae 11 

Total 97.9 

So&: Cnlud et al. (lorn). 

Notes: - . not used in the sector 
X-  leuuammon 
XX -wry common 
Source: Minea (1986). 



Fig. 1.  Lingayen Gulf showing sectoral delineation of its mastal 
area, the 7-kilometer (-.-) distance from the shoreline and the 7- 
fathom (-) depth isoline. The hatched area represents the 
operational range of trawlers. 

a - wheal houne 
b - sleeping quorters 

c - fmh lobby 
d - net platform 
e - fish hold 
f - tish hold batch 

9 - miry 
h - mess mom 
i - f a w o r d  bitts 

J - a l l  bitts 

h - atorbmrd rollers 
I - portside rollers 

m - T - f m m e  
n - bmrlurq trams 

o - anchor rollera 
p - engine room 
q - fuel oil tank 

r - main engine 
s - storage battariea 

t - towing warp 

Vessel: Medium trowter LOA: 12.57 rn Main engine Complement 
Breadth: 2.74 m ISUZU 8 persons 

Depth: 1 .06m 220 hp 

Fig. 2. Diagram of a typical medium trawler operating in Lingayen Gulf, Philippines 
(Ochavillo et d. 1989). 



22-26 (78-2)  floats 

Fig. 3. Typical design of bottom trawl used by medium trawlem in Lingayen Gulf, 
Philippinea (Ochavillo et al. 1989). 

Gem Otterbmrdl I Vessel 

200-250 hp TWO-seam bonorn trawl flat I.Bx0.4rn 



Bottom 0111 ~t 

SpoclRcaBonm : (per unlt; 15-30 unlle per eenlng) 

Net FlomU Slnbrw 

Msmrial : Poiymlda (PA) monof ihnl  
Mesh siw : 7-12 knots (2.85.1 en) 
Twinedismemr : P020 
SOeDchedlength : 1oo-ZUOm 
Aclualle~h : 4C-0Om 
Hanging ratlo : 35.45% 
St&hed&pth : 2 9  m 
Aciud depth : 1.52.5 m 
Flaatllne : K4 PE 
Sinkerline : YO PE 

a) Hard rubber 'musage' 

=m 
Number 

Malwld ! lsad 
~annm : 1.2.4.0 cm 

5-7 ern Diameter : 0.6-1.2 cm 
1.52.0 un Number : 1 W - 2 0 0 p  
7C-120 pm Toml elnkhg (om : Appmx. 0.6 2.0 kg 

6-10 un  
2.0-2.5 an 
1.0-2.0 cm 
70 -120p  
Approx. 120- g 

Fig. 4. Typical bottom set gill net design and specificatione in the Lingayen Gulf (Calud et al. 1989). 

Fig. 6. Relative frequency in Lingayen Gulf, 
Philippines, of the number of blasts per 10-16 
hp boat involved in dynamite fishing (Calud et 
al. 1989). 

Fig. 6. Changes of the number of small-male 
fishermen in the Lingayen Gulf area from the 
1930s to the early 19800. Note dip due to WW I1 
and the tremendoue increase in the 1980s. (The 
laat point b e  not reflect a decrease but is the 
result of a diffemnt sampling methodology.) 



*-+ based on actual v&es 

corrected for "le&ningl' 

Fig. 7. Relative catddeffort of trakrlera in Lingayen Gulf, 
Philippines (Fmm data in  Warfel a d  Manacop 1960; Aprioto 
and Villoao 1982; Mines 1986 and Wlvestre e t  al. 1986). Noto 
that  surplus production models assuq)e a stock to be overfished 
when c/f c40-60% of ita value in une*loited stock. 

Fishing effort 
I 

0 0.5 1.0 1.5 2.0 2.5 3.0 

Flshlnp mortality (year'' ) 

Fig. 8. Multispecies yield-per-recruit (left) and value-per-retmit (right) assessment of the demersd trawl 
fisheries of tho Philippines (based on vital statistics, relaljive recruitment rate and per kg prices of 28 
representative p u p s  of fish and invcrtcbrates from three #ajor fishing areas, i.e., West Sulu Sea, Lnmon 
Bay and Visayan Sea). The method used, which relies on logistic selection ogives rather than the 
assumption of knife-edge selection, is dctailcd in Silvestre and Sorinno (1988). Dots on intersections of 
lines A (= "cumetric fishing") and B (= "cammctric fishing") show the range of optimum mesh size nnd 
fishing mortality combinations. Note excessively high effort and low mesh sizes in Lingayen Gulf, lending 
to losses of up to 20% and 40% relative to maxima in yicld aad value, respectively. 
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ABSTRACT 

Growth parametem (t, and K) of the von Bertalanffy equa- 
tion and mortality crrefficients (M, F and 2) of the exponential 
decay model (estimated via ELEFAN I and II) are presented 
for the more abundant species comprising the catch of trawlers 
in  Lingayen Gulf. The recruitment patterna and exploitation 
ratios (E = FIZ), using these parametem are also given. The 
rqsults indicate high'gmwth rates (K = 0.38-1~2) and mortal- 
ity coefficients (Z = 2.594.87) for the species analyzed. These 
imply high turnover rates for most spedes 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, a t  least for the length ranges 
examined, are d a t i w l y  high (i.e., 0.23-0.72) and mnfirm pre- 
vious assessments (based on yield-to-biomass ratios) of high 
extraction ratas. 

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 11 10-1 50 million (McManus 
and Chua 1990). Fishing provided a major source 
of livelihood for over 12,000 fishemen 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 
operate 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 the gulf, 23 of which are 
medium (10-20 GT) and 3 are large (>20 GT). 
Operations are limited to the nearshore areas (O- 
50 m) in Sectors 11 and I11 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. 



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 andlor 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 ASEANNS Coastal Resources Management 
Project in Lingayen Gulf from April 1987 to June 
1988. The survey covered the area of medium 
trawl operations (0-50 rn) in Sectors I1 and 111 (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 equation were estimated via ELEFAN 
I (Gayanilo et al. 1988) using the length distribu- 
tion data generated for each species. 

ELEFAN I1 was used in estimating total (Z), 
natural (M), and fishing (F) mortalities and 
exploitation ratios (E = FIZ), 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 re~ul ts  obtained via ELEFAN I 
and I1 for the most abundant species, Lewgnathus 
bindus (orange-fin ponyfish). Estimates of the 

gromh parameters (L, and K) are summarized in 
Table 1 for the 15 most abundant species of com- 
mefcial interest making up the catch of trawlers. 
Relltively high K and low L, 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 (Selaroides leptolepis) 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 O'richiurus 
hallrtnela), on the other hand, had the lowest K 
while the threadfin breams (Nemipterus japonicus 
and N. nematophorus) exhibited the lowest 
growth coefficients as  a group. These estimates 
are within the range of the values in other fishing 
gromds in the Philippines (see Corpuz et al. 1986; 
Silestre 1986; Silvestre et al., in press, and refer- 
encrs therein). 

4 1  the species investigated showed two 
recltYzitment peaks, except for the yellow-striped 
treMlly (S. leptolepis) and the hairtail IT. 
hauhela). 

f i e  mortality parameters estimated are also 
givm in Table 1. All the investigated species 
showed high total mortality rates (i.e., more than 
2.5). Such high Z values entail vexy low annual 
sudva l  rates. The high Z and F values obtained 
for #he yellow-striped trevally (S. teptolepis), the 
yelldw goatfish (Upeneus sulphureus), the double- 
whip threadfin bream IN. nematophorus) and the 
rainbow sardine (Dussumieria acuta) may not 
reflact the true mortality rates of the species in 
queation. Apparently, the trawlers did not prop- 
erly sample the large individuals of the popula- 
tion. The splendid ponyfish (Z. splendens) had the 
lowat Z value. 

All the species investigated showed high 
expbitation rates (E = 0.23-0.72). Conventional 
t h e h  suggests that E values between 0.20 and 
0.50 are optimal in maximizing biological yield 
( N a n d  1971; Beddington and Cooke 1983; Pauly 
1981). For short-lived species such as the ones 
conldered here, the E values computed are too 
hig9 given that most exceeded the E = 0.50 level 
w i q  the exception only of the slipmouths L. 
splepdens, L. equulus and G. minuta. 

Werall, the results indicate relatively high 
groMh rates and low IL, values which are typical 
of @st-growing but short-lived tropical species. 
~ o h l i t ~  rates, likewise, are high, which imply 
low gurvival rates and high turnover rates for the 
spedes investigated. The findings also indicate 



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 al. 1989; Ochavillo et al. 1989). 
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Table 1. Summary of relative tibundance growlh (K) and mortslity peremeters (Z), exploitstion ration (E) end number of recruitment peaka (NRP) for 16 trawkau~ht 
fish epxioe in Ligayen Gull, Philippinm, obtahcd via ELEFAN I and U. 

No. Spocics Relative K L, Z M F E NRP 
nbundmoe ($1 (yd) (cm) (yrl) b l )  b') 1 

1 Leiognathur bindw 17.64 1.06 12.8 6.87 2.37 4.60 0.66 2 
2 RicMurue haumelu 8.84 0.88 68.1 2.62 0.7 6 1.86 0.71 1 
3 Cazraminulu 6.74 1.17 11.8 8.M 2.57 1.07 0.30 2 
4 Sourldo lumbil 6.37 0.62 39.0 3.33 1.08 2.25 0.68 2 
6 Alule mole 5.22 0.81 24.9 4.59 1.63 2.95 8.84 2 
6 Rmkelliger bmchysomu 4.87 1.00 25.0 6.23 1.W 3.96 0.M 2 
7 Upeneus sulphureus 3.00 1.32 19.9 8.72. 2.40 6.82. 0.72. 2 
8 Cazzoecclumys 2.01 1.17 12.8 5.91 2.51 3.40 0.88 2 
9 Selnroides lepldepiu 1 .I4 1 .52 18.6 16.11' 2.69 12.48 0.8% 1 

10 Nemip&rus ncmulophorus 1.48 0.62 27.0 1.1 6r 1 .36 6.80. 0.81. 2 
11 Leiognolhus quulus 1.44 1 .SO 19.0 4.05 2.41 1.64 0.41 2 
12 Penlaprion longimanus 1.12 1.05 19.7 6.34 2.29 3.06 0.67 2 
13 Nemiptcrus juponicus 1 .OM 0.48 26.7 3.99 1.11 2.W 0.72 2 
14 Dussumieria mulo 0.98 1 .SO 18.0 6.72. 2.44 4.28' 0.64. 2 
16 Leiog~thus eplendcna 0.86 0.79 11.8 2.69 2.00 0.69 0.23 2 

*Possibly Lncludas orniption or lou~ of vulnerability to sampllng war with hereasing length. 
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Fig. 1. Summary of remltr obtained via ELEFA#J I: and n for the orange-fin ponyfmh, 
Leiognathus bindus, in Lingayen Gulf, Philippinee. 
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ABSTRACT 

This contribution examines the issue of growth ovcrfishiny 
in the Lingnyen Gulf trawl fisheries. Growth (L-, W-, K), 
mortality (2, M) and selection (SF, L.50, L75) pnrnmctcrs of thc 
more abundnnt spccies in thc catch or thc trnwlcrs nrc prc- 
scntcd, as  compiled from studies conductd in thc nrca and tho 
existing litcrnture. Thcse pnrnmctcrs, combincd with ihdiccs of 
relative recruitment and pricc~,  wcrc uscd for aggregate yicld 
per recruit (YR) analysis to dctcrminc thc optimum mcsh sizc 
for the exploited multispccics mix. A mcsh sixc of about 4 cm 
was found to  be most npproprintc for optimixing yield from thc 
species included in thc analysis. The 2-crn mcsh size common 
among trawlers in the area is  inappmpriatc and lcnds to mn- 
siderable economic losscs. 

the gulf, with gill net (bottom set and surface drift 
varieties) being the most common. The commer- 
cial sector comprises 24 medium (10-20 GT) and 
two large (over 20 GT) trawlers employing about 
220 fishermen on a full-time basis. Detailed 
treatments covering the historical landings, cap- 
ture methods, exploited resources and status of 
prevailing exploitation are given in Calud et al. 
(1989), Ochavillo et al. (1989) and McManus and 
Chua (1990). 

The prevailing consensus is that the Lingayen 
Gulf fisheries resources are ovefished (NRMC- 
FIDC 1980; Mines 1986). Silvestre et al. (this vol.) 
give a summary of initial findings of assessment 
work conducted under the auspices of the 
ASEANNS Coastal Resources Management Pro- 
ject (CRMP). This paper refines previous assess- 
ments in that it evaluates the extent of growth 
overfishing by determining the optimum mesh 
size appropriate for the multispecies stocks of 
Lingayen Gulf. 

MATERIALS AND METHODS 
INTRODUCTION 

Lingayen Gulf is an important traditional fish- 
ing ground in northern Luzon, Philippines. In 
1987, annual landings from the area are about 
15,000 t of fish and invertebrates worth approxi- 
mately 1200 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 types of artisanal gears are used in 

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



The analysis involved the aggregation of indi- 
vidual YIR 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 
agellength a t  first capture or mesh-size axis; and 
(3) the YIR axis, which entails the determination 
of absolute or relative recruitment. In this study, 
the catchability coefficients of the various species1 
groups were taken as equal and constant through 
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 specieslgroups and therefore 
accounted only for value difference between 
species/groups. 

RESULTS AND RECOMMENDATIONS 

Table 1 shows the parameter values used in the 
study. The estimates of the growth coeficient (K) 
ranged from 0.14 to 1.61 per year while the Lw 
values ranged from 5 to 140 cm. These imply high 
turnover rates. The natural mortality estimates 
were also high, which imply low survival rates. 
The fish prices show the varying preference for 
the investigated species. 

Fig. 1 shows the aggregate yield per recruit 
through a range of mesh sizes from 1 t o  7 cm. For 
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 a t  a mesh size of 3.5 cm. 

Fig. 3 shows the extent of loss relative to the 
optimum mesh size for the aggregate Y/R and 
aggregate value per recruit. Smaller mesh sizes 
are shown to be appropriate a t  low F values. 
However, given the high fishing mortality 
presently prevailing in the gulf (F = 2.8 per year), 
mesh sizes smaller than 4 crn appear to be unrea- 
sonable. About 20% of the YIR is apparently lost 
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 crn are permissi- 
ble mly at  low fishing mortalities). 

The above results illustrate the growth over- 
fishihg occurring in the gulf, confirming the find- 
inga,of the previous fish stock assessments. 
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Fig. 2. m a t e  value per recruit for the Lingayen Gulf 
multispecies trawl hheries ae inferred fmm mean landings for 
1980-1 984 given in BFAR atatiatica. A: mesh sizes from 1 to 3.5 cm; 
B:mesh s h e  fmm3.6to7cm. 

Fig. 3. Lasees in value (A) or weight (B) of multiapecies Y/R through 
a range of mesh eizes relative to the optimum mesh shes in 
centimeter. Note that for a meeh size of 2 cm prevalent in Lingayen 
Gulf and current fbhing pressure, there is a 2 W  loss in both 
weight and value. 
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ABSTRACT 

The gill net is the predominant fishing gear uaed by 
municipal 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. This 
paper 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 a s  a n  initial step in qualifying the 
extent of its competition (for fishing ground and fisheries 
resources) with this aector. The results indicate, among others, 
that: (I) nonenforcement of the 7-km 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 similar 
target species and length p u p s .  

INTRODUCTION 

Lingayen Gulf (Fig. 11, 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 fishemen 
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 fiom these 
fishing activities is currently 13,900 t/year, about 

a quarter of which comes from trawl operations 
and the rest from municipal fishing activities 
(Calud et al. 1989; Ochavillo et al. 1989). Of the 
10,500 Vyear of municipal landings, about half 
(46%) is accounted for by the mix of gill net gear 
used in the gulf (see Silvestre et  al., this uol.). The 
municipal sector 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 ~ v e ~ s h i n g  and increased 
competition and conflict between the municipal 
and commercial sectors as  issues requiring atten- 
tion with respect to the capture fisheries in the 
area. Under the auspices of the ASEMUS 
Coastal Resources Management Project (CRIMP), 
a study af the municipal and commercial fisheries 
sector in the gulf was conducted to elaborate on 
the nature and extent of these issues and explore 
plausible management strategies. Initial results 
of the study are given in Calud et al. (1989) for the 
municipal fisheries and Ochavillo et al. (1989) for 
the trawl fisheries, while Silvestre et  al. (this vol.) 
give a summaly 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 elaborntes on 
the characteristics of the municipal fisheries with 
emphasis 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. 



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, monitoring 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 (kglboat-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 d6sign and specifications of the bottom gill net 
used in the area. 

M~torized and nonmotorized benca 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 
lengA 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 

effo4 (CPUE) (kghoat-trip) of bottom and surface 
gill dets in the three study sites. Bottom gill nets 
werq used all-year-round, with mean catch rates 
of 2,8 and 1.6 kghoat-trip for motorized and non- 
motrrized units, respectively. Motorized units 
condstently had higher catch rates compared to 
nonhotorized ones. This is similar to trends noted 
in other Philippine fishing grounds. However, this 
does not necessarily indicate increased productiv- 
ity--@$ motorized units made less profit in real 
terms on the average due t o  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 kghoat-trip, 
respectively. 

The operational range of gill net boats based on 
data from the three study sites is given in Table 1 
.an& Fig. 1. Areas of operation of nonmotorized 
botibm gill net, motorized bottom gill net and sur- 
facd driwtuna gill net units were distributed 
seqjlentially with increasing depth and distance 
frod the shoreline. Nonmotorized bottom gill nets 
we* deployed fairly close to the shore (2.5-6.0 
krnrin depths ranging from 15 to 25 m. Motorized 
gillhet units, on the other hand, went farther off- 
sho4e (at least 4.5 km), operating in depths of 
mok than 25 m. No tuna gill net units operated 



from Tobuan because this side of the gulf is 
exposed to the effects of the northeast monsoon a t  
the time of peak abundance of tuna-like species. 

Table 2 gives the relative abundance (%) of the 
various species comprising the combined catch of 
the different gill net types in the three study sites 
monitored. The catch of gill nets consisted of 118 
specieslgroups belonging to 49 families. The 25 
most abundant speciedgroups alone constituted 
about 90% of landings, the remainder of the catch 
distributed among 93 speciedgroups caught inci- 
dentally in small quantities. The top ten species 
accounted for over half (55%) of gill net catches, 
most of which are pelagic or semipelagic species. 
Table 3 gives the length range and mean length of 
selected fish species comprising the catch of gill 
net in the three study sites. The gill net, as 
expected, was quite selective, with sizes caught by 
species falling within fairly narrow ranges. More- 
over, the mean lengths of the catches were consid- 
erably large, given the average maximum lengths 
that these selected species could attain. 

As an initial step in quantifying the extent of 
competition between gill net and trawler in the 
area, selected information pertaining to the trawl 
fishery was obtained and compared with that per- 
taining to gill net. Fig. 1 and Table 1 illustrate the 
considerable overlap between trawl and gill net 
fishing areas in Lingayen Gulf. Noncompliance 
with the existing 7-km, 7-fathom ban in commer- 
cial fishing operations by the trawl fleet has exac- 
erbated the competition for fishing grounds, 
Instances of destruction of gill net gear and con- 
flict between gill net and trawl fishermen were 
observed during the period of study. Trawlers pre- 
ferred the shallower areas because of the higher 
catch rates obtained there. However, even if the 7- 
km, 7-fathom ban was observed by trawlers, con- 
siderable overlap still existed between the fishing 
areas of the two sectors. It is conceivable, never- 
theless, that gear conflicts would be minimized in 
such a case inasmuch as the overlap will be with 
surface gill nets, which would be much easier to 
avoid physically by the trawlers. 

Table 2 gives a comparison of the species com- 
position of gill net and trawl catches, indicating 
great overlap in resources exploited. Of the 25 
most abundant speciedgroups exploited by gill 
net, only two were not caught by trawl. Moreover, 
15 of the 25 were also in the list of the top 25 
species comprising trawl catches. Overall, about 
85% of the 118 species/groups caught by gill net 
was also exploited by trawl. 

Table 3 comparatively shows the length range, 
mean length and length-at-first-capture (in this 
context, referring to length a t  100% probability of 
capture) of ten selected species exploited by both 
gill net and trawl. Fig. 5 illustrates the method 
used in computing the mean length and length-at- 
first-capture of each species in the catch of gill net 
and trawl, respectively, using data for Lewg- 
nathus equulus. Considerable overlap existed in 
the sizes of fish exploited by both gear. Moreover, 
trawlers were more likely to cause growth over- 
fishing because of their gear's lower length range 
and the onset of full exploitation that their gear 
entailed. 

CONCLUSION 
Gill nets, the predominant gear used by munici- 

pal fishermen in Lingayen Gulf, account for about 
50% of the 10,500 tlyear of municipal landings in 
the area. The municipal sector, therefore, is 
primarily a gill net fishery. Mean catch rates for 
boats using various types of gill net were rela- 
tively low, varying between 1.6 kghoat-trip for 
nonmotorized bottom gill net units and 24.3 
kghoat-trip for motorized surface tuna gill net. 
Bottom gill net operations proceeded all-year- 
round while those for surface gill net were highly 
seasonal, with a pronounced shift from drift to 
tuna gill nets around November to February. 
Combined gill net landings were made up primar- 
ily of pelagics, the size composition of which is 
composed of fish in the larger length groups. 
Comparison of fishing area and exploited 
resources of gill net and trawl indicated, among 
others, that: (1) noncompliance of the trawlers 
with the 7-km, 7-fathom ban on their operations 
leads to tremendous overlap between trawl and 
gill net grounds, resulting in conflicts between the 
two fisheries sectors and (2) severe competition 
for similar resources/species and length groups. 
Silvestre et al. (this vol.) present recornmenda- 
tions relevant to these findings and the results of 
other assessment work conducted thus far. 
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Tlble 1. Operationu1 range of gill net und twwl in Lingeyen Gulf, 
PYHppinos, based on data for the period Muy 1987 to April 19BB. (See alm 
Ftg. 1.) 

Fi*ling p a r  Dopth range DisLance from 
(m) ehorallne (krn) 

Bdtom dl1 not 
Motorized 25-40 7.0.10.0 
Nonrnototised 15-a5 2.6 6.0 

Swhce gill net 
Tuna dl1 net 
Drill gill nel 

over 4.5 
over 6.0 

B e r n  lrawl 8.76 over 0.6 
- 

Tuble 2. Cornprison of the specinn composition or gill nu1 and tmwl ealcheb+n tingayen Gulf Worn May 19137 to April 1988. Gill 
net data reflect relutiva number 01 unile ofthe various typer in the thrm st& slka while Che trawl d a h  are for the mUre trawl 
fleet. 

Gill net Tmwl 
Rank Relative Rank Relative 

abundance (%I abundance ($1 
- - - - - -  

MBgslaspis eordyla 1 8.27 
Rwtrdllgw brachymmo 2 7.93 
Sawidn turnbil 9 5.21 
CUM minuta 4 4.86 
R. knnugurlo 6 4.83 
S& cromnophfMmus 6 4.80 
Euthynnus mnir 7 4.74 
R. rawhi 8 4.71 
&Y 8 9 4.28 
Aleps  djedaba 10 4.29 
Lebgmthus uplendens 11 4.01 
UPCMUB n d p h m u a  1 2  3.76 
Xiphhglodius 13 3.68 
Ahrk Inale 14 3.47 
Germ flamsntmus 16 2.42 
lRichiurus h u m l a  16 2.1 9 
Secrnberomorus rnrnnmwo~~ionus 17 2.1 4 
Selar boopa 18 2.04 
Nemipterusjaponkus 19 2.02 
Ahadontos&ma chacrrndo 20 1.83 
L. bfndus 21 1.91 
C h i m n l r u s  domb !U 1 .A3 
Priwanthus fayenus 23 1.29 
L. squulua 24 1 .28 
Seliuohien lrpfdspis 25 l,l8 
Others 11.13. 

-Connlsts d B 3  spccieslgroupa, 82% of which nre also caught by trawlem. 
PConsi~Ls of 128 s&ea/groups. 

Table 3. hn@h rango (em), mean length (cm) and length-abflrst-capYlco (cm) of some fish caught by glll net and 
tmwl in Lingayen Gulf. (Sea almFig. 6.) 

Species Oill net Trawl 
Lcngth range Mean longtk Length m n p  Lsnglh-nbfirut 

c a p t u e  

Atde nuate 14.5-20.6 15.4 6.0.1 9.0 11.8 
Chlrmntnvr dnmb 26.0-36.0 26.2 7.6-33.0 11.6 
Cam acclamys 7.6-9.5 8.2 3.0-1 1 .O 6.7 
G. minula 6.69.0 7.0 3.0.11.6 8.3 
Lsbg~thvs  spuulus 8.6-19.6 10.8 6.0.1 8.0 7.8 
L. Isueisem 8.67.5 6.7 4.0-11 .O 6.0 
Rwtrelliger bmchy- 16.0-m.5 17.2 8.5-25.0 14.4 

R. knwlv ta  10.0-17.5 14.6 6.6-20.0 11.8 
SW&LMG limbri~s 9.6.18.6 10.2 6.0.12.0 10.1 
ssbr boopa I~.G.~o.o 16.4 6.6-22.8 12.3 

.Lengths dsvieting From the normal were excluded In the cornputulion &mean lenath (sea Fig. 6). 
bhngths at full exploitation wum cstimatsd uoing catch curves gonemuYd via ELEFAN 11. 



Fig. 1. Lingayen Gulf showing the operational range of gill net 
and trawl fisheries (aee legend) together with the 7-km (-- j 
distance fmm the shomline and the 7-fathom (---) inobath. 

Bottom gill nmt 

SpaclRceUons : (per unll: 1- unlm per seainp) 

Pobemlde (PA) monofihrnmt 
7-12 kmls (2.841 on) 
m20 
1W-2M)m 
4080rn 
S 4 9 6  
2 9  rn 
1.62.6 m 
M PE 
M PE 

W : lead 
: 1.2-1.0 on 
: 0.6-1.2 on 

Number : lwmpcs 
Toml sin- W : Appox. O.&z.o 110 

1 

Fig. 2. Typical bottom gill net design and epecificationa in Lingayen Gulf (Calud et al. 1989). 



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

Bottom g~ll net " F 
C. Motorized ( m a n  CPUE: 2.9kg/bmt-hip) - Nonmororized (meon CPUE =f.bk$bwt-trip) 

I 1  I I I ! I I I I I I  

Surface gill net 

C. Molorired (mem CPUE : 2 4 . 3 k ~ / b m t - h i p )  - Wfl ( meon CPUE = 15.8 kg/bool-Wip) 

I l l 1  

M J J A S O N D J F M A  

1987 198B 

Month 

Fig. 4. Mean CPUE (-at-trip) for the various types of gill net 
used in Lingayen Gulf between May 1987 and April 1988. The zem 
cat& ral2 1- bbtEa€e n-m h mrmttrs. f!Ii~?Seetma. 

Trawl LC Gill net ji 
5 I 

I I 

Length (cm 1 

Fig. 5. Length distribution of Leiognothlrs egudus in the catch of 
trawl superimposed over the length frequency histogram of the 
same species in the catch of bottom gill net in Lhgayen Gulf. The 
hatched portion of the frequency h i s t o m  was excluded in the 
wmputation of mean length (l) in gill net catches. See text and 
Table 3. 
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ABSTRACT 

Segarn Anakan, a mangrove-fringed lagoon i n  the southern 
coast of central Java, ia a rich nursery ground for shrimp and 
fish that are the bases of sequential exploitation by artisanal 
lagoon fiaheries 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 conccrn 
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 betwcen 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, thoir operational ranges, catch rates and 
catch composition. 

Fishing nctiviticr in Scgnra Annkan nrc wholly nrtisannl in 
nature. The survcy showed that fishing intcnsity was high and 
annual production was about 1,600 t valucd at  Rp84O million." 
Catch rates of tho vnrious gcnr wcrc low, varying bctwcen 4 
and 15 kghoat-trip. Shrimp wcrc thc most irnporlnnt 
components of tho lnndings. Howcvcr, thcre is n nccd lo rcducc 
fishing effort and prohibit thc use of destructive fishing 
methods to assum sustninnbility of thc fishcrics. 

INTRODUCTION 

Segarn Anakan, the site of intensive studies 
under the Indonesian component of the 
AF-EANIUS CRMP, is a mangrove-fringed lagoon 

in the southern coast of central Java (Fig. I). 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 of 
destructive 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 fishing 
and have resulted in the decline of the coastal 
fisheries off Cilacnp. As part of the efforts to 
rationalize conflicting and competing resources 
use in the Segara Anakan-Cilacap area and to 
formulate implementable management plans, a 
fisheries survey in Segara Anakan wasxonducted 
between July 1987 and June 1988. The survey 
aimed a t  establishing the status of existing fish- 
eries in the lagoon. Ten trips 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) the 
catch rates (kdtrip) 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 



relatively simple gear and small dugout boats. 
The gear were trammel net (jaring Izantong) and 
gill net kiker), 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 gdl 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 floathinker 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 andlor 
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 Klaces to the Kembang Kuning 
River in the southern part of the lagoon. The wide 
tadahan 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-tripslmonth) and 
catch rates (kghoat-trip) in Segara Anakan dur- 
ing the period of study. Fishing effort varied 
between 1,117 and 7,999 boat-tripdmonth while 
catch rates were from 4.0 to 15.1 kghoat-trip for 

the d r ious  fishing gear. Annual production from 
the mix of fishing gear was estimated at 1,593 t 
va lud  at Rp840 million. About 74% of the land- 
ings were accounted for by tidal traps, followed by 
pushinets (8.6%), wadong traps (8.1%) and 
trammeVgil1 nets (6.6%). 

Table 2 gives the catch composition of the 
varims fishing gear, excluding the wadong and 
pintw traps, which caught crabs almost 
excl&ively. The tidal traps caught shrimp 
priwrily. These comprised the bulk of the value 
of laadings. The difference in the value of shrimp 
land+gs 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. 
Traamel 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. 
Overtill, penaeid shrimp were the most important 
compronents of the Segara Anakan fisheries. 

Among the various gear used, the push-nets 
causQ the most damage because of their small 
meshs .  Fig. 4 illustrates this point in the case of 
P e n ~ u s  merguiensis, the most abundant among 
the bhrirnp 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 

T& results of the survey emphasize the need to 
regdate the lagoon fisheries. Efforts to reduce 
fishi$g intensity are necessary and the high sea- 
sonality of fishing activities indicates that such is 
plauqible. Provision for alternative sources of 
income through agriculture, aquaculture and 
anidal husbandry, which are the sources of liveli- 
hoodl during nonfishing months (Anon. 1986), 
shodd be given priority. This provision should be 
inteeated with overall measures to reduce man- 
induted stresses on the ecology of the Segara 
Anaban area resulting from high sedimentation 
rates, loss of mangroves and tidal swamps and 
impmper use of mangrove forests. 



REFERENCES 

Anon. 1986. Study pengembangan wilayah Nusnkambangan 
dan Segara Anakan. Lapornn Sementara. Kerjasama Badan 
Perancanam Pembangunan Daerah Tingkat I Pemcrintah 
Pmpinsi Jawa Tengah dengan Pusat Penelitian Lingkun- 
gan Hidup Universitas Gadjah Mada, Jogjakartia, Indone- 

'&. The coastal cnvironmcntnl 
profile of Segara Anakan-Cilacap, Indonosin. Trop. Coast. 
Area Manage. 3(1): 1-4. 

Ludwig, H.F. 1985. Final report on Segara Anakan cnviron- 

mental monitoring and optimal usc planning projcct. Tnsti- 
tute of Hydraulic Engineering, Indoncsin. 

Martosubrota, P. and A. Sudraaat.  1973. Mcrnpelnjnri bcbcr- 
apa segi ekologi dan pariknnnn di Scgnra Annkan. J. Mar. 
Fish. Resour. (l):75-84. 

Napitupulu, M. and K.L.V. Ramu. 1981. Pcrkcmbangan 
wilayah Segara Anakan di jawa tengah. Lcmbngn 
Oceanologi Nasional, Lembnga Ilmu Pengetahuon Indonc- 
sin, Jakarta, Indonesia. 

Wahyuni, IS.,  S. Nuraeni and W.A. Prolampita. 1987. Note on 
aquatic resaurccs use in Sugnra Annkan, Cilacnp. J. Mar. 
Fish. Resour. (39): 73-80. (In Indoncsian). 

Table 1. Catch and fishing effort in the Segara Anakan fishery for the period July 1987 to June 1988. 

No. of Catch Fishing Monthly Operational Annual 
units rate effort catch months catch 

(kgltrip) (tripdmo.) (t) (mo./year) (t) (%I (x 106 Rp) 
. . - .- . -. - - . . . . . . . 

Trammel netJ 196 5.9 2,535 14.9 7 104.6 6.6 92.12 
gill net 

Tidal trap 
a p w  320 15.1 5,760 86.8 9 780.8 49.0 360.03 
wide t & h n  421 10.0 7,999 80.2 5 401.0 25.2 178.28 

Trap 
wadong 6,459 4.4 3,682 16.2 8 129.5 8.1 113.11 
pintur 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 not/ 
(wide tadahan) bporLgl Push-net gill net 

Resourcd Relative Value Relative Value Relative Value Relative Value 
P U P  abundance (xlW Rp) abundance (xlW Rp) abundance (xlW Rp) abundance (xlW Rp) 

(5) (%) (%I (%I 

Shrimp 77.2 166.90 47.5 297.03 73.8 72.63 26.7 76.65 
Penaeids 76.6 165.59 42.4 293.99 68.6 66.34 26.7 76.65 
Carideans 0.2 1.11 1.0 1.35 0.4 0.27 0 0 
Sergestids 1.4 0.20 4.1 1.69 4.8 6.92 0 0 

Crab 0 0 4.0 10.06 0 0 2.1 1.71 
Fish 21.7 9.75 44.7 28.37 26.2 0.63 68.2 12.81 

Mugilidae 1,5 3.30 1.4 2.80 0 0 15.9 8.44 
Scatophagidae 0 0 2.2 2.41 0 0 9.7 1.23 
 other^ 20.2 6.45 41.1 23.16 26.2 0.63 42.6 3.14 

Eel 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 



Fig. 1. Segara Anakan, the pilot site of the ASEANUS CRMP in Indonesia. 
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Fig. 2. Typical designs of iishing gear used in Segara Anakan. Numbers 
without unita indicate number of meshcs. 



Fig. 3. Operational rangea of the various fi~hing gcar used in Segara Anakan, 
Indonesia. 
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Fig. 4. Length distribution of bemeus merguiensis 
caught by push-net and tidal t off Udjung Alang 
River, Segara Anakan, Indonesia. 
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ABSTRACT 

The mud crab, Sqdla serrata (Forskal), i b  one of the fiah- 
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 kgltriplday while for lift net, 3.2 
kdtriplday. In the lagoon, this crab appears b spawn all-year- 
round. Some biological and socioeconomic aapects of the fiahery 
are also discussed. 

INTRODUCTION 

The mud crab (Scylla aerrata) is one of the main 
fisheries resources in Segara Anakan-Cilacap. So 
far, 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. 

WTERLALS AND METHODS 

The wadong and pintur (Fig. 1) differ in their 
local effectiveness and use. Table 1 shows that the 
bamboo trap operation depends on tide conditions 
while the 1% 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 Muraenidue), and scats 
(Scatophagidae), among others. 

In Segara Anakan, crab fishery is distributed in 
five 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 seven 
categories based on marketable size and sex 
(Table 2). The size and weight frequency 
distribution of each categoly is presented in Fig. 
4. 

The total production was estimated by 
calculating the monthly total catch of each fishing 
gear using the formula: 

T = h x n x C P U E  
where T: total production 

h: average number of fishing 
days per month 

n: estimated number of active 
fishermen 

CPUE: catch per unit effort 
(kg!tfiplday) 

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 and 
23% by.lift net. 

The average daily catch rate by bamboo trap 
was 4.5 kdtripfday, 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. 



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- ear-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 la, Ib, IIa and IIb 
categories (Tables 2 and 3). In the Karang Anyar 
area, the carapace length a t  first maturity was 
42.7 rnm (Toro -1982); in Motean, 59.3 mm 
(Hutabarat 1983); and in Malaysia, 66 mm (Ong 
in Toro 1982). Based on the body condition, the 
IIIa category was assumed to have already 
spawned. Generally, this category was the 
dominant catch (31%), except during the period 
May to July 1988 for the lift net catch, when the 
dominant catch was categoly IV (Fig. 6). The 
latter category was the smallest-sized crab, the 
catch peaks of which probably indicate the 
spawninp: 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 92.6 mrn. 
The monthly frequency distribution of carapace 
length is illustrated in Fig. 7, while Fig. 8 shows 

the4 monthly movement of modal values of the 
crd--usually below the mean values--in the 
lagdon during this period. In the 1981 t o  1982 
pedod, Toro (1982) obtained the =me result and 
sueested that the crab fishery in Segara Anakan 
wag overexploited. 

Sodioeconomic aspects 

Generally, the fishermen do not sell their catch 
to #he consumer or exporter directly. Fig. 9 shows 
thsi various stages in the marketing system of the 
cr& caught in the lagoon and the trend in crab 

'$:ed on the price of each crab category, the 
in me of a crab fisherman and the values of total 
cr I$ production (Table 8) could be estimated. 
B&ed on the average monthly income and 
nJ)nber of trips per month, a bamboo trap 
fiderman earned Rp 3,619. per trip, while a lift 
net fisherman made Rp 3,294 per trip (Tables 5 
and 9). Since the net fishermen had substantially 
loager fishing days in the first two quarters of 
1988, they had a higher total income compared to 
tM trap fishermen. , 

phe catch of Scylla serrata in the lagoon fluctu- 
at4d but occurred all-year-round with a total 
pmduction estimated a t  21.7 t per month, which 
could be a case of overexploitation. It was 
recommended that the culture of mud crab be 
inatituted in Segara Anakan so that production 
cmld be increased while managing the wild 
population on a sustainable basis. 
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Table 1. Fiahhg g m u d  and metbodm oIbambm trap ond liR nat Pi*. 

Dseeripticm Bamboo trap 
.. -- 

fin Mt 

Neap tide 

M s n g ~ v e  araas, nrbmarged Channel h m n n p m  prpns. rim or 
at high water h- 

Placed at low watsr U d  any time 
Taken before the next 
low water 

Not active Active 

Table 8. Pelrentage offatch composition of Ecylh m r  by barnbop trap and liR net. 

S'is Eat8goly 
Kind ofgear Iu Ib IIa IIb I B  Ub IV Total 

Bambootrsp 18 17 W 6 7 31 17 100 
LU net Bo 8 12 1 10 SO 19 100 

Table 4. The awmp daily catch mt. ofScylb mrrata by fishing gear. 

Kind of gear 
c m  

kg Individuals 

Bamboo trap 
Lilt net 

Now Numben in pamnthsrw ere etandard deviatims of CPUE. 

Table 6. Estimstsd number of fishing days, fluherman and Wpm by gear type. 

Fishing days Fishermen Fishing tripo 
Month Bumbm Lift Bamboo Lift Bambm Lift 

tmP net trap net trap net 

&+lee7 13 258 3,354 
Oc t. 19 258 3,354 
Nov. 12 258 3,096 
Dee. 13 10 268 85 3,864 960 
JunlBBB 13 13 258 a6 8864 406 
Fob. 1 B 23 268 38 4,128 874 
Mar. 12 SO 258 39 3,096 1,170 
Apt. 30 39 - 1,170 
MW 22 30 258 48 6,676 1,140 
J ~ n e  26 28 258 86 6,4M) 2,688 
July 28 31 103 61 2,890 1,897 

Averagu 17 24 242 49 9,876 1,220 



Table 6. Estimated tono oCScyllo aermta, by area. caugY with bambm trap, 

Karaeg I Muarn 
Month Motean Anyar Cibeureum : Penikel Dun Total 

9sp, 1087 
Oct 
Nw. 
Dac. 
Jan. 1 9 s  
Feb. 
Mar. 
May 
June 
July 

Average 7.53 4.83 0.66 , 0.78 2.86 16.76 

Table 7. Estimated tons ofScylln serrate, by area, caugY with lift net. 

Karang Muara 
Month Motean Anyar Cibeureum Penikel Dua Total 

k.1987 0.09 0.89 0.10 0.04 0.18 1.31 
Jan. l98B 0.07 0.72 0.08 0.03 0.14 1.06 
Fab. 0.16 1.39 0.1 6 0.m 0.27 2.02 
M e .  0.23 2.23 0.26 0.10 0.44 3.25 
Apt. 0.22 2.13 0% 1 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 0.90 1.36 10.06 

Average 0.36 3.42 0.39 0.15 0.68 4.99 

Table 8. Eetimated vdue (in million Rp) of crab prduction by 
flehiq gent 

Month Bamhoo trap Litt net Total 

8ep. 1987 
Oc t. 
Nov. 
Dec. 
Jan. 1888 
Fab. 
Mar. 
Apr. 
=Y 
Jum 
Jab 

T&le 9. EstimaLd blol monthly catch (kg) nnd income (Rp) oC a crab 
fi*lermnn by fishing gsar. 

h b m  trnp LIR net 
4Lrrth Catch Income Catch Incoma 



Fig. 1. Fishing gear for S~cylla WfTUta in Segara Anakan. 

Fig. 2. Distribution of the crab fishery in five areas in Segara 
Anakan and the location of the fishing grounds of bamboo trap 
and lift net. 
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Fig. 3. Number of fishcrmen according to area in 
Scgnra Anaknn. 
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Fig. 4. Carapace length and body weight frequency distribution of Scylla serrata in Segara Anakan. 

Fig. 5. Fluctuntion of catch rate fbr Scylla serrata in 
Segara Anakan. 
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Fig. 6. Catch fluctuation or seven market-size categories of Scylla serrata in Segara Anakan. 
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Fig. 7. Monthly frequency distribution o f '  
the carapace length of Scylla s m k r  in 
Segara Anakan. 
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Fig. 8. BOX plot of carapace length odlScylla serrata in Segara 
Anakan. 
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Fig. 9. Marketing system for crab caught @ Segara Anakan. 
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ABSTRACT 

Coastal aquaculture is becoming an important sector in 
South Johore in recent yeam Aquaculture practicee invoive 
pond culture of pnaeid shrimp (Pewus  moMdon and P. mer- 
guiensis), c a p  culture of meabass cdwl fe r ) .  groupera 
mpinephelus apJ and snapper (Luwtrs  ap.), and raft culture 
of muasel Perno viridis) including hatcheries for shrimp and 
seabass. These aquaculture practkea vary in each of the three 
districts: Pontian, Kota Tinggi and Johore Bahru. Further 
development of aquaculture in the State of Johore may accel- 
erate in respom to the government policy to attract foreign 
investment in aquaculture. 

Potential aquaculture eites have been developed in the Pon- 
tian Dietrict udng the Qeographic Information Syatem (GIs). 
Various criteria and detanninants were utilized, genemting 
mape ehowing that 17,366 ha are euitable for ehrirnp ponda 
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 fanning; 
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 a t  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, par- 
ticularly enticing foreign investors to start large- 
scale shrimp farming. Very little study has been 
done to see the environmental impact of varioue 
coastal aquaculture activities. Thus, there is a 
need for proper planning and utilization of coastal 
resources with respect to aquaculture develop- 
ment in Johore. 

A study was conducted under the A S E M S  
Coastal Resources Management Project (CRMP) 
with these objectives: 

1. evaluate the present status of'aquaculture 
practices in the three districts of South 
Johore: 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; 

3. identify potential areas for aquaculture 
development and its possible impact; and 

4. generate thematic maps showing the pre- 
sent and potential aquaculture areas in 
the Pontian District. 

The study, carried out using GIs, will enable the 
formulation of guidelines and strategies for 
aquaculture industry in Pontian District and to 
some 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 geographic 
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. 



Present status of aquaculture 
pmctices i n  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 mates calcarifer), groupers 
(Epinephelus sp.) and red snapper (Lutjanus sp.), 
while the mussel Perna uiridis is cultured in rafts. 
Marine finfish hatchely 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 3046, respectively, of the total 
shrimp ponds in the state. In terms of areal 
extent, Kota Tinggi represented 60% of the total 
land area utilized for shrimp culture. There were 
11 shrimp and marine finfish (seabass) 
hatcheries, with Kota Tinggi 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 
and 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 
development in Pontian District 

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 

pos ble environmental impact, which had been 
lar ly ignored in the past. Such process of evalu- d 
ati* using both spatial and attribute information 
(embirical data sets) can be effectively generated 
usinlg GIS. 

The following are the general criteria in select- 
ing and evaluating the suitability of an area for 
aquaculture: 

fivironmental Parameters. Water quality is 
the most important criterion in site selection. 
Wabr quality parameters used to evaluate the 
suibbility of a site include pH, salinity, dissolved 
oxyaen (DO), biological oxygen demand (BOD), 
chemical oxygen demand (COD), temperature, 
nutatients, heavy metals and microbial count. The 
choke of parameters will depend on the type of 
spe es being cultured. 

4 t h  respect to water quality, one must also 
conqder other factors such as land use patterns. 
For instance, upland agriculture and mining 
actifi~es can cause soil erosion and, consequently, 
con+bute to high turbidity and sedimentation of 
c o a e l  waters, while agricultural farms generate 
pesdcide and nutrient runoff that eventually goes 
intolthe sea. These factors, although quite difficult 
to obntrol, must be determined to minimize or 
sa fward  their short- or  long-term adverse 
imp4ct on aquaculture establishments. 

Oker  environmental parameters include soil 
typd, hydrographic factors, coastal geomorphol- 
ogy and meteorological characteristics. These 
parmeters must be assessed with respect to 
othet factors such as land use patterns and 
infrastlvcture to establish comprehensive 
suit*ility indices useful for GIs operations, 

I#rastructure. Accessibility to existing infras- 
truc, re, such as roads, water and power supplies, 
com t unication facilities and others, is also an 
irnpqrtant criterion in assessing the suitability of 
an &ea for aquaculture. Such accessibility partly 
predbtermines the ease and expenditure required 
for dquaculture operation. The distance of farm 
sites11 from existing roads and towns will have an 
impgtant bearing on the cost of obtaining 
supdies and the transport of aquaculture 
prodpcts. 

O&er factors, some environmental in nature, 
are [overed more appropriately below since these 
are '1 rather system-culture specific. All this 
info#nation, particularly spatial data such as 
map$ showing roads, settlements and various 
Ian uses, has been digitized and georeferenced 
(con 1 rming to actual projections) for GIs analysis 

and hterpretation. 



Potential areas for shrimp pond c J ture  

The other criteria for evaluating or determining 
the suitability of an area for shrimp culture are: 

Salinity Requirements. Suitable salinity levels 
for shrimp farming are usually those that fall 
within the combined optimum salinity range of 
different species. P. merguiensis has an optimum 
salinity range of 25-32 ppt while P. monodon has 
12-25 ppt. Thus, the optimum salinity range for 
shrimp farming is 12-32 ppt. 

Soil Characteristics. The chemical (pH) and 
physical (texture) properties of soils are no longer 
critical as determinants in site selection for pond 
culture because mitigative measures are available 
to improve soil quality with less capital expense. 
However, it is best to consider existing soil char- 
acteristics from maps that have been classified 
according to chemical and physical properties and 
are obtainable at low cost in determining sites for 
shrimp ponds. Data for GIS were extracted from 
existing soil maps of Pontian District and sites 
were ranked according to their suitability for 
shrimp pond culture (e.g., excellent, good, fair, 
poor and unsuitable). 

Rainfall Pattern. Rainfall affects shrimp growth 
and production, water quality and incidence of 
flooding. Slow growth and possibly high mortali- 
ties can be experienced during heavy rainfall due 
to acidic runoff from the leaching of acid sulfate 
soils. Damage to aquaculture infrastructure can 
be exacerbated by flooding coincident with high 
tides. For South Johore, areas with less than 400 
mm monthly rainfall are preferred. Areas experi- 
encing more than 400 mm of rainfall for 3 months 
or more annually are also classified with respect 
to the number of culture cycles that can be carried 
out in one year. A map on the rainfall pattern for 
the study site based on the above-mentioned 
classification was generated from rainfall data of 
Johore from 1950 to 1968 (JK 1971; Rosly and Ti 
1987). 
Mangrove vs. Nonrnangrove Areas (Land Use). 

Although mangrove areas are ecologically impor- 
tant as  nursery and feeding grounds for many 
aquatic species (see Paw and Chua, this vol.; 
Naamin, this vol.; and Chan, this vol.), these 
areas are also suitable for aquaculture. In this 
study, however, the nonmangrove areas that were 
given priority for shrimp farm development were 
the reclaimed coastal lands (located behind the 
Jabatan Parit dan Taliair or JPT's bunds), 
secondary forests and marginally productive agri- 
cultural lands. 

To determine which areas can be developed for 
shrimp farming--those that are not mangrove 
reserves and less important to agriculture and 
other land use schemes--a mangrove forest map 
obtained from the Department of Forestry, a land 
use map and the JPT's bunds location map were 
overlaid. Thus, resultant maps showed areas 
where shrimp farmihg could be sited. Several 
steps utilizing the various maps and attribute 
information were also made using the GIS (Fig. 
4). The areal extedt of suitable sites for shrimp 
pond culture has a total of 17,366 ha within Pon- 
tian District (Table 1 and Fig. 5). 

Potential areas for shrimp 
and fish hatcheries 

In selecting areas for establishing shrimp and 
finfish hatcheries, water quality and existing land 
use patterns were emphasized. Hatchely opera- 
tion requires large amounts of good quality water. 
Distance from the water source is also important 
since it will determine the cost of installing a 
water supply system for the hatchery. 

Geomorphological features like mudflats and 
sandbars are also important. Areas with sandbars 
or a rocky coast are more suitable than mudflats, 
which are generally exposed during low tides and 
easily induce water turbidity. Installing water 
supply lines in mudflats would entail a longer dis- 
tance from the hatchery to a goad water source. 
This could increase installation and maintenance 
costs compared to a site off the sandbars or along 
a rocky coast. 

Hatchery sites should preferably be sheltered 
from strong winds as an exposed coastline nor- 
mally has choppy water and is often turbid, espe- 
cially along shallow areas. Finally, the sites 
should be near aquaculture farms to ensure a 
viable market outlet for the produce. Based on 
these factors, suitable sites for hatchery have 
been identified following a series of analytical pro- 
cedures (Figs. 6 and 7). 

Potential areas for  finfish cage culture 
and raft culture of mussel 

Other factors that must be considered for the 
cage culture of finfish and raft culture of mussel 
are bathymetry, current pattern and coastal fea- 
tures. 

Sufficient depth--at least 1 m from the cage bot- 
tom to the seabed--is important for floating cages 
to minimize adverse water conditions that may be 



due to accumulated waste feeds and feces. Cages 
with a net depth of 2-3 rn require a water depth a t  
lowest tide of a t  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 >lo-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 above that range 
were 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 h a  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. *he potential sites for mussel and finfish cage 
cultare have a total area of 180 ha, with many of 
thew located in sheltered areas along river 
sysqms. 

The criteria in determining potential sites 
undlr various suitability indices for the diverse 
a q u ~ u l t u r e  practices within Pontian District are 
not limited to what have been discussed. The 
0 t h  factors that must be considered are the 
number of cages and the environmental impact of 
petr)chernical factories or agroindustries. The 
number of cages per site must be controlled to 
min#nize adverse environmental impact due to 
over#rowding of cages and wasteload. Agroindus- 
tried/ or chemical factories must be properly built 
in adeas farther from the coast to minimize the 
neg#ive impact of effluents on the aquaculture 
actidties downstream and along the coast, 
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Table 1. GIs results for land use ty&s and areas available 
for shrimp farms in Pontian Dietrict. , 

Present Soil btegoq (ha) 
land use Excellent Good Fair 
- 

Mangroves 
Mixed horticulture 
Cooonut 
Coconut and banana 
Rubber 
Oil palm 
Pineapple 
Newly cleared land 
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m Sunang Sdn. Bnd. 
d Ooimm Marine Roduclr Sdn. %Id. 

n Penggerang Farm a. W. 
o Sykt. Pmiwon and ~ r m d l n a a n  -11 hrlns Indstrles *, Bhd, 

HWI LOU! Guon nuat 
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r ~ u g o  ~ u o ~ u n u m  Sdn Bhd. 
p cruetocoa Entorprism Sdn. Bhd. 

Q R O j k  Lklm G U M S  
r East Asian Morlne Forms Sdn. Bhd. 

h Sykt. P4nternokMn U r n  FUblQ1D 
s Bungorno Sdn. Bhd. 
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Fig. 1. Distribution of fdsh and shrimp farme in South Johore. 
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Fig. 2. Dietribution of marine c a p  add raR mltum in South Johore. 
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Fig. 3. Distribution of finfish hatcheries in 
South Johore. 
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Fig. 4. GIs analyeis flowchart for the 
identification of potential. areas for shrimp 
farms. 
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Fig. 6. GIs analysis flowchart for the identif~ation of potential sites for 
hatcheries. 
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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 summorizcs 
the 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 activitics that greatly 
affects mollusk culture. Some strategies are recommended to 
address 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 by its neighboring 
countries and high oil prices. A study was made 
under the ASEANNS 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 shrimp 
ponds distributed in the provinces of Surat Thani 
and Nakhon Si Thammarat. However, as of 1987, 
the total area for shrimp culture in the two 
provinces was 11,356 ha, based on interpretations 
of aerial and satellite photos. Notwithstanding 
this difference, shrimp pond culture appears to be 
the dominant aquaculture activity in Ban Don 
Bay. Other aquaculture activities (in the order of 
importance) are cockle IAnaGara granosa) culture 
and oyster and fish culture. For cockle culture, 
total culture area in 1985 was 388 ha while that of 
oyster 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 great 
potential for expansion. Several areas have been 
assessed for possible development. Potential areas 
for shrimp pond culture in the two provinces are 
about 14,242 ha in five districts: Tha Ghana, 
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. 



Aside from potential culture areas, a number of 
areas have been assessed to serve as prese~ation 
areas for mollusks, especially as spawning and 
rearing grounds for Merethrix merethrix, M. 
lusoria, Arcuatula arcuala and cockle. In Chaiya 
District, the preservation zone for Merethrix' is 
about 700 ha while that for Arcuatula in 
Kanchanadit District is about 300 ha. For cockles, 
spawning ground is about 800 ha in Tha Chang 
and 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. 

Td manage coastal aquaculture in Ban Don 
Bayrlthese strategies must be implemented: 

1. Protect the seed beds for mollusks from 
illegal fishing gear and land-based 
pollution sources. 

2. Give alternative livelihood opportunities 
to  fishermen engaged in push-netting. 

3. Confront pollution problems by 
establishing proper procedures and a 
sewerage system ta control indiscriminate 
effluent discharge into coastal waters. 

4. In shrimp culture, demarcate zones for 
aquaculture activities and for mangrove 
reserves. 

Ta-reach the various sectors of the aquaculture 
industry, a strong public information program 
shouM disseminate an understanding of the 
intedependence of the coastal resources in Ban 
Don Bay. This program should advocate pollution 
management and aquaculture practices that 
rniniGize the discharge of pollutants. 

Existing areas for shrimp culture 

Potantlol arwos lor ahrirnp culture 

Potential areas for m s r l  culturn 

Preserwtion areas (br mlluska fAnodam, 

AmwMo and Mwe#u&/ 

PotMlthl meas for cock* culture 
Potential orws for oysta culture 

Fig. 1. The existing and potential areas for the development of coastal aqu-lture in Ban Don Bay. 
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ABSTRACT 

Thirteen sites along the weatern mast of Lingayen Gulf 
were surveyed to assees the general statue 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 gmwth was dominated by the low-lying speciee making 
up about 40% of the total coral cover. The fish population was 
dominated by pomacentrids, labdds and acarrida, while only 
3.7% was accounted for by the higher-priced target speciea. 
Human-made atreawe such as enhanced siltation and destruc- 
tive fiahing practices, together with excewive fishing pressure, 
were the factore behind the claeeification of reef condition aa 
fair and the relatively low densities of reef fiah. 

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 in 
fisheries statistics. 

The reefs of Lingayen Gulf provide a year-round 
fishing ground not only for the 6,000 fishermen 
(Ferrer et al. 1985) there but also for the rest of 
the 14,000 artisanal fishermen of the gulf. A 
habitat 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 reef 
resources 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 Cabarmyan Islands (Fig. 1) were 
made to determine the abundance of coral reef 
fish, 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 live 
organisms are in good condition, and vice versa. 
The method of underwater survey used was the 
life-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-rn 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 m of water 



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 x 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-Acrapora types, dead corals, spsnges; 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 and 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 m 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 crest. 

Assessment of reef condition was made 
primarily on the fore reef slope a t  depths of 6 and 
9 m. 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 b t h  scleractinian 
and alcyonarian species combined) ranged from a 

rninhnum of 29.5% north of Silaqui Island to a 
ma-um of 51% along Malinap Channel with a 
r n e a  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 
visibed, only 18% were assessed to be in good 
condition (51% and 50% for Malinap and 
Cangaluyan Islands, respectively), with the rest 
having 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 tipper slopes (6 m). 

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 
ma& 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 
encmsting, submassive and mushroom species 
with an average of 16% cover or 40% of the total 
coral cover in the area (Table 2). The branching 
species (both Acropora and non-Acropom) 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 
percantage of dead corals consisted of the 
bradhing species and in several instances, these 
were overgrown by algae or were recolonized by 
encrusting and submassive species (Dewey, 
Cangaluyan and Cabungan Islands). 

Presen9 in relatively lesser quantities along the 
fore reef slopes were other invertebrates such as 
sponges, zoanthids, echinoderms, gorgonians and 
hydmids. 

Reeinfish population 

Fiah population densities computed per 1,000 
m2 ate given in Table 3. Reef fish were classified 
accoding to target species, which include the 
comderciaily important (relatively higher-priced) 
serrahids, lutjanids, lethrinids and haemulids, the 



indicator species (butterflyfish), and all other Although natural stresses are responsible for 
major fish families visually dominant in the area. the destruction of large portions of reefs, these are 

Overall, the highest density was obsewed along exacerbated by human activities ranging from 
Trinchera with 576 per 1,000 rn2 followed by poor land management to pollution and the use of 
Sablig and Silaqui, with 552 and 512, respec- destructive fishingtechniques. 
tively. Lowest density was observed a t  Tanduyong 
(186) and Caniogan (114). 

A total of 40 families of reef fish was recorded. 
Pomacentrid and labrid fishes dominated, with 
densities reaching up to 289 and 191 individuals, 
respectively, per 1,000 m2. Those belonging to 
families Scaridae, Acanthuridae and Signnidae 
were less common. The rest of the families were 
rarely represented. 

The higher-priced species made up only 3.7% of 
the total population with an average of 4 individ- 
uals per 1,000 m2 and a density range of 0 to 18. 
Of the four families of target species mentioned 
earlier, serranids were the more dominant fol- 
lowed by haemulids. These were found to be rela- 
tively small with a total length from 5 to 30 cm. It  
was likewise observed that more individuals were 
confined to the lower slopes (9 m). Indicator 
species constituted up to 8% of the total number of 
species with an average density of 15 individuals. 

DISCUSSION 

The general health of coral reefs has always 
been associated with the amount of living coral 
(both hard and soft coral species) present. This is 
due to the basic role these organisms play in the 
construction and maintenance of the reef ecosys- 
tem (Endean 1976). The reef, where food and 
shelter are always available, serves as a refuge for 
numerous organisms. The alteration of the basic 
structure such as the removal of the corals or 
forms of perturbation would result in the deterio- 
ration of this highly productive environment. 

The condition of coral reefs in Western 
Lingayen Gulf reflects the present state of reefs 
throughout the Philippines. Studies made by the 
Marine Science Institute (MSI) from 1978 to 1980 
(Gomez and Alcala 1979; Gomez et al. 19811, cov- 
ering most of the major reefs throughout the 
country, indicate that as many as 70% of the reefs 
sampled had less than 50% living coral cover. 
Similar observations were made by the UNEP- 
Natural Resources Management Center Coral 
Reef Monitoring Project of Silliman University 
(1984) and the MEAN-Australia Coastal Living 
Resources Project of MSI in more recent surveys 
which included areas declared as marine reserves 
(Table 4). 

- 

Common to fringing reefs is the perennial 
problem of siltation, which is one of the major 
causes of reef degradation in the area. Being 
adjacent to land, these reefs are affected by 
sediment runoffs particularly during a heavy 
downpour. Increased sediment production is the 
result of a number of development activities not 
only along the shore but also as much as several 
kilometers upland. Farming, building, road 
construction and deforestation all increase the 
rate of soil erosion and sediment input into rivers 
and streams (Hodgson and Dixon 19881, which 
eventually empty into the gulf. Those reefs along 
the passageways connecting Tambac Bay (an 
inner bay where most of the rivers of 
northwestern Pangasinan empty--see Fig. 1) to 
Lingayen Gulf have been found to be silted, with 
turbidity increasing during tidal ebb. A1 though 
coral cover is comparatively high (Cangaluyan 
and Batiarao). continued siltation of these reefs 
would result in either a shift in the general 
growth form (if i t  has not yet occurred) or species 
composition toward more silt-adapted types or 
outright decimation of the reef. 

Destructive fishing methods such as the use of 
dynamite and sodium cyanide have likewise 
caused significant damage to reefs. Both methods 
are illegal but continue to be used not only in Lin- 
gayen Gulf but also all over the country. There is 
a high incidence of blast fishing operations around 
Santiago and Cabamuyan Islands, with an aver- 
age of six explosions per hour recorded during the 
months of July, September and November 1987 
and April 1988 (this study). The relatively high 
percentage of dead corals along the reefs fronting 
Dewey Island is also largely due to blasting. 
Although some fishermen use sodium cyanide in 
gathering food fish, i t  is primarily utilized for 
catching aquarium fish. Studies conducted by the 
Bureau of Fisheries and Aquatic Resources of the 
Philippines indicate that the repeated exposure of 
corals to this chemical eventually kills them. 
Damage to the reefs along Tanduyong and Canio- 
gan has been attributed by the fishermen of 
Tondol in Cabarruyan Island to the use of sodium 
cyanide. According to them, reefs treated with 
sodium cyanide become unsuitable fish habitats, 
and they take several months to repopulate. 



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 reducing 
the adulthpawning 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 
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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). 
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. Table I .  Average percentage cornpoeition of the benthic components of reefs mumeyed and gcneral cundition of tho area. 

Site No. of Live coral Dead coral Alme Other benthic Nonliving Reef 
hnsects  [%) (%I (a) organisms (%I (46) condition 

Santiago Island. Uollnao 
Trinchera 
Lucero 
Silaqui 
Malinap 
Guyoden 
Dewey 

Caban'uyan Island, Anda 
Cangaluyan 
Cabungen 
Tanduyong 
Caniogsn 
Sablig 
Macaleeng 
Ratiarao 

Fair 
Fair 
Fair 
Good 
Fair 
Fair 

Good 
Fair 
Fair 
Fair 
Fair 
Fair 
Fair 

Note: The above percentape reprelien1 the averages of rseults oblalned frod several tranaecte. 



Tnble 2. Percentage compodUon of coral growth hrma. 

Table 3. Population dunsitieti of reef fish in study dten (individualm po0ma). 

Bite 
Total Target Indicator 

dansity apeeies Bpeeies Pomn~ntridaa Labridas Acsnthuridae Seamdue Siganidae Others 

Santiago Island, B o l i o  
Trinchera 516 0 18 1 SB 28 20 12 0 840 
Lucam 445 6 6 104 85 24 18 I 95 
Silaqui 612 6 4 41 150 62 34 11 n6 
Malinap 333 4 16 85 74 2l 20 12 96 
C ~ Y O * ~  824 2 8 114 47 28 29 6 96 
k-3 504 4 2 40 114 26 20 8 80 

Table 4. Comparison of coral cbver and r e f  fish density from various localities 

Puerto 
Sumilon, A p .  Baliauag, Bantayan, Pamilacan. El Nido, Galera, Weetern 

Cebum N m 8 .  BohoP Negrosa Boholb Palawad Mindomc Pangadnand 

% Living coral cover 
Son 9 22.8 12.8 18 4.8 32.6 14.6 8.4 
Hard 26 20.8 23.1 11.6 121 U .8 28.1 3.9 

Total 35 62.6 35.4 18.9 16.9 78.8 42.6 12.3 

Density of target Ppeeies (individualsn ,000a) 
Serrsnidae 7 0 7 1 0 15 5 2 
Lutjanidae 9 1 8 0 6 0 2 1 
Lsthrinidas 4 0 2 0 1 32 4 0 

HaemuMae 0 2 0 0 1 0 3 1 

Totpl a0 9 17 1 8 47 14 4 

'UNEP-NRMC (19W 
bSavina and White WW. 
WSI, Uniwmity of tho Phihppinsa 
dThia study. 



Fig. 1. Reefs fringe the islands of Santiaga and Cabarruyan, located 
nt the northwestern section of Lingnyen 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 to 
achieve 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/USAIDKJniversity of Rhode Island Coastal Resources 
Manngernent h j e d  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, man- 
agement issues must be identified, assessed and prioritized 
before a SAMP is drafted. The ecological history for a special 
area provides the mechanism to meet this requirement. 

INTRODUCTION 

The national plan a n d  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 if contained within desirable levels. 

Recognizing the need to manage estuaries as 
fisheries habitats has an important socioeconomic 
implication. At the broad economic level, estuar- 
ine 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 estu- 
arine fisherfolk identify them as a community and 
have a role in the framework of modern 
approaches to natural resources management. 
This recognition is significant today precisely 
because of its absence in the planning framework 
of post-independent Sri Lanka and 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 was selected 
for this pioneering exercise. 



The next logical step to make the SAMP more 
responsive 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 

ecological history is a 
In this case, it involved 
estuarine ecologist, a 
an urban planner1 

The preparation of an 
multidisciplinary exercise. 
a fisheries biologist, an 
social anthropologist, 
geographer and a demographerlgeographer. 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; 
and 
dependence on fishing in the lagoon, gear 
and mkthods, changes in catches, charac- 
teristics of superior fisherfolk and market 
relationships. 

DuYing the interviews, the respondents were 
also ikdirectly asked about: 

state authority over and control of lagoon 
use; 
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; 

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

a 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 
Gramr Sevaka Divisions, areas associated with 
the Nbgombo 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 
interattion 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 t o  be oriented on the 
purpose and intent of the CZMP and the possible 
regulatory activities of the Coast Conservation 
Depadrnent; (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- 
tainabdlity of the estuary's yields is seen as part of 
the regult of the actions of its resource users; and 
(3) the' resource users should be helped to recog- 



nize the various sociopolitical influences that may 
have determined their actions and focus their 
attention on the political representation required 
to safeguard their interests. The unifying assump- 
tion underlying the analytical framework was 
that the planners and resource users were com- 
mitted to the sustainable use of the estuary. 

RESULTS AND DISCUSSION 

Some important issues identified in the process 
of preparing the lagoon's ecological history per- 
tained to land encroachment, intercaste suspicion, 
fragmentation of the stake net fishery and 
mismatch between traditional perceptions and the 
actual functioning of the ecosystem. The complex- 
ity of the issues involved and the need to study 
carefully the management issues before 
proceeding with the plan preparation were some 
of the lessons learned. 

Encroachment and landownership 

The fastest rate of encroachment into estuarine 
waters is that of landfill for low-cost housing. 
Landfill consists of transporting earth from else- 
where, placing coconut trunks on the periphery of 
an intended housing plot and filling the area with 
material excavated from the estuary bed. A slower 
type of encroachment is done by planting man- 
groves on the border of an intended plot and 
allowing natural sedimentation to proceed for 
months or years before finally filling it with 
imported earth. Landfill generally occurs on state- 
owned intertidal land. 

The predictable impact of land encroachment on 
the sustainability of the yields from Negombo 
Lagoon is best illustrated by events a t  
Munnakkare, an island a t  the northern end of the 
lagoon (Fig. 1). The island has been occupied for 
more than 300 years. The earliest settlements 
predated Portuguese rule in Sri Lanka (Pieris 
1949). This small island is linked by bridges to the 
town of Negombo on the north and to Duwa-Piti- 
pana on the west (Fig. 2). 

Munnakkare has a total area of about 37 ha 
where about 1,400 dwellings stood in 1985. These 
consisted of a mixture of colonial-type brick- and- 
mortar houses, other permanent residences and 
semipermanent and temporary dwellings. The 
temporary houses are constructed of packed mud 
and cadjnn (woven coconut fronds). The floor area 
varies ,between 12 and 30 m2. They are simple 

rectangular structures without any amenities. At 
least 50 more houses of this type have been con- 
structed since January 1988 on the intertidal area 
at the southern end of the island. The number of 
dwellings at Munnakkare is expected to increase 
further to about 500 within the next decade (den 
Boer et al. 1986). If the present trend continues, 
house construction will further expand into the 
state-owned intertidal areas since those who will 
be putting up these houses evidently can not 
afford to purchase land (Figs. 3 and 4). 

The population of Munnakkare exceeds 9,000 
and comprises a relatively uniform social group 
(Table 1). They are predominantly Roman 
Catholic, belong to the Kurukulasuriya subcaste 
of the Karawe caste, and earn their livelihood 
mainly by fishing in the sea and estuary. A special 
feature of this community is that 90% of the resi- 
dents have been there since birth; 82% of the chil- 
dren who became independent of the parental 
household at marriage chose to build their houses 
also on the same island. Thus, the population of 
Munnakkare is expected to increase to 12,000 
within the next decade. Moreover, i t  is likely that 
the majority of this population will continue to 
reside there. 

The main source of income of Munnakkare resi- 
dents, as mentioned above, is fishing. A house- 
hold's average monthly income varies, but it is 
around Rs1,0008 (US$30). The minimum monthly 
income required by a household is twice this 
amount. Thus, this category of residents, the 
squatters on state-owned intertidal land, use 
whatever fishing method is available to generate 
income. The push.net is the most recent (1988) 
addition to their list of destructive fishing 
methods. 

Low-cost housing construction a t  Munnakkare 
and elsewhere in Sri Lanka has been directly 
linked to the Hundred Thousand Houses Pro- 
gramme (HTHP) initiated in 1978 and the One 
Million Houses Programme (OMHP) which fol- 
lowed in 1984. These programs of the Ministry of 
Local Government and Housing were imple- 
mented through an organizational structure (Fig. 
5) that was linked to the house owner by way of 
nongovernmental organizations (NGOs). Housing 
construction under this program rapidly became a 
house-count exercise in which semipermanent and 
improvised housing contributed about 50% to the 
target. Legalizing the ownership of housing plots 
under these programs was greatly facilitated by 

aMarch 1990: Ra = US$1.00. 



group application. Thus, housing in the intertidal 
areas of Munnakkare benefited from this scheme 
since ownership of a house was given high priority 
a t  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 

Tbis paper discussed the effectiveness of 
pre*ring an ecological history for the rapid 
asswment  of management issues. The- achieve- 
meqk of the desired results, however, rests on the 
seleation of a special target area and the well- 
screened assembly of an investigative team. For 
the kegombo Lagoon and the squatter area on the 
inte&idal land at Munnakkare, the ecological his- 
tory has brought to light the complexity of the 
issues they face. Without this ecological history, a 
simgilistic and self-destructive management 
appmach may have been thought of instead. 
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Table 1. A general socioeconomic profile of the Munnakkare 
residents (den Boer et al. 1986). 

Social feature Distribution 
(%) 

Religion 
Roman Catholicism 
Buddhism 
Others 

Total 

Caste 
Karae 
Kurukulasuriya subcaste 
Durawe 
Others 

Total 

Occupation 
Fishing 
Trading (mainly on Munnakkare) 
Local crafts and induatrierr 
Well-paying job outaide Munnakkarre 
Unernployed/occasionally employed 

Total 

Fig. 2. Map of M u ~ a k k a r e .  The encircled 
numbers indicate the constituent areas: 
Mankuliya, 1-3; St. Nicholativu, 48; Sir 
Sirikurusawatte, 9-10. The m0& intensive 
colonization of the intertidal areas is occurring 
at Sirikurusawatte (den Boer et al. 1986). 

Fig. 1: Map of the Negornbo Lagoon. 

Fig. 3. The pattern of housing expansion at 
Munnakkare. Squatting occur8 on the intertidal 
areas (note patches at the ~outhern tip of 



Fig. 4. The predictable pattern of housing 
expansion in the Negombo Lagoon (den Boer et 
al. 1986). Over the long term, the exieting 
c h a ~ e l s  may dose or become severely 
constricted. These channels are aIready getting 
narmwer. 

1 Central ~ o u e r " m e d  

Flsherles 
Department 

1p-l 
Government 

Munlclpal 
Sewerage 
Drahage 

Fig. 5. The organizational structure linking the squatters on intertidal land at 
Munnakkare with the Offices of the President and the Minister of Local Government - - - -  - - -- - 

and Housing. (NWSDB: National Water Supply and Drainage Board; NHDA: National 
Housing Develo~ment Authority: GCEC: Greater Colombo Economic Commission: 
HCDC:- ~ o u s i 4  Community ~evelo~ment  Committee; NUPO: N e g ~ m h  united 
People's Organization; and NGOs: Nongovernmental organizations.) 
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ABSTRACT 

Rapid development and industrialization in Southern 
Johore are likely to cause significant environmental dcgrada- 
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 p l a ~ i n g  
parameters to preserve and enhance environmental quality 
consistent with the needs for develapmcnt. 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 lo7 MPN1100 ml (Envilab 
1985) near the mouth of the river. 

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 



equation, which is solved by the finite element 
method: 

where k,, k, 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 MPNA00 
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, i t  was decided that the results 
obtained from a similar study conducted a t  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: 

kc = 1 m2 s-1, 
k, = 30m2s-land 
T,, = 3 hours 

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

The discharge rate of Segget River into the 
strait is taken to be 5.3 x 103 m3 day1 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 a t  the river mouth 
and decreases rather drastically to less than 50 
MPN1100 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 a t  the Depart- 
ment of Environment's (DOE) marine monitoring 
stations located a t  the western portion of Johore 
Strait for 1985-1987 are shown in Table 1. It was 
o b s ~ v e d  that the FC levels measured off the Lido 
Bea$h and the surrounding areas were very much 
higher than the simulated results. This indicates 
that the microbial pollution a t  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 10s ma day1 (JICA 1985) 
with a mean FC density of 6.3 x 103 MPN per 100 
ml & station 1536610 (DOE-UM 1986 data). 

The simulated FC level a t  Segget River is about 
one order of magnitude lower than the measured 
value (at about 1 x 104 MPNA00 ml). This indi- 
cat& that there are other significant sources 
neavby contributing to the microbial pollution. 

Even a t  the present input of pollution load, 
close to the causeway Johore Strait is found to be 
incapable of providing adequate dilution and dis- 
perdon to reduce the pollutant (FC) level to sat- 
isfy the water quality criteria for recreational 
watcrs. 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 a t  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 
tbC Consultant Group on Water Quality, Institute of 
Advanced Studies, University of Malaya, Kuala Lumpur. 

Envihb. 1985. EMuent characteristics study along Sungei 
w e t ,  Johor Bahru. 

JICA (Japan International Cooperation Agency). 1985. 
Nktional water resources study, Malaysia. Regional water 
raources study of South Johar. Vol. 4. 

Koh, H.L., C.S. Chong and P.E. Lim. 1987. The transport and 
didperaive capability of Western Channel for sewage die- 
chrge.  A Consultancy Report prepared for the Penang 
Iskind Municipal Council, Malaysia. 

USEPA (United States Environmental Protection Agency). 
1996. Quality criteria for water. US Environmental Protec- 
ti- Agency, Washington, D.C. 



Table 1. Mean FC lwela in the w e a h  portion of Johom Strait for 1985-1987. 
(See Fig. 2). ' 

FC (MPNnOO ml) 
W o n  name 1986 1986 1987 

Melayu River 1 . 6 x l F  4.7 x 101 4.3 x 101 
Skudai River 4.0 x 10s 3.2 x lOs 6.9 x 102 
Lido Beach 2.2 x 104 9.8 x lo2 6.6 x lo2 
Hospital 7.3 x 10s 6.9 x l O a  1.3 x l *  
Segget River 1.2 x 104 1.5 x lW 1.3 x 104 

Souwe: DOE-UM 1986. 

M a l a y s i a  

M a l a y s i a  

Fig. 1, Lacation map of Johom Strait. 

Fig. 2. Tidally averaged FC densities (MP.N/lOO 
ml) in the western portion of Johorc Strait. 
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ABSTRACT 

The inland and coastal waters of South Johore are ~ubject 
to various types of pollution arising from human activities. 
Aside from domestic sewage, other materials discharged into 
the 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. 

Thia paper pnxents an assessment of the status of the 
water quality of rivers snd maatal waters in South Johore and 
analyzes the water quality trend over the past 10 years. 
Management strategies to mitigate water quality degradation 
are 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 of 
Johore, there have also been rapid land use 
changes in which vast tracts of forests have been 
converted into tree crop plantations, notably rub- 
ber and oil palm. The processing of these 
agricultural crops has generated a large amount 
of waste, which is eventually discharged into the 
rivers and thus greatly increases the organic load 
of the water. 

Besides these pollution sources, livestock 
industries 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 of 
South Johore to minimize the pollution problems 
and optimize the ben&cial uses of inland and 
coastal waters. 

THE RIVER SYSTEMS OF SOUTH JOHORE 

The Department of Environment (DOE) has 
placed water quality monitoring stations in nine 
major rivers. The total catchment area is about 
6,000 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. 



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, i t  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 commbnication 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 
(NO,-N), were selected with the weighted factors 
to compute the mean WQI a t  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: 

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 water quality trend at each 
monitoring station for the period that the 
monitoring program was implemented. The rivers' 
watclr 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 
1989. But this downward trend 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. 
1633601 and Station No. 1633602, which are 
found a t  Benut and Air Baloi Rivers, respectively. 
Both stations are located relatively downstream of 
the* 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 
pinmpple-processing factories; (3) waste from 
fackries in industrial estates and (4) animal 

WQI 
wastes from stock farms. 

Descriptor Words Organic wastes from these identified sources 
0 -  25 Very bad 

26 - 50 Bad 
conditute the most significant form of pollutants 

51 - 70 
adversely affecting the water quality of inland 

Medium 
71 - 90 Good 

and coastal waters. 

91 - 100 
According to DOE (19881, the percentage of the 

Excellent Bob load being discharged into the rivers by 
Finally, the water quality data of the nine major 
rivers collected over the years were converted 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 a t  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 

v a d u s  pollution sources in 1987 was estimated 
as $llows: domestic sewage (54%); animal waste 
(26%); industrial waste (17%) and agro-based 
wa&e (3%). These show that domestic sewage 
denmnds attention as a pollution source and has a 
bealing on the type of management strategies to 
be adopted in mitigating water quality 
degnadation in South Johore. 

COASTAL WATERS 

Caastal waters receive pollutants either 
t h r a g h  direct discharges from coastal activities 
or idirectly through rivers which may be polluted 
from inland activities. Special attention has been 



given to Johore Strait, in particular, since it 
receives waste discharges from human activities 
in South Johore and Singapore. On the Johore 
side, the strait receives water discharges from 
Johore Bahru, Pasir Gudang and also river 
discharges from Skudai and Tebrau, which flow 
past the most populated areas in South Johore. 
Thus, out of the 13 DOE marine water quality 
monitoring stations, nine are located in Johore 
Strait (Fig. 1). Over 20 water quality parameters 
of coastal waters, including physicochemical and 
microbial parameters and heavy metals, were 
monitored at  these stations. 

Water quality status 

Unlike rivers, there is as yet no single value 
index that can be employed to characterize sea- 
water quality. Consequently, the water quality 
status is assessed using the proposed criteria for 
the specific beneficial uses of the coastal waters of 
South Johore, primarily recreational, aquaculture 
and navigational uses. 

Recreational use 

To protect human health, the need for water 
quality criteria for coastal. waters used for 
primary contact recreational purposes, such as 
bathing and swimming, has long been recognized. 
In response to this need, various criteria and 
guidelines have been established based on 
microbial indicator systems. Among others, the 
US Environmental Protection Agency (USEPA) 
(1976) recommended that the fecal coliform (FC) 
bacterial level should not exceed a log mean of 200 
MPN1100 ml, based on a minimum of five samples 
over a 30-day period, for bathing waters. This is 
also the proposed criterion for bathing waters in 
Malaysia (DOE-UM 1986). 

The mean FC levels determined at  the 13 DOE 
monitoring stations from 1985 to  1987 are shown 
in Table 1. Baaed on the proposed Malaysian 
criterion for bathing waters, this table shows that 
only two sites in the strait', which are located at 
the estuaries of the Melayu and Masai Rivers, 
satisfied the criterion. The four other monitoring 
sites outside the strait also met the criterion. 

The FC data also indicate that the western 
portion of the strait close to the causeway is 
consistently more polluted than the eastern 
portion in terms of microbial pollution as most of 
the urban wastes from Johore Bahru are being 
discharged there. Although there is some 

noticeable reduction in the FC levels detected at 
Pantai Lido and Kuala Sungai Skudai in the past 
two years, the overall microbial pollution remains 
high and has certainly decreased the recreational 
potential of the western portion of the strait. 

Aquaculture use 

The setting of water quality criteria for 
aquaculture use of coastal waters is necessary for 
the protection of human health as well as for the 
propagation of aquatic species. However, water 
quality criteria for human health protection 
should be of paramount importance. Among the 
aquatic species cultured for human consumption, 
shellfish, being filter feeders, require water of 
high quality to be microbiologically safe for eating. 
One of the most widely quoted criterion for 
shellfish-harvesting waters is that of the USEPA 
(1976), which recommended that the medium FC 
bacterial concentration should not exceed 14 
MPNI100 ml for harvesting shellfish. 

Based on the USEPA criterion for shellfish- 
harvesting waters, only one site--Luar Pantai 
Kukup (1334925)--was found to be satisfactory for 
all three years of data. 

The microbial criterion for harvesting shellfish, 
however, is considered to be too stringent for 
other marine species that are not filter feeders. 
Thus, other less polluted sites such as Kuala 
Sungai Melayu and Kuala Sungai Masai may be 
suitable for finfish and prawn cultures from the 
human health protection standpoint. 

At this stage, it is still not yet possible to grade 
the suitability of the coastal waters for the 
propagation of aquatic species due to the lack of 
field data and the absence of published criteria. 

WATER QUALITY MANAGEMENT 

As can be seen in the preceding sections, the 
water pollution problems of rivers and coastal 
waters, especially at  the strait, are serious and 
are expected to increase given the projected rate 
of economic development and population growth. 

A number of different approaches have been 
taken for the control and management of the 
water quality. One approach was the adoption of 
various legal measures that would specify the 
permissible levels of pollution of the different 
sources. This was seen in the enactment of the 
Environmental Quality Act of 1974 and the 



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 emuent standards are set, taking 
into consideration the practical situation. For 
instance, the eMuent 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 
eMuent 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 (Lim 1983). 

The other approach was through some form of 
environmental planning that would seek to 
prevent or a t  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 mandato~y. 
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, i t  is a tangible indication of 
the intention of the government to improve envi- 
ronmental quality. 

Since EIA deals with environmental issues a t  
the project level, i t  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 

Inc~patibility 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 
ecosptem can have adverse impacts on its other 
part#. For example, the destruction of mangroves 
affeats 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. 
Them impacts are well documented in scientific 
literature. 

Beause the various components of the 
ecosgstern are linked together in many ways, 
soma activities in one part of the coastal zone may 
also be incompatible with another. An example 
woukl be the siting of aquaculture areas close to  
industrial estates or urban centers in South 
Johote. The industrial wastes and sewage 
discharged into the waterways would result in the 
contamination of the sediments and coastal 
waters, rendering aquaculture activities, such as 
shelKsh 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 
requirements in avoiding conflicting coastal zone 
use would be to ensure compatibility by some form 
of coastal use zoning. The planning of a coastal 
zone" use would need to consider all competing 
uses of the area. 

Poor coordination of pollution control 

Some of the water pollution problems of South 
Johote do not fall under the jurisdiction of any of 
the government departments and agencies that 
norbally deal with water pollution problems. A 
cass~in point is that of pigge~y waste and that of 
the Evestock industry's. Despite the attention to 
this11 problem over the years, there is no one 
depMment or agency that has direct jurisdiction 
in wnaging and controlling this problem. As yet, 
the POE does not have any effluent standards for 
such- a type of waste, unlike the case of palm oil 
mill effluents or industrial discharges. The 
juridiction of the Department of Agriculture does 
not kxtend to discharges into waterways, while 
thati of the Fisheries Department covers the 
situation only when fisheries are affected. 



Therefore, there is a need for better coordination 
to deal with all the various forms of water 
pollution and to strive for an improvement in 
water quality. 

There is also a need for better coordination of 
water quality management across the national 
boundary. In view of its proximity to Singapore 
and the significant contribution of pollution to the 
coastal waters, particularly Johore Strait, water 
pollution control will have to be coordinated with 
Singapore if it is to be effective. 

Absence of certain 
environmental information 

One of the requirements for an effective water 
quality management program is the availability of 
systematic and current environmental informa- 
tion. While there exists a considerable amount of 
data on the source strengths of palm oil mills and 
rubber processing factories, the information on 
other sources of pollution, notably industrial 
sources and other diffused sources, is often inade- 
quate and incomplete. While this is due to insuf- 
ficient resources and manpower, this situation 
will hopefully improve in the future. 

With regard to environmental quality, a 
comprehensive monitoring network has already 
been established nationwihe to provide valuable 
base line information. However, data gaps 
pertaining to certain important pollutants such as 
pesticides still exist. Again, the collection of such 
information requires more allocation of financial 
resources and manpower. 

Inadequacy of sewage t reatment  systems 

One of the most important sources of organic 
pollution in the waterways is the discharge of 

untreated or partially treated sewage and sullage 
water. With the population of South Johore 
expected to grow about 5% a year, this means that 
the population would double approximately every 
15 years. This would place great stress on the 
existing treatment systems that are already 
inadequate (Bumi-Watson 1982). Thus, sewage 
and sullage water pollution are anticipated to 
become the two major problems in the water 
quality management of South Johore. 
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Table 1. Mean fecal mlifonn (FC) lev& of madal water. in South Johore for 1966-le87. 

W W  WWS sc (MpNn 00 d) 
Name No. 1986 19813 19W 

(L) Luar Pantai Kukup 
(A) Kuda Sungai Melnyu 
(B) Kuda Sungai Sku& 
(C) Pantai Lido 
(D) Hospital 
(E) Kuala Sungai S e e  
(F) Tunku Inmall Power 

Stetion 
(GI Kuala Sungai Tebrau 
(H) Kuala Sungai Mauai 
(I) Pasir Uudang 
(J) Kuala Bungai Johor 
(P) Pantai Dolam 
(TI Teluk MahkDta 

Saurce: DOE 1988. 
ND-Not detected. 



South China Seu 

Fig. 1. Major riven and marine water quality monitoring Btations in South Johom. 
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Fig. 2. Ranges of water quality index for selected rivers in 
South Johore. 
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Johore Strnit (Sclnt Johor) scpnratcs the islnnd of Sin- 
gnporc from Peninsular Malaysia ovcr a distnncc of nbout 50 
km between the estuaries of Sungai (Sg, throughout this tcxt; 
it means "river") Pulni to tho wcst nnd Sg. Johoro to thc cnst. 
The strait i.: divided by the cnusowny linking Singnpore to 
mainland Malaysia. 

Thc primary hydrodynamic force acting on this scrni- 
encloscd body oS wntcr is Lidnl. Thc currcnt i s  driven primnrily 
by thc astmnomicnl tidc entering at thc end ncnr Tnnjung (Tg. 
throughout t,his text; it means "cape") Chnngi in thc cnst nnd 
Tg. Mcrnwnng (Singapore) in tho west. Sincc thc cnd ol'thc 
causeway is closed due to the shutting or thc balancing cul- 
verts across the causeway, the norrnnl flow at  the cnuscwoy's 
end is cssentially zero, thus resulting in n standing wave prop- 
agation. 

The charnctcrislics of these tidal movcmcnls will signifi- 
cantly inflwnco tha transport chnracteristics or thc strait and 
the dispcrsion of pollutants into the cnuscway. This papcr prc- 
sents a finite element analysis and simulation ol' the tidnl 
movements. 

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 is 
divided 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 1°26'N and from longi- 
tude 103035'E to longitude 104.E, the eastern por- 
tion of Johore Strait is about 26 km long and 
varies in width from 1 km a t  the causeway to 
about 3 km at  the eastern end near Tg. Changi 
(Singapore). The western 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 tide 
entering at  the end near Tg. Changi in the east 
and Tg. Merawang (Singapore) in the west. Since 
the 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 ;i wide 
spectrum of developments exist on both sides of 
the strait. Since the strait is a t  the receiving end 
of the sewage systems on both of its sides, it is 
essential 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. An 
attempt is also made to simulate the tidal move- 
ment in the western portion by using similar 
input conditions as those for the eastern portion. . 



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 t,o 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 
is plausihle since there is no major river with n 
large upland catchment in the area. A vertically 
well-mixed condition was also observed in the 
western and southern channels of Penang by Koh 
and Zubir (1987). Since the climatic and meteoro- 
logical 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-dimensional 
models used by Koh (1986 and 1988) are: 

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; q, the water elevation above mean sea level; 
and K, the bottom friction coeficient. 

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 coefi- 
cient taken as  K = 0.0025. The last term in the 
same set of equations refers to the wind stress, 
which is conceived to act a s  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 e t  al. (1983) and Koh (1986 and-1.988). 

BoLndary condi t ions  

There are two standard ports in the area (i.e., 
Pasir Gudang and Sembawang Shipyards on the 
Malaysian and Singapore sides, respectively). 
After analyzing the spring tidal heights a t  Pasir 
Gudang for the period of 1-8 January, the follow- 
inglmajor tidal components were found: 
1. semidiurnal tide: amplitude 0.94 m, 

accounts for 66% of the variation; 
2. diurnal tide: amplitude 0.64 m, accounts 

for 31% of the variation; and 
3. mixed tide: amplitude 1.25 m, accounts for 

97% of the variation. 
In the study, the effect of diurnal tide was 

ignored and an equivalent semidiurnal tide of 
amplitude 1.25 m during mean spring tide, which 
appears to be consistent with the value f o ~  mean 
spring tide given in the Admiralty Chart 2586 
(1943), was assumed. A similar conclusion was 
arriked a t  for the neap tide, which has  an average 
amplitude of 0.65 m. 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 cal ibra t ion 

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 a t  Malang Beldaun 
(Singapore) and Sg. Belungkor, located a t  the 
seaward extremity of the eastern portion of the 
strait. However, the information available is 
incomplete, so only a partial calibration of the 
model has been done a t  this stage. 

RE~ULTS AND DISCUSSION 

Figs. 3a to 3h show the tidal stream plots for 
the eastern portion of Johore Strait for an average 
tide of amplitude 1.20 m a t  Tg. Punggul, with a 
tim4 difference between two successive plots of 1.5 
h o w  or one-eighth of a semidiurnal tide. The 
resd t s  show that  the tidal currents near Tg. 
Punggul are about 0.25 mls, 0.37 d s  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 1 3  December 1985 to 14 January 1986 a t  Sg. 
Belwgkor and Malang Beldaun (KEJORA 19861, 
the* computed velocities appear to agree reason- 
ablp~well with the measured values. For example, 



the tidal velocities measured a t  the Malang Bel- 
daun station on 30 December 1985 were 0.24 mls, 
0.52 mls and 0.34 m/s for 1.5, 3 and 4.5 hours 
before a high water slack, respectively. This mea- 
surement was done a t  4.5 m below the water level 
during spring tide. Assuming that the water 
depth is 10 m, then the point measurement gives 
approximately the mean velocity a t  that particu- 
lar depth. 

Figs. 4a to 4h show the tidal stream plots in the 
western portion of Johore Strait, which employed 
the same input conditions in the simulation model 
as those in the eastern portion. The western por- 
tion of the strait exhibits a similar flow behavior. 

In both portions of the strait, a standing wave 
with no normal flow is formed a t  the causeway. 
The flows in this area are practically zero during 
both the ebb and flood tides. This standing wave 
tidal propagation has a significant influence on 
the dispersion of pollutants in the strait and on 
the transport characteristics of Johore Strait. 

CONCLUSION 

An attempt was made to simulate the hydrody- 
namic regime of Johore Strait by using a two- 
dimensional depth integrated model. However, 
the model could not be calibrated and refined a t  

this stage because reliable, measured field data 
were unavailable. The results clearly show that a 
standing wave with an almost zero horizontal 
tidal velocity occurs on both sides of the causeway. 
This is expected to influence significantly the dis- 
persion of pollutants in the strait and the trans- 
port characteristics of the strait, which is a t  the 
receiving end of the sewage systems of the Johore 
Bahru township and the northern part of Singa- 
pore. 
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In 1974, the Malaysian government obtained a World Bank 
loan to develop agricultural land in the Southwest Johore 
Agricultural Dcveloprnent Project area (Johor Barat). Thc 
project entailed tho construction of 198 km of river 
improvements, 1,041 km of drains, 1,486 km of farm and 
secondary mads, 942 structures, 66 km of coastal earth work 
(bunds), a dam and the necessary extension facilitios. 

The coastal bund, which excludca seawater from thc agri- 
cultural area, wns previously built inland with a belt of man- 
groves protecting it against direct wave action. However, man- 
groves along the coast have vanished, thus exposing the bund 
to direct wave action. Protecting the thrcatencd coastal bund 
has now become a necessity. To date, a total of 4.8 km of bund 
revetment has been built a t  a cost of M$2.6 million. This mea- 
sure protects thousands of hectares of coconut and cocoa plan- 
tations from seawater inundation. 

This paper discusses the causes of erosion in the area, the 
economic analysis of coastal protection work and the rccom- 
mended solutions for the protection of a highly developed 
coastal plain. 

INTRODUCTION 

The Western Johore Agncultural 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 implemented 
an integrated agricultural development project in 
1974. The project primarily involved the 
construction of coastal embankments, canalization 
and diversion of rivers, improvement of drainage 
networks, construction of control structures such 
as dams, 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; i t  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 coastal 
bund or dike) built along the coast and estuaries. 
Drainage of the hinterland is regulated through a 
series of tidal control gates. The coastal bund, 
constructed from earth, is 3.3 m (10 ft) wide a t  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 con- 
struction was obtained from the excavation of a 
borrow pit landward of the bund. This bund is 
constructed a t  least 400 m (20 chains) from the 
seaward edge of the mangrove area so that it is 
adequately protected against waves by the man- 
grove buffer. Quite often, however, the protection 
afforded by the mangrove vanishes due to erosion. 
Consequently, the waves will break directly on the 
bund slope and the wave run-up generated goes 
over 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. 



CAUSES O F  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 (19841, 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 a t  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) 

repdted the longshore propagation of a mud belt 
off *e coasts of southwest India and Surinam, 
resptctively. 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 Mralaysia. 

Sihce there was no long-term monitoring of 
datar 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 
bouadary of the South Johore Coastal Resources 
Management Project--a vast generation of new 
margroves has grown over the last 20 years. The 
total! area of new mangroves is 524 ha, of which 
389 b a  are in the Benut area. Concurrently, a 
total, of 164 ha  of mangrove forests was lost in the 
Bunhu, Kukup, Piai and Chokoh areas. 

Nb mangrove loss was observed by Chan (1984) 
in tNe 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 
accrttion 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 
r e d a t e d  by tidal gates to flow into the river, the 
Benwt River still functions as a main drainage 
outlbt for the large upland catchment. Thus, the 
river still brings sufficient sediment and freshwa- 
ter & nourish the adjacent coast continuously. In 
0 t h ~  areas, small rivers and creeks have been 
closed and tidal gates constructed in their places 
to rdgulate the flow. This eventually deprives the 
coastal area of sediment and freshwater supply, 
the-by contributing to mangrove loss. 

Ragardless 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 
like&, becomes more severe because of the effects 
of wlve diffraction. This phenomenon can be seen 



in the Buntu and Rimba Terjun areas, where the 
erosion down-coast of the completed revetment 
became more severe after the completion of the 
revetment in 1985-86. 

TECHNICAL EVALUATION: 
THE PRESENT PROTECTION WORK 

Traditionally, a coastal bund is built from earth 
(Fig. 3). The practice of the Drainage and Irriga- 
tion Department is to construct this earth bund 
about 400 m landward from the outer edge of the 
mangrove. A total length of 66 km of earth bund 
has been completed to protect the project area 
from tidal flooding and seawater intrusion a t  a 
cost of M$50/m run. However, along some parts of 
the coast, the removal of mangroves due to coastal 
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 
protected with rock revetment. Typically, the sys- 
tem comprises two layers of armor rocks, with the 
weight of each ranging from 200 kg to 300 kg so 
that they remain stable under the breaking wave 
and secondary layers made of smaller rocks and 
geotextile materials. The side slope of the revet- 
ment is 3 (horizontal) to 1 (vertical). The armor 
rock was designed to withstand waves of up to 
1.05 m high and the crest to withstand waves of 
up to 1.05 m high. The 'crest level is sufficiently 
high to prevent overtopping by the associated 
wave run-up. The toe of the structure is located a t  
R.L. -1.42 m LSD, which is about 1 m below the 
present seabed elevation. With the MHWS (mean 
high water spring) level of +1.32 m LSD and an 
average seabed level of 0.4 m LSD, the maximum 
water depth in front of the structure is 1.7 m. 

Analysis of the structure's cross-section design 
reveals that it can withstand the significant wave" 
heights normally encountered in the Strait of 
Malacca under present seabed conditions. Wave 
reflection results in scouring in front of the struc- 
ture. When the water depth fronting the structure 
becomes deeper, bigger waves can reach the shore 
and break directly on the structure's slope. Unfor- 
tunately, no monitoring data are available to 
check the occurrence of the scouring phenomenon 
that may have occurred. However, monitoring 
data collected from 1979 to 1986 in Sg. Lurus, 
which is about 50 km north of this area, indicate 
that scouring occurs at an average rate of 0.23 
mlyear (C.H. Lim, pers. comm.). 

The long-term scouring a t  the toe of a structure 
is not directly related to the extent of the future 
scouring that is likely to occur. As a rule, the 
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 is 
then the sum of the existing depth, the local scour 
depth, known erosion rate and the foreshore slope. 
This analysis leads to a maximum 2.8-m water 
depth in front of the structure during the 25 years 
of the project's life. The maximum unbroken 
waves that can be sustained in this water depth is 
2.2 m or 0.78 times the water depth. However, the 
probability of the occurrence of a wave of such 
magnitude is very small. Therefore, the cost-bene- 
fit of this extreme wave height or the significant 
wave height using either design should be 
evaluated. 

PROPOSED UPGRADING 
OF THE PROTECTION WORK 

Assuming that this area is highly sensitive and 
can not afford any damage from erosion, then the 
design for protection work has to be based on the 
2.2 m wave height. This will result in the use of 
1.2 t of rocks if the side slope is kept at  3:l .  This is 
still considered low when the effect of the impact 
by drifting logs and debris is taken into account 
(Ueda 1980). However, using heavier armor rocks 
may lead to foundation problems because quite 
often, the bund is built on very soft ground. Fig. 5 
shows the typical surface spill profile along the 
western coast of Peninsular Malaysia (DID 1985). 
Typically, layers of soft to very soft coastal clay 
can be found from 20 to 30 m deep. 

The sheer strength of this marine clay obtained 
from the drained striaxial compression stress 
ranges from 3 to 45 m2 to 230 m2. The bearing 
pressure of a revetment using 1.2 t of rock 
according to a profile of the soils of the type shown 
in Fig. 5 is 90 W m 2 .  Thus, when the structure is 
located on softer soil, the soil is unable to sustain 
the imposed pressure of the structure. Excessive 
settlement and slip failure may then ensue. 

The various ways to overcome this geotechnical 
problem are: 

a. the use of a flatter slope, hence a wider 
base; 

b. soil improvement or replacement; and 
c. the use of articulated concrete units that 

are lighter. 



By flattening the slope, the revetment base 
becomes wider, which results in lower bearing 
pressure. However, the flatter section usually 
requires more materials. 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 mangrcves. 
This leads to the concept of scarp protection. By 
protecting the scarp instead of the bund, the rock 
size can be reduced and, a t  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 

I t  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 

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. 

Ail1 these benefits are the results of the overall 
draihage and flood mitigation improvement in the 
project area and are not exclusively due to coastal 
b u d i n g  alone, although bunding forms are major 
combonents of drainage improvement. Therefore, 
in the economic evaluation of coastal bunding and 
the kequired protection work, the above will be 
condidered indirect benefits only. The direct bene- 
fit dF coastal bunding is then the value of agricul- 
t u rd  production from the crops planted on new 
cultivable lands, which were previously aban- 
donkd because of tidal flooding but are now made 
avaPable through seawater exclusion measures. 

To arrive a t  the benefit and cost analysis, the 
foll~wing 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 
suweptibility to tidal flooding. Construction of the 
77-km earth bund has transformed these lands 
into first-grade agricultural lands. The area is 
now planted with coconut and cocoa. Therefore, 
the~i direct benefits derived from the bund con- 
strjction 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 
bb 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$5,424/year. 

h e  National Coastal Erosion Study noted a 
'tot$ length of 13.7 km of eroding coastline in this 

(Nesadurai et al. 1970) are: area where protective measures are required to 



prevent the further loss of properties. If nothing is 
done in the next 25 years, erosion will lead to the 
loss of agricultural and village (kampotzg) lands 
and damage to commercial buildings, private and 
public houses and other amenities such a s  fish 
farms. The direct benefit of coastal protection 
work is then the stability of these properties (DID 
19851, which are valued a t  about M$39 million. 
For example, in the event of bund breach due to 
erosion, about 1,050 ha  of farmland will be inun- 
dated by seawater during high tide. Yields from 
these periodically submerged lands for the current 
crop will definitely plummet, with lower yields to 
be expected for the subsequent crops. This grad- 
ual loss of yield over the years has not been 
included in the benefit qualification. 

Project cost 

The total length of the coastline that requires 
protection is 13.7 km, out of which a total length 
of 4.8 km has been completed a t  a cost of about 
M$2.5 million. However, as mentioned earlier, 
upgrading these rock bunds along this stretch 
may be required as  part of the maintenance pro- 
gram. 

The proposed revetment with a typical cross- 
section (Fig. 8) costs about M$1,600/m. Hence, the 
total cost required for the balance of 8.9 km of 
eroding coast is M$14.24 million and the construc- 
tion period may spread over a period of five years. 
Based on the scouring rate a t  a nearby site, the 
existing revetment may need to be upgraded in 
ten years' time, the cost of which is assumed to  be 
M$1,000/m. The total revetment cost thus covers 
the cost in constructing the existing and new 
revetments and in upgrading the existing revet- 
ment. 

Benefit-cost analysis 

The benefit accrued from protecting 13.7 kmof 
coastline is M$17.84 million in five years (DID 
1985). This gives a present value of M$17.75 mil- 
lion a t  a discount rate of 8%. The capital cost to 
protect 8.9 km of coastline is ab'out M$14.24 mil- 
lion spread over the first five years, plus the 
upgrading cost for the existing revetment will 
require a total of M$4,8 million aRer 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- 
lion a t  the same discount rate of 8%. Therefore, 
the benefit-cost ratio of the project is 1.23 a t  the 
discount rate of 8%. 

ENVIRONMENTAL IMPACT 
OF COASTAL PROTECTION WORK 

The effects of the development of coastal farm- 
land for agriculture, in relation to the coastal 
ecosystem and the planning procedure for their 
preservation, is discussed by Ueda (1988). How- 
ever, the Western Johore Project was planned and 
implemented since the early 1970s when envi- 
ronmental quality was not yet an issue. Therefore, 
it is very unlikely that this aspect of the project 
was considered adequately during the planning 
stage. Also, there is still no study on the impact of 
the project on the physical and biological envi- 
ronments, except for a casual remark that bund- 
ing has caused erosion in the mangrove area. 

The present physical, biological and socioeco- 
nomic environments of South Johore, which 
includes the southwestern coast  of Johore, have 
been discussed in detail (Kadri 1987). However, 
this study was prepared after the completion of 
the Western Johore Project and it did not include 
a comparison of the preproject condition. There- 
fore, the impact of the project on the environment 
is still unknown. 

As for coastal protection work using rock 
armoring, the effect of the construction on the 
environment stems from the fact that rock layers 
replace the mud strata in the inner-tidal zone. 
Therefore, changes in the marine species composi- 
tion in this zone can be expected. Invertebrates 
and shellfish, which attach themselves to rock 
surfaces, will most likely replace the mud- 
dwelling invertebrates in this zone. However, no 
change is expected in the subtidal and the terres- 
trial habitats since the physical environment in 
these zones remains the same. The revetment will 
prevent fbrther loeses to the land behind the 
bund, and the erosion of the mudflats and 
remaining mangroves seaward of the bund will 
continue until a stable offshore profile is reached. 
Changes, however, can be expected in the area 
both up- and down-coast of the protected area. In 
these areas, erosion will accelerate and more 
damage can be expected as a result of the end- 
scouring effects. This can be alleviated if the ends 
of the revetment are tied to natural formations 
such as  hills, rocks or rivers. 

CONCLUSION 

Although there have been numerous specula- 
tions on the likely ,cause and effect relationship 



between coastal bunding and coastal erosion along 
a mangrove-fringed coast, no concrete conclusions 
can be derived since there has been no thorough 
study on this subject. 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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Fig. 2. Drainage controls in Sg. Benut catchment. 
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ABSTRACT 

Segara Anakan, a brackishwatar lagoon located in the west 
side of Cilacap on the south coast of Java, i s  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 as a nursery 
ground for penaeid shrimp: the decreasing water volume due 
t o  rapid siltation; the shrinking mangrove areas; the excessive 
fishing 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 n u r m y  ground. Such 
a condition of the nursery gmund will influence the recruit- 
ment of adult shrimp from the offshore area and then affect its 
population size and the magnitude of the catch. 

Background of Segara hakan 

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 the 
lagoon (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 most important ones are the 
Sapuregel, Cibereum, Cikujang and Ci tanduy 
Rivers. Due to upland deforestation, these rivers 
bring much sediment, thus causing siltation espe- 
cially during the rainy season. 

Since it has become shallower and smaller 
yearly, the lagoon has a maximum depth of only 2 
m during ebb tide (tidal amplitude ranges from 50 
to 150 cm). 

Occurrence of species 

Catches from the lagoon most oRen comprise 
common fish such as: anchovy (Stolephorus spp.), 
sardine (Sardinella firnbriata), 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 (Anadara 
granosa 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 fldod tide, the rest of the catch consists of 
copepods, mysids and sergestids. Table 1 lists 
the fish, crustacean and mollusk species that 
occur in Segara Anakan and the offshore area of 
Cilacap. On the other hand, Table 2 lists the 
larvae and postlarvae stages of fish, shrimp, crab 
and mollusk species as well as zooplankton 
samples 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 oaring apong, wide and sero), gill nets 



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 species 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 and Metapenaeopsis sttidulans. 

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 
19721, 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 tlyear, while during the trawl 
era the shrimp catch ranged from 1,614 to 5,242 
tlyear (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, krosoh, 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 dog01 and jerbung groups. 

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 a t  5,800 t/year 
(Naamin 1980). Effort was excessive and the very 
fine trawl cod-end mesh size was used. Fortu- 
nately, i t  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 a t  present much less than that 

The jroblems 

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 

TMs research was conducted for the following 
reasahs: (1) to identify the ecological and economic 
funcdons of Segara Anakan as nursery ground of 
pendid shrimp and (2) to assess the impact of 
changes in environmental conditions (i.e., 
man$rove degradation, water pollution and size 
redudtion of the lagoon's nursery ground due to 
sedinmentation) on the lagoon and the offshore 
fisheries. 

MATERIALS AND METHODS 

Seleation of species for study 

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

Selettion of stations 

The lagoon's shape, with two connections to the 
sea, dictated the choice of two stations a t  the east 
and +est entrances for immigrating larvae and 
postbrvae to the lagoon. 

Foilr sampling stations were selected for 
studfing the emigration of juveniles from the 
lagoan and the surrounding mangrove ecosystem. 
Statians 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. I t  was assumed 
thatkhe existence of these traps indicated where 
the  shrimp and fish juveniles are abundant 
duriag ebb tide. 

Sa-ling methods 
of the trawl era. However, the value of the present . 
catch is higher because the price of shrimp has Indmigration. Immigrating larval and postlawal 
been increasing in the last few years. shribp and fish were sampled by setting a 



plankton net suspended from a buoy moored near 
each entrance to the lagoon. The plankton net 
measured 113 cm in mouth diameter and 350 cm 
in length (from the mouth to the cod-end). It  had a 
stainless steel frEime and nylon netting with a 
mesh size of 170 p. This large net, when used with 

.a  60 kg weight, could be handled by two people 
from an open boat and hence used in shallow 
waters (Fig, 2). The net was set a t  0.5 m from the 
surface fortnightly during both flood and ebb tides 
to monitor lunar periodicity and seasonal changes 
in the number of immigrating larvae. Additional 
nets moored in the middle of the river, about 0.5 
m from the bottom, provided information on the 
depth distribution of migrating shrimp and fish. 
The samples were identified and the numbers of 
all fish, penaeid shrimp and other crustacean 
species were then recorded. The postlarvae of each 
species were identified from the description of 
Hall (1962)) Poernomo (1968) and Kirkegaard 
(1975). 

Emigration. Emigrating juvenile shrimp, other 
crustaceans and fish were sampled with set nets 
(jaring apong) from buoys moored near the river's 
mouth a t  both entrances to the lagoon, a t  the tidal 
creeks in the mangrove area and in that portion of 
the lagoon perpendicular to the outflow (at ebb 
tide). A trawl-type set net with an 18-m headrope 
and with a 20-mm cod-end mesh size was set a t  
the bottom during ebb tide once in a fortnight. All 
species of penaeid shrimp, fish and other aquatic 
animals were identified in the field or the 
laboratory and recorded. Juveniles of each species 
were identified from the description of Kubo 
(19491, Dall (1957), Racek and Dall (1965) and 
Kirkegaard et al. (1970). 

Spawning Seuson. The spawning season, 
spawning ground and other population 
parameters such as  recruitment patterns of 
offshore shrimp and fish were identified by taking 
samples regularly he., eveIy fortnight) from the 
commercial catches a t  the landing places. 
Spawning seasons were identified by observing 
the gonadal maturity stage: stage I- 
quiescenWundeveloped, stage 11-developing, stage 
111-early maturity1 nearly &e, stage fi-ripe and 
stage V-spent (Fig. 3). Those in stages I and I1 
were classified as  immature shrimp and those in 
stages 111, IV and V as  mature shrimp. A higher 
percentage of mature shrimp was considered a 
sign of the spawning season. 

Fishing season and fishing ground were 
identified and offshore shrimp and fish stock were 
estimated from catch-and-effort data collected at 

the landing places of the commercial fisheries. 
The abundance of the stock was estimated from 
catch per unit effort (CPUE) and the relative 
stock size was estimated using Surplus 
Production Models (Schasfer 1957; Fox 1970). The 
data collected were analyzed monthly to check the 
seasonality of shrimp occurrence according t o  its 
life stages. Time-series data, which were available 
for several years, were treated as the monthly 
average. 

Shrimp larvae and postlarvae coming into 
Segara Anakan and its surrounding mangrove 
ecosystem were sampled during flood tide, as 
described above. To check whether these also 
emigrate to the sea from the lagoon during ebb 
tide, the plankton net was also set several times 
in previous trips. Since approximately 90% of the 
larvae and postlarvae were faken during the 
incoming flood tide, sampling during ebb tide was 
terminated in A u y s t  1987. 

RESULTS 

Taxa immigrating into the lagoon 

Immigrating larvae and postlarvae consisted of 
penaeid shrimp (Penaeus rnerguiensis, P. 
monodon, P. chinesis, Metapenaeus ensis, M.  
elegans, M. dobsoni and Metapenaeus spp.) in the 
mysis and postlarval stages; udang rebon 
(Sergestidae and Acetes spp.); zooplankton 
[Lucifer, amphipods, copepods (Cyclops spp.); 
Nauplius spp., Calanus spp.1; mesogastropods; 
bivalve larvae; annelids; rotifers; Sagitta spp.; fish 
larvae and postlarvae; squids; cuttlefish, jellyfish 
and crabs. Sampling results showed that the catch 
was usually dominated by Cyclops spp. and at 
certain times, by jellfish (in blastula stage). 
P. rnerguiensis, M. ensis and M. elegans were 

the penaeid species of shrimp larvae that consis- 
tently occurred in the samples. Their seasonal 
patterns show that they occur throughout the 
year, with peaks in February and June (Table 5 
and Fig. 4). 

Seasonal distribution of juveniles 

Emigration of juveniles occurred all-year-round, 
with peaks in February, August and November- 
December [Table 6, Fig. 4). Based on the monthly 
number of trips for the set net and its CPUE, it 
was estimated that the catches of juvenile penaeid 
shrimp were high (more than 40 tlmonth) during 
May and December-February. 



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., Saurida spp., 
Sardinella spp., Apogon spp., Chirocentrus spp., 
Harpodon spp., Muraenesox spp., Therapon spp,, 
Scornberenzorus 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, 
Cynoglossjdae, 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 *ear. 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 

perclntage) (Table 8). Spawning occurs all-year- 
r o u d  with peaks in March-April, August and 
Novdmber (Fig. 4). Schaefer's linear model and 
Fox'# exponential model suggest that, based on 
the 4ata in Table 3, MSY ranged from 5,000 to  
5,8016 Wyear. 

Bdth monthly catch and CPUE were high from 
Sepkmber t o  December. This seasonality was 
similar to  the trend during the trawl and trammel 
net dra (after the trawl ban). 

The catch consisted of all the 12  species of 
shriwp covered by three resale categories: jerbung 
(P. Rerguiensis, P. monodon, P. chinensis); dog01 
(M. ms i s ,  M. elegans, M. dobsoni); and krosok 
(Pa&penaeopsis coromandelica, P. mtucillipedo, P. 
prolllata, Trachypenaeus asper, Metapenneopsis 
stridulans, Solenocera subnuda). Krosok includes 
the gmall types of shrimp and this group made up 
about 53% of the catch. Dog01 (endeavor group, 
Met~penaeus spp.) accounted for 31% and jerbung, 
l6%, of the total catch. 

Ecdogical parameters of the 
lagdon and offshore waters 

Tlbe shelf portion along the south coast of Java 
is rdatively narrow and of this entire portion, the 
Cil#ap area is the widest. Segara Anakan lies in 
the west side. 

Nusa (it means "island) Kambangan protects 
Teldk (it means 'bay") Penyu in the east, 
Pangandamn Bay in the west and Segara Anakan 
against the waves and currents of the Indian 
Oce~n. Many rivers flow into the waters of 
Cil&ap and Segara Anakm (Fig. 1). 

The hydrology of the region is dominated by a 
seaqonal alternation of the east and west 
morjsoons. There is a coastal current that flows 
east along south Java during the months of 
No*mber to June and flows west from July to 
OcttOber (Soeriaatmadja 1957). The high tide 
cur*nt ranges from 7 to 462 cmlminute at the 
easC entrance and from 5 to 110 cmJminute at the 
weat entrance. The ebb-tide current ranges from 4 
to  Ib3 cdminute at the east entrance and from 3 
to  l#i2 cmlminute at the west entrance. These very 
s t r e g  tidal currents considerably influence the 
recmitment of shrimp from the offshore waters to 
thdlagoon and vice versa. 

&e planktonic larvae and postlarvae are 
tralsported from the spawning ground to the 
laaon by drifting with the flood tide current, 
whae the juveniles are transported from the 

the monthly average- of maturity stages (in laeon to the offshore area by following the ebb 



tide current. During the flood tide, the juveniles 
have a resistant mechanism against the flood tide 
current called reotaxis. 

According to Wyrtki (1962), upwelling in south 
Java occurred during the southeast monsoon. This 
was confirmed by the results of the R.V. Oh Due 
Sun (1972) survey, which showed high plankton 
concentrations of 350 mg/m3 in the south Java 
coastal area, 660 mdms in the Cilacap waters and 
50 rnglm3 in the north Java area in November 
1972. 

Salinity is influenced by the flow of water from 
the rivers. The effect of this is significant during 
the rainy season (September-December). During 
low tide in the rainy season, the salinity ranges 
from 2 to 18 ppt. During low tide in other seasons, 
the salinity ranges from 23 to 30 ppt and during 
high tide, fcom 25 to 32 ppt. The surface tempera- 
ture of the Cilacap and $egara Anakan waters 
ranges from 28.30 to 30.30 C. 

Rainfall in the Cilacap-Segara Anakan area is 
given in Table 9, and as shown, 1987 was a rela- 
tively dry year, compared to the previous years 
(1984,1986). 

The fishing ground of the offshore fisheries can 
be divided into the Pangandaran waters in the 
west, and the waters of Teluk Penyu-Gambong 
and the waters south of Yogyakarta in the east. 
These three divisions have approximately 1,300 
kmz, 3,100 km2 and 800 km2 of demersal ground 
area, respectively, a t  a depth of 100 m. The tradi- 
tionally exploited pelagic ground runs up to  some 
10 km off the coastline. Cilacap is the main fish 
landing place on the south coast of Java. 

Outside of the shelf area, upwelling occurs, 
during the southeast monsoon in an area between 
16 and 36 km off the coast, while during the 
northwest monsoon, upwelling occurs about 100 
krn off the coast. These areas are expected to 
become pelagic fishing grounds in the future. 

DISCUSSION AND CONCLUSION 

Shrimp population and distribution 

A strong correlation was found between the 
lagoon population and the offshore population. 
The species composition of the larvae and 
postlarvae samples collected a t  the lagoon's 
entrances during flood tide were similar to that of 
the juveniles caught during ebb tide in the lagoon 
and offshore area. Among the commonly occurring 
species were P. merguiensis, P. chinensis, P. 
rnonodon, M. ensis, M. elegans and M. dobsoni. 

There were no larvae and postlarvae of P. 
semisulcatus, Solenocera spp., Parapenaeopsis 
spp. and Metapenaeopsis spp. immigrating to 
Segara Anakan and the surrounding mangrove 
areas, and there were no emigrating juveniles of 
these species either. The absence of these species 
could imply that they do not need the lagoon and 
mangrove areas as nursery grounds. 

Most of the commercially importarit species of 
penaeid shrimp found in the Cilacap waters have 
a very similar overall pattern of life cycle. The 
cycle involves marine and estuarine or lagoon 
phases with a shoreward migration of the larvae 
and seaward migration of the juveniles, 
adolescents and adults. 

Based on the high percentage of gonadal 
maturity in the offshore samples, spawning 
strongly appears to occur in the offshore area a t  
depths ranging from 20 to 30 m. Monthly samples 
of gonadal maturity showed that spawning 
occurred throughout the year with peaks in 
March-April, August and November. 

Samples of immigrating larvae and postlarvae 
from both entrances to the lagoon also showed 
that they occurred throughout the year with 
peaks in May-August and December. Emigrating 
juveniles from the lagoon and the surrounding 
mangroves also occurred throughout the year with 
peaks in February, August and November. The 
fishing season in the offshore area occurred from 
August to January with peaks in September to 
November. 

By correlating the peaks of each life phase (Fig. 
4) to subsequent life phases through the 
progression method, it can be seen that the peak 
of spawning in the offshore area (indicated by the 
maturity stage) occurred in March-April and that 
the peak of subsequent life phases-larvae and 
postlarvae--at the lagoon's entrances occurred in 
May and June. The cycle progressed with the 
peaking of the juvenile phase a t  the lagoon in 
July-August, and then the peaking of fishing in 
the offshore area from September to November. 
The second peak of spawning was in August, 
followed by a peak in the occurrence of juveniles 
in November, and then a peak in fishing in 
January. 

The above observations imply that: 
1. There is a strong correlation between the 

lagoon and offshore populations of com- 
mercially important shrimp species, 
Penaeus spp. and Metapenaeus spp. 

2. The catch of larvae/postlarvaa, juveniles 
and adults, as  well as  the spawning 



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/mVday under 
favorable conditions (Snedaker and Getter 1985); 
this ranges from 430 to 5,000 gC/mz/year (White 
1987). 

A prominent role of mangrove communities is 
the production of leaf litter and detrital matter 
that are exported, during the flushing process, to 
the adjacent brackish lagoon and nearshore 
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, 
a t  least 550,000 t OF shrimp and fish worth 
US$194 million caught in Indonesia in 1978 were 

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

Nhter quality and stability of the lagoon greatly 
inflwnce the sustainability of the role of the 
lagodn and its surrounding mangrove areas as a 
nurgry ground of shrimp. Even though the water 
qua4ty in Segara Anakan is reported to be 
unp~lluted and good for fisheries, there is some 
thrwt of water pollution in the future. 

Same other factors also endanger the stability 
of Segara Anakan. The water area of the lagoon 
dec*ases from year to year due to heavy siltation 
brodght about by the flow of water from upland 
areas. In 1900, the area of the lagoon was 
estilhated a t  about 6,675 ha; this declined to 3,638 
ha ih 1980 and then further declined to 2,761 by 
19%. During the period 1980-1984, the average 
lossdof water area was 200 hdyear (Gamaco 1984). 

The area covered by mangroves has also been 
dec3easing from year to year due to the illegal cut- 
tind of trees and the conversion of portions of the 
mangroves for other purposes such as human 
settlement, rice farming and coconut farming. In 
1948, the area of mangroves was estimated a t  
about 22,512 ha; this was cut down to 14,000 ha 
in 1982. 

About 74% of Segara Anakan's catches come 
frod tidal traps and the rest come from push-net 
(9%), wadong or crab trap @%I, trammel net (7%) 
andipintur or 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 
101, 

%tal landings of shrimp during the period July 
19@'-July 1988 amounted to 932.21 t, worth Rp 
62T123 million (US$349,431.75) or about 75% of 
thwtotal value of fish landed in Segara Anakan. 
This value is relatively small compared to the 
vallae of offshore shrimp catch in the same period 
( a b u t  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- 
l a t i ~ n  is dependent on fisheries. During the trawl 
eray, many Segara Anakan fishermen worked as  
crep of trawlers in the offshore area, but they 
caqe back again as traditional lagoon fishermen 
aftqr the trawl ban. Much effort has been exerted 
by ,tithe Central Java Provincial Government to 
reduce the number of fishermen in Segara 
AnJlkan through a program of transmigration out 
of Java or a shift from fishing to farming jobs, but 



these did not work. Most of the fishermen went 
back to fishing. 

Possible consequences 

The siltation of the lagoon and its surrounding 
areas will consequently reduce not only the size of 
the lagoon and the mangrove forests, but also the 
size of the nursery ground. The condition of the 
nursery ground will influence the recruitment of 
adult shrimp from the offshore area and then 
affect its population size and the magnitude of the 
catch. 

Two things can happen to the lagoon. The 
lagoon can be completely or partially closed. If the 
lagoon will be completely closed, the nursery 
ground will be lost, and the artisanal fisheries in 
the lagoon and the offshore commercial shrimp 
population will be reduced by up to 80% (since 
about 80% of the offshore shrimp population uses 
Segara Anakan as nursery ground). With partial 
closure, the lagoon and the offshore shrimp 
populations will decrease in proportion to the 
percentage of closure. 

Complete closure of the lagoon will have a 
severe impact on the livelihood of about 5,780 
people (74% of the total population of Segara 
Anakan) whose income comes from fisheries 
activities. The more serious impact on the Cilacap 
economy is the reduction of the commercially 
important offshore shrimp population, equivalent 
to 2,256 tlyear. If the average price of shrimp is 
Rp12,000ikg, the total loss from the offshore 
shrimp fishery will be Rp27.072 billion or 
US$16.51 million, which is about 43 times the 
total loss from the lagoon. 
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Tabla 1. Muin speciee of fish, shtimp, crab and mollusk jwmilea o~curring in Segara 
b k a n  and the oifshora area of Cilacap. 

Common @nglimh) nume Sckntifiename . Indoneninn name 

Tubk 2 List of lamae and postlarvas of shrimp end Iish Lund in the 
aemples at  the -st and west entrances of %gars Anahn. 

Genus or species LiL stage or type of orgnnism 

P e m r u  merguiansis S*P 
P. chinansi. Shrimp 
P. n w h n  Shrimp 
Mehpnmew cmw Shrimp 

V. elegons Shrimp 
M. dobmni SMmp 
Mehapmeus npp. Shrimp 
Ace& sergmtid 
Mycidacea Mydd 
Cuftopsspp C&wmplnnlrton 
Lucifer Zoop1snkton 
Amphipod ZDoplsnktm 
Nauplh spp. ZODplanlaon 
Calamua Zocrplsnkton 
M - w t m ~ d a  Zmplanktm 
Bivalve larvae Zmplankton 

, Annelida w a n k t o n  
Rotifera Zooplankton 
scgitb SPP. Zooplankton 
Clupeidae Fish postlarvae 
LBognatMdae FLDh patlarvae 
Saavido epp. PLah p a t l m e  
Scianidae Fish poetlnwae 
Oerridae Fish postlarvae 
Engmullda FiDh poetlarvae 

Wise WP. muid 
Sepia spp. Cuttlefish 
Jellyfish Blastula 
Megalopla Crmb 

Fish 
Anchovy 
%dine 
P0nyAsh 
Mullet 
Craaker 
Hairbil 
h l e  
Li~adfiuh 
Wolf herring 
Bmnbay duck 

Crsb 
. Mangrove or mud crab ScyIIo semuta KgpUlng 

Table 3. Yearly shrimp catchee and nominal effort in the offehora am of Cilacap, 1971-1987. 

Before trawl 
60 era (Before 1972) 

356 
1,395 

Trawl ere 
1.41 4 0972-1 980) 
1,421 

Anar trawl 
ban a981-1987) 

-Data not available. 

aEtTort in boat-month. 
b ~ ~ o r t  in boat-day. 



Table 4. Y e ~ ~ l y  M m p  catch in S w r a  Annhn, 1376-1907. 

sonm: 19761984 figures - sRer Mangrwe Ecosgstem Team; 1985-1987 
figuree - estimated fmm CPUE and elfort data. 

Table 6. Ntmba of eMmp b e e  end po&lacvae caugbt by planldon net per hour during high ti& at the end and 
went entram of- A a u h u  

Eaat entrance West entrance 
M w t h  Mymb PoaUarvae TOM . Mys in  PdeUawa% Total 

1897 

Mw 144 144 lab60 4 1 2 3 4  
June 822 868 1.m 127 IBO 247 
J ~ Y  SM1 11 961 76 20 B6 
AIleust 1 m 9  a0 lpoe 4 4 
September 14 3 17 
October 26 26 3 3 
Novembr 37 6 42 24 24 
December 661 0 76 13 146 198 

Table 7. Estimates of growth and mortality parameters or P. meg- in the &hma area of Cilucap. 1977- 
1984. 

Period Sex L- K Z M 
(CL, mm) (yeafly) beaily) [yearly) 

iemalea 53.l 1.15 4.6 
males 43.8 1.60 11.1 

fernalee 53.8 0.40 4.9 
malse 424 1.50 9.5 

remalee 61.6 1.06 3.1 
males 44.5 l a  3.7 

bo& m e a  49.9 125 7.5 3.4 



Tabla 8. Percentaw olP. mrguisnais and M. ensis in their gonadal rnaturiu n t a g e  
caught in the oUshore area of Cilacap, 1877-1979 and 1984-1988 ( dn th ly  
averages). 

Month 

Janvsry 
Fabruary 
March 
April 
M w  
June 

J ~ Y  
August 
Smptamber 
October 
November 
December 

Table 8. Monthly rainPall in tM Cilacap nnd Segwn Anakan ereas Cor the period 1984- 
1887. 

Month Raidell (mm) 
1984 1986 l W  1987 Average 

January 
February 
March 
April 

May 
June 
July 
August 
%ptembm 
Octobsr 
Novambnr 
I)scember 

Total 4.161 3,296 5,615 2,838 

Table 10. Catch-and-&& data for different t m  of fishing gear in Segata Anakan, July 1987-My 1968. 

Effort Catch 
F'ishing No. of Na of Volume (0 value (Rp) CPUE (kg) 

units trips Shrimp % k t a l  Shrimp Totpl Shrimp Total 
-- 

Tidal traps 
@W! 3a0 7 4 m  330.80 (49.4) m . 7 6  314.250 950.026 7.16 16.06 
Wide 421 109,887 303.39 (76.7) 4h .04 169.280 178.260 7.74 10.03 

Trammel net 195 32,855 aOQ.01 (26.1) 1W.69 77.362 92.W 1.64 5.8B 

Total 

Notcs: 1. The pementage of shrimp catch to total match is  47.6. 
2. Total value of ladings or fish, shrimp. crabs and others from July 1987 tu JulH 1966 was RW1.7  million. 
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Fig. 1. Map of Segara Anakaa and adjacent areas ahowing two channel8 (entrances) and sampling stations. 

Fig. 2. Plankton net used for sampling larvae and Fig. 3. Gonadal maturity atagea of the penaeid 
postlarvae. shrimp. 
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Fig. 4. Seaeonality and mdat ion  between aexually 
mature larvae and postlamk, juvenile and adult 
shrimp in Segara Anakan a d  the offshore area of 
Cilacap. 
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ABSTRACT 

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

Water quality parameters measured and analyzed were 
temperature, acidity, dissolved oxygea, mlfate, calcium, mag- 
nesium, phosphate, nitrate, heavy mtala (Pb, Cd, Fe, Ni aid  
Hg), pesticides and hydrocarbons, The results of the study 
indicated that the oceanographic conditions of Segara Anakan 
varied cansiderably according to seasons and tides. 

The pollutant levels of the lagoon are attributed more to 
several rivers discharging into it than to the industrial wastes 
coming from the eastern part (Cilacap waters). In general, the 
pollutant lovela 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 
influence of the incoming tide on the water quality are dero 
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 (oil 
and 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 lagoon 
with 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 this river, from north to south, are a 
cement factory, an oil refinery, a fertilizer packing 
factory and the Cilacap Harbor--which are sus- 
pected to be sources of pollutants. 

The Segara Anakan water system is influenced 
by a daily mixed semidiurnal tide and river 
inputs. 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 enst. The lagoon is  threatened by 
sediment brought in by these rivers a t  an 
alarming rate. The decrease in the water area of 
Segara Anakan by about 3,000 h a  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 



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 a t  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 moiithly 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 oceanogmphic 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 veIy slightly 
from station to station. Monthly observations, 
however, show significant variations seasonally 

(Table 4). Two maxima (29-31°c) were observed in 
Ma$ and November 1987, both of which are 
within the transitioon period. The minimum tem- 
perdture (about 25 C)  occurred in December 1987 
during the rainy season. Birowo and Uktolseya 
(1980) reported that  the mean surface water tem- 
perature of the south coastai waters near Cilacoap 
from July to October was 26 C and in April, 29 C. 
Thi$ 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 statlons as  
wep as  seasonally (Tables 5-8). From May to July, 
t h d e  parameters showed increasing values. There 
w e e  no salinity data in September, but based on 
thd maximum values of sulfate, calcium and mag- 
nequm that  occurred this month, the maximum 
valpe of salinity should have also occurred this 
mmth.  In December and January, when the rainy 
sedon prevailed, these four parameters had lower 
vahes.  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). 
Thkrefore, from May 1987 until March 1988, the 
Segara Anaknn waters showed three aquatic 
characteristics, i.e., coastal, brackishwater and 
f r ~ h w a t e r  (Fig. 5). 

$patially, almost throughout the observation, 
salinity, sulfate, calcium and magnesium indi- 
cnkd the lowest values near the mouth of the 
CiQanduy River (Station 4) compared to other sta- 
t ima (Figs. 2 and 31, indicating that  this river 
cotltributed significantly to the Segara Anakan 
waters. 

The pH level and oxygen content did not always 
shew lower values a t  the river mouths than a t  the 
other stations. Lower values were observed during 
Deicember to March, compared to the other 
mmths  (Tables 9 and 10, Fig. 2). In general, the 
pH and the oxygen content of Segara Anakan 
wme lower in the rainy season than in the dry 
sehson. At the Kawunganten Estuary, the lowest 
pH in these waters was recorded a t  6.5 in January 
1988 and the lowest oxygen content, 3.45 ppm, in 
J a u a r y  and March 1988. 



The highest values of phosphate and nitrate 
were found in the mouth of the Citanduy River 
(i.e., 23-33 ppb in November-December and 337- 
695 ppb in December-January, respectively) 
(Tables 11 and 12, Fig. 4). These indicate that the 
Citanduy River is a potential source of these 
nutrients. Brahmana (1984) stated that the 
sources of these nutrients in Segara Anakan were 
mostly fertilizers and domestic waste. 

Based nn the fluctuations of salinity, calcium 
and magnesium (presented as Z + s.d.1 at  each 
station, it can be concluded that the water quality 
a t  Stations 1, 2, 3, 5, 6 and 7 was more stable 
than that a t  Station 4 (Citanduy River's mouth). 
This suggests that the water quality of the former 
six stations is predominantly affected by tides, 
while that a t  Station 4, by both tides and river 
flow. 

Diurnal variations 

The results of the 24-hour observation of tern- 
perature, salinity, oxygen content and pH of the 
waters of Segara Anakan conducted in 22-23 May; 
22-23 July; 25-26 September; 15-16 November; 12- 
13 December 1987; 26-27 January and 24-25 
March 1988 a t  Station 2 are presented in Tables 
13-16 and Fig. 6. 

Among the four parameters, temperature had 
little variation except in September when it 
showed a maximum value in the late afternoon, 
which coincided with extremely low tide, and a 
minimum value a t  night, which coincided with 
extremely high tide (Figs. 6 and 7). The effect of 
solar radiation during the day coupled with the 
shallowness of the lagoon's water due to extreme 
low tide should eoxplain why an extremely high 
temperature (231 C) occurred a t  that hour. Gen- 
erally, temperatureso of the lagoon were kept high, 
between 29 and 30 C, except in December 1987 
when the rainy season reached its peak and tem- 
peratures varied between 25 and 27 C. 

Salinity of the lagoon, on the contrary, varied 
greatly. One or two peaks were found during the 
24-hour period. These peaks seemed to coincide 
with the occurrence of high tides (Figs. 6 and 7). 
An extraordinary condition occurred in December 
1987 in that the salinity of the lagoon reached 
zero value throughout the observation and tides 
seemed to have little influence. This is probably 
due to the occurrence of a flood and the excessive 
freshwater brought into the lagoon. 

A high pH was observed during high tide. In 
the lagoon, the pH hardly reached below 7 during 

the study except in January 1988 at.night (Figs. 6 
and ?), A relatively high oxygen content was 
detected during high tide (Figs. 6 and 7). The 
above observations indicate that during high tide, 
the Indian Ocean had brought oceanwater of rela- 
tively good quality into the lagoon. 

Pollution 

The pollutants detected in Segara Anakan were 
heavy metals, pesticides, hydrocarbons and sedi- 
ment. The possible sources were the water from 
Donan where a harbor area is located, the Indian 
Ocean and other rivers that flowed into the 
lagoon. The first source seemed to be unimportant 
since the current pattern of the Cilacap waters 
was such that the chances of the pollutants from 
the Donan River to enter the lagoon were very 
low. The Ecology Team (ET 1984) explained that 
during the rising tide, inflowing tidal currents 
flowed into the lagoon through the eastern and 
western passages and met a t  a point (equilibrium 
point) east of Motean. Water flowed back with the 
receding tides from this point eastward and west- 
ward on the same course that it entered. This 
means that the water from the harbor would 
reach that point only and not flow further into the 
lagoon. 

The concentration of heavy metals in Segara 
Anakan fluctuated with the seasons and diurnally 
(Tables 17-20). However, the concentrations in the 
water were generally very low and below the 
upper limits allowed by the Indonesian water 
quality standards for conservation (Anon. 1988). 
Pesticide and hydrocarbon contents were negligi- 
ble (Table 21). 

Unlike the three other groups of pollutants, 
sediment were potentially dangerous for fisheries 
activities in this lagoon. Among the three loca- 
tions (i.e., mouths of the Citanduy, Cibeureum 
and Kawunganten Rivers), the last two were 
much more turbid than the mouth of the Citanduy 
River (Table 22). However, this latter river con- 
tributed the most amount of sediment to the 
lagoon. It  was likely then that the soil particles 
brought in by the Citanduy River were trans- 
ported by the incoming tide toward the two river 
mouths and deposited somewhere around those 
areas. 

At high tide, turbidity a t  maces (Station 2) was 
always higher than a t  Majingklak (Station 4). 
Purba (1988) noted that standing water occurred 
between Klaces and Motean where horizontal 
water movement was lacking, and this area was 



favorable for the deposition of soil particles. Tur- 
bidity also fluctuated with the tides; it was rela- 
tively lower during high tide but higher during 
low tide (Fig. 8). 

Fisheries 

The study of the quality of the lagoon water 
showed that Segara Annkan is still favorable for 
lagoon fisheries. Pollution is negligible though 
occasionally, certain pollutants can be found. Also, 
the long-lasting siltation that causes turbidity and 
decreases the lagoon's area and wnter depth in 
many places is of concern. 

The Ecology Team (ET 1984) indicated that the 
fisheries resources of Segara Anakan have long 
been exploited. Their inventory recorded 45 
lagoon spccies while 17 other species were m i p a -  
tory. The number of species ratio between migra- 
tory and resident species was 4 t o  1. Various 
kinds of fishing gear, such as fish weirs and fish 
nets, have been used. Fish catch composition was 
such that migratory species constituted 60%. 
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Tnble 1. Decroaec in water area (ha) of Sogara hnakan in 84 yours. 

Year Lapon area Island L ~ o n  Decrease of 
and irlnnd area B e a  lagoon area 

Total Annual 

- 

S o u h  Abadi 1984. 

Table 2. Water quality parametors and methods of annlyda. 

Parameter Method Instrumentation 

Oceanographic 
Temperature 
Acidity 
Salinity 
Dieaolved oxygen 
Calcium, Caz* 
Magnesium. Mga* 
Gulrate, So42- 
Phosphate, PO, 

Nitrate, NOa 

M o m r y  expansion 
Potentiornetric 
Electrical conductometry 
Winkler modification (iodormtryk 
EDTA titrimetry, pH = 12-11 
EDTA tilrimotry, p H  = 10 
Gravimetry, Ba&, 
Asmrbic acid method 

Cadmium reduction method 

Reversing thermometer 
pH meter, "La Motte" 
Conductometer 

Sartorius balance 
W-Vie, spactrnphotcmeter, 
L388Onm 
W-Vis, spectmphotometer, 
L=WBnm 

Inorganic pollutants 
Heavy metals 
a. Pb, Cd Extraction APDC.MIBK, ' Flame AAS 

apectmphotometric 
b. Hg Oxidation with KMn04 Flamelees AAS 

H2S04, spectruphotomctrid 
Turbidity Nephelometric Nephelometer 

Orgmic pollutanta 
Peaticidee Gas-chromatographic Gas-ehmmatography 
Hydmarbons Concave 1/72, apoctrophoto&trlc I.R. upectmphotorneter 



Table 3. Water quality of Cilacap and Segara Anakan, May 1987-Mamh 1988. 
1-Segara Anakan; II-Kernbang Kuning River, III-Cilacap Harbor. 

Parameter 
May 

I 11 

~ e m ~ e r a t u r e , ' ~  I 29.8 29.5 
KI 0.5 0.2 

Salinity, ppt X 17.7 11.5 
sd 5.8 2.1 

PH X 7.5 7 
sd 0.4 0 

DO, P P ~  x 6.8 5.1 
sd 0.6 0.1 

Sulfate (SO& ppm ji 1,171 1,009 
sd 341 146 

Calcium (Ca), ppm ji 190 138 
sd 64 20 

Magnesium (Mg),ppm I 576 409 
sd 

Phosphate (PO& ppb I 
sd 

Nitrate (NO,), ppb X 
sd 

Lead (Pb), P P ~  
- 
X 

Bd 
Cadmium Ed), ppb R 

sd 
Imn (Fd, P P ~  I - - 

ad 
Nickel (Nil, ppb L - - 

d 
Mercury (Hg), ppb E 

d 

ND -Not detected. 
l - mean 
sd - ~tandard deviation 

Parameter 
November 

I I1 I11 

Temperature, 'C 

Mini$, ppt 

pH 

DO, ppm 

Sulfate (SO,), ppm 

Calcium (Ca), ppm 

Msgnedum (ME), ppm 

Phosphate (W3, ppb 

Nihate (NOa), ppb 

Lead (-1, ppb 

Cadmium (Cd), ppb 

Imn We), ppb 

Nickel (Ni), ppb 

M e r ~ w  (W, P P ~  

July 
I I1 

December 1987 
I I1 I11 

111 

28.1 
0.5 

28 
2.7 
7.6 
0.3 
6.3 
0.1 

2,161 
125 
259 
39 

1,134 
104 

8.1 
0.8 
8.3 

12.3 
9.9 
0.7 
3.5 
5.2 

216 
68 
3.1 
0.5 

January 
I I1 I11 

September 
I 11 111 

27 28 26.7 
1.4 0.6 1.6 

7.6 7.6 7.8 
0.2 0 0.3 
5.6 4.8 5.3 
0.8 0.1 0.7 

2,406 2,772 2,654 
106 104 43 
317 361 377 

36 28 28 
1,295 2,106 1,318 

KO 1,077 10 
22.2 21.6 13.6 
5.2 8.2 20.6 
8 10.1 8.2 
9 1.8 5 

11.1 10.6 9.3 
2.2 0 1.2 
0.9 0.8 0.7 
0.2 0 0.1 

778 264 284 
225 139 155 

4.8 2.4 3.6 
1.1 0 1.4 

March I 1988 111 

27.4 28.8 
0.4 1.4 
1.9 14 
2.7 8.7 
7.1 7.6 
0.3 0.2 
4.9 5.3 
0.9 0.3 

84 989 
88 439 

11 10.1 
2.2 7.9 

84 38 
49 32 
14.8 7.2 
5.2 4.7 
0.3 0.5 
0.1 0.1 

12 414 
48 73 
23.7 16.2 
10.8 2.1 
0.3 0.3 
0.1 0 

ND - Not detected. 
X -mean 
sd - standard deviation 



Table 4. Water tempsrsturu ("2) in Segara Anakan, May 1987-Mprch 
1986. 

No. May Jul. Sep. Nov. Dee. Jan. Mar. 

Table 6. Sulfate concontration (ppm) in Sepru Anakan. May 1987- 
March 1988. 

No. May Jul. Sep. Nov. Dec. Jan. Mar. 

fable 6. Salinity (ppt) in Segara Aaakan, May 1987-Malch 19M. 

$0. May Jul. h p .  Nov. Doc. Jan. Mar. 

fablo 7, Cnlcium conccntrntion (ppm) in Segara Anakan, 
Hay 1987Janualy 1988. 

No. May Jul. &p. Nov. Dec. Jan. 

1 172 289 587 324 22 Z# 
$ 232 281 329 289 28 M 
1 216 269 337 214 30 24 
4 92 160 241 60 28 20 
I 208 zoo aw 281 18 26 
1 128. - 345 244 - 24 
7 280 - 326 

I 190 298 288 811 26 SO 
al. 64 66 94 86 5 12 

Table 8. Magneaium concentration (ppm) in Seyara Anakan. 
May 1987January 1988. Table 9. pH in Sogera Anakan, May 1987-March 1989. 

No. - 
1 
2 
8 
4 
5 
6 
7 

Jul. 

1,080 
961 

1.063 
831 

1,088 

Nov. Dec. Jm. 

867 26 41 
766 39 16 
164 21 2a 
225 2 2 
881 13 38 
788 - 56 

Ho. May Jul. Sep. Nov. 

1 7.0 6.9 7.6 1.4 
1 1.9 1.2 7.6 7.6 
1 7.8 7.9 7.7 7.6 
4 6.8 7.6 1.8 6.8 
6 7.8 7.8 7.6 7.6 
O 7.6 - 7.8 7.4 
F 7.6 - 7.6 - 

Dec. Jan. Mar. 

Teble 10. Dissolved oxygen (ppml in Segara Anakan, May 1981- 
March 1968. 

ble 11. Phosphate mnccntration (ppb as P) in Segara Anakan, May 
87-March 1988. 3 

. .. . 

No. May Ju l .  8ep. Nov. Dec. Jan. Mar. %. May Jul. Sep. Nov. Dec. Jan. Mar. 

1 9.2 12.3 17.4 10.2 11.2 1.5 18.2 
2 4.5 17.8 30.7 22.3 6.8 7.1 6.9 
S 1.6 15.0 24.0 16.6 16.6 10.0 10.1 
4 17.1 17.8 22.4 33.0 23.0 6.6 11.7 
6 6.0 17.8 16.8 11.6 12.7 0.6 10.1 
6, 9.2 - 25.1 16.6 - l.13 13.2 
7 6.0 - 19.1 - - 11.7 

8.5 16.1 22.2 18.0 13.9 6.4 11.0 
18 4.2 2.5 6.2 8.6 6.0 8.0 2.2 



Table 13. Fluctuation of water temperature (*c) in SBgara Aeakan, May 
lSB7.MarCh 1968. 

Time May Jul. Sep. Nov. Dec. Jan. Mar. 
Table 12. Nitrate concentration (ppb as N) in Segara Anakm, May 
1987-March 1988. 

No. May Jul. Bsp. Nw. Dec. Jan. Mar. 

1 5 16 2 98 96 97 47 
2 L3 107 2 76 105 61 17 
3 69 87 19 232 269 188 109 
4 203 241 23 298 698 337 147 
8 42 108 2 94 569 228 82 
6 18 9 36 - 79 50 
7 ud 1 - 136 

% 60 111 8 138 168 1E8 84 
sd 71 82 9 108 107 107 49 

Table 14. Fluctuation of aalinity (ppt) in kgara Anakan, May 1987- 
Mamh 1988. 

Table 15. Fluctuation of d i i l v s d  oxysen (pprn) in Segara Anakan. May 
1987-March 1988. 

Time May Jul. h p .  Nov. Dm. Jan, M ~ T .  Time Mny Jul. Sep. Nov. . Jan. Mar. 

18.80 - 8.1 6.8 6.5 6.3 6.0 
16.30 6 4  - 7.8 7.0 6.8 6.7 6.6 
19.80 7.8 6.8 6.9 6.1 6.1 4.7 6.8 
22.30 5.8 6.4 6.3 6.9 6.0 8.1 6.0 
01.80 6 1  8.6 6.1 7.0 6.6 5.7 5.4 
04.30 SB 6.0 - 6.6 6.6 6.8 6.2 
07.80 4.8 6.0 6.9 6.3 6.7 6.0 3.7 
10.80 5.4 6.8 6 1  6.6 6.4 8.0 6.8 
13.30 8.6 7.0 7.3 8.0 5.0 5.3 5.9 

P 6.8 6.2 6.7 6.8 6.8 6.8 6.4 
ed 1.2 0.7 0.8 0.6 0.5 0.6 0.7 

Table 16. Fluctuatinn of pH in Sugata Anaknn, May 1987-March 19BB. 
Table 17. Lead concentration (ppbl in Segara Anaken, May 1987- 
March 1988. 

No. May Jul. &p. Nov. Dee. Jan. Mar. 

T i m  

18.80 
16.80 
19.80 
22.80 
01.m 
04.80 
07.80 
10.80 
18.80 

Jul. b p .  Nov. Dec. Jan. Mar. 

Table 18. Cadmium concentration (ppb) in Scgara Anakan, May 1887- 
March 1988. 

Table 19. Iron ancentration (ppb) in Segara Anakan, MAY 1987- 
March I-. 

No. May Jul. &p. Nov. Dec. fan. Mar. No. May JuL Sep. Nov. k. Jan. Mar. 

1,007 
1,083 
1 ,M8 

821 
1,247 

lea 



Table 20. Nickel urncentration (ppb) in -a Anakan, May 1987- 
March 1988. 

No. Mny Jul. Sep. Nw. Dee. Jan. Mar. 

1 1.1 4.4 8.3 8.8 6.6 13.4 13.8 
a 4.8 4.4 6.2 7.4 9.a 12.2 24.7 
8 2.7 3.6 4.3 9.3 11.1 16.9 6.6 
4 8.8 4.4 6.2 12.1 6.6 8.8 28.8 
6 3.5 2.9 4.8 12.1 11.1 13.4 24.7 
6 1.9 - 6.2 7.4 - 9.7 28.8 
7 8.9 - 4.8 * - 89.2 

ji 8.8 8.9 4.8 8.4 8.6 12.2 23.6 
ed 1.6 0.7 1.1 2.2 2.8 2.7 10.6 

Table 21. Variation in the ranges of the averwe values of environmental parametere and pollutants in Segara Anakan, 
Kembang Kuning River and the &arbor area. 

- 

Parameter Segara Anakan 

Oceanographic 
Temperature. 'C 25.1 - 30.8 
Salinity, ppt 0 - 25.1 
PH 7.0 - 7.8 
Dissolved oxygen, ppm 4.6 - 6.3 
SOd3 m d  95 - 2 , 4 0 6  
Ca, mdl 25 - 317 
M& m d  20 - 1,295 
PO,, P P ~  6.4 61.7 
NO,, P P ~  ND - 8.1 
NOS, PI& 8 - 347 

Inorganic pollutants 
Pb, P P ~  7.8 - 19.8 
Cd, P P ~  0.3 - 3.0 
Fe, P P ~  200 - 1,190 
Ni, P P ~  3.3 - 23.6 
HE, P P ~  0.1 - 0.6 

Organic pesticides 
Organochlorine 
Eldrin, ppb 
PP DDT 
PP DDT 
PP DDE 
BHC 
Endosulfan 
DDE 
Organophosphate 
Diazinon 
Carbamat 
Hydrocarbon, ppm 

Source: Anon. 1988 ND - Not detacted 

[embang Kuning *el Harbor area 

Table 22. Turbidity @lTU) in peSara Anakan, 
Mmh-Augud l9M. 

No. Mar. May Jun. ' J u l .  Aug. 

Standard quality 

Natural condition 
10% - Alami 
6-9 
> 4 

nil 



Fig. 1. Sampling sites for water quality. 
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Fig. 2. Diatribution of temperature, ealinity, pH and diesolved oxygen in Segara 
Anakan waters, May 1987-March 1988. 
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Fig. 3. Dirctribution of calcium, magnesium and sulhte in Segara Anakan waters, May 
1987-March 1988. 

NO. 

Fig. 4. Di~tribution of phoaphate, nitrate and nitrite in Segara Anakan watem, May 
1987-March 1988. 
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Fig. 5. Aquatic characteristics of Segara Anakan waters, May 1987-March 1988. 

Fig. 6. Fluctuation of tempratwe, salinity, p H  and dieeolved o m n  during the 24-hour 
observation at the diurnal station in Elegara Anakan, May 1087.Mwch ISM. 
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Fig. 7. Variation of tidal current at the diurnal 
station in Segara Anakan, May 1987-March 
1988. 
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ABSTRACT 

Segara Anakan is a unique coastal cconyslcm and an impor- 
tant coastal resource. However, its ccologicnl functions arc 
deteriorating due to poor upland management and high sodi- 
mentation rates. This study was conducted to be able to prcdict 
its sedimentation patterns and future physical changcs for 
management considerations. 

The major sourcc of sediment into the lngoon is the Citan- 
duy River. The distribution of redimcnt is govcrncd by water 
circulation patterns, which arc? mainly driven by tidc and 
freshwater discharge. Scdimont is deposited moslly in thc 
northcrn, northeastern and eastern shores or the lngoon and in 
the northcrn side of the Karang Anynr Island. It  is prcdictcd 
that land accretion will continuo and that tho lagoon will be 
reduced to only tidal inlets and walcrwaya if no action is takcn 
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 mangrove 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- 

logcal value, government policy has been focused 
on its preservation. 

The lagoon has rapidly decreased in area and 
depth as sediment has been filling it in the past 
decade. As it decreases in size, water movement in 
and out of the area has been affected by sediment 
shoals, and water movement patterns have been 
disturbed, 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 also 
declined with the decrease in the fishing area. 

The recent decline in water volume and surface 
area has given way to the identification of mea- 
sures to minimize detrimental changes. General 
flow patterns of water in the lagoon have been 
determined so that the patterns of accretion 
resulting from sediment and the projeciion of 
future physical changes can be predicted. 

A number of studies have documentcd the 
causes of deterioration, although determining a 
practical solution has been dificult. 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 complete review of all 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. 



RESULTS 

The Segara AnakadCitanduy 
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 a t  the 
southeast end of a sandy coastal barrier and the 
other, to the west of Nusa Kambnngan, 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 undulatinghilly 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 
Rarnu (1980) estimated the land use pattern of 
the basin as follows: forest and plantation, 27,000 
ha (28%); upland, 11,000 ha  (11.5%); lowland 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 

maih body and adjacent mangrove forests. Annu- 
ally~ the total volume of freshwater inflow to 
S e e m  Anakan is a t  least 5 x L09m3 (Table 1). 

geawater 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 
wedern entrance during flood tide is about 29 x 
10%3 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 
wabrer passing through this inlet during flood tide 
is a mixture of freshwater and seawater. This is 
disbibuted up the Citanduy and other rivers and 
inte the mangrove forests through the lngoon's 
makn body. 

13he lagoon's water properties vary in space and 
timk. Vertical stratification does not occur in the 
lagdon's main body, except in the vicinity of the 
Citmduy 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 a t  a maximum 
(ET 1984; IHE 1984; Ludwig 1985; LON-LIP1 
1906). 

Tidal records in the lagoon show that the tide is 
mired 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 
rn during neap tide and a maximum tidal rnnge of 
1.50 m in spring tide. 

Sediment source and rate 

&dirnent supply to Segara Anakan comes from 
t h e  Citanduy River, the upper watershed of 
Sewra Anakan (mainly Cibeureurn and Cikonde 
Riers )  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). 
PRk: Engineering Consultants, Inc. (PRC-ECI 
1987) reviewed these studies and found a large 
e m r  in the method used to compute the sediment 
trmsport. Nevertheless, based on that review, the 
sediment transport to the lagoon was estimated to 
be :somewhere in the range of 5-10 million Wyear. 
A considerably larger estimate was made by 



Napitupulu and Ramu (1980). By using an ana- 
lytical method on the sediment measurement data 
of the lagoon in the 1960s and 1970s, they found 
that the sediment supply was about 17.4 million 
t/year with 15.2 million t from the Citanduy 
Watershed and 2.2 million t from the Segara 
Anakan Watershed. 

Most of the sediment supply to the lagoon 
comes from the Citanduy River and the Segara 
Anakan Watershed. However, during the past few 
years, development on the tributaries in the 
Segara Anakan Basin, especially those on Cikonde 
River, has increased the sediment supply from the 
basin. 

Water circulation and 
sedimentation pa t te rns  

The water circulation of the lagoon is driven 
mostly by tidal energy and drainage discharge 
and guided by its morphology. The effect of the 
wind is minimal since it does not generate any 
basin oscillation. 

Since no study was conducted to determine sys- 
tematically currents in the lagoon, PRC-ECI 
(1987) applied a one-dimensional mathematical 
model to estimate the characteristics of the la- 
goon's water movement. The model computed the 
response of Segara Anakan from a combination of 
the vertical tides a t  the western and the eastern 
outlets, and the freshwater discharge from the 
rivers. Since there was no current information 
during the study, the model has only been par- 
tially calibrated for water level. In view of this 
and the fact that the one-dimensional homoge- 
neous flow model is a very crude representation of 
the complex three-dimensional flow of saltwater 
and freshwater into the lagoon, the results are 
only indicative, but they provide a useful tool for 
understanding the characteristics of water 
circulation. 

The model was run to estimate simultaneous 
flow rates within the entire lagoon after a scheme 
was made to formulate a network of branches and 
junctions, representing the drainage system. 
Results of the model for spring tide condition 
(using tidal records on 17-18 October 1986) are 
shown in Fig. 3 for the flood tide etage and in Fig. 
4 for the ebb tide stage. 

Figs. 3 and 4 show that the real nodal point 
(almost no horizontal water movement) is found 
along the northern and eastern lagoons between 
junctions 20 and 22 during both the flood tide and 
ebb tide stages. Other nodal points are also found 

between junctions 17 and 20 (Fig. 3) during flood 
tide and between junctions 14, 18 and 19 (Fig. 4) 
during ebb tide. In general, the places for nodal 
points will always be in the northeastern part of 
the lagoon and somewhere between the islands in 
the southeastern portion and Motean. 

The model also estimated the tidal excursion of 
water particles. It  was found that the water parti- 
cles, starting a t  slack low tide in the mouth of the 
Citnnduy River, traveled about 7 km into the sea 
during spring ebb tide and about 2.8 km during 
neap ebb tide. During flood tide, the tidal excur- 
sion is about 4 km into the lagoon for spring tide 
and 2 km for neap tide. Water particles down- 
stream of this ebb tide flow will be pushed even 
further into the northern and eastern portions of 
the lagoon. However, due to the effects of the river 
discharge from the Segara Anakan Watershed 
and of the tidal excursion from the eastern 
entrance, ,the water particles will eventually be 
stagnant at the point of their meeting, as shown 
in Figs. 3 and 4. 

The general sedimentation pattern within the 
lagoon is very much dictated by water circulation, 
while the fate of sediment particles within the 
water mass depends on the energy contained in 
the latter. If the energy reflected in the water 
mass movement is high, then the sediment will 
stay suspended and move with the water mass. If 
the water movement slows so that the energy is 
not strong enough to keep the sediment in sus- 
pension, then it will start to fall and deposition 
will begin. Moreover, the enerw of the water 
movement will also -act to limit the size of sedi- 
ment that will be deposited along the flow paths. 
The, distribution of the bed sediment size 
(coarseness) of the lagoon (Fig. 5) agrees with the 
pattern of the flow rate (or energy) of its water 
movement (Figs. 3 and 4). I t  is interesting to note 
that fine bed sediments extend from the south- 
eastern portion of the lagoon, as expected, to the 
center of its main body. Medium-bed size sedi- 
ments are found along the eastern border of the 
Karang Anyar Island to the Cikonde River and 
extend along half the eastern shore of the lagoon, 
which implies that the water moves in these 
places faster than a t  the center. 

The highest deposition occurred in places where 
bed sediment size is fine (Fig, 5). Other places are 
the intertidal zones in the northern, northeastern 
and eastern shores of the lagoon. During flood 
tide, these places are inundated by the tidal cur- 
rent. However, horizontal water movement is very 
limited since the tide and the current meet the 



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 a t  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  a t  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 a t  2 km21 
year for the last few years. I t  was predicted that 
the lagoon will be left with only tidal inlets and 

waCerways (Fig. 8) by the turn of the century 
(PWC-ECI 1987). 

It is clear that if no action is taken to prevent 
silktion, 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. 

gegnra Anakan serves as a nursery and feeding 
grwnd for marine fish and shrimp (ET 1984; 
Guhrin and White 1988). Most people use i t  as a 
fishing ground. However, its real economic value 
is fisheries production in the coastal and offshore 
waters of Cilacap. Thus, coastal fisheries will 
dedine, especially in offshore shrimp, as  a result 
of its shrinkage. Naamin (this vol.) estimated that 
about 80% of the shrimp caught off the coast of 
Cilwap 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 
thd r  livelihood from fishing to  farming. 

Another impact of siltation on the lagoon is on 
its drainage and navigation. As the lagoon is 
regaced by smaller waterways and tidal inlets, 
drainage from the two lower watersheds will 
become a problem. There are several irrigation 
prqjects in the lower Citanduy and Segara 
Anakan Watershed that end in the lagoon. These 
proOjects 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- 
lera too as the depth of the lagoon decreases. 
Drqdging is necessary to  maintain the depth of 
the, navigation channel. 

One way to prevent siltation is to divert the 
CiMnduy River from entering the lagoon. In this 
wag, its sediment supply will be reduced consid- 
ernrbly. But diversion of the Citanduy River would 
alsu drastically reduce the freshwater supply t o  
theylagoon. One consideration in maintaining the 
ecobgy of Segara Anakan is to avoid altering the 
fre*water 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. 

Mother way to control siltation is by altering 
the  water circulation pattern so that the capacity 
of It)le natural water movement to carry out the 
seddment is enhanced. The flushing capacity of the 



water flow through the western outlet could be 
enhanced during ebb tide if the mouth of the east- 
ern entrance is closed a t  slack high water. In this 
way, more water would flow through the western 
outlet. The construction of a gate in the eastern 
entrance would alter the water circulation pnt- 
tern. The water from the eastern entrance would 
enter it during flood tide, but during ebb tide, no 
water would flow through the eastern entrance. 
Although water circulation would be disturbed, it 
may not be serious. However, the immigration of 
marine organisms from both entrances into the 
lagoon would be affected. The emigration of juve- 
niles through the eastern entrance would also be 
blocked and possibly more juveniles would flow 
through the eastern entrance. The ecological 
impact of these occurrences on the lagoon, naviga- 
tion and coastline changes are several factors that 
should be considered before the construction of 
such a gate. 

The third alternative to control siltation is by 
using water movement to carry more sediment to 
the ocean without disturbing the water circulation 
pattern. The deposited sediment could be resus- 
pended by agitation dredging a t  slack high water 
so that sediment-laden water would recede to the 
ocean during ebb tide. This method may not be as 
effective as the previous one in controlling lagoon 
siltation, but it would cause the least ecological 
impact. PRC-ECI (19871, however, found in its 
prefeasibility study that the most effective mea- 
sure to control lagoon siltation is a combination of 
enhanced flushing and agitation dredging. 
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Table 1. Annual freshwater  upp ply to Segam Anakan BRC-ECI 1987). 

Sourea Volume (ma) 

Citanduy River 
Other rivere and tributaries 
Direct rainfall 
Total. 



Table 2. Surface salinitiem of Segara Anakan fmn different mrcea. 

Surfam aalinitiea (ppt) 
h u m  Dly sealon Wet season 

... 

13-33 (May 1980) 

Ludwig 1985 24-26 (1983) 

PRC-ECI 1987 6-20 (19 Aug. 19120) 

Fig. 1. M a p  o f  Segara M - C i l - p  showing the etudy site (PRCBCI 1987). 



Western Outlet ( HSM I 1 

Fig. 2. Tidal rcmrds at thc wostorn outlct (YRC-ECI 1987). 

Fig. 3. Modcl of thc flow rate distribution during n spring-hod tidc (PRC-ECI 1987). 



Fig. 4. Model of the flow rate distribution during a epring ebb tide @RC-ECI 1987). 

Fig. 5. Bed eediment eke distribution (PRC-ECI 1987). 



Fig. 6. Hiatorid shoreline and mangrove forest growth, 1908-1986 PRC-ECI 1987). 

Growth ol  foromts 



Fig. 8. Predicted ehape of Segara Anakan (PRC-ECI 1987). 
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ABSTRACT 

The water quality of Ban Don Bay and the Tapi River was 
studied during the dry and wet masom. 

The water quality parameters studied were salinity, dis- 
~olved oxygen, pH, alkalinity, ammonia, nitrite, nitrate, phos- 
phate, silicate, total nitrogen, total phoaphoru~, pesticide 
residues, dissolved petroleum hydrocarbons and microbiologi- 
cal qualities of the bivalve-growing areas. Trace metals such as 
mercury, cadmium, chromium, copper, lead and zinc were also 
determined. 

INTRODUCTION 

The water qudity 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, a t  Kanchanadit, are extensive oyster cul- 
ture farms (Crssostrea lugubris) for which Surat 
Thani is famous. The bay itself used to be abun- 
dant with short-necked clams, Paphia udulata,  
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, fish 
landing and marine food canning, are situated on 
the banks of the Tapi River. Some of these still 
have no proper wastewater treatment system. 
Thus, the stress on the aquatic environment can 
be great especially during the low flow season. 
The commissioning, since 1987, of a multipurpose 
dam, the Chiew Larn 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 discharged 
from the dam had rendered the low-flow oxy- 
genated water in the Tapi River anaerobic so that 
the 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 a t  about the same place, at 
Surat Thani town, but freshwater reached out 
farther into the bay in August. 



Water quality of the aquaculture areas was (0.7W7.65 @Wl), nitrite (0.15-1.36 pM/l), nitrate 
investigated on a limited scale .in March and more (0.214.63 m), phosphate (0.17.-0.74 pMA) and 
extensively in August. silicate (16.99-158.79 CLMfl) (Table 1). Other water 

parameters studied were alkalinity, total nitro- 
Chemical analysis gen, ltotal phosphate, chlorinated hydrocarbons 

Reactive nutrient analyses were performed on 
the same day after filtration of the water samples 
(Strickland and Parsons 1972). Total nitrogen and 
total phosphorus contents were analyzed in the 
laboratory in Bangkok (Koroleff 1976 a and b). 
Samples were analyzed for their dissolved organic 
carbon, using a Shimadzu total carbon analyzer. 

To determine the presence of trace metals, 
water samples were filtered as  soon as possible 
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 (HN03) in a teflon bomb. The fil- 
trate was acidified with metal-free HNOB to pH 3 
and then kept in thoroughly cleaned Nalgene bot- 
tles for later analysis by coprecipitation with 
CoC1,-APDC (Huizenga 1981). Measurements 
were made in an atomic absorption spectropho- 
tometer, using an acetylene flame for zinc (Zn) 
and a flameless graphite furnace for cadmium 
(Cd), chromium (Cr), copper (Cu) and lead (Pb). 
For mercury (Hg), the water sample was made to 
react with sulfuric acid (H2S04) and potassium 
permanganate (KMnO,) and then treated with tin 
chloride (SnC12) before measured by a Hiranuma 
Mercury Analyzer model HG-1 (Hatch and Ott 
1968). 

Dissolved petroleum hydrocarbons in water 
were extracted with the help of n-hexane and the 
concentrations were measured in a spectrofluo- 
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) 
a t  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-&I), salinity 
(0.2-27.3 ppt), dissolved oxygen (3.6-4.9 mgfl), dis- 
solved organic carbon (3.43-11.37 mgA), ammonia 

- 
andheavy metals (e.g., Cd, Cr, Cu,  band Zn). 
Tht second field survey of the Tapi River Estu- 

ary tOok place on 1 August 1987. Since the rainy 
season had just begun, the effect of high flow was 
not yet evident and the zero salinity was observed 
a t  a b u t  the same place up the river but the salt- 
watea end of the river (TP2-9) reached farther into 
the qay (Fig. 2 and Table 1). Most nutrient 
concahtrations were also higher in A u y s t  than in 
Marah (Table 2). 

Mobeover, in March, the dissolved oxygen levels 
were considerably below saturation levels--from 
8% tc) 30% below (Table 1). A similar occurrence 
was ~bserved in Khlong (it means "river") Mae 
duriog the dry season (Hungspreugs et al. 1987). 
Howaver, in early Auys t ,  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, 
statims TP2-7, TP2-8 and TP2-9 showed some 
oxygan supersaturation from 2 to 32%, probably 
because of strong winds stirring the water off the 
river's mouth, thus increasing the dissolution of 
oxyg#n into the water. These generally low dis- 
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 
Fig. 3, it appears that the decrease in dissolved 
oxyga coincided with the increases in phosphate, 
ammania, nitrite and nitrate downstream of the 
town i where fish landings and some organic 
releafling industries are situated. 

In loth surveys, the concentrations of dissolved 
metab were in the ranges of trace-0.270 pgA for 
Hg, CM001-0.031 pgfl for Cd, 0.011-0.318 yg/l for 
Cr, 0.$86-1.507 pgA for Cu, 0.042-0.479 pgA for Pb 
and 2.01-7.81 pg/l for Zn (Tables 3-5). There 
appears to be no source for the metal pollution in 
the astuarine section of the Tapi River. A 
comparison of the levels of some trace metals in 
other tivers of the world is shown in Table 6. 

Burl. Don Bay. The bay is quite shallow with a 
maximum depth of about 6 m. The water 
appeaked to be well-mixed and well-oxygenated 
(Tablq 7). The influence of freshwater in August 
redued salinity slightly from a mean of 31.01 ppt 



that month compared to 32.03 ppt in March 
(Table 8). The concentration of all nutrients 
decreased (Table 7) as did phytoplankton density 
at most stations at an average of 7,566 celldl in 
March to 5,766 cellsA in August (Wisessang 1988). 
The nutrient concentration in the Tapi River 
increased considerably in August but the increase 
was not observed in the bay since the nutrients 
.might have been chemically bonded in the estu- 
arine sediment along the way. 

Aquaculture Areas. Results of the water quality 
surveys in the oyster, cockle and shrimp farms as 
well as in the adjacent canals in the Ban Don Bay 
vicinity are shown in Tables 9 and 10. It appeared 
that in August, the water samples from the 
nearshore station off Kanchanadit contained more 
nutrients than the outer area. Shrimp farm no. 
19, where additional feed was placed, also con- 
tained a considerable amount of nutrients 
released from the leftover feed. Human-made 
effects on the densely populated Tha Thong and 
Kradae Canals were seen in the high nitrate and 
phosphate and low dissolved oxygen concentra- 
tions. The sparsely populated Khlong Ram had a 
high dissolved oxygen of 4.9 mg~l. 

The seasonal variation of nutrients in the farm 
was affected by Kradae Canal. There did not seem 
to be an adverse impact on water quality caused 
by shrimp or oyster farming as long as no extra 
nutrients were put in the farm. The deterioration 
of water quality in canals seems to be affected 
more by human activities. 

Water in canals that flow through populated 
villages contained high total coliforms (more than 
2,000 MPNI100 ml). The canals were: Kaejae 
Canal (2,400 MPN1100 ml), Kradae Canal (more 
than 11,000 MPNI100 ml), Tha Thong Canal 
(4,600 MPNAOO ml) and Don Sak Canal (11,000 
MPN1100 ml). Other farms and canal water con- 
tained total coliform of 3.6-430 MPN1100 ml or a 
mean of 123 MPN1100 ml. Natural shrimp farms 
did not cause bacterial pollution. 

Near the mouth of Tha Chang Canal (Fig. 2), 
the levels of dissolved Pb seemed to be compara- 
tively high (4,156 pa) as against those in the 
Tapi River (0.042-.0479 pd) or in the other canals 
(mean of 0.039 pg/l) (Tables 3 and 4). The 
influence of Tha dhang Canal was also seen in the 
Tha Chang (inner line) cockle-growing area which 
had 2.163 pgll of Pb. It was possible that there 
was a source of Pb in that canal that made the 
level of this metal higher. 

Samples of oysters (Crassostrea lugubris) taken 
in March contained total coliform within accept- 

able levels but 40% of the samples collected in 
August contained total coliform higher than the 
recommended US standard. The oysters were 
taken from the station off the mouth of Kradae 
Canal. 

Other water quality parameters 

Chlorophylls. The measurement results of 
chlorophylls a, b and c are shown in Table 11. The 
overall mean value of chlorophyll a for both March 
and August was quite similar although the nutri- 
ent concentration in the bay was much lower in 
August. The increase in chlorophyll b in the bay 
might have been caused by residual chlorophyll b 
from freshwater influx. Wisessang (1988) studied 
phytoplankton densities in March, August and 
November 1987 and found an overall decrease in 
cell density in August from the values in March 
(24%). In November, however, the values were 
approximately seven times more than those in 
March. No nutrient data for November were 
available. 

In comparison, the overall mean value of sur- 
face chlorophyll a off Trengganu coast, Malaysia, 
was low, at  0.08 rngIm3, Ahmad and Ichikawa 
(1986) explain that this was a consequence of low 
phosphate off that coast (Law and Kamil 1986), 
i.e., an overall mean value of 0.07 pM. Temiya- 
vanish (1984) reports a mean value of chlorophyll 
a in the Upper Gulf of Thailand at  3.87 mglm3; 
chlorophyll b, 1.55 mglm3; and chlorophyll c, 5.41 
mglm3 while Silpipat et al. (1984) report a mean 
phosphate at 1-35 pM. The Middle Gulf of Thai- 
land had a mean phosphate of 0.28 ph!I; nitrate, 
1.80 pM; and nitrite, 0.10 pM in April 1983. In the 
flood season of September 1983, the Upper Gulf of 
Thailand showed a mean value of phosphate at 
1.00 pM; nitrate, 0.69 pM; and nitrite, 0.17 pM. 

Chlorinated Hydrocarbons. Vongbuddhapitak 
and Atisook (1988) found that only two water 
samples out of 58 were contaminated by low levels 
of endrin. DDT and dieldrin were the only 
residues found in marine organisms (cockles, oys- 
ters, fish, short-necked clams, shrimp and squid) 
at and below the quantifiable limit of 0.1 mgkg. 
No difference in contamination was found 
between seasons, and the levels were comparable 
to those in the Upper Gulf of Thailand that had 
declined significantly since 1973 (Vongbuddhapi- 
tak and Atisook 1985). 
Dissolved Petroleum Hydrocarbons. Dissolved 

petroleum hydrocarbons in the waters of Ban Don 
Bay and bivalve-rearing areas were determined 



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 CLgn (Table 12). Sompongchaiyakul et 
al. (1986) found a range of 0.08-5.65 Clgn in the 
Upper Gulf of Thailand. The nearshore areas 
(oyster and cockle-growing areas) showed a higher 
range at 0.805-3.611 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 a t  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 Trengganu (1 lO-l,75O 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 pgfl (FA0 1982). 

Trace metals. 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. It  is clear from the com- 
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 is very 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 
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 for this' 
purpoee. 
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Station Data Time Depth Temperature Salinity pH Alkalinity DO DOC Salinity 
(m) ("c) ( P P ~ )  ( m 4 )  ( m a )  ( m d )  (ppt) 

Chiew Larn 
Dam 

TPl -1 
m -2 
m -3 
m-4 
m -5 
T P l 8  
TPl -7 
TPl -8 
m -9 

Station (Id'M) 
Ammonia Nitrite Nitrate Total N Phosphate Total P Silicate 

Chiew Lam 
Dam 0.25 1.92 

TPl-1 . N.D. 1 .36 4.16 
TP1-2 3.75 1.34 2.21 
TPl -3 6.75 1.34 N.D. 
TPl-4 3.06 1.06 2.77 
TFl-5 2.85 0.93 6.61 
TPl5 7.66 0.73 6.63 
TPl-7 6.00 0.60 1.3 
Tm-8 1 .OO 0.1 8 1.18 
TPl-9 0.70 0.1 5 0.21 

N.D. 0.85 
0.64 1.30 
0.64 1.55 
0.40 2.66 
0.34 2.25 

N.D. 1.90 
0.74 2.15 
0.29 1.85 
0.17 1.60 
0.17 1.40 

N.D. - No data. Continued 



Table 1. (continued) 

Survey: 1 August 1987. 

Station Time Depth Temperature Salinity pH 
(m) (OC) IPP~) 

DO W) 
(mgll) Ammonia Nitrite Nitrate TotdN Phosphate TdalP Silicate 

4.32 10.01 0.03 5.13 18.76 027 0.67 231.74 
3.74 16.97 0.12 14.72 27.28 1.04 1.20 215.65 
3.62 16.97 0.10 14.02 4 0 2  1.46 1.63 193.52 
3-80 14.83 0.06 12.12 19.53 0.96 1.24 181.45 
4.40 15.74 0.05 10.73 28.13 0.84 1.20 15359 
4.31 15.51 0.05 8.01 27.44 0.73 1.27 132.70 
4.95 4.77 0.02 4.05 17.64 0.61 1.44 95.75 
6;58 1.45 0.02 0.28 14.42 0.35 1.17 36.76 
4.92 0.38 0.01 N.D. 9.03 0.38 0.93 13.78 

Table 2. Campariaon of the water quality in the Tapi River Estuary, March and 
August 1987. Mean v h e e  are enclosed in parentheses. 

E=%W= M4wch I - 
DO, 

Alkalinity, meqA 

-nis w 
Nitrite, @Wl 

Nitrate, @Ill 

Total N, 

Phosphate, phM 

Total P, pMA 

Silicate, @Vl 



Table 3. Trace metals in oyster, cockle and shrimp farms in Ban Don Bay and the Tepi River, 23-25 March 1087. Units are in MA. (D: 
dissolved form; P: particulate form). 

Ban Don Bay 

Cd Cr Cu Pb Zn 
Station Hg D P D P D P D P D P 

Range 0.100- 0.018- 0.001- 0.056- 0.170- 0.484- 0.070- 0.026- 0.009- 4.26- 0.066- 
0.480 0.060 0.008 0.108 2.327 1.758 0.309 0.193 0.810 6.49 2.86 

Mean 0.155 0.031 0.003 0.084 0.694 0.872 0.157 0.123 0.184 4.93 0.87 

Tapi River 

Cd Cr Cu Pb Zn 
Station HI3 D P D P D P D P D P 

Chiew Lam 
 am 0.031 0.061 0.011 0.636 o ~ a a  o . 4 ~  0.171 0,204 3.22 3.37 

TPl-1 0.080 0.011 0.011 0.024 1.033 0.286 0.868 0.118 1.659 2.20 2.78 

0.120 0.004 

trace 0.013 

traae 0.03 

trace 0.010 

Oyster and cockle fanns and some canah leading to the shrimp farms. 

Cd Cr Cu Pb Zn 
Station D P D P D P D P D P 

Tha Chmg 
shrimp fam 0.027 0.009 0.066 0.798 0.670 0.118 1.640 3.88 3.58 

Fisheries 
Stetion 
cockle farm 

Inner 
Outer 

oyster farm 
Inner 
Outer 

Tha Chang 
cockle farm 

Inner 0 . W  0.009 0.088 3.230 0.602 1.199 0.289 2.393 4.36 4.41 
Outer 0.069 0.146 0.092 1.282 0.525 0.806 0.246 0.618 4.37 2.73 



Table 4. Trace metals in Ban Don Bay, the Tapi River, the oyster and cockle fahns and nome canals leading to the shrimp farms, August 1987. 
Units are in w/l. (D: dissolved form; P particulate form). 

Ban Don Bay 

Cd Cr Cu 
Station Hg D P D P D P 

BD-01-S trace 0.003 0.002 0.474 1,043 0 .33  0.038 
BD-01-B trace 0.001 0.001 0.466 1.883 O.fdB1 0.056 
BD-02-S 0.040 0.004 0.002 0.536 1.081 0.1D7 0.111 
BD-02-B 0.040 0.004 0.001 0.174 1.101 0.U3 0.067 
BD-03-8 0.016 0.003 0.004 0.567 1.049 O.P8 0.069 
BD-03-B 0.036 0.005 0.001 0.498 1.216 0 . a 7  0.047 
BD-M-S 0.090 0.014 0,001 0.361 1.630 0.*12 0.096 
BD-04-B 0.020 0.007 0.001 0.180 1.421 0 .13  0.103 
BD-05-6 0.066 0.006 0.002 0.209 1.332 0 . m  0.087 
BD-OK-B 0.030 0.005 0.002 0.407 1.260 0.m3 0.117 
BD-06-8 0.110 0.003 0.001 0.354 0.751 O.IB4 0.111 
BD-06-8 0.040 0.035 0.003 0.112 1.892 0 .n7  0.1M 
BD-07-S 0.010 0.011 0.001 0.421 1.175 0 .61  0.106 
BD-07-8 0.006 0.012 0.002 0.313 1.189 0.q8 0.099 
BD-08 0.010 0.006 0.002 0.381 1.348 O.II8 0.118 
BD-09 0.039 0.002 0.118 4.887 0.&6 0.401 
BD-10 0.116 O.Ol@ 0.002 0.278 2.309 1.100 0.256 
BD-11 0.086 0.020 0.002 0.178 1.386 0.780 0.055 
BD-12 0.270 0.013 0.006 0.207 3.478 0 .13  0.281 
BD-13 0.080 0.010 0.002 0.236 1.646 0.463 0.120 

Pb Zn 
D P D P 

0.030 N.D. 3.80 0.03 
0.020 0.057 3.66 0.10 
0.027 0.039 9.66 0.23 
0.027 N.D. 2.81 0.17 
0.079 0.068 4.06 0.07 
0.019 0.043 4.07 0.09 
0.186 0.188 3.06 0.M 
0.065 0.207 3.62 0.68 
0.012 0.024 2.84 0.10 
0.034 0.173 3.50 0.90 
0.022 0.096 3.42 0.27 
0.063 0.184 3.45 0.68 
0.017 0.181 3.22 0.29 
0.056 0.121 3.87 0.24 
0.019 0.168 3.49 0.51 
0.235 0.189 12.68 1.53 
0.003 0.462 3.16 0.89 
0.176 0.014 3.68 0.01 
0.013 0.632 2.82 1.40 
0.049 0.628 3.01 0.30 

b g e  trace 0.003- 0.001- 0.112- 0.761- 0.107- 0.038- 0.003- N.D. 2.82- 0.01- 
0.270 0.039 0.005 0.636 3.478 1.1QO 0.266 0.235 0.628 4.07 1.40 

Mean 0,067 0.011 0.002 0.321 1.432 0.@4 0.123 0.057 0.172 334 0.29 

Cd Cr Cu Pb Zn 
Station Hg D P D P D P D P D P 

Oyster and cockle farms and some canals leading to the shrimp farms. 

Cd Cr Cu Pb Zn 
Station D P D P 8 P D P D P 

Fisheries Station 
Cha-ngoe cockle farm 

Inner 
Outer 

Kanchanndit 
oyeter farm 

Inner 
Outer 

Tha Chang wckle 
farm 

Inner 
Outer 

No. 3 Khlong 
Kaejae 

No. 7 Khlong 
Kradae 

No. 10 Khlong 
Ram 

No. 12 Khlong 
Tha Tong 

No. 13 Khlong 
next to Don 
Sak farm 

No. 14 Don Sak 
farm 

No. 16 I(hlong 
Tha Chang 

N.D. 

0.854 

4.156 



Tnbls 6. Comparison of dismlved traw metala in Ban Don Bay and the Tnpi River Entu~y  between 
D e e m b r  1986 andMarch and August 1987 eurve)9. Unita are in pgA. 

Ban Don Bay 

Patameter l h u d m r  rdnrch August 

0.1004.480 tram-0.270 
Mean 0.166 0.067 

Cd R=@ 0.01w.oa9 0.01SO.OW 0.0084039 
Mean 0.024 0.081 0.011 

cr RPnse o . m . 0 9 1  0.05&0.108 o.lla4.686 
~ e a n  0.064 0.084 o . s a  

cu Raaee 0.a7CLl.lm 0.484-1.758 0.107-1.180 
?dean 0.807 0.872 0.814 

rn -W- 0.09'74194 0.02WJ93 0.0094.286 
Mean OJ19 0528 0.067 

Zn Renge 3.464.68 49K4.49 2.82407 
Maan 4.69 4.98 3.84 

"rapi River Eetuary 

Parameter August 

Table 6. Comparimn of the levelr of some trace metals in the Chao Phraya, Mae Khlong, Bang Pakong and Tapi Rivers of Thailand with the Danube and 
Rhine River8 in Europe and the Amazon River in South America. Units are in @. 

Element Danube Rhine Amawn Chao Phraya Mae Khlong Bang Pakong Tapi 22' &"el= River  rive^ Rive+  rive^ Rive+ RiveP 
(1983) (Nov. 1985) (Feb.1987) (1881) 

Cd 0.07 0.07-2.60 3.1 0.005 0.005-0.080 0.020-0.057 0.0100.033 
Cr 0.5 0.4-1.0 11 2.03 0.08-0.40 0.011-0.318 
Co 0.05 0.06 33t6.6 0.03 0.047 
cu 2 9-7 17 1.17 1.100 0.21-0,s 0.09-1.93 0 . 2 ~ - 1 . ~ ) 1  
RI o.a 2 4  4.2 N.D.-3.18 0.01-0.32 0.03-0.so N.D.-0.409 
h h  <6 2-9 62 18 1.1-80.1 4.0 N.D.-21.0 
Fe 67 34 14.6403.1 29.0 3.1-102.0 
HE 0.01 0.1-1.0 0.49 N.D.4.49 
Ni 0.3 1-1 0.27 1.100 0.46 1.30 
Zn 10 1-28 a01 0 .62 .74  1.88-3.38 2.01-7.81 

&uroes: 
aForstner and Withan (1981). 
Wmnuay (1984). 
~Hungapreugs et el. (1W). 
Wungepreuga et al. (1987). 
m i 6  paper. 



Table 7. Water quality in Ban Don Bay. 
Suwey: 23-25 March 1987. 

- - 

Station Date Time Depth Temperature Salinity pH Alkalinity DQ TOC Chlorophyll (m) 
(d (TI [ppt) (me@) (md)  Nitrite Nitrate Phosphate Total P Silicate 

BD-01-8 25 11.30 6.0 30.0 32.33 8.18 2.287 4.38 2.74 1.284 0.1 0.26 c0.1 0.45 19.51 
BD-01-B 25 29.8 32.32 .8J6 2.262 4.38 2.51 0 .  0.26 ~ 0 . 1  0.65 22.60 
BD-02-9 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 4.61,, 2.94 0.29 €0.1 0.55 0.69 15.65 
BD-03-8 24 13.32 6.0 30.0 32.36 8.31 2.287 4.78: 3.35 1.232 <0.1 c0.1 0.30 0.34 9.04 
BD-09-B 24 29.8 .32.34 8.31 2,276 4.84, 2.66 €0.1 2.63 0.46 0.65 10.47 
BD-04-8 24 10.35 5.0 29.0 32.26 8.29 2.326 4.64 2.75 - c0.1 c0,l  0.46 0.75 9.70 
BD-04-B 24 29,O 32.26. 8.30 2.362 4 .39  4.75 0 €0.1 0.97 1.45 11.46 
BD-05-8 26 13.05 6.0 29.9 32.27 8.19 2.275 4.39. 3.27 1.424 c0.1 c0.1 c0.1 0.55 19.07 
BD-05-B 26 29.9 32,29 8.21 2.225 4.381 2.02 0.06 40.1 <0.1 0.66 19.84 
BD-06-S 25 13.12 4.0 29.0 32.38 8.22 2.250 4.421, 2.36 2.272 0.14 0.65 c0.1 0.80 22.71 
BD-06-B 25 29.0 32.39 8.22 2.326 4.64: - 0.31 cO.1 cO.1 1.00 24.69 
80-07 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 5.6 29.0 32.29 8.23 2.237 4.28 2.96 2.288 q0.1 0.79 0.17 1.10 21.05 
BD-08-B 24 32.0 32.30 8.23 2.337 4.59 3.26 0.03 €0.1 0.17 2.30 19.51 
BD-10 25 16.20 2.5 30.7 28.50 ' 8.21 2.226 4.56 3.28 2.784 0.10 c0.1 0.34 0.95 14.56 
BD-I1 25 16.10 3.0 30.0 3P.48 8.30 2.350 4.88 3.69 3.392 0.16 c0.1 <O.l 1.70 8.16 
BD-12 23 10.90 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 2.6 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. 

Station Data Time Depth Temperature Salinity pH Alkalinity DO - (ow 
(m) CC1 (ppt) (meq.4) (mgfl) b m o n i a  Nitrite Nitrate Total N Phosphate Total P Silicate 

BD-01-8 3 15.50 6.8 29.5 32.68 8.22 2.260 4.37 ;c0.1 0.07 0.32 8.68 cO.1 0.50 4.13 
BD-01-B 29.0 32.69 8.25 2.238 4.26 ,cO.l 0 .  0.46 6.09 0.21 0.50 17.60 
BD-02-8 3 14.40 6.0 30.0 32.54 8.18 2.213 4.32 10.67 0.04- 0.39 7.49 c0.1 0.50 13.91 
BD-02-B 30.0 32.50 8.19 2.150 4.29 , 0 . 4 9  0.04 0.23 8.64 cO.1 0.50 41.85 
BD-034 5 11.36 8.1 30.3 32.47 8.19 2.225 4.77 ; 0.25 0.04 0 .  6.37 0 .  0.62 24.29 
BD-03-B 30.0 32.50 8.30 2.225 4.76 . 0.30 0.04 0 .  8.40 cO.1 0.62 2.67 
BD-04-S 5 10.20 6.8 29.6 32.29 8.21 2.200 4.74 0.20 0.04 0.16 7.14 <0.1 0.60 10.19 
BD-04-B 29.6 32.32 8.20 2.163 4.64 0.25 0.06 0.06 8.82 cO.1 0.67 11.24 
BD-06-S 3 17.00 6.0 30.0 32.81 8.27 2.275 4.37 u0.1 <0.1 0.16 8.64 .c0.1  0.62 8.69 
ED-05-B 30.0 32.65 8.18 2.260 4.32 0.23 0.11 0.09 12.18 0.21 0.69 16.09 
BD-06-8 3 11.46 4.5 30.0 32.49 8.20 2.226 4.33 0.30 0.12 0.07 12.46 0.12 0.53 3.59 
BD-06-8 30.0 32.45 8.23 2,238 4.28 0.11 0.12 0.30 12.87 0.63 0.60 8.04 
BD-07-8 6 12.21 4.9 30.0 31.23 8.20 2.126 4.74 0.23 0.06 c0.1 10.08 0 .  0.50 14.29 
BD-07-B 29.8 31.34 8.22 1.963 4.68 0.26 0.12 0.68 11.41 0 1  0.53 23.05 
BD-08 6 9.14 4.2 29.5 31.48 8.21 2.131 4.49 0.30 0.11 0.10 11.69 ~ 0 . 1  0.51 19.43 
BD-09 6 -9.00 - 27.46 8.01 1.925 4.14 0.29 0.06 - 0.12 14.48 0.48 0 . a  80.82 
BD-10 3 18.15 3.5, 29.6 32.43 8.10 2.188 4.08 0.11 0.14 0.12 14.67 cO.1 0.69 11.74 
BD-11 3 3.6 29.8 27.04 8.03 1.913 4.39 , 0.30 0.02 0.07 11.66 0 . 1  0.65 27.06 
ED-12 5 13.35 3.0 29.8 28.56 8.19 2.038 4.72 10.25 0.09 0.05 17.01 c0.1 0.77 12.86 
BD-13 5 14.22 3.0 30.0 29.74 8.21 2.063 4.84 0.23 0.07 <0.1 18.62 c0.1 0.57 22.48 

Table 8. Cornpariaon of aoms eudace par* in Ban Don Bay, 
March and August 1987 mtveya. Medean vduee are enclosed in 
parenthesea. 
- - 

Parameter 
- - 

Mareh August 

Temperature, T a8.0-30.7 29.8-30.3 
(29.6) (29.8) 

Salinity, ppt 28.60-32.48 27.40-32.69 
(82.03) (31.01) 

PH 8.1 3-8.81 R.OS-8.27 
(8.24) (8.18) 

no, UWI 3 . 9 4 4 . ~ ~  4.064.84 
(4.48) (4.47) 

Alkalinity, meyl 2.28-2.43 1.91-2.28 
(2.81) (2.14) 

Nitrite, pMA ~0.03-0.20 4.03-0.14 
(0.10) (0.06) 

Nitrate, pM4 eO.08-096 4.03-0.39 
(0.28) (0.12) 

Total N. pMA 6.37-18.62 
(11.44) 

Phosphate, pWl 4.10-0.46 4 .104 .48  
(0.25) (0.03) 

Total P, @WA 0.30-1.70 0.50-0.84 
(0.76) (0.62) 

Silicate, @I 5.84-83.07 3.59-24.29 
(16.63) (14.38) 



Table 9. Water quality in the oyster, cockle and shrimp farms, March 1987. 

Station Date Salinity pH Alkalinity TOC DOC (W) 
(PP~)  (medl  (md) Ammonia Nitrite Nitrate Total N Phosphate Total P Silicate 

Tha Chang ~hrimp 20 7.25 0.750 11.63 12.47 0.50 0.20 0.48 0.72 N.D. 1.30 96.01 
f a m  

Tha Chang cockle farm 
Inner 23 23.96 7.78 1.962 5.63 5.71 0.77 0.20 0.20 0.82 0.51 1.55 27.37 
Outer 22 24.62 7.98 1.875 8.83 5.61 0.82 0.18 N.D. 1.55 0.80 3.25 274.74 

Cha-ngoe oockle farm 
Inner X2 81.19 8.22 2.375 6.11 4.37 0.70 0.10 0.82 1.13 1.03 2.30 16.84 
Outer 21 31.17 8.25 2.312 6.87 6.42 0.64 0.30 0.30 N.D. 0.57 1.80 158.96 

Kanchanadit oyster farm 
Inner 23 28.71 7.67 2.350 6.18 4.07 1-73 0.22 0.36 5.15 1.89 3.20 269.47 
Outer 22 90.54 8.00 2.300 7.48 4.91 1.05 0.10 0.69 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 

(clMn) 
Station Salinity pH Alkelinity DO Ammonia Nitrite Nitrate Phosphate Silicate 

(PP~) (medl1 (m@) 

Kanchanadit oyster farm 
Inner 5.5 
Outer 21.5 

Fileriee Station 
Cha-ngoe cockle farm 

Inner 22.5 
Outer 22.5 

Tha (;hang cockle farm 
Inner 30.0 

Shdmp farms 
No.1 Chit's Farm 20.0 
No.4 Fisheries Station 19.5 
No.6 Sutst's Farm 20.0 
No.9 Sawas's Farm 14.5 
No.14 Don Sak Farm 34.5 
No.18 Tha Chang Farm - 
No.19 New Farm 80.0 
No. 20 Vong Kacha Fann96.0 
No .22 Natural Farm 92.0 
Adjacent canals 
No3 Khlong Kaejae 10.0 
No.7 Khlong Kradae 3.5 
N0.10 Khlong Ram 15.0 
No.12 Khlong Tha Tong 7.5 
No.13 Khlong next to 

Don Sak Farm 35.0 
No.16 Khlong Tha Chang29.0 

0.34 
2.75 
0.60 
0.17 

- N.D. 
0.09 

- 14.34 
5.79 
1.26 

Table 11. Chlomphylls a, b, and c mnte t of phytoplankton in Ban Don Bay, 
March and Auguet 1987. Units in mg/mg. 

Mereh 
Station a b c 

BD41 1.264 N.D. N.D. 
BD-02 1.456 l.oas 2.992 
ED-03 1.292 0.112 0.640 
BD-04 
BD-05 1.424 0.112 N.D. 
BD-06 2.272 0.288 1.376 
BD-07 1.184 0.208 9.872 
BD-08 2.288 N.D. 11.162 
BD-09 
BD-10 2.784 O.OW 1.104 
BD-11 3.892 N.D. N.D. 
BD-12 
BD-13 

Rango 1.180- 0.096 0.0640 
8.892 1.088 8.872 

M O ~  1.m 0.212 2.34s 

August 
a b c 

2.980 3.686 - 
2.067 0.463 1.708 
1.637 1.260 1.486 
2.122 0.949 2.835; 
1.484 0.M4 2.378 
1.380 1.698 2.870 
1.461 0.007 0.463 
2.448 1.108 1.437 

- 
3.468 2.148 6.038 
2.287 0.940 2.297 
2.312 1.294 2.428 

1.380- 0.007- 0.463- 
3.468 2.148 E.038 
2.131 1.11s n.111 



Table 12. D i l v e d  petroleum hydmcarbons in Ban Don Bay, March and August 
1987. Units in pg/l. 

BD41 
BD-02 
BD-03 
BD-04 
BD-06 
BD46 
BDM 
BDm 
BD49 
BD-10 
BD-11 
BD-12 
BD-13 

Peirolenm hydrocarbone 
Station M d  AUW~ 

Fisheries &ation 
ma-ngoe 

Inner 1.416 3106 
Outer 1.726 

Kanchanadit 
h e r  0.933 3.611 
Outer 0869 

Tha Chang 
h e r  0805 2163 
Outer 0.988 (= BD-09) 

R a w  0.7882.370 0.070-2.973 
Mean 1.M3 1908 1 

B u n  D o n  B a y  

r" 8." dl 

b. Fisheries Stotian, c. Kancharndit oyster farms. 
Cho-ngw cockle farm. 

a. Tha Chang cockle farm. 

Fig. 2. Sampling stations in the Tapi River Estuary and in the cockle and 
oyster farms in Ban Don Bay. (See shaded meas of Fig. 1.) 

w 0' IS' 20 W '  40' 45' 

Fig. 1.  Sampling stations in Ban Don Bay. 



Fig. 3. Water quality a£ the Tapi River Eotuuy in March and August 1987. 
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ABSTRACT 

This study evaluated water pollution problems arising from 
land-based sources in the Upper South, Thailand, which 
includes areas in Surat Thani (Ban Don Bay), Phangnga and 
Krabi Provinces (Phangnga Bay). The study showed that most 
of the major pollution Bources were point ~ o u m s  (i.e., waste- 
water from communities, industriea, mines and ports). Major 
environmental issues identified in Ban Don Bay were the dete- 
rioration of the water quality of Tapi-Phum Duang River and 
the direct discharge of sewage into natural receiving waters. In 
Phangnga Bay, on the other hand, the high concentration of 
suspended solids in mine tailings was the main issue. 

Wasteloads from various pollution sources, which included 
the total generated waste from the point ~ource or the so-called 
potential 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 pollution 
sources to minimize their impact on the water quality and the 
coastal resouxes. 

INTRODUCTION 

The Upper South region of Thailand was chosen 
as the pilot site for the ASEANAJS Coastal 
Resources Management Project (CRMP) for its 
rich natural resources. Like all developing areas 
in 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 the 
coastal zone of the Upper South, this study on 
land-based pollution sources was conducted. The 
results of the study include recommendations on 
how to mitigate the impact of those pollution 
Bources on natural resources. 

OBJECTIVES 

The study's primary objectives are as follows: 
1. evaluate pollution problems arising from 

land-based sources that contribute to 
coastal resources degradation; and 

2. 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 pollution 
sources and their wasteloads and the impact of 
those sources on the water quality of natural 
receiving waters. The scope of work included 
studies on the water quality of natural receiving 
waters and on the wastewater characteristics, 
including the quality and quantity from various 
pollution 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 



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 colifonn 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 effxciency 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 a t  the riverbanks, Therefore, the TGL- 
to-ADL ratio depended on the number of sewer 
lines in the community. Sewer lines servicing 

Muadg 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, 
espedally the small communities and small-scale 
indurttries along the coast. Sediment from mines 
was ,the only major source of pollution in 
Phangnga. In Krabi, communities and industries, 
espedally oil palm mills and rubber plants, were 
also the major sources of pollution. 

The communities of Phum Riang, Tha Chang, 
Kandhanadit, Tha Thong and Don Sak along Ban 
Don /Bay discharged wasteloads of 10.6, 40.6, 
100.81, 11.3 and 54 kg BODIday, respectively (Fig. 
2). w a n g  Surat Thani and Phun Phin generated 
only 1'13.6% and 8.2% of the total wasteload, 
resp&ively, and discharged into Tapi-Phum 
Duaag River. For the fishing port, the TGL 
equalled the ADL, which means that all the gen- 
e r a t d  wasteload of 2,049 kg BODIday was 
dumped into the receiving water. This is one of 
the major sources of pollution in Ban Don Bay. 

M*or industries in Surat Thani that generated 
a large amount of wasteload were the distillery 
plan6 the Phun Phin industrial complex, fish 
milld!near the mouth of Tapi River and the dried 
shridp factories a t  Don Sak. The potential 
wast#doads were estimated a t  13,200; 26,295; 21; 
and 171 kg BODIday, respectively. However, the 
was&,  from the distillery plant were ,not dis- 
charged into natural receiving waters because of 
natimal regulations and enforcement. 

The TGL from all the land-based sources which 
are patential waste sources in Ban Don Bay were 
calculated a t  32,240 kg BODIday while the ADL 
was 8,439 kg BODIday. Based on these, only 9- 
10% @f the potential wasteload had an impact on 
the keceiving waters. Even with this small 
amolant of waste discharged, immediate effects 
occu*ed and the quality of the water and of life 
and sanitation of the local people in some areas 
detedorated. 

In ,Phangnga Bay, the major land-based pollu- 
tion Bources were from communities, industries 
(oil e l m  mills and rubber plants) and mine tail- 
ings ,+:(Fig. 3). Waste generated by the Muang 
Phan~gnga and Muang Krabi communities were 
smad in amount and wastes from oil palm mills 
and smoked rubber plants were retained within 
the nlants. These sources did not have a signifi- 
cant impact on the water quality of the natural 
recei*ng waters. However, solids from mine tail- 
ings (with a TGL and ADL of 280,000 kg sus- 



  ended solidsfday or approximately 50,400 tlyear 
were significant. It was assumed that each mine 
operated approximately 6 monthdyear and the 
water supply was 70,000 mzlday for 14 mines 
whose effluents affected Phangnga Bay with sus- 
pended solid concentrations of 4,000 mgfl, which 
caused the shallowness of Khlong Phangnga. This 
rate of sedimentation can affect the inner part of 
Phangnga Bay or 280 km2 of the coastal zone in 
Phangnga and Krabi (Fig. 4). The approximate 
silt load was 180 tJkm2lyear. Besides causing 
shallowness and creating a problem for naviga- 
tion, the suspended solids affected living organ- 
isms in the coastal zone such as corals and man- 
groves. 

The TGL from all land-based pollution sources 
except mine tailings within Phangnga Bay was 
calculated at  9,540 kg BODIday and the ADL, 154 
kg BOD1 day, representing only 1.6% of the total 
potential wasteload. Even though the organic 
pollution problem was considered small, impor- 
tant point sources from the islands of Pan Yee and 
Phi Phi, which are tourist attractions, should be 
controlled. 

Organic waste generated and actual load dis- 
charged into the receiving waters were higher in 
Ban Don Bay than in Phangnga Bay. However, 
sediment accumulation due to mine tailings in 
Phangnga was much more serious than the 
organic wasteload discharged by the communities 
and industrial sources. 

Water quality of natural 
receiving waters 

The water quality indicated by the concentra- 
tion of DO and BOD in the natural receiving 
waters in both Ban Don and Phangnga Bays was 
within acceptable ranges compared to the 
National Surface Water Quality Standards (Fig. 
5). However, occasional contamination of the 
receiving waters by sewage discharges is shown 
by the high number of total coliform bacteria 
especially during low tides and the wet season. 
The water quality of Tapi, Phangnga and Krabi 

Rivers at the section near the communities of 
Muang Surat Thani District, Muang Phangnga 
and Muang Krabi deteriorated due to coliform, 
with the highest intensity occurring during the 
wet season. This could be caused by a flushing of 
the soil and other impurities which contained col- 
iform during the storms into the natural receiving 
waters. 

RECOMMENDATIONS 

Ban Don Bay had more organic pollution 
sources, thus the water quality of its natural 
receiving waters was deteriorating. The pollution 
sources in Phangnga Bay were the mine tailings 
and, partly, the communities. Management of 
these areas must then consider the improvement 
and maintenance of the receiving waters in Ban 
Don, Phangnga and Krabi while reducing the 
sediments' transport from the mining areas. 

To achieve the management objectives in the 
long-term, the control strategies should minimize 
the wasteload at  the sources and prevent the 
direct discharge of the wasteload into the natural 
receiving waters. 

Table 1 presents the preliminary recomrnenda- 
tions and the mitigating measures for the man- 
agement of the coastal resources along Ban Don 
and Phangnga Bays in relation to land-based 
pollution sources. These are immediate and long- 
term plans. 
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Table 1. h e l i a r y  recommendations and mitigation measurn for water puality managemed 
C-' 

Justification Brief dewription Major environmenhi effects Agencies responsible 
4 

Management schemes 0 

1. Strengthening of law Bftluents disehargpd fmm the 
enforcement. following industries do not meet 

the staodards and regulations: 
from hod and seafood pro& 
e1110kedmbber pmoeasing; dietillev 
p1ant;andfishmiII. . 
Rncmachment of public waterways. 
Direct disposal of d i d  waste inta 
waterwayn. 

2. strict implementation of Only town p h n b g  has been done 
land une development plm. md'qlemented on the regional level. 

This can be applied in ather areas. 
In  addition, local actmties, such as 
aquucuktue and lad exploitation h r  
a reaidentiul purpose, are oommon m 
the area 

hek of education and public awnreneas 
in environmental issueB came f6ilule 
in the implementation phase. 

4. Development o l m ~ a n i t y  Population nnd &ties in deme 
srmitation u " 'ea and developing 

will increase rapidly, thus, creating 
- a- =- - = 

Water quality maaagement A weter quality management plan 
br Amphoe Muang, Amphoe must be developed for Upper South, 
Phun Phin, Ka Samui and Thdand 
the submuncipalities of Don 
Sak;Kradae and W a n a d i t .  

SoIid waste mmagement at Solid wastes are not properly 
Amphoe Mumg, Amphoe Phun dis& and pmdnction tends 
Phin and Amphe Ko Samui. to i n m e .  

6. Development of on-site 
wastewater treatment 
facilities Lr dense 
mmmunities and d - s c a l e  
marine -&+en at the 
Surat Thani Whery Port, 
dried shrimp hctories and 
h h  mills. 

Denae camun1~nities, dried shrimp 
factories and fish mills am not 
equipped with approp* w a s h  
water treatment plank. In 
add i th ,  the efhmt h m  theae 
s o u r c e a i s ~ o g a n i c  
n n d i s ~ t o b e c o m e n  
major pollution source. 

Concerned agencies, both govern- 
m n b  and nongovemment, muat coo- 
pernte in shmgthening law enforce- 
ment. 

Are= h e  frum pollution 
and ennonchment should be 
specified. 

Low& system, (i.e, on%i& or 
interoeptors system on main drains 
and diversion to waate tmtment 
---- 
at least the @mazy one treated, is 
d k b &  into natural d v i n g  
waters m eolleeted and recycled for 
other men. No d i d  &charge will 
be allowed. 

~ o l l ~ k d  a-es must cmrdinate 
in setting up the plan which must 
focus on the wntml of pollution 
point m m s  and the improvement of 
w&x quality of natural meiving 
waben* 

Solid waste disposal is not 
pmperly maneged. Management 
must be cyclic (ie., collection, 
treatment and the disposal of 
garbage must be done). 

To be developed in oertain 
pollution swrces such as 
houaea in dense m m t i e s  
and fisheriee porta. Priority 
should be &en to sreaa with 
a serious pmblem of pollution 
point sources 

Impmvement of natunal a l iv ing  Miniutry of Industry 
waters and effluent qudity entering (MOInd), Jhrbour Depart- 
waterways. men! W)), hcal government 

Reservation d rsw water for 
supply ta ensure that its 
quality o o m p h  w i d  the 
Etandamta 

Local governmen& KD, De- 
partment of Land Develop- 
ment IDOLD) 

Ennbling the local people to under- Lxal gnvemment, N-v- 
a n d  manegemem appmacben to m n m l  ernmental Organization 
pollution nnd local p h a g e  problems. R(G0). Office of tbe Nation- 

when mitigation me- or the impad 
of water r e l ewd  fmm tbe Rachaprnpn 
Dam are not enforced 

Improvement of envimnrrrental ONEB, local sanihtinn oftice 
quality and quality of life. 

Improvement of urban environment Laral government, ONEB, 
and sanitation. COPHM 

Prevention of wastewater h m  
mqjor pollution sources h m  
eniai0.g natural rewiving 
watera. 

ONEB, local pwmuent 



6. Sethg ofaurfaoe water 
quality chaifhtion 
and standards. 

The airon nre thebeneficial nee 
of water and . . ofwater 
quality. The pmgram includes 
auivitiea to be auowed along 
nstnral d v i q  watem and 
netting of nurfsce water quality 
standards 

of the beneficial uees of 
Ban Don Bny's enviro-tal a m p  
nen& and the s e t t h g  of a d m  
water quality ClassiBcatia 
snd etandards to protest these llsea 

Improvement and weteoans 
of envirnnmental qnnlity auch 
as medium dean wrfaoe water 
lesollFcea for W a t . 3  supply 
and agridture. 

7 . h '  ..talmmhmg 
. . 

p- for the Tapi-Ph~m 
Dunng h r  and indoatrial 
pollutinnaouroes. 

A mmpmhenaivaenvironmental 
nmnitoringprqgrnmto: 
pmduceawaterquali@ 
aLatna l e p r t  m the ndmd 
reoeiviag waters; 
detect any contamination of 
natural reoebing w m ,  
ensure that the w-ater 
dischslged h m  pollution mm 
complies with &ent standards. 

Ensuring the maintenarm of 
enrrironmental quality in 
the long-term. 

8. Conaerration plan for raw Due to the increased demand Ior raw 
water supply a t  catchment water mpply, the water quality st 
arwaa at Amphoe b g  and Wlun Phin pumping atation is deterio- 
Amphoe nun Phin. rating. 

Limit and W i t  the moonetme 
tion of certain inindustrieg in the 
Tapi-%mi h a n g  catchment area. 
Control tlbe qnality of wanewater 
discharged Irom eommunitieo and 
indnstries. 
Cmemation plan for the Tapi. 
F'hnm Duang catchment area. 

Impvement of ruw water quality. ONEB, PWWA 

1. Zonation of industrial Plwioua s~attering of indostrial 
are- for Amphoe Muang, sites i s  difficult ta mntrnl 
hmphoe Phnn Phin and and mates  more impact to 
a dietillery plant. mci- and the environment. 

Grouping large- and smaU-acale 
industriea in s p r d k d  areas. 
&mmm or central waste treatment 
ayeternwil lbesharedbyt~ 
industries. 

Improvement of water quality 
of natural d v i n g  watem 
and wastewater dkhnrged h m  
induatries. 

2. Managemeat of quculture The wsstelaadn fmm aqnaEolture 
activities. M t i e s  tend to have an impact 

on wa6td water IE, e s p ~ & U y  
witb more than 12,200 ha of land 
developed I% lqlaallturein Ban 
DonBay. 

Control and improvement 
of the quality of water supply 
for aquaculture and natural 
leoeiving watera 

Impmvement of en-tnl 
quality and preparation of 
mitigmtion measures for any 
impact that development 
pmjects might make. 

Ministry of Indu*, o m  

4. Further sb& and 
development of water 
pualiry maw. 

There is a lack of relationship between 
water quality and waste quantity in 
the ntream and coasrsl watem which 
dl influem? htm development 
action in bath riw end quaculture 
There is IM h h m t b n  on the detion- 
ship between upetresm and 
wster quality 6nm pollution aourcea 
and the strength of these soolfes. 
The model will be able to d u n k  
these relationships and the assimi- 
lative capacity ofthe d v i n g  waters. 

B a d  on d s l i q  idmmahn 
and data on tidal effects, water 
qualityshouldbeawekpeddbe develop3 
and teeted Tor future plans. 
To test the maW, the reeulta 
developed b i t  andactunl 
&ring data should be 
o o m p d  

Impmvement m d  predktbn of 
natursl reoeipins water quality. 
The r e d b  h m  the model cnn be 
used as guidelines for netting 
up envimmneutal quality 
mntroI for other developmt 
Pj-. 

ONEB, EGAT 



Table 1. continued 

Management schemes Justification Brief description Major environmental effects Agencies responsible 

All rivers and their comeding atream 
are turbid end shallow h m  mining 
Bedimenta. 

Review of the beneficial uses of 
Phaqpga's envimnmntal compmen(s 
and the setting up of a m r f e  water 
quality classification and standards 
to pmted thoae uses. 

1. Setting d nudace 
water quality daasi- 
Gcntion and etmdardp. 

Improvement, maintenance and 
austenanoe of envinmmenbd 
quality. Fmsh mrhx water 
resoulres for water supply, fish- 
eries,-tion and conservation 
of aqnaculture organisms. 

ONEB 

2. Study of mine efllnents. 
Review oithe standards 

Only total solids in mine effluents 
are mntmlled but the level is too 
arbitrary with reapxt to eniBting 
stnndards. It is earpefted that 
w p d e d  solids, after a period of 
time, will settk at the battom 
of she refeiving water, 
shallowness. In addition, snspended 
mlids a m  the major Lactom 
riff* the quality of life 
of living marine organisma such 
ascorals. 

Ellluent standards should be 
devehped br both settle- 
able and suspended solida 
At p~esent, the existing 
Btandard is only applied 
to total sol& Suspended and 
settlesble solids are khe main 
factom that fause ahallownens 
and create impact on ag~icultural 
nrens. 

Elimination of shallowness in 
waterways and its impact on ngri- 
cultural areas and corals. 

Mineral Resources Depart- 
ment 

for suspended and 
wlenble  d i d s  in 
mining efliuenta 

3. Development ofcnmmunity 
sanitation a t  Pan Yee and 
PhiPhiIslande. 

On& environmental impad 
affects specific are- auch as 
M y  populated areas and 
to& spots. 

Interceptors system on main drains 
nnd divemion to waste tmatment 
system will be used. Treated 
e lben t  win be dincharged into the 
natural receiving waters. No d i d  
discharge wili be allowed (e.g., 
ongite and ponding before dkposal). 

Maintenance of the water quality of 
natural reoeiving watera 

MOInt, ONEB, loeal govern- 
ments, regional public 
h d t h  oflice 

Minindgation of solid waste dumped 
in& the natural ra=king waters 

Pan Yee Local Health Center 4. Solid waste management at 
OBoYsswd  

Solid w a h  are directly discharged 
i e r o r s a m e & i € l g ~  

6. Development of on-site 
wastewater treatment 
iaditiea at Amphoe Muang 
Krabi, Amphoe Muang and 
Phangnga. 

On-aite trentment seems 
appmpriate Tor mttering a 
specific type of waste. 

The facilities am to be developed 
in certain pollution sonma such as 
hospitals, markets and hotels. 
The system must have low 
capital and operating casts 
and be easy to mnintuin. 

Prevention of wnstewater 
(fmm motor pollution sources) 
from entering natural 
receiving waters. 

ONEB, local government, 
local authority, Public 
Works Department (FWD) 

6. Environmental monitoring 
program at Phangngn and 
Krabi Rivers 

To maintain and evaluate 
the effileiency of the management 
plan. nn environmental monitoring 
program must be enIoIoed at 
selected major waters. 

A oomprehenmve environmental 
monitoring pmgrnm is needed 
ta enable a water quality atatus 
report on the natural m u g  
waters. 

Although the ensting water 
quality of natural receiving 
waters is w i t h  the acceptable 
range, the contamination 01 
suspended solids (from mining 
activities) and Wnl colXorm 
bacteria (h annmunity wastewater) 
may take place. 

Local fisheries offie, ONEB 

Long-term plons 

1. h d y  fm management 
of onused minea. 

Unused mines and mad mnstruc- 
tion cause erosion and s e d k a t  
transport into mnin atream and 
the mnwtal mne. 

Prevention of sedimentation 
and sbdownws st the mouth 
of the river. coastal area and in 
the bay. 

2. Stndy lor management 
ormad mnstruction, 
especially the mad to 
the mining site. 

Nearahore mad constmetion 
causes the emsion of sediments. 

Guidelines and criteria to control 
emaion caused by mad amstroc- 
tion. 

High turbidity in m a d  
waters. 



Fig. 1. tJ&r South CRMP sites ahowing watarsheda affecting Phangnga and 
Ban Don Bays. 
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Fig. 2. P&&l and actual wasteload from land-based pollution sou- in Ban Don 
Bay. 
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Fig. 3. Potential and actual wast*load from land-based 
pollution sources in Phangnga Bay. 

Fig. 4. Map ahowing location of mining actividea and areaa of the inner Phangnga 
Bay which can be affected by mbpmded sol@ concentrations of 4,000 mgA from 
mine tailings. 
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Fig. 6. Changes of DO and BOD concentrations in: A - Tapi River; B - Phangnga River; and C - Krabi River. 
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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 remurces, i s  economically impor- 
tant. However, there is as yet no detailed plan that will deal 
with possible oil pollution problems, especially oil spill inci- 
dents. 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 ASEANAJS 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 oil 
pollution in the area for consideration of relevant 
agencies. 

AREA, RESOURCES AND ENVIRONMENT 

Ban Don Bay is a rather shallow bay. Coastal 
tankers and passenger, fishing and cargo boats 
have to use the channel dredged by the Harbour 
Department to go to Surat Thani via the Tapi 
River. The general pattern of surface currents in 
the bay are shvwn in Fig. 2. From January to 
March, circulation is counterclockwise while from 
April to December, the surface current flows from 
Churnphon 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 Upper 
South Project have shown that primary and ben- 
thos production is high. The bay also serves as 
spawning 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 (Paphia undulata) harvesting, are common 
in the,bay. In addition to capture fisheries, there 
are 316.48 ha  of shrimp ponds, 259.2 h a  of large 
oysters, 12.8 ha of fish ponds, 250 fish cages and 
388 ha of blood clam (Anadara spp.), all of which 
are major activities along the coastline of the bay 
(Fig. 4). 



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 a t  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 a t  one tank farm a t  the mouth 
of Tapi River. However small the amounts that 
they discharge, dispersants still play a major role 

in tombatting oil spills. Moreover, there is no 
Ha*our Department officer who has direct 
responsibility for administering a clearance for 
the operations at  Surat Thani. 

ansidering the proposals for a deepsea port at  
Ka Nam District, an industrial site a t  Phun Phin 
Didrict and a t  the mouth of the Tapi River, 
attmtion to oil spill contingencies is a must, 
especially in terms of the equipment required, 
whkh is totally lacking in the Upper South 
region. 

Guidelines to combat oil spills 

Set up an NOSCP, giving priority to Surat 
Thani as a substation. 
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). 
Provide sufficient equipment for oil spill 
clean-up. 
Provide technical training for private and 
government sectors to combat oil spills. 
Set up a provincial office of the Harbour 
Department to administer a contingency 
plan. 
Arrange a simple communication network 
among responsible private and govern- 
ment agencies in the province and in 
Bangkok. 
Convince EGAT to join forces with IESG 
for greater efficiency in case of an emer- 
gency. 
Review and update the information and 
recommendations proposed in the report 
on the NOSCP. 
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Table 1. Number, size and capcity of petroleum-related vessels in Changwat, Surat Thani. 

Oil company Cspacity Size of vssml Numbor o f  v s d s  
(ma) (GT) (psr year) 

Shell 
Eem 
P A P  
Cnlt8x 
EGA* 
Siam United 

Service 
Siam Gas 

Industry 

mPstrolsum Authority of Thailand. 
bEleetricity Generating Authority of Thailand. 

Table 2. Equipment fw embatting d l  npilln (Oil Chem, tld. 1486). 

Equlpmant Existing in Burat Thani 

Antipollution vessel 

b r g s  
Workbmt 
Transfer pump set 
Flmble sWnge barge 
Inen p s  
Whale fencen 
Orpan boom 

Harbor bmm 
River boom 
TransFar =raw p u m p  
Flexible contpiner 
Semw pump skimmer 
Vacuum system 
Mee &irnmer 
Rops mop skimmer 
011 swaep 
Oil trawl 
Sweep arm oymtem 
Dispemnt sprayer 
Dispsrsant 

Fig. 1. Study area. 
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Fig. 2. Surface currents in Ban Don Bay (Oil Chem. Ltd. 1N8C). 
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Fig. 3. Life cycle of the west maat Bbck of the hdo-Pacific 
mackerel (Rmkelliger bmhyeoma) in the Gulf of Thailand 
(Oil Chem. Ltd. 1986). 
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Fig. 4. Fisheries and aquaculture sites in Ban Don Bay (ONEB 1987). 
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Fig. 6. Location of petroleum-related activities in Changwat, Surat Thani. 

Fig. 6. Coral reefs in Ban Don Bay (TISTR 1985). 
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ABSTRACT 

Pun Yi Island in Phangnga Bay, Thailand, was studicd as  a 
case in nntural resources use and dopcndcnco of n smnll com- 
munity that is transiting to a tourism-bnficd economy. This 
village of 900 inhabitants wns formed ovcr a century ago by 
Muslim immigrants from Malaysia. Traditional economic 
activities include fishing, fish culturc, trading and rnangrovc 
harvesting. In recent ycars, bccauso of its location in 
Phangnga Bay, the villngc has attracted increasing numbcrs of 
day visitors who come to get a noon mcnl and to purchasc sou- 
venirs. This influx of visitors has significantly changcd thc 
activities of many rcsidcnts and an'cctcd their historical 
dependence on mnrinc rcsourccs for livclihood and subsistcncc. 
It is thus necessary to maintnin the island's cnvironmcntnl 
quality, sccnery and traditional culturc to continuo to attract 
tourists and, a t  the same time, to manage properly the 
tourism-bascd economy to sustain the livclihood of its rcsi- 
dents. 

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 resi- 
dent population. In addition, the island's scenic 
beauty is attracting tourists and encouraging 
tourist organizations to promote and utiljze the 
island. 

Data obtained in this study were collected from 
the residents using a series of key research ques- 
tions as guidelines. The primary user groups were 
interviewed concerning the nature of their 
resource dependency, seasonality and frequency of 
resource utilization, including traditional prac- 
tices 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-depth 
interviews 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 past 
and future rest on the preservation of its natural 
coastaLresources and the careful diversification of 
economic activities. Although traditionally 
exhibiting a largely subsistence-level economy 
based on fishing over the last ten years, this 
island has now evolved a cash-based economy cen- 
tering on both tourism and market activities (i.e., 
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 



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. I t  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 
family. 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. 

Fi& culture 

Bight to ten years ago, realizing that overfish- 
ing might severely reduce available fisheries 
resrurces, the government, through the Agricul- 
ture and Cooperatives Bank, offered a loan to 
devdop 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 
culbre. These were, generally, wealthier families 
bemuse of high investmenband operating costs. 

f ish 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 t o  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 
numbers 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- 
nesa 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, 
ther+fore, have little time to spend on fishing and 
oftea resort to purchasing fish in the local market. 

The local people are not sure whether the 
toudst industry will improve their quality of life. 
Howver, they are quick to note that tourism gen- 
eratrcs more income and offers more economic 
oppetunities than fishing since they can earn 
enough during the tourist season to last them the 
rest 4f the year. 

Isisummary, the island's occupational structure 
and tconomy have undergone several shifts in the 
past decade, the most recent being a shift from 
subdstence-based fishing to cash-based market 
and buris t  activities. Changes in resources avail- 
abiliQ and the desire of people to maintain andlor 
prowte the family's economic stability have led to 
e m r n e n t s  in new ways of making a living. 



Overall, new fishing technologies and tourist- 
related businesses are being tried by people who 
are relatively wealthy in terms of the island's 
economy. These people oRen have secondary 
sources of income and other resources, SO they can 
gamble with their future. They are no longer 
directly dependent on the island's natural 
resources for food, shelter and livelihood. Instead, 
for many of them, natural resources are a means 
to an end; that is, they attract tourists and diver- 
sify directly or indirectly the local economy. 

SEASONALITY OF NATURAL COASTAL 
RESOURCES UTILIZATION 

Shrimp harvesting season (January-May) 

During this period, shrimp are abundant in the 
mangrove swamp and the shallow areas in and 
around the island. Community members are able 
to harvest 2 to 3 kg/day for home consumption, 
barter exchange with neighbors and friends 
andlor sale. Due to its relatively high price (i.e., 
80 to 150 bahVkg)a, increasing market demand 
and indigenous value as  a family food item, 
shrimp is considered an economically important 
commodity, if not the most important. The com- 
munity readily acknowledges these values and is 
willing to undertake presemation and conserva- 
tion practices that concern its livelihood, espe- 
cially if such practices will ensure the long-term 
supply of shrimp. 

Monsoon season (June-September) 

Since fishing is the traditional occupation in the 
island, community members observe tides, waves 
and the weather to determine if they can fish 
safely. Ideally, fishing is viewed as a year-round 
activity. But realistically, the monsoon season 
with its strong winds and high waves often halts 
fishing activities involving small boats. Fishing is 
thus usually conducted closer to shore during this 
season, so that the fishermen can return safely if 
a storm blows in. Fish prices are also higher dur- 
ing this season, which help to offset the restricted 
period. 

Tourist season (DecemberbMarch) 

This season is generally characterized by clear 
skies, low wave activity and the celebration of 

aMarch 1990: 25.83 baht = US$1.00 

several festivals. In addition, schools are at inter- 
session and many students are free to assist in 
family activities. Islanders who conduct tourist- 
related businesses are open only from 10 A.M. to 4 
P,M. since access t o  and from the island is con- 
trolled for tourists who must return to the main- 
land before midafternoon. If overnight accommo- 
dations are to be constructed by tourist organiza- 
tions, they must also consider improving the other 
facilities, such as health services and personnel, 
to avoid future problems. 

These three main seasons regulate the island 
and its families' economy and activities, although 
in different manners. Subsistence fishermen, for 
example, are relatively unaffected by the tourist 
season, while traderdbusinesspersons are often 
not concerned with the shrimp season. It  appears 
that only market fishermen profit, in various 
ways, from each season. Furthermore, within the 
island's economic and environmental structures, 
the fishermen are also the ones who intensively 
use natural coastal resources to supply the most 
number of people during each season, be it in 
terms of coastal fishing or fish culture. Subsis- 
tenc'e fishermen, however, are naturally regulated 
in their activities by sea and weather conditions. 
Thus, they intensively use natural coastal 
resources only on a sporadic basis. 

PEOPLE'S PERSPECTIVES 

Before any form of environmental intervention 
strategy can be imposed, i t  must consider the 
community's views of the problem or risk an inef- 
fective or possibly destructive plan. The Pun Yi 
Island community equates natural coastal 
resources, be they mangroves or fisheries, with 
their "rice pot," and they are aware of the prob- 
lems of resource depletion and environmental 
degradation. They also have ideas about how to 
solve them. 

Overall, the islanders see their coastal 
resources as  essential components of their way of 
life. They are quick to point out that they could 
not consciously or unconsciously destroy their 
means of livelihood; "it would be like taking food 
from our mouths." 

Islanders very often point, not to themselves 
but, to "outside agents" (semigovernment or gov- 
ernment officials) and new technologies as the 
main causes of the current environmental insta- 
bility they are experiencing. While they do not 
view all such persons as negligent, they do cite 
such persons as generally unaware or insensitive 



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, without continual government 
input, except for periodic monitoring and supervi- 
sion. 

The islanders also cite an important target 
group that could be especially motivated--the 
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 
sons the skills needed for these new occupations, 
vocational training is suggested to be an answer. 
Furthermore, since young men are still familiar 
with aquaculture and other coastal resource 
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 
compound the environmental problem, as is 
happening in other tourist resort locations in 
southern Thailand. They are concerned that they 
are being singled out as the current agents of 
destruction, a stereotype that might be carried 
over when tourism increases. Moreover, islanders 
feel that all actual and potential primary user 
groups, should be equitably assessed, using 

appropriate measurements before any changes 
aremade. 

S&MARY: COASTAL 
R ~ O U R C E S  USE PATTERNS 

Ih assessing how natural coastal resources use 
patkerns have changed, it can be said that the 
reldtionship between man and nature is less sym- 
biotic now than in the past. In traditional times, 
the islanders depended almost solely on nature to 
protride them with their needs and livelihood. 
Frob it, they secured food, shelter and the means 
to obtain other necessities. Energy transfer 
bettween these resource components was such that 
eaah 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 
WE& 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, 
remurces 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 
co+ing, the mangrove forest is increasingly under 
thrkat from a different activity. It  is no longer 
only a natural fish habitat but is also used for fish 
culture practices. Unfortunately, this often entails 
the destruction of the forest to make room for new 
teahnologies (e.g., fish cages). In addition, the 
inateasing market demand for sea products, 
bejond subsistence needs, and the use of modern 
ha&esting technologies (e.g., trawlers along the 
isldnd coast rather than in the deep-sea area) are 
a l a  depleting the local fish stock. 

Thus, an interesting paradox surrounds Pun Yi 
Islbnd and its future. Its natural coastal resources 
and scenic beauty must be preserved to attract 
towists and support the socioeconomic structure. 
Yea, these resources must also be developed to 
meret the demands of other consumers (non- 
islanders). 

do improve the island's current economic and 
natural resources use trends, the following policy 
an4 planning measures are recommended: 



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 t h r e a ~ e l ~  the natural coastal 
resources. 

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, 
ihey must be organized and taught to rec- 

ognize and solve their own problems, to 
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 traditional 
and 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 MEAN 
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 360 
km2. Within this area, more than 75,000 people reside. The 
Brunei River Estuary, which drains into Brunei Bay, ia uti- 
lized for transportation, small-scale mmmorcial fishing, recre- 
ation and waste disposal. The estuary receives major portions 
of the capital city's stomwater runoff along with treated and 
untreated sewage. It i s  treated like a "sink" to assimilate all 
nature- and human-related solids, liquids and gases without 
regard for the riska to its ecosystem. 

A 1987 study concluded that the existing level of sewage 
discharged into the river did not have any apparent effect on 
its ecosystem. However, the amount of household litter and 
other refuse from Kampong Ayer and other small villages 
(kampong) scattemd along the estuary and its tributaries has 
reduced the aesthetic value of the estuary. The high level of 
bacteriological contamination near Kampng Ayer and Pintu 
Malim Sewage Outfall muld also create a health hazard if it is 
not controlled. 

Findings indicated that the river's water quality has deteri- 
orated in ten- of bacteriological quality and suspended solids. 
Other parametera did not  how ~ignificant changes because of 
the 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 three 
main 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 area 
of approximately 360 km2. The population in this 
area is around 75,000 and is expected to increase 

to 114,500 by the year 2000 (MHCE 1987). The 
river is of immense aesthetic importance to the 
people. On the other hand, Kampong Ayer (Water 
Village) is of national and cultural importance 
and has always been associated with the city's 
past and present development, both socially and 
economically. 

The Brunei River Estuary is 15-km long from 
its upstream, which branches with the Damuan 
River into Chermin Island a t  the.entrance to the 
inner bay. The estuary is utilized for transporta- 
tion, small-scale commercial fishing and recre- 
ation. Its entire length is influenced by tides. 
Salinity ranges from 16 to 23 parts per thousand 
(ppt), depending on the freshwater flow, the influ- 
ence of adjoining water masses and the amount of 
rainfall. At the upstream boundary, the tributary 
waters are still saline (typically 16 ppt). Flow data 
for Brunei River are unavailable. However, esti- 
mates of freshwater flows have been made based 
on the data from other catchments in Brunei 
Darussalam (Binnie and Partners 1971). 

Brunei River has been treated as  a "sink of 
infinite capacity, assimilating all nature- and 
human-related solids, liquids and gases. However, 
the possible risks to the ecosystem have been 
ignored. Recently, concern has increased on the 
environmental state of the Brunei River Estuary. 
Actions hken  by the government to alleviate the 
possible ecological consequences are: 

a study on the water quality and pollution 
effect; of Brunei River (MHCE 1987); 
preliminary engineering studies to deter- 
mine options for the provision of sanita- 
tion facilities for Kampong Ayer (MHCE 
1985; SFCG 1986); 
the development of a proposal for national 
water quality standards including the 
Brunei River (WHA 1987); 
preliminary studies on solid waste man- 
agement facilities for Kampong Ayer 
(SFCG 1986); 



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 Malirn 

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 a t  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 
stations were sampled during each monthly sur- 
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 (OC); conductivity (pS1cm); 
dissolved oxygen (DO) (rngll); 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 a t  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 

madkted and stored in a cool box prior to its return 
to the laboratory. Fifty percent of the samples 
wert taken to the Department of Agriculture's 
Kilanas Research Station Soil Laboratory for the 
follcwing tests in accordance with standard meth- 
ods (APHA 1985): 

1. Ammonia-nitrogen (NH4-N) 
2. Nitrite-nitrogen (NO,-N) 
3. Nitrate-nitrogen (NO,-N) 
4. Organic nitrogen (Org. N) 
5. Total phosphorus (PI 
The remaining samples were analyzed by the 

PinCLz Malim Sewage Works Laboratory for sue- 
pended solids (SS), volatile suspended solids 
(VSa), turbidity, biological oxygen demand for five 
dayq a t  20% (BOD,, 20°C), DO, conductivity, 
platl, count, total coliforms and fecal coliforms. 

The results obtained during the 1988 Brunei 
Rivet survey are presented in Figs. 2-5 and Table 
1. The average overall mid-depth temperature 
(Figil4) is relatively constant with little variation. 
The Ualinity has a gradient along the channel and 
decr4ases gradually upstream (Fig. 2). Generally, 
the R;alinity value a t  a particular site increases 
duriWg flood tide due to the influence of seawater. 
The lhfreshwater inflow (in this case, into the 
Brudei River) also affects salinity. A salinity dif- 
fereqce of 6 ppt was observed between stations A 
and Q (Fig. 2). 

Tlie pH values which exhibit a gradient along 
the $hannel (Fig. 3) are influenced by the man- 
gro* ecosytem and the presence of various ions. 
In the upstream sections of the estuary, the pH 
levelis averaged 6.5 as a result of decaying humic 
matqials, high carbon dioxide content and acidic 
run@ (commonly found in the mangrove areas in 
the Spstream 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 
latt&s greater b d e r  capacity. 
The transparency of the estuaxy was measured 

somewhat subjectively. Generally, Secchi depths 
of 0.lj2-1.21 m at low tide and 0.83-1.42 m at high 
tide were recorded. The degree of transparency is 
relabd to the color of the water and the amount of 
SS (hgs. 2 and 3). The degree of light penetration 
is aflected by the color and turbidity of the water 
which absorbs and scatters the light. Therefore, 
only ki fraction of the light is transmitted through 
the qater which, in turn, affects the rate of photo- 
synthesis and thus, the dissolved oxygen. 



Fig. 4 shows the mean percentage saturation of 
DO along the channel of Brunei River from sta- 
tions A-Q. The percentages of DO in the upper 
and middle reaches are somewhat less than in the 
lower ones. This is due to the anoxic water, 
organic matter from the mangrove area and 
organic inputs from Kampong Ayer and nearby 
rivers. It  was observed that the BOD5 (Fig. 5) is 
higher in the upstream sections and lower in the 
downstream sections and generally lower during 
high tide than a t  low tide. A contributory factor is 
the amount of seawater flooding in, thus causing 
the natural dilution. 

Table 1 shows that the average phosphoms 
concentration (tests carried out by the Depart- 
ment of Agriculture's Kilanas Research Station) is 
2.28 r n d  and is higher during low tide. Nitrogen 
is present in different forms. From the average 
concentration of the four main forms of nitrogen, 
it was observed that NO,-N averaged 15.09 pg/l 
and NO3-N averaged 0.04 mg~l  (final oxidation of 
nitrogen). On the basis of these data, i t  can be 
concluded that nitrification has substantially oc- 
curred. In general, it appears that there is an 
abundant supply of both oxidized nitrogen and 
phosphorus in the estuary for the growth of phy- 
toplankton. 

The water quality of the estuary in terms of 
fecal coliform indicates that the river is polluted 
by human waste. The highest fecal coliform levels 
were recorded a t  stations G, J, N, P and Q. This 
condition resulted from the direct discharge of 
fecal waste from Kampong Ayer and other point 
and nonpoint discharges from septic tanks and 
upsewered areas on land. The higher incidence of 
eye, ear, nose and throat infections among the 
children of Kampong Ayer compared to other 
areas can probably be linked to the bacteria-con- 
taminated riverwater. However, 'there is no evi- 
dence to confirm that these infections are actually 
the results of primary contact with the water (e.g., 
leisure swimming in the river). 

In general, the highest concentrations of pollu- 
tants were recorded between stations G and P 
near Kampong Ayer and the confluence of the 
Kedayan and Kianggeh River tributaries, which 
carry fecal waste, sullage, etc. Fecal coliform was 
not detected a t  all for certain samples a t  low tide 
for unknown reasons (Table 1). A cause may be 
attributed to the taking of a single snap sample 
instead of multiple snap samples. Other probable 
causes for the undetected fecal coliform are nutri- 
ent deficiency, sedimentation, intensity of solar 
radiation and predation by larger organisms. 

CONCLUSION 

The Brunei River is receiving the discharges of 
untreated sewage from more than 75,000 people 
and sewage treatment works, the city's stormwa- 
ter runoff and point and nonpoint pollutant loads 
from various subcatchments. Organic loads and 
other pollutants are also increasing with the 
development of the Bandar Seri Begawan area. 

Generally, the impact of environmental degra- 
dation could be broadly classified into four stages: 
visual, ecological, economical and health. The sta- 
tus of Brunei River can be classified under the 
first and second stages of degradation. The deteri- 
oration of the river's water quality and environ- 
ment has been ascertained by this study. The 
Government of Brunei Darussalam is beginning to 
take preventive steps to manage properly the dis- 
posal of the sewage and solid waste in the Kam- 
pong Ayer area to avoid further deterioration of 
the river's ecosystem. 

Water quality standards need to be set and 
implemented for phosphorus, nitrogen and bacte- 
riological and other parameters to improve or 
maintain the river's water quality. The declining 
water quality in Brunei River illustrates the need 
for comprehensive pollution control. Sewerage 
facilities should be given priority along with the 
improved management of surface water. 
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Table 1. Summary of the mults of routine water quality surveys in Bmnei River in 1988. 

Sampling N$-N NO3-N Org. N N ' - N  P Plate aunt  Total mli Fecal mli 
station & md m f l  110. MPNAOO ml MPNnOO d 

L H L H L H L H H L H L H L H L 

B 11.05 3.23 ND 0.18 0.16 0.02 0.11 ND 1.32 4.63 10.3Ok 77.5k 17 k 26k 3.67k 0.00 

Notes: 
ND - nOtdek&de. 
k - (I.000) 
H - High ti&. 
L - lawtide. 

Fig. 1. Location of sarnphg stations for Brunei Iliver'a pollution monitoring. 



Fig. 2. Salinity and suspended solida along Brunei 
River (1988 survey). 

Fig. 3. Secchi depth and pH slow Brunei River (1- 
mrvey). 

Fig. 4. Percentage saturation of DO and temperature Fig. 6. BODg along Bnlnei =ver (1988 survey). 
along Brunei River (1988 aurvey). 
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line for this study, Tham (1953, 1973) describes 
fish catches of local palisade traps (kelona) and 
fish from Singapore waters. The feeding relation- 
ships of the fish and of the inshore fish population 
in Singapore Straits are described by Tham (1950) 
and LeMare and Tharn (1954), respectively. 

This study documents the floating fishfarms' 
effects on the enhancement of coastal fish commu- 
nities by providing artificial ecological niches. 

ABSTRACT 
MATERIALS AND METHODS 

A one-year study covering two monsoon and three inter- 
monsoon seasons was mmplcted on the fish (including crus- 
tacean) mmmunitiee around floating fishfarms, mangrove and 
cleared mangrove areas off Pulat~ Ubin in East Johore Strait. 
Fish captured by traps were counted, weighed and identified. 

While them waa no apparent difference in fish number and 
species during the two seasons among the rites, the mangrove 
area provided the best rheltar for fish fauna. Floating 
fishfarms, however, also provided artificial ecological niches. 
The cleared mangrove area had less firh abundenw, but a 
greater variety was recorded. This could be due to the presence 
of visiting species. 

The dominant fnh families in the three ecologkal areas 
were similar. These were Apogonidac (cardinalfish), Balistidno 
(filefish), Sciaenidae Ijewfish), Plotosidae (catfish) and Batm- 
choididae (toadfish). The dominant crustaceans wore the crabs 
(Portunidae and Xanthidae). Families and spcies of fish found 
in the thme study sites were listed. 

INTRODUCTION 

Most of Si,ngapore'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 fishfama in mangrove areas. As a base- 

Study sites 

The three ecological sites selected (Fig. 1) were 
the following: 

1. The area a t  the northweetern part of 
Pulau 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 low 
tide, fish traps (bubu) could be set in the 
Ketnm Channel, about 4-6 m away from 
the mangroves. 

2. The floating fishfarm a t  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 to 
that of traditional fish traps used by local fisher- 
men. 



Six to 12  traps were set a t  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 a n c h ~ r  to depths of 1-4 m 
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 cat,:hes of these gear are not 
included. 

Fishermen surveys were done weekly by n 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. 

RESULTS AND DISCUSSION 

Fish fauna assessment by trapping 

Table 1 records the average number of fish and 
their biomass caught per 10 fish traps. The high- 
est average number and biomass of fish was 
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 numberhiomass (23 pcs or 1.17 kg per 10 
fish traps, comprising 16 pcs or 0.87 kg of fish and 
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, 

hodever, no significant difference between the 
fiswarm and cleared mangrove area. 

The fish families and species from all three 
a r d s  were similar. There appeared to be no sim- 
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 
we*e likewise seen in the analysis of variance for 
fa~lnily and species. 

dish diversity was highest for the mangrove 
arw (19 families, 24 species) when assessed on a 
stahdard of total number of families and species 
caught per trapping operation. This was followed 
by lithe floating fishfarm area (18 families, 23 
speties) and the cleared mangrove area (17 fami- 
lie 21 species) (Table 2). 4 owever, when all five periods (two monsoons 
and three intermonsoons) were considered, diver- 
sit$ was highest for the cleared mangrove area (39 
fadilies, 70 species) (Table 3). This could have 
beem due to the visiting species that frequented 
the openwater space. The numbers for the fish- 
fardn area (34 families, 61 species) were more or 
less similar to those for the mangrove area (36 
faailjes, 60 species). 

~ o b i n a n t  families and species 

There were no significant differences in the 
d a u  from all three sites (Table 2). Table 4 records 
the dominant families and species of fish and 
crurtaceans according to locality and season. In 
all 'three areas, the dominant fish families were 
Apqgonidae (cardinalfish), Balistidae (filefish), 
Ba*achoididae (toadfish), Plotosidae (catfish), 
Sciienidae (jewfish) and Gerreidae (mojarras), 
wh e crabs (Portunidae and Xanthidae) were 
mo f t dominant among crustaceans. Scatophagi- 
daei (scads) were especially abundant in the man- 
grove area. 
k total of 95 species representing 44 families 

we* caught by trapping during the study period 
( ~ # l e  3). This includes five families (11 species) 
of qustaceans and other animals such as coelen- 
terites, echinoderms, merostomes (horseshoe 
cra6) and mollusks. 

Fi& fauna assessment by fishermen s u m &  

a t c h  information from fishermen surveys was 
scdce because only a few fishermen were avail- 
abld for interview, despite frequent attempts to 



look for them. Existing results were also not accu- 
rate because it was not possible to verify the total 
catch since many of the smaller species had been 
discarded by the time the fishermen were located. 

CONCLUSION 

The mangrove area had the greatest number of 
fish species and families on the average, while the 
cleared mangrove area gave the lowest number. 
However, when considering the total number of 
fish families and species caught during the study 
period from April 1987 to April 1988, the cleared 
mangrove area showed the highest number of 
families and species. Fish that did not occur in 
sufficiently large numbers to affect the average 
figures may have been the visiting species from 
openwater. 

The dominant families and species of fish and 
crustaceans were generally similar for all three 
ecological areas. This suggests that the coastalt 
Ash community is fairly homogeneous for domi- 
nant species. However, a checklist of fish families 
and species of the coastal zone will be useful for 
future reference and comparison. 

The fish trap appeared to be the most efficient 
gear in fish fauna sampling for this study. Catch 
information from fishermen was not a reliable 

means of fish fauna assessment because only a 
few regular fishermen were available. 
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ABSTRACT 

More than a quarter of the world'a mangrove foreete ie 
found in the MEAN (Association of Southeast Asian Nations) 
region. Traditionally exploited by coastal communitiees for fuel, 
building materials, medicines and food, mangrove foresta are 
denuded rapidly ae a mnmquenee of increased population and 
emnomic development prewurea. The lack of undemtanding of 
the ecological impact of mangrove foreata and the persistent 
notion that they are "wastelands," which must be reclaimed for 
economic development, are reawne for their large-scale 
denudation. 

The ecological eignificance of mangrove fomsta on fisheries 
and other wastal resournee ie h e w e d  as well ae the economic 
impact of m a n p v e  exploitation and conversion on agriculture, 
aquaculture, and urban and industrial areas. Historical trends 
in mangrove exploitation and conversion are also traced. 
Moreover, the need for more research on the ecological impor- 
tance of mangrove ecosystems is dressed. Zoning and other 
measures for the ~ustdnable use and delineation of mangrove 
reserves are reoommended to mnserve these resources. 

INTRODUCTION 

The mangrove or mangal forest is one of the 
most important and productive ecosystems found 
along coastal zones and islands. It consists of 
intertidal flora and fauna occurring in tropical 
and subtropical regions of the world (Por 1984a; 
Rao 1986; Tnmlinson 1986). More than a quarter 
of the world's mangrove forests is found in the 

MEAN region (Gomez 1980a; Snedaker and 
Getter 1985; Aksornkoae 1986; Corlett 1986; 
Soemodihardjo 1986; Zamora 19874. Table 1 
shows the areal extent of mangroves worldwide 
and in the MEAN region. For centuries, they 
have contributed significantly to the socioeco- 
nomic well-being of coastal communities in the 
region. Mangroves have been traditionally 
exploited as sources of charcoal, firewood, building 
materials, tannin (from the barks of Rhizophonz 
and Ceriops), herbal medicines and food 
(Hamilton and Snedaker 1984; FA0 1985; 
Tomlinson 1986; Aksornkoae 1987). 

Population increase and rapid economic devel- 
opment in the region, especially during the post- 
World War I1 era, have severely reduced the man- 
grove areas due to unrestrained clear-cutting for 
timber; land reclamation and development for 
agriculture, aquaculture and human settlement; 
siltation from mining activities; and coastal water 
pollution from oil spills, and domestic and indus- 
trial effluents (Gornez 1980b; Sasekumar 1980; 
Saenger et all. 1983; Aksornkoae 1987). The rapid 
denudation of mangrove forests is due partly to 
the lack of understanding of their ecological 
impact on other natural resources in the coastal 
zone, especially coastal fisheries. Furthermore, 
mangrove forests are viewed as "wastelands" that 
must be reclaimed for development to be economi- 
cally viable (Burbridge 1982; Hamilton and 
Snedaker 1984; Rao 1986). 

ECOLOGICAt SIGNIFICANCE 
OF MANGROVES 

Most of the mangrove forests in the MEAN 
region are hardly pristine. These have been dis- 
turbed by both natural and human-made factors. 
However, large tracts of mangrove forests still 



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 MEAN 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). I t  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 CONVERSION 

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 in 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 and the Philippines have extensive 

fish onds that were originally mangrove areas. As 
of 4 84, Indonesia had 211,000 ha  of tambak 
(eadhen fishponds) mainly for the culture of milk- 
fish (55.5% of the total brackishwater production 
corns from milkfish; in the Philippines, brack- 
ish-ter ponds have increased productivity by 
29%lfrom 1968 to 1986) (Burbridge and Maragos 
1989; Camacho and Bagarinao 1986; BFAR 1986). 
This increase was due to the high economic return 
froM shrimp farming, especially from exports, 
whi& has replaced milkfish culture in many 
are& of the Philippines. In Thailand, about 30% 
of the total mangrove areas have been destroyed 
over1 the past 25 years; 38% of these were con- 
vertyed to shrimp farms (Aksornkoae 1987). In 
Malbysia, coastal aquaculture is still new. Hence, 
m 0 4  of the mangrove denudation is attributed to 
a H u l t u r e ,  but 20-25% of the mangrove forests in 
Sabrlh and Peninsular Malaysia are earmarked 
for auaculture (Chan 1986a). 

dstorically, the basis for mangrove manage- 
me$ in the region is mostly economic rather than 
ecological or both (Table 3). In Indonesia, the 1933 
regdation on the prohibition of mangrove cutting 
within 3 km from a village was enacted to control 
the tnosquito population responsible for malaria 
(Burbridge and Koesoebiono 1984). In Malaysia, 
the rocioeconomic benefits derived from mangrove 
explbitation by coastal communities resulted in 
the stablishrnent of a mangrove reserve as early 
as 1 1 04 (Chan 1986b). The case of the Philippines 
waswuite different from Malaysia and Singapore. 
AltMugh there had been some efforts toward 
refolestation and management before World War 
11, most of these were highly localized (Table 3). 
In i918, there were 450,000 ha of mangrove 
foredts in the Philippines; 67.5% of these have 
bee4 denuded over a span of 59 years (Zamora 
198a). Denudation was placed a t  6,231 halyear. As 
of 1184, about 46% of the total mangrove area in 
the lcountry was converted to brackishwater 
ponds; this conversion took place mostly in the 
1 9 7 k  (Zamora 1987b). 

In8  contrast to other MEAN countries, Singa- 
pore'$ mangrove forests have been largely 
dest~oyed for urban development. In 1819, 13% of 
its atea was covered with mangroves. Only 500 ha 
of rtiangrove forests remain today and are in 
varyj(ng disturbed or degraded conditions (Corlett 
1 9 8 e  ZD-US 1980). Similar to Indonesia and the 
Philmpines, the rapid destruction of mangroves in 
Thaqand occurred in the 1960s. Prior to 1961, 

ove exploitation was generally for charcoal- 
Thereafter, large tracts of mangroves 



paved the way for aquaculture and agricultural 
farms, human settlement, tin mines, industrial 
sites and salt ponds. Mangrove forests were 
denuded a t  the rate of 3,943 ha/year from 1961 to 
1975 and increased by 1.6% from 1975 to 1979 
(Piyakarnchana 1980a, 1980b; Aksornkoae 1986, 
1987). Among the MEAN member-countries, the 
mangrove forests of Brunei Darussalam are 
among the best preserved in the region and are 
not intensely exploited. Present exploitation is 
largely for charcoal and poles for the building 
industry. Resources use conflict is minimal. How- 
ever, future urban development similar to that of 
Singapore and the conversion of mangroves to 
aquaculture farms will be the major issues that 
will affect the mangrove forests of Brunei Darus- 
salam (Zamora 1987a). A summary of the eco- 
nomic activities pertaining to mangrove exploita- 
tion is shown in Table 4. 

ECOLOGICAL AND ECONOMIC IMPACT 
OF MANGROVE CONVERSION 

The mangrove forest contributes to both terres- 
trial and aquatic productivity, especially on the 
detritic energy pathway through leaf litter. Hence, 
many productive fishing grounds are found adja- 
cent to mangrove areas (Chansang 1984). The 
mangrove ecosystem has numerous ecological 
functions (Table 2) that are seriously affected 
when denudation or conversion takes place. 

Impact on fisheries 

The mangrove area is a nursery ground for 
many commercially important species of finfish 
and crustaceans. Mangroves are also rich feeding 
grounds for many species from various trophic 
levels. An analysis of the 1981 fish landings in 
Malaysia shows that 32% may be associated with 
mangroves (Jothy 1984). In the Philippines, 
municipal catch representing 71.9% of the total 
catch from 1982 to 1986 has some close associa- 
tion with mangroves (BFAR 1986). There is a 
positive logarithmic relationship (r = 0.63, P<0.01) 
between the annual total municipal landings of 34 
coastal provinces (BFAR 1976, 1977, 1984; SSC 
1988) and existing mangrove areas from 1976 to 
1984, as  shown in Table 5. Correlation with total 
mangrove and low-density logged-over areas from 
39 coastal provinces was also statistically signifi- 
cant. However, this relationship is not predictive 
as other factors can influence the catch. For 

instance, many of the provincial fishing grounds 
have extensive coral reefs and seagrass beds, in 
addition to the mangroves, which also contribute 
to the overall productivity of these areas. 

Mangal mollusks are characteristically eurybi- 
otic species with very few- genera considered 
mangal-exclusive (Plaziat 1984). Nevertheless, 
some species of oysters and cockles are associated 
with mangroves (Gomez 1980b; Jothy 1984; Rao 
1986). Several species of shrimp, notably 
penaeids, also depend on mangroves from their 
larval to juvenile stages. Like crustaceans and 
mollusks, many species of finfish are closely asso- 
ciated with mangroves but very few species are 
truly mangal residents. Numerous studies have 
been conducted on the finfish composition of man- 
grove areas worldwide (MacNae 1974; Gunder- 
mann and Popper 1984; Hamilton and Snedaker 
1984; Por 1984a, 1984b; Rao 1986). In Florida, 
USA, about 80% of the marine commercial and 
recreational catch are dependent on mangroves 
for a t  least some critical stages of the species' life 
cycles. In Fiji, 60% of commercial landings are 
from mangrove areas (Hamilton and Snedaker 
1984). 

The conversion of mangroves for aquaculture 
and other land uses is detrimental to many man- 
grove-dependent species. In Ecuador, the large- 
scale reclamation of mangrove areas for shrimp 
ponds has contributed to the decrease in shrimp 
fry availability for stocking because most shrimp 
farms still depend on natural wild fry collection 
(Snedaker et  al. 1986). In the ASEAN regron, the 
impact of mangrove conversion on fisheries has 
not been assessed qualitatively and quantita- 
tively. However, many aquaculture operations 
rely on the collection of naturally occurring seed 
stock of penaeid shrimp and finfish like milkfish, 
groupers, snappers and sea bass. Although the 
commercial hatchery production of penaeid 
shrimp and sea bass has been attained, many 
hatcheries still depend on their wild broodstock. 
Thus, the destruction of mangroves-as in the 
Ecuador experience--could affect the availability 
of fry and broodstock and, consequently, aquacul- 
ture production. In terms of capture fisheries, the 
same can also be said. Low recruitment will con- 
sequently affect production. With many overex- 
ploited fishing grounds in the region, the loss of 
habitat through mangrove destruction will further 
compound stock recruitment and production. 

Economic impact will most likely be localized. 
The decrease or subsequent depletion of seed 
stock of penaeid shrimp and milkfish can displace 



fishermen and fry gatherers who depend on the 
fisheries for sustenance. Mollusk culture beds will 
also be directly and indirectly affected. The 
decrease in aquatic productivity as a result of 
mangrove destruction directly afTects the settling 
and growth of mollusks like oysters and cockles. 
Indirectly, i t  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, although many 
finfish species have been recorded in these areas 
(Gomez 1980a; De la 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) many 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 
sincl! the 1970s because of the impetus from gov- 
ernqents and international agencies and the high 
profitability of such a venture. In reality, only a 
few eople or groups of people benefit from it. 
Fur 5: ermore, such a venture generally involves 
the qxpropriation of resources over which commu- 
nitieJs have traditional rights based on long- 
s t ad ing  patterns of usage (Bailey 1988). 

Aq economic analysis of mangroves is not easy, 
partilcularly on intangible aspects such as  the con- 
seration of genetic diversity. Indirectly, some 
worlrers have attempted to put monetary values 
on aharcoal, poles and other traditional uses of 
marl$roves; resources associated with mangroves 
likemfisheries and those obtained from their sus- 
tainlSble 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 meed for research to determine the impact of 
mangrove conversion on fisheries resources, its 
socioeconomic repercussions and the other 
resmrces associated with mangroves (Untawale 
1986b). 

Immct on coastal areas 

The impact of mangrove conversion on coastal 
a r e s  varies from place to place, depending on the 
premiling 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 
mamoves  have been converted to shrimp ponds, 
the process results in the following: acid sulfate 
soil$ are exposed, leading to poor production and 
mags mortality of stocks as  well as the discharge 
of tmic substances into nearby waters. 

The destruction of mangroves for coastal devel- 
o p m n t  (i.e., residential and industrial sites), will 
affegt the freshwater supply through salt 
intrlpsion upstream, particularly under low-rain- 
fall conditions; on the other hand, flooding will 
occw 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 
Koeqoebiono 1984). Conversion to salt ponds also 
alteqs soil structure and increases salt content, 
the$by rendering the area difficult to reclaim, 
espdkially for agriculture or silviculture. Some 



Arterniu ponds in Thailand and the numerous salt 
ponds in the region can become unproductive 
should these areas be abandoned for various rea- 
sons. Conversion of mangroves to mining areas-- 
as in Indonesia and Thailand--not only affects 
other resources (i.e., coral reefs, coastal waters, 
beaches, fisheries) but could also render the areas 
irreversibly damaged, if not costly to reclaim for 
more productive purposes. 

An economic analysis of the mangrove conver- 
sion in coastal areas such as residential lots or 
mining sites is difficult. For example, the damage 
caused by storm surges or cyclones with and with- 
out mangroves fringing the coast can be quanti- 
fied in monetary terms, provided there are struc- 
tures such as  residential houses or factories that 
could be valuated. Otherwise, the cost of storm 
damage will be small. In conversion, the value of 
mangrove use is lost as  the conditions are altered. 
These conditions are sometimes irreversible or 
costly to mitigate. Hence, an economic analysis of 
mangrove conversion must consider the goods and 
services that would be lost in the process, many of 
which are naturally accessible. 

MANGROVE MANAGEMENT 
AND CONSERVATION 

Baseline information on the mangrove ecosys- 
tem is still insufficient, especially on its relation- 
ship with other ecosystems and resources within 
the coastal zone. There is also a need to assess the 
extent of the use of mangroves to quantify their 
socioeconomic benefits. Many countries in the 
A S E M  region have established committees to 
conduct n~ultidisciplinary research on various 
aspects of the mangrove ecosystem. There are now 
many tools that can provide better baseline 
information than in the past: These include 
remote sensing, a geographic information system 
and environmental impact assessment techniques 
(Umali et al. 1986; Untawale 1986b). However, 
very few studies have been conducted to assess 
the economics of mangroves as  a resource. Man- 
grove inventories are needed in such areas as 
Indonesia, Sabah and Sarawak in Malaysia. 

Management and conservation of mangrove 
forests entail the delineation' of .areas or zones. 
Areas must be allocated for conservation purposes 
to protect the mangrove ecosystem, conserve 
genetic diversity and ,provide areas for scientific 
research and aesthetic considerations. The insti- 
tution of conservation zones means that options 

are open, particularly for the future development 
of the resource should the need arise (Hamilton 
and Snedaker 1984). It  is, of course, not an easy 
task since many government forestry programs 
(mangroves included) in the region are sectorally 
polarized with two or three agencies having com- 
pletely opposite mandates over one resource. 

Areas for the sustainable management of man- 
groves have been established in many countries in 
the region. This covers silvicultural practices for 
timber harvesting and for the production of char- 
coal, poles and wood chips. Usually about 15 to 30 
year-cutting rotations are applied. Most of these 
practices are found within the reserves. However, 
some clear-cutting activities occur in concession 
areas with little silvicultural measures being 
taken, thereby c a u h g  large-scale denudation. No 
single use can be intensified without effects on the 
other uses. Activities must, therefore, be bal- 
anced. Otherwise, irreversible damage will occur. 
At least with sustainable management, the option 
to conserve or convert is not foreclosed. Sustain- 
able management should also ensure that the 
ecological integrity of the ecosystem and its 
closely associated resources are intact. 

Population and economic development pres- 
sures have been responsible in part for the con- 
version of mangroves to various land uses. The 
indiscriminate clear-cutting of mangroves for 
aquaculture, salt ponds and other uses--especially 
those within privately owned lands--must be 
minimized. As much as  possible, conversion 
should be restricted to areas that will not affect 
adversely other resources. In that way, adverse 
environmental impact such as  flooding, salt intru- 
sion in aquifers, erosion and others can be pre- 
vented. Traditional use rights of coastal communi- 
ties must be given due consideration (e.g., provide 
a tenurial system to make use of mangrove areas 
on a sustainable basis). Too often, governments 
easily provide lease permits for the conversion of 
mangroves to other land uses, thereby effectively 
destroying the ecosystem. But it is very difficult to 
provide the same to communities or individuals 
who would want to manage the mangrove areas 
without adversely affecting the ecosystem. 

Within the MEAN region, there are many 
areas with intact mangroves that are a t  present 
being converted to other land uses. Examples of 
these are those in Kalimantan and Irian Jaya 
(Indonesia), Sabah and Sarawak (Malaysia), 
Palawan (Philippines) and Upper South 
(Thailand). These areas should either be managed 
for sustainable development or conserved. Some 



can be converted into national parks for tourism 
purposes, which, in turn, could provide an alter- 
native livelihood 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). 

Implementation of conservation and manage- 
ment measures require both political and public 
support. Too often, conversion of mangroves to 
alternative land uses is politically motivated and, 
a t  times, dictated by private iriterests. 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 A*AN region and worldwide. 

Geographical location Mangrove areal extent 

Asia and the Orient 6,617,000 
Brunei Darussalam* 18,418 
Indonesia* 4,251,011 
Malaysia (Peninsular). 105,537 
Sabah* 350,342 
Sarawak' 172,792 
Philippines* 220,243* 
Singaporem 500 
Thailand* 287,308 

Africa 5,117,000 
South America 4,105,000 
North America 1,670,000 
Oceania 1,615,000 
Caribbean 962,000 
Central America 8A8,OOO 
Total 20,774,000 

"For the ASEAN countries only. 
aIncludes low density, logged-ovcr arcas. 
Sources: Gomez (1980b); Snodaker and cr (1985); Aksornkoae (1986); 

Chan (1986a); Corlett (1 9 ); Soemodihardjo (1 986); 
Zamora (1987a). 
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Table 2. Some aspects of the emlogical importance of the mangrove ecosystem. 209 

1. High aquatic productivity 
Major energy pathway is detritic through leaf fall. 
haf fall value: 
(Malaysia)Avioenniu, 16.4 Vhatyr; Sonneratia, 14.0 t/halyl", Rhieophom, 18.8 Whalyr (all are 15-yr-olds) 
(Indonesia) 8.63 Vhdyr 
(Philippines) Avicennia, 6.22 t/ha/yr; Ceriops, 4.29 t/haJyr 
(Thailand, Phuket) 15-yr Rhizophm, 6.7 tlha/yr 

2. Habitat for many terrestrial flora and aquatic fauna 
Brunei Daruasalam 

Flora 49 species of flowering plants 
Fauna 28 genem (crustacema, mollusks and other invertebrates; fish - not assessed) 

Indonesia 
Flora 91 ~pecies 
Fauna 25 speciea (crustaceans - South Sumatra) 

22 species (mollusks - Central Sulaweai) 
Malaysia 

Flora 86 species 
Fauna 30 species (fish) 

13 species (crustaceans) 
5 species (mollusks) 

Philippines 
Flora 155 species 
Fauna 235 species (fish) 

54 species (crustaceand 
63 apecies (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 forests and have a high productivity that favors the congregation of fmh and 
crustacean larvae and juveniles. Shading from trees senwe aa a protection for larvae and juveniles against natural 
hazards and predators. 

Feeding ground 
Being a productive emsystem, miny species of fish, crustaceans and invertebrates migrate seasonally into the mangal 
waters to feed. 

Some mangal fish 
True re~ident fish 

Eleotriidae, Gobiidae, Blenniidae (mudekippere) 
Ariidae (sea catfish) 

Closely associated firrh 
Mugilidae (mullets) 
Sciaenidae (croakera) 
Siganidae (rabbitfish) 

Laosely associated fish 
Chanidae (mi4rfi~h) 
Sprranidae (grou pem) 
Lutjanidae (snappem) 
Carangidae (cavalla, crevalles) 
Polynemidae (threadfind 
kiognathidae (slipmouth) 

Sourcea: Gomez (1980a); Gundermann and Popper (198-4); Por (1984b); Akaornkoae (1986); Chan (1986a); ~oemodihardjo 
(1986); TS-PMC (1986); Zamora (1987a). 



Table 3. Historical development of mangrove utilization and mwagement in the ASEAN region. 

Indonesia 
1933 A regulation was enacted prohibiting the u t t i n g  of mangroves within 3 km from a village to 

control the mosquito (malaria carrier) popultion. 
1937 The Transmigration Program in South Kali-ntan (tidal swampland) was started. 
1938 The regulation of basic silvicultural practicm was enacted, commonly referred to as the "need tree 

method." 
Prior to Mangroves were exploited for chamoal ( i a u  Province), the sugar industry and the railway 
1942 system. 
1945-1 950 Mangrove destruction a t  the time of the W@ of Independence was uncontmllcd. 
(Java) 
After 1960 A forestry regulation to halt the rapid denuktion of mangrove forests was enforced. 
1969 The Ministry of Public Works and Elect* Power launched a pilot project to open areas in 

Sumatra and Kalimantan. For its first F*e-Year Development Plan, which was carried out 
between 1969 and 1974, about 200,000 hj of tidnl forests, which included mangroves, were 
converted to agricultural lande. 

1975 A regulation was enacted establishing a 4 q - m  wide rnangrovc grecnbclt along the Indone~ian 
coast. 

1978 The 1938 Act was amended to cover the d u i r e m e n t s  for the maintenance and replacement of 
cut-over areas by concessionaires. 

1980 The Indonesian Mangrove Committee was beated. 
1982 Lease permits were issued to timber qrporations to exploit mangroves in Irian Jaya, 

Kalimantan, Sulawesi, Surnntra and Riau. 
1984 A regulation was enacted by the Minist* of Forestry establishing a 200-m wide mangrove 

greenbelt along the Indonesian coast. 
Sourcee: Burbridge and Koesoebiono (1984); Hamilton and Shedaker (1984); Soemodihardjo (1986). 

Malaysia 
1904 The 40,000-ha Matang mangrove rescrve inPerak was cstablishcd by the Forestry Department. 
1933 The Sarawak mangrove reservo (4,000 ha) i n  tho iirst division wan diverted from 
(and 1982) agricultural uses. 
1985 Mangrove areas were converted: 10,500 ha into a plantation for cash crops (up to 1980); 1,300 ha 

for urban and msidential purposes. 
1960s There was a gradual change from traditional to convcntionnl uscs 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 Sarnwnk were allocated for wood chip 

production for export to Japan. 
1972 The Forest Management Policy and Strategl of the National Forestry Policy was approved by the 

National Forestry Council and endorsed by the National'Land Council (1978). It  was nimcd 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 Mangmve Research Coordinating Committee was formed. 
1983 A research and management strategy for f ie  mangrove ecosystem was drawn up, following a 

workshop held a t  the Universiti Per tadan  Malaysia on the production of the mangrove 
emsystem: management indications. 

Sources: Sasekumar (1980); Chan (1986a and b); Sallch and Chan (1986). 

Philippines 
1918 

1852 (to 
1976) 
1968 
1975 

The mangrove forests in the country were estimated to be between 400,000 and ~500,000 ha; the 
reforestation of Rhizophra and Nypa in some areas around Manila was undertaken to assure 
the supply of the city market. 
Some 87,361 ha  of mangrove areas wem coldrorted to fishponds (milkfish). 

The refomstntion of 562.83 ha in Bohol wasl~nitiated. 
The Forestry Reform Code was issued: "St s of mangroves that protect the shorelines or coastal 
communities against dcstructivo forces rorn the sea shall be maintained and not be 
alicnnted." 

4 
The Philippines' National Mangrove Commiktee was created. 
A mangmve inventory was done by Landsatlil and 2. 
A mangrove inventory was made by aerial p)lotography. 
A Presidential Proclamation authorizes &c creation of rnangrovc mservcs in 14 provinces 
(aggregate total of 74,267 hn). First l a rg~sca le  mangrove reBrestation was initiated in nine 
islands of Marungas, Sulu (total nrca: 4,540 ha; 150 ha reforested) by the Bureau of Forcstry 
Dcvelopmont. 



1982 and A mangrove inventory wae made by aerial photography. 
1985 
1984 Reforestation waa done in Cebu (364.98 ha). 
1987-1988 A SPOT mapping of land uslee was undertaken by the Swedish Space Corporation; the total 

mangrove area covered was 1,494 km? 
Sources: TS-PMC (1986); Zarnora (1987b); SSC (1988). 

Singapore 
1819 
1822 
1886 
1900s 
1938 
1961 

Sources: 

Thailand 
Prior to 
1961 
1961 

1961 (to 
1979) 
1976 

Source: 

Some 7,500 ha or 13% of the total area was covered with mangroves. 
Reclamation work began at the south bank of the Singapore River. 
Since the mangroves were already degraded, a forest reserve was established. 
Prawn farming was started. 
Mangrove reaerves were abolished. 
Pandan and Kraqji were developed as national msewea for botanical intereat. However, in 1968 
and 1976, respectively, they c e a d  ta be so. 
The Jurong Industrial Estate was established. 
All mejor nonurban estuaries were barraged to creak fmshwater reservoirs; thus, reeulting in 
the deetruetion of mangroves. 

ZD-US (1980); Corlett (1986). 

Iagging of mangroves for charcoal. 

The working plans on mangmves were revised to suit the Royal Fomatry Department's method of 
monopolized auction licensing. 
Some 80,592 ha of mangroves were converted for aquaculture tin mining, salt ponde, 
etc. 
The National Research Council, which was formed during the Workshop on Ecosystem of 
Mangrove Resources in Phuket, acted as the central body in the establishment of the National 
Committee on Mangrove Reserve (NATMANCOM). 
The Government cabinet approved the proposal to create NATMANCOM. 
A Landsat inventory of a 287,308-ha mangrove area was made. The committee wan composed of 
the: Royal Forestry Department; Department of Fisheries; Departmente of Hydmgraphy, 
Mineral Resources, Land Development, Meteoroloay and Army Survey; Pnnm of Songkhla 
University; Chulalongkorn University; Mahidol University; and Kasetaart University. 

Aksornkoae (1986). 

Table 4. Summary of some economic activities pertaining to mangrove 
utilization and conversion. 

Utilization 
Food and drugs 
Charcoal 
Timber pmducts (poles, construction materials) 
Fuelwood 
Wood chips (for paper products) 
Industrial chemicals (dye, tannin, cellulose, alcohol) 
Fodder 

Conversion 
Agriculture (coconut, rice and other cash cmpa) 
Mining (tin, iron-sand, bauxite, construction materiala, nickel and mall 
Residential and industrial sitea 
Salt ponds 
Ports and harbors 
Aquaculture (shrimp and finfish) 

Sources: Piyakarnchana (1980b); Saenger et al. (1983); Hamilton and 
Snedaker (1984); FA0 (1985); Chan (1986b); Aksornkoae (1987). 



Table 5. Regression values of m u ~ c i p l  total catch by aperies groups and 
corresponding mangmve 8- h m  several eaatal provinces in the 
Philippines. 

Species group a b n T 

Caralla 0.9896 0.8082 18 0.73- 
Muliela -0.4091 0.7361 . 20 0.63" 
Sienids 1.1462 0.- 12 0.81 .. 
Groupers 1.1530 0.4734 18 0.63- 
snappers 0.7972 0.5337 15 0.58- 
White &rim$ 1.2W 0.7623 16 0.81 '* 
Total ahrim9 -0.0575 0.8706 18 0.78** 
Total catch3 2.5482 0.4304 34 0.63" 
Total catch' 1.8046 0.6948 39 0.67" 

Log,, (cskh) - a + b Log,, (mangrove area) 
where 8 -intercept 

, b -dope 
n - number of samplea 
r - correlation aoefYicient 

q i g h l y  significant (P c 0.01) 'Signifiesnt P < 0.05) 
Wetah m a  predominmUy B n w  in& (municipel end commercial). 
SCskh induded all &imp apecies caught by municipal fisheries and penaeid 
mmmercial cubh. 
3Data &om SPOT inventory; did not include filponds and low-denuily 
logged+ver areas (SSC 19881. 
4 ~ a t a  from SPOT inveniory; included fishponds derived rrom mangrwe 
conversion (SSC 1988). 
Note: Speciee gmup catch repreaenled the muximum cateh for any one-year 

period from 1876 to 1977 while tow catch represented Lhe average 

catch for mne years from I976 to 1984. Data are h m  BFAR (19761, 
.. ~ w ' B O $ l i h l ~ . r r m ~ ~  

0 Wb). 

L L J ~ J I ~ I I I J I I J ~ ~ ~ ~  
1.4 1.6 2.2 - 2.6 3.0 3.4 3.0 4,2 4.6 

Log (mangrove ored 
D 

Fig. 1. Relationship between the mangrove area and the annual 
penaeid shrimp catch 8 < 0.01) in various areaa of the Phi l ipph~.  

Table 6. Some axampla demnomic vdu6s for the mangrove er-yotam and its product& 

Type d resource or product Localon Year Value of resource 
(USBlhaEyr) 
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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 apiculala, Bruguiera gymmrrhiea and 
Aegiceras corniculatum. Auicennia and Sonnerolh constitute 
the pioneering species in the sediment accretion are=. 

The forest's condition has declined in nzcent years, as 
clearly reflected by young t r e e  and sprouts that make up most 
of the vegetation. Very oilen, the areas are mvenad heavily by 
creepers like Derris trifdlta, Finlaysonh mritima and Acan- 
thus ilicifdius. 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) a E  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. apiculata for the muddy floor and B. gym- 
norrhiza for the hard substratum. The results Beem quite sat- 
isfactory in aome 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 forest 
of Segara Anakan is the largest remaining such 
area in Java. However, observation indicates that 
this resource has undergone much deterioration. 
A significant proportion of the area has been and 
is being converted to agriculture. Administra- 
tively, the area is under the jurisdiction of the 
government-owned Perurn 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 taken 
to prevent illegal cutting and conversion to other 
uses while the rehabilitation of degraded forests 
was carried out. There have been some encourag- 
ing results. 

This paper assesses the present condition of the 
mangrove resources of Segara Anakan. A zonation 
scheme and development and management 
prospects are presented. 

STUDY APPROACH 

This study is an extension of the one reported 
by Soemodihardjo and Suroyo (in press). In the 
course of this study, it became apparent that the 
criteria for determining the mangrove manage- 
ment zones had to be made more flexible and 
applicable. 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. This 

category 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 



or young trees in the newly accreted area. 
Undergrowths and creepers are minimal. 
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. 
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. 
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 clumps of shrubby formations. 
Undergrowths and creepers occupy most 
of the area. 
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, 
Excoecaria agallocha, Xylocarpus spp. and 
Scyphiphora hydrophyllacea. 

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. 

Sp&ies composition 

Several studies on the vegetation of Segara 
Anakan mangroves show varying species composi- 
tion from one locality to another. This is not 
unmual considering the prevalmt variation of the 
mictohabitats in the area. 

Tbble 1 shows the mangrove species reported to 
be dccurring around Segara Anakan. The true 
maagrove components were most commonly rep- 
resented by: Rhizophora apiculata, Aegiceras cor- 
niculatum, Brugiera gymnorrhiza, Ceriops tagal, 
Aviwnnia alba, Sonneratia alba and Nypn fruti- 
canr. In the somewhat drier places, Heritiera lit- 
tordis, Xylocarpus granatum and Excoecaria 
agdlocha were abundant. The dominant under- 
growths included Acanthus ilicifolius, Derris trifo- 
l i a t ~  and Finlaysonia maritima. On the elevated 
grornd, Acrostichum aureum and Wedelia biflora 
we& 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 
speeies (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, Zntsia 
bijuga, Barringtonia racemosa, Cerbera odollarn 
and Ficus sp. 

Community structure 

The Ecology Team (ET 1984) identified three 
spedSes associations: pure stand, paired associa- 
tiomr and mixed association. Pure stands, like 
pai*d association, occurred primarily in accreted 
arejs, often in the form of discrete patches occur- 
ringli within other associations. A. alba, A. marina 
a n d  A. corniculaturn formed pure stands. The 
mi*d association, by contrast, was distributed 
nedly all over the Segara Anakan mangrove area. 

~omorphologically, the mangrove areas can be 
catgorized into three in terms of the community 
strkture: transition area, accreted area and 
no4ccreted area. The last two categories were 
intfiduced by Hardjosuwarno (1979). 

Wansition areas are wetland or dryland ecosys- 
tem$. In the north of the eastern coastal plain, 



these areas are mostly in the form of open land 
with bushy shrubs. Common species found were 
Scyphiphora hydrophyllacea and Dalbergia 
junghuhnii, interspersed by A. aureum. Closer to 
the land, Phmgmites karka and Zmperata cylin- 
drica grew. The swampy transition area had N. 
fruticans and in an open swamp, Acanthus sedges 
or undergrowths. In the north of Segara Anakan 
proper, vegetation was different. Along the river 
from Penikel toward Kawunganten, there was a 
rich growth of Barringtonia racemosa, Cerbera 
manghas and Ficus sp.; Dolichandrome spathacea 
and Intsia b&ga were also common. These 
species were rare or absent in the transition area 
of the eastern coastal plain. 

The accreted areas cover the northern and east- 
ern coasts of Segara Anakan, including the 
islands. One important characteristic of these 
areas is the occurrence of a zonation pattern 
(Soemodihardjo and Suroyo, in press). 

The nonaccreted areas embrace the entire 
coastal plain east of Segara Anakan, excluding the 
accreted area in the west and the transition area 
in the north. The nonaccreted areas are extensive, 
crisscrossed by an intensive network of tidal 
channels that join the Sapuregel-Donan system 
and ends up in the Indian Ocean through the 
eastern opening. In some places, the land is ele- 
vated and utilized by Perum Perhutani to grow 
teak (Tectona grandis), mahogany (Swietenia 
mahagonil or larntoro. In other places, the land is 
uneven or undulated, leaving the tip of the crest 
out of the reach of high tides. On this high 
ground, H. littoralis, D. spathacea, X. granatum or 
Ficus sp, develop. Undergrowths such as A. 
aureum, Wedelia biflora, Lantana sp. and Flagel- 
laria indica normally grow too. 

Very little were in Category 1 or 2 (Fig. 3). NO 
trees with a diameter greater than 10 cm were 
found (Soemodihardjo and Suroyo, in press). The 
general physiognomy of the community consisted 
of small and young trees 4 to 5 m high. In some 
places, such as along the east bank of Sapuregel 
River (Plot 46), the plant density can be very high, 
i e . ,  1,050 saplingsha and 6,500 seedlingdha. 
Farther down the river (Plot 45), the mangroves 
consisted of young saplings and sprouts. Heavy 
undergrowth of Derris and Sarcolobus covered the 
open space, indicating that damage has already 
occurred for a long period. 

From Sapuregel River to the eastern periphery 
of Segara Anakan, Category 5 of mangrove forest 
condition occurred. A smaller proportion was in 
Categories 3 and 4. H. littoralis andlor S. 
hydrophyllacea significantly constituted Category 
5, probably because of its being a dryland (Table 
4). 

Mangrove condition in the accretion area was 
relatively good. Young plants of Avicennia and 
Sonneratia occurred. Meanwhile, plant density in 
the newly accreted land was very high. 

Along the northeastern coastline of the lagoon, 
mangrove' was also relatively good. Trees with a 
diameter greater than 10 cm were still available. 
Category 2 or 3 occurred. However, some parts of 
the land (Plots 28 and 29) were being converted to 
ricefields and coconut plantations. 

Recently, a newly developed mangrove 
formation united Karang Anyar Islands in the 
south with Bugel village in the north (Fig. 3). This 
resulted from the high rate of sedimentation. By 
contrast, practically no mangrove forest was left 
except along the coastline and riverbanks. 

Condition 
STRESS FACTORS AND ISSUES 

Not a single area of Segara Anakan's mangrove 
forest is still intact. Every part has experienced 
some form of human disturbance, most of which 
are negative. In nearly all study plots, illegal cut- 
tings are recorded (Table 3). 

Fig. 2 shows th6 boundary lines of Segara 
Anakan's mangrove forest in 1982 and 1988. 
Reduction of the area was due to conversion, par- 
ticularly for agriculture. Man,grove degradation 
was due to  illegal exploitation for fuelwood and 
housing materials. 

In the east of Segara Anakan, for instance, all 
the mangrove areas were in Category 3, 4 or 5. 

The three main factors affecting mangroves in 
Segara Anakan and the surrounding area are 
sedimentation, illegal harvesting and conversion 
to other uses. Water pollution poses no problem a t  
present but may be an issue in the future. Tim 
Ekosistem Mangrove (TEM 1986) showed that 
minimum standards for water quality for marine 
organisms and human health were met. However, 
with plans to develop Cilacap into- an industrial 
estate, pollution problems will arise. Thus, 
pollution monitoring should be conducted on a 
routine basis. 



Sedimentation Conversion to other uses 

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 mVyear during 1971-1980. Land accre- 
tion increased from 17 m to 30 dyear .  The high- 
est rate, 75 dyea r ,  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 floor higher and higher until the newly 
formed land emerges above sea level a t  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 crn 
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 a t  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 for 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 a t  normal rates. However, until 
now, there is no legal restriction for the harvest- 
ing of nipa leaves. 

Of all human interferences to the mangrove 
ecos$stem, the most devastating is its conversion 
to o&er uses such as agriculture, brackishwater 
fishmnd or human settlement. In Segara Anakan, 
the ost prevalent conversion was to agriculture 
(rice g elds and coconut groves). Attempts were 
mad4 to open the swamp for shrimp culture, but it 
did #t succeed. Abandoned shrimp ponds now lie 
in tW vicinity of Klaces village, in the northern 
coasq of Nusa Kambangan. 

Ner ly  all mangrove lands to the west and 
norta of Segara Anakan (Plots 1 to 27) were con- 
verted to ricefields, leaving only a narrow man- 
grovr belt along the water's edge. Karang Anyar, 
refemed to as Plot 8 in Fig. 1 ,  was not exempted. 
Its interior part was and is still being converted to 
cocoaut groves and ricefields. To the east of the 
lagom (Plots 28 and 29), conversion activities also 
took place. 
In; Nusa Kambangan, conversion activities 

occu*ed along the north coast. The narrow belt of 
coasbl 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 
opedng 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. 
Thernefore, their management should complement 
that &f the whole system. However, such a holistic 
management approach is still not practised in 
Ind&esia. Perhaps it is not so much of conflicting 
interksts but more of the system. For example, 
there are a t  least four agencies sharing equal 
responsibility for the management of the Segara 
AnaNan watershed, namely, the Department of 
Foretry for the mangrove, the Department of 
Agrilulture for the fishery, the Department of 
Pub& Works for the hydrology and the Depart- 
ment of Communication for the waterways, An 
inteljrated management of the watershed would 
reqdre the goodwill of all concerned so that work 
can groceed in a coordinated manner. 

T& are three conflicting opinions on the 
una*horized opening of the mangrove forest. The 
land 'openers insist that what they have been 

legal, with the assumption that the forest 
opened was originally newly established 



land formed by sedimentation. They further 
believe that newly formed lands are God-given 
and should be best utilized for the benefit of the 
landless farmers. Perum Perhutani, on the other 
hand, asserts that according to the existing regu- 
lation, any newly formed land on which vegetation 
has developed is public land under the jurisdiction 
of Perum Perhutani. However, the Land Use Ser- 
vice of the Department of Home Mairs  claims 
that the utilization of newly formed land, even by 
Perum Perhutmi, can not be done without the 
official consent of the Service. It should be noted 
that these land use discrepancies have, for the 
most part, been resolved through a new agree- 
ment among the agencies in a planning workshop 
held in early 1990. 

LAND USE OPTIONS AND 
MANAGEMENT STRATEGY 

Resources use and management planning must 
take into account development trends and 
prospects. Because of rapid changes in the physi- 
cal environment, the existence of fish and man- 
groves is affected. Therefore, the physical changes 
in the Segara Anakan ecosystem should always be 
linked to its biological resources. 

Trends and prospects 

There are indications that Segara Anakan will 
eventually disappear in its present state. The 
silting process will eventually allow mangroves to 
cover the area. As the forest floor gets higher and 
drier, the mangrove vegetation will die and be 
replaced by dryland species. 

If the lagoon disappears, so will the nursery 
grounds for shrimp and fish. It  is difficult to say 
how much this would affect the offshore fisheries. 
Traditional fishermen will lose their livelihood. 
The development of Cilacap into an industrial 
estate will exert some influence on the Segara 
Anakan ecosystem. Apart from the possible haz- 
ards to be brought by the estate's waste products, 
there will be demands for space. 

These are the general development trends and 
prospects for Segara Anakan. The question is 
whether the process should be hastened or 
delayed. Napitupulu and Ramu (1982) believe 
that siltation will make the complete preservation 
of Segara Anakan's mangroves a diminishing 
return. Thus, speeding up the process will mini- 
mize the transition period. 

Suggested land use zoning 

Fig. 4 represents the suggested zoning pattern 
of Segara Anakan and the surrounding area to 
accommodate the existing needs. Zoning was 
made on the following bases: geomorphological 
setting and location, apparent transformation 
trends, current utilization patterns, existing and 
predicted future needs, variability of - resource 
components and security and maintenance 
aspects. 

The mangrove land of Segara Anakan and Cila- 
cap shall be divided into five zones: industrial 
zone (Zone I), utility zone (Zone 11), conservation 
zone (Zone III), production forest zone (Zone IV) 
and agriculture zone (Zone V). 

There shall also be a buffer zone that would 
separate the mangrove land from the dryland 
along the northern border. 

Industrial Zone. This constitutes an integral 
part of Cilacap town with Donan River as the 
western borderline. This would limit the spread of 
the possible negative impact and allow the Segara 
Anakan area to develop according to the targeted 
land use scheme. 

Utility Zone. This covers the area between 
Donan and Sapuregel Rivers, which has been sub- 
jected to relatively intensive human activities. 
The high grounds are used for human settlement, 
ricefields and dry crops. Meantime, Perhutani is 
developing plantations of dryland species, i.e., 
teak and mahogany. Poor mangrove vegetation 
occupies the lowland, a swampy area. But in time, 
the products should be able to provide fuelwood 
and housing material. This utility zone is also 
appropriate for aquaculture. Its close proximity to 
Cilacap is beneficial since this provides security 
and easy access to marketing and facilitates 
maintenance. 

Conservation Zone. This includes the area bor- 
dered by the Sapuregel River in the east, Kem- 
bang Kuning River in the south and Udjung Alang 
River in the north. This area is nonaccreted, 
hence, is more or less stable. Nearly all mangrove 
components and microhabitats are available here. 
Although signs of human interference are com- 
mon, no conversion to other uses was made. This 
area should also be feasible to manage since it is 
easily accessible from Cilacap, and the canal net- 
work serves as a waterway for inspection. 

Production Forest Zone. This zone covers the 
mangrove area along the east and north coasts of 
the lagoon. Cibeureum River is the western bor- 
derline. This zone also includes all the islands in 



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 are the occurrence of good natural regener- 
ation and the expanding mangrove land due to 
accretion. Invasion of accreted land is generally by 
seedlings of Auicennia andlor Sonneratia, which 
are not in much demand by the local population. 
The favored species are Rhizophora for fuelwood 
and Bruguiera for 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 researchers 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 a t  a minimum level. I t  
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 

shriqnp, mangrove crab (Scylla serrata) and ker- 
apunll (Epinephelus tauvina). Culture of mollusks 
such as oysters, green mussels and cockles is also 
wo4h exploring. 

I j  the utility zone, the mangrove plantation can 
be ategrated with brackishwater fishponds. This 
codined  system is known in Indonesia as tam- 
bak Btumpang sari or the forest canal pond system 
(So+odihardjo 1987). In essence, it consists of a 
ser*s of mangrove plantation plots, each located 
in h e  middle of a large brackishwater pond. 
Whdn the mangrove trees grow big, the pond 
appdars like a canal encircling a patch of man- 
gro* 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: 

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; 
to provide support and facilities for local 
fishermen to upgrade themselves into off- 
shore fishermen; 
to develop an appropriate aquaculture 
technology for the local fishermen and 
assist in its implementation; 
to develop infrastructure and facilities for 
open nature tourism; 
to assist the local population in meeting 
the need for fuelwood by developing a 
plantation of fast-growing trees like lam- 
toro, caliandra and Acacia; and 
to develop alternative employment oppor- 
tunities for the local population in antici- 
pation of the changing environment. 
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Table 1. Speciee of mangmvea and associated plants from bgnra Analcan-Cilacap. 
Nomendatum follows that of Backer and van den Brink (1968) aad Steenis (1918). 

Apocyns~eee 
Cerbern manghae L. 
C. oddlam &ztn  

ARcaeeae 
Nypa pUtlcMs Wurmb. 
Liulsbna mtundlfolia (Lmk.) Mart. 

Bignmiaceae 
Dolichundrone spahocea &hum. 

Combretaceae 
Lumniteem mxmostr Willd. 

Conwlvulaceae 
Argymla mollin (Bumf.) Choiay. 

Euphorbiaceae 
Brqmia cernua (Pair.) M A .  
Eprmcarlo agollofha L 
Glochidion littor& Blume. 

Fabaceae 
Cynometra ram* L. 
aolbergh junghuhnii Bth. 

Lefythidareae 
Barringbniu rucemosa (L.) B1wc.a DC. 

Laguminoaae 
Dsrris trifoliatu Laur. 
Intsia b&a (Colerb.) O.Ktee. 

Lythraceae 
Pemphis oeidula Fomt 

Malvaceae 
Hibiscus tilloceus L. 
Thespssinpopulne. (L.) Sol. ex Corr. 

Mellnceae 
X+m~-pus gmnnlurn Koen 
X mduccensia Roe= 

Myrninawae 
Aegiceras w~nicuhtum (L.) Blanco 

Myrtneeae 
Eugeina up. 
Syeygium up. 

Rhizophorawae 
Brugulera eyllndrlco (L.) B1. 
B. gymnorrhiza (L.) Lamk. 
8. paruiOT. (Roxb.) W . U .  EX UrMT. 
B. sararylula Poi. 
Ceriops demndru Qri& 
C. tagd Perr. 
R h & o p h  apkulata L. 
R, mucmatu Lam 
R. stylose Oriff, 

Rubiaceae 
Scyphiphora hydrophyllacen Owen. 
Rutoeeae 
Merope angulakt (Willd.) fiwingle. 

Son~ra t ia  d& Smith 
S. grifjithii Kura. 
S. e o d a r i s  (L.) Engl. 

Statermliaceae 
Heritiem litlordis (Dryand.) Ait. 

Verbenamae 
Auicennia alba B1. 
A. marina Vurh. 
A. of f i lml is  L. 

Acanthscwae 
Acanthus ilicifolius L. 

Auteraceae 
Eupabium odoratum L. 

Cypraceae 
Cyprus dlfformia L. 
C. d&Istatvs L. 
C. M p n  L 
Cyprus @P. 
Elswtmris up. 
Fimbristylir annua RLS. 
F. glahulom (Retz.) Kunth. 

Gramineae 
EchinocNw crusgnlll (L.) Baur. 
E. colomon (L.) Link. 
Impernto cylindrico Benuv. 
Paupalum uaginetum S w w .  
Phragmites karka Trin. 
Soechorum apontaneum L. 

Melnstomataceae 
Merneeylon edule Roxb. 

Moraeae 
Poikilospermurn sunueolens (Bl.) 

Orchidacene 
!lkuperrnum mciborshii JJS.  

Pittoaporaceae 
Pittosponrm fsrrrrginium W.Ait. 

P t e r i b a e  
Amt ichum aureum L. 
A. #picmum WiUd. 

Sapindaceae 
Mhhoearpus sundoicus Blume 

8chizaeamse 
4*m &xUDuum (L.) sw. 

Aselep~adaceae 
Finlaymnia muritima (B1.1 Backer. 
Hqyo browniana Kcdo. 
S~olahusglobosua Wall. 
S. h k s l i  R&S. 

Comppsitae 
Wedsllo b l f l m  (L.) DC. 

FlegeUarInCeae 
Flagelhrie I n d k  L. 



Table 2. Spciea composition and imporihca valuea of mangmvee 
in Rota 44.46 and 47. 

-dance values 
Spxiedplot 44 46 47 

Rhizophom apiculah 
R. mucmata . 

Sonnerath alba 
Bruguiera ~ m n o r r h i z a  
Ceriops tagd 
Aegicem Mwniculutum 
e p h i p h o n r  hydrophyllacea 
N y p  fruticans 

Table 3. Average number of trees, sap% and tme aturnps per 
hectare in the plota sampled, 

Tree Illegal 
Plot Trees Sapling6 etumpa cuttings (%) 

32 706 2,063 160 6.48 
34 2.000 356 15.11 
35 3.000 990 24.81 
36 4,080 600 12.80 
40 220 2,480 660 23.90 
41 1 26 2,176 1,243 36.10 
42 711 489 40.75 
43 640 
44 9,879 4,514 31.36 
46 643 93 14.60 
46 1,060 76 6.70 
49 967 317 24.69 
80 743 27 3.29 
61 962 176 15.39 
55 800 3W 30.43 

Table 4. Speciea mmposition and community indcee (46) of the mangrove mmmu- 
nity in Plot 41. 

Species Relative Rellrtive Relative Relative 
dnminanw deaity frequency value 



loao*e' 
Fig. 1. Segara Anakan and tmmezt etatiwe. 

I 

Fig. 2. Segara Anakan mangrove land of 1988 (etippled) and eonwrrrions made during tha Hod 1982- 
1w. 
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Fig. 3. Classification of Segara Anakan mangmvea acoordilg to their prevailing forest conditione. 
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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 along the coast of the bay have been con- 
verted for other land use8 (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 mntinuous exploitation of mangrove forests at Ban Don 
Bay has caused various problems that need immediate 
attention by concerned agencies if future beneficial uses are to 
be sustained. About 160 questionnaires were given out in three 
communitiee. 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 while 
waiting 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 Ban 
Don Bay threaten the survival of mangrove 
species such as  Rhizophora spp. and marine ani- 
mals such as  Penaeus indicus or Penaeus 
rnerguiensis (banana shrimp) and Penaeus 
monodon (jumbo tiger shrimp). 

This paper highlights 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 current uses 
of mangrove forests by communities along the 
coast of Ban Don Bay; the knowledge, attitude 
and behavior of local people toward mangrove 
forests; and their receptivity toward policies and 
management plans laid down by concerned 
agencies are assessed and evaluated. 

METHODS 

Villages and hrget groups 

Villagers from three communities with different 
degrees of mangrove forest destruction were 
selected 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 (Amphoe 
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. 



Purposive sampling technique was used to iden- 
tify ta,rget 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 a t  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). 

Demogmphy 

The proportion of immigrants increased with 
the 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 of job opportunities (Table 3). 

During the sample year, the mobility of the 
population was low. The percentages of nonimmi- 
grants were 94.0, 98.2 and 96.0 and nonmigrants, 
88.2, 94.6, 98.0 for Types 1, 2 and 3 communities, 
respectively. 

of t&e respondents from Types 1, 2 and 3 commu- 
niti*s, respectively (Table 4). 
& present, the majority of the villagers in 

m s  1 and 3 communities (58.8% and 72.0%, 
res#ectively) are engaged in the fisheries-related 
busbess, whereas in Type 2 community, the main 
occwpation is shellfish culture (73.2%). 

The shrimp farms in Types 1 and 2 communi- 
ties are the largest single cause of mangrove 
deshuction. In the Type 3 community, where 
t h e e  are still mangrove forests, 14.0% of the vil- 
lagers earn their living making charcoal. 

Lallldownership and land uses 

Tjpes 1, 2 and 3 respondents, on the average, 
o d d  8.6, 6.4 and 6.0 rai (1 ha  = 6.25 rail of land, 
resmctively. The great majority of the respon- 
den& (94.1%, 92.9% and 90.9% of Types 1, 2 and 
3, rbpectively) would not think of changing their 
Ian8 uses in the coming three years. In addition, 
about three quarters (78.4, 75.0 and 74.0%) of the 
resptmdents of the three communities would not 
think of buying additional land. Other details on 
the kotential land use patterns are shown in 
Tabh 5. 

~ncdme, expenditure and debt 

Table 6 gives the income, expenditure and debt 
of the respondents. Those in Types 1 and 2 com- 
mu4ties earned almost four to five times of the 
annral income of Type 3 respondents. However, 
tho* who earned much more also spent more 
thaq half of their annual incomes on investments 
in cBeers and payment of debts, Ke., Types 1 and 
2 rapondents spent 148,045 and 106,350 baht, 
respktively). 

Gov#rnmental services 

In;,! general, majority of the respondents were 
sat ihed with the governmental services in their 
resp/rctive communities (Table 7). More than 98% 
were'i satisfied with the government's schooling 
se*es, 82.4-100% with the local administration, 
62.5$4.5% with police services and safety, and 
78-90.2% with health services. 

Needs 

Occupation Tb needs expressed by the respondents in the 
Previous immigrants were engaged in the fish- threq types of communities vary (Table 8). For 

eries-related business with 54.8, 84.6 and 69.2% Qp&l respondents, the needs were water supply 



(27.5%) and price control on goods (19.6%). About 
34,0% of Type 2 respondents needed electricity. 
However, Type 3 respondents (44.0%) needed the 
government to provide them information and 
training, and to promote and develop their occu- 
pations, while 36.0% expected the government to 
grant them legal landownership in their commu- 
nity. Other details on expressed needs are shown 
in l able 8. 

Knowledge o n  conservation 
a n d  management 

The local people's knowledge of mangrove 
forests was assessed by five groups of questions, 
namely, ecosystems, diversity and uses, living 
organisms in these forests, land use zones of these 
forests and governmental regulations and laws 
related to their management and shrimp farming 
systems. Table 9 shows the details. 

The respondents of the three community types 
had a very low score in general knowledge of 
mangrove forests. The total average score was 
35.3%. Type 1 respondents had a slightly higher 
score (39.3%) because they had experienced large- 
scale mangrove forest destruction in their com- 
munitv due to economic and human activities. 

Type 3 respondents had the highest score 
(59.3%) in naming 15 species of mangrove trees 
and their respective uses. Mangrove forests in 
Types 1 and 2 communities had been extensively 
destroyed, so there is no charcoal-making busi- 
ness there, whereas in the Type 3 community, 
charcoal-making is still an occupation of some 
residents, As fisheries is the main occupation in 
the three types of communities, the respondents 
scored 90.O%, 83.3% and 81.7%, reepectively, in 
naming the living aquatic animals in the man- 
grove forest. 

About 49.0%, 44.6% and 62.0% of the Types 1 , 2  
and 3 villagers, respectively, gave the proper 
width of greenbelt or buffer zone of the mangrove 
forest. Type 3 had the highest percentage because 
the respondents were interested in this issue; 
many were awaiting the government's approval of 
shrimp farming in economic zone A of the existing 
mangrove forests. However, only a few respon- 
dents could define and identify the conservation 
zone, economic zone A and economic zone B of the 
mangrove forests. This is because the regulations 
for mangrove forest classification were proclaimed 
by the government only on 29 July 1987. 

Also, only a low percentage (below 50%) of the 
respondents had knowledge of extensive, semiex- 
tensive and intensive shrimp farming systems. 

In the survey to assess the villagers' knowledge 
of mangrove laws and regulations, 23.546, 19.6% 
and 38.0% of Types 1, 2 and 3 respondents, 
respectively, gave the correct answers. Type 3 
respondents knew more about the laws and regu- 
lations because their village head has been active 
in providing them official news and information; 
some said that the local government officers even 
visited them. 

The reasons given by respondents who did not 
know about mangrove laws and regulations were: 

1. the local gavernment officers had not dis- 
seminated the information to them; 

2. they were not interested in the laws and 
regulations because these are dificult to 
enforce; and 

3. they had no time to seek such information. 

Attitude toward  mangrove resources 

Respondents of Types 1, 2 and 3 communities 
scored 76.0%, 73.0% and 66.7%, respectively, in 
evaluating their attitude toward mangrove forest 
conservation. Q p e  1 respondents scored the high- 
est because they had a bad experience with man- 
grove forest destruction and seemed to  realize the 
importance of conservation. In addition, 76.5%, 
73.2% and 84.0% of Types 1 , 2  and 3 respondents, 
respectively, had the opinion that the abundance 
of mangrove forests in their communities would 
diminish in the next three ,years. 

The majority of respondents thought that 
shrimp farming would increase in the next three 
years. 

On the other hand, 70% of the Type 3 
respondents believed that the price of shrimp 
would increase in the next three years, while 
54.9% and 51.8% of Types 1 and 2 respondents, 
respectively, thought so. Around half (54.0%) of 
Type 3 respondents wanted to shift to shrimp 
farming to improve their incomes. Types 1 and 2 
respondents rejected shrimp farming because of 
limited mangrove lands and high investment cost. 
I t  is surprising to learn, however, that no 
respondent rejected shrimp farming because of 
mangrove forest conservation. 

Type 1 respondents, who had a well-developed 
shrimp farming business, and Type 3 respondents 
thought that fishcage culture would increase in 
the future. The opposite opinion was given by 
Type 2 respondents who were not sure that the 
prices of fish would increase in the coming years. 

Most respondents thought that the prbductivity 
of fisheries would decrease and that the prices of 
aquatic animals would increase (Table 10). 



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. 

Unfortunately, respondents of the Types 1 and 
2 cdmmunities did not realize the value of man- 
gro#e forests. Type 3 respondents may have this 
thidking too, in the near future. 

'$he findings show that the knowledge, atti- 
t u d s  and behavior of the respondents toward 
condewation and management are far from satis- 
facMry. Public awareness, public participation 
and! public relations need to be highlighted in the 
com!munities; tree planting should also be done. 
Thelgovernment should also effectively implement 
the laws and regulations laid down by the 
Fontstry Department. Support from both public 
andprivate sectors is also essential. 

Aks-koae, S., S. Wacharakitti, A. Eiumnoh, W. Srieawatt, R. 
%sanit, S. Panichchart, V. Jintana, C. Khemnark, J. 
qngsangchai, S. Panichsuko, 9. Moohornbat, S. 
avanond,  N. Thammachote and P. Sanguantham. 1988. 
Evaluation of mangrove development potential of Phangnga 
a i d  Ban Don Bays for coastal zone management, Thailand. 
O$ice of the National Environment Board, Bangkok. 
(Unpublished). 

Table 1. Sample &en of the lhrea target groups. 
Table 2. Exiding mangrove lomete, aquaculture and agFmltura weas (in ha) in different 
districts s t  an Don Bay. 

Typss of No. of 
communities Villages reapondents 

Exi~ting Aquscullure, Agttcultvre 
Districts mangrove forests ehrimp ponds aceps 

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 60 

Total 167 

Chalya 1,784 
Tha Chang 404 
Phun Phin 411 

M u W  608 
KanchamdiV 898 
Don Sak 21 7 

Table 3. Demography oPlhe t h w  communilisr. 

De~ription 1 2 3 

1.  Nonfrnmigmnts (rk) 89.2 69.6 74.0 
Z h m i p e d s ( % )  60.0 46.4 26.0 
3. Ymm ofirnmigmtion Zl .I M.0 1 6 s  
4. Nonimmigrnnts during the 

p o t  Year (%) 94.0 88.2 96.0 
5. Nonmipnnts during the 

past y-r (%I BB.2 94.6 BB.0 
6. Immigration due to job 

o p p o f i ~ l ~  (%) 77.4 73.1 53.9 

Total 4J60 6,951 2.72P - 
Source: ~k&koae et a1.1988. 

&lo 4. Occupations of the thres communities (5). 

, Desctiption 1 2 3 

dYcupetionn a b r  immigralion 
FLDhedea 

I Asricultum 
Trading 

I Employee 
Unemployed 

2. j  Others 
djlrrent acuptione 

Shrimp farms 
i/ Fishcap culture 
1 Bhellfieh culture 

Flsherlen 
Chnrcoal making 

, Crab waling 
I Trading 

Gill net repiring 
: I coconut plantations 



Table 6. Income, atpenditure and dsbt of the three communitie& Figurea are 
given in baht.. Table 6. Imndownership and land uow in the three wmmunities (%I. 

Description 

Average landownership (rail 
Thinking of changing land usas 

Change to shrimp hrma 
Change to sgricultum 
Building new h a w  
No idea 
No change 

Thinking of buying 
additional land ('b) 

Desfription 1 2 3 

Average income per year 2B1,910 Sam 5 7 m  
Averap expenditure per yew 169,831 1PJ44 a.l(6 

Fwd sabm 1 2- 
Drinkng wpter 1,798 1,140 
Domestie mtsr 2P .5  1 a8 
Inve~tment in c a w  1m.777 wJg6 
aealth 1 . ~ D B  l a 4  lme 
F d  3,817 a m 2  1m-J 

Average debt in 1987 B6.M B 63,m 17,8e2 
Debt (in %) 

No debt 64.7 65.4 44.0 
For additional ofcupational 

investment 36.3 44.6 W.0 
Others 6.0 

'March 19s0: 26.83 baht - US$l.M) 

Table 7. Opinion on governmental services by the three communities (%I. 

Description 1 2 3 

Health services 
Batirfiod 
Disuutiufied 
Not sure 

Police services and wfety 
Satiefled 
Dismtisfied 
Not sure 

h a 1  administration 
Satisfied 
Dissstisfisd 
Not cure 

Schooling services 
Satided 
Dissatisfied 

Table 8. Expremed needs of the thtee communities (8). 

Dwription 1 2 3 

For government to provida training, idormetion 
and to promote their occuptions 

For price control on goDdp 
For wawr supplierr 
For roads 
For elsetrlclty 
For legal landownership 
F a  equality 
For loan 
No answer 
No need 

Table 9. Knowledge possessed by the three communities on mangrove forest mnprwation 
and management (5). 

Description 1 2 8 

Ecosystem oImangrove fomst 
Nemea of16 species of mangrove tree0 
and their respective uaeu 
Names of living aquatic animals 
in mangrove forest 
GresnMt or bufFer zone ormangrove forest 
Definith of conservation wne. economic 
zone Alg or mangrove forest 
Correct identihation of conservation wne. 
economic zone A/B of mengrwe forest 
Knowledge ofextendve &imp fanning, 

remiextensive shrimp farming. 
intunnive sMmp Eanning 

Mengrove laws and regulations 



Table 10, Attitudes possessed by the threa wmmunitiar to* msngmve mmurces (%). 

Dewription 

1. Pwirlve attitude toward mangrove coneorvation 
2. Opinion that the diversity olmnngmves will 

diminish in tho next three yeam 
3. Opinion that aMmp farming wlU incr-w 

in the n e t  thm yean 
4. Opillfw that the market price of shrimp win 

ineraem in the navt t W  years 
6. RssrwP for sccopiing or rejecting shrimp fhrming . Acmptingbeaium dfncreased incwna 

- lbjkting becnuae oTlimited m e n p v e  
land available 

- lbjecting beesuss ofno lmn and high 
investment coat 

6. Opinion on Kehcagn culture 
in the ncnt t h  years 
- Will imcsaoe 
- Not rum about Um trend 

7. o p i d a l o a ~ ~  
in the n d  ~hrse years 
- Will increaoe 
- Not nure about the trend 

8. ha sons  for accepting or m j ~ t i n g  
fishcaga culture 
- Accepting because of incressad income 
- Accepting because ~ t u r a l  living aquatic 

animals are dwrsasing 
+ Rejeting bseause am herd . to acquire 
- *sting be~ause or no lmn and high 

inveotnmt cod 

- Noopinion 
9. Opinion that the fieheris4 prodwtivlty 

will decreaoe in the next three yare 
10. Opinion thnt the msrkst price orliving 

aquatic mnimmls will incream 
11. Accepting lieherim because they are their 

mdn  oecupltion 

Table 11. Bahavior of the three communiMen tnwurd d n g m v e  Coreat dwtruction nnd vser (%). 

Ulsl 
1. In condructing their houms 
2. In constructing diked, hut8 

and -tea in shrimp farms 
Do not own m shrimp hrm 
Use m e  
Do not use 

8. Fitherise-relaled businow 
Not involved in such a busim 
UEs3 some 
Do not une 

Ikrtruction 
4. For charcd-mating 
6. For cutting firewoDd 
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Fig, 1. Lmationa of the three selected communities and their existing land uses. 

Fig. 9. Land uses at Ban Bang Kung, Ampboe Muang (Type 
2 mmmunitiee). 

Fig. 2. Land ueea at Ban Pak Don Sak. Amphoe Don Sak (Type 
1 communities). 



Ban Dm Bay 

1 
Fig. 4. Land wee at Ban N* Nam, Amphoe 
Chaiya (Type 3 communities). 
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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 participatory 
research. The participating 60 fishermen not only acted as 
data suppliers but also as actual partners in the research pro- 
cess. This paper also includes highlights of a workshop con- 
ducted with the fighermen and documents their full participa- 
tion from the eelhion of topics, deciaionmaking activities up 
to 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 ta as participatory research, it begins 
where research ceases to be a one-shot affair. 
Rather, it initiates a relationship that continues 
beyond the completion of a report. Data collection 
is 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 guided 
the daily record-keeping of cost and returdweekly 
recording of household expenditures. Its primary 
concern was to establish an accurate income of the 
fishermen vis-A-vis their fishing expenditures. I t  
investigated the seasonality of the fishing activi- 
ties and the volumes and values of production. 
Likewise, it looked into the distribution of benefits 
from the major fishing activities, the earnings of 
the 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 fisher- 
meR. First, the recording was done for one year 
because fishing is a year-round activity. This time 
frame s a c i e n t l y  noted the lowest and highest 
incomes and expenses of the fishermen depending 
on the -season. Second, the gear used by the dif- 
ferent groups of fishermen greatly determined the 
volume and value of their catch. Third, the loca- 
tion of the fishing areas was also noted. 

The significance of the data as input to the for- 
mulation of the proposed management plan led to 
the adoption of the 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 fishermen-cooperators con- 
sulted each other throughout the research pro- 
cess. This interaction was facilitated by the 



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 researchers 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. I t  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 

fern a fishermen's organization in their respec- 
t%e communities. A Lingayen Gulf-wide fisher- 
nllen's alliance was formed during the first work- 
&OP- 

'The third workshop held in July 1988 served to 
dhcuss and interpret collectively the results of the 
om-year record-keeping activity. Representatives 
frcim institutions like the University af the Philip- 
pines Marine Science Institute and College of 
Filheries were asked to share with the coopera- 
tors the findings of their groups. Likewise, the 
di~ector of the National Economic Development 
Authority (NEDA)-Region I was invited to dis- 
cuL the fishermen's involvement in the for- 
mulation and implementation of the proposed 
CR&l plan. Having been consulted on topics to be 
disdussed, the fishermen vigorously participated 
and, willingly involved themselves in various 
tasks. Concrete plans and suggestions regarding 
the ,plan were discussed. Likewise, the director 
assdred the fishermen of NEDA's direct participa- 
tion and involvement in the formulation and 
impkmentation of the plan. 

Fm years, researchers from colleges and insti- 
tuti&s have been conducting anthropological- 
cum-lgocioeconomic studies in the Lingayen Gulf 
and other areas. Various methods have been 
emplqyed to provide a detailed description of the 
place land the community's way of life. Local peo- 
ple h*ve come to accept researchers as  outsiders 
who #sk various questions. Researchers are often 
viewe# as "experts" who have finally come to pro- 
vide #lutions to local problems, Eventually, how- 
ever, b e  rural people became tired of them since 
they *ere not getting anything in return; thus, 
they l+st interest in participating. As a result, 
peopleiinterviewed gave stereotyped answers and 
becam# experts a t  answering the same questions. 

GivE the inadequacies of conventional 
resear approaches, the emergence of particjpa- 
tory refiearch is an attempt to make research rele- 
vant ta the present socioeconomic context as well 
as a le*ning process for those being "researched." 
In thlse authors' experience, participatory 
researc did not merely entail being partners in 
data c d lection and interpretation. More impor- 
tantly, b e  study, which claims to be participatory, 
should &art from the investigator's basic trust in 
recogni4ng the capability of people to learn and 
take acLon to solve problems. Thus, research 



should attempt not only to provide solutions to 
problems but also to pave the way for participa- 
tion in the study. 

A researcher as an outsider comes to a rural 
community with a set of values and ideas. Hefahe 
is often faced with the dilemma of whether or not 
to conceal personal values and opinions, so as not 
to influence hidher respondent's view or way of 
thinking. The authors' experience showed that 
researchers should not enter a community with 
empty minds but open ones. They should engage 
in dialogues and make efforts for meaningful dis- 
cussions. 

Rural people are accustomed to not being heard. 
Often, they are quiet, especially when talking to 
persons of authority. Workshops and small group 
discussions are tools that can help them change 
this attitude. The- fishermen who attended the 
first workshop became more confident in the suc- 
ceeding workshops. Talking and being heard in 
groups such as  these were valuable exercises a t  
gaining self-confidence. They learned, if to a lim- 
ited degree, to explain and clarify their condition. 

A major limitation in the study method was 
that an action component of participatory 
research was missing. The methodology was par- 
ticipatory only to a limited extent because the 
fishermen became active research partners in 

data collection and interpretation. However, this 
experience would have been minimized if concrete 
actions were undertaken towards ultimately 
solving the problems they raised by implementing 
an actual project. The effsrts made, for example, 
in forming fishermen's organizations were initi- 
ated by the cooperators. Such undertakings were 
not properly guided and sustained because the 
research staff were constrained to work within the 
boundaries of the workplan. 

In summary, research endeavors in rural com- 
munities should begin with the assumption that 
the people concerned have the potential to solve 
their own problems and that a researcher's role is 
to assist those people in determining their situa- 
tion and role in directing development. In this 
study, the identification of issues and problems in 
the community was not enough. The study should 
not have stopped a t  educating and raising aware- 
ness but should have continued to initiate con- 
crete actions toward solving problems. In this 
light, research should go hand in hand with com- 
munity organization. The success of any endeavor 
such as formulating a CRM plan lies in the pro- 
cess. The educative component of research should 
be linked with organizing efforts to socially pre- 
pare the community and equip it with the skills 
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 cconomic-political activities in fishing communities, how 
they cope with the double pressurn from their traditional gen- 
der roles and increasing emnomic activities, and the implica- 
tions of these situations for a community-based coestal 
resources management scheme. Results of the study reveal 
that 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 o h n  
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 that 
improving 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 their homes, a t  the same time 
that they continue to perform their traditional 
gender roles in the family. In spite of these 
changes, however, their political involvement, 
particularly in decisionmaking and leadership 
roles, have been limited or even negligible. 

Studies show that, in general, women in Philip- 
pine rural households actually work for as  long as 
15-16 hours daily (1110 1983; Pagaduan et al. 
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 obsewa- 
tions, however, tend to suggest that such roles 
have changed in recent years. 



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' 
coastaI 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 the gulf 
and other households in neighboring towns, 
saving the gulf means saving their major income 
and food source. 

F e m r  (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- 
agemen t 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- 
bSes outside the home, and inequalities in the 
distribution of income and wealth, as in all 
dlass societies. 

Eqpirical studies in Asian, African and Latin 
Ameican countries suggest that women in poor 
hous)holds contribute immensely to the survival 
of thveir families (Boserup 1970; Heyzer 1986). 
Conttary to the notion that women's role is rele- 
gated to an auxiliary and subordinate position in 
industrializing societies, women in subsistence 
prodaction 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 
majat 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 to find employment 
in mrments and textile industries, electronics 
corparations, plantations, and the domestic and 
servke sectors, including prostitution. During the 
plan4ing and harvest seasons in farming commu- 
n i t i s ,  the demand for female labor is likely to 
incrase (Deere and De Leal 1981; 1110 1983). 
So- data also suggest that there is a wage differ- 
entilll 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 
genarally do not fish, they perform various 
fishhg-related activities (Acheson 1981). Market 
tra& and home industries also offer a wide range 
of livelihood opportunities. However, there is still 
widdspread underemployment and low income. 
Acc@ding to Heyzer (19861, the persistence of 

production and distribution ensures the 
exidence of low-cost services and goods. 

%men bear the burden of housework, which is 
nonlnonetized whether they are married, unmar- 
riedyl employed or unemployed (Miralao 1980). 
Mady researchers emphasize the magnitude and 
sigrgficance of women's domestic tasks to the 
fadly 's  sustenance (Licuanan and Gonzales 1976; 
Ello 1977). 

11 a situation of constant poverty, the main 
condern is how best to generate additional income 



and allocate available resources. In the Philip- 
pines, where women generally control household 
finances, decreasing real incomes in the country- 
side means greater difficulty to make both ends 
meet. In times of cash shortages, the burden of 
finding supplementary income, food or sources of 
credit for the family's subsistence typically falls 
on the women (Bautista and Dungo 1986). 

There is also a growing number of female- 
headed rural households due to separation, death 
or search for income opportunities. Boserup (1970) 
says wives of small farmers are becoming more 
burdened by agricultural work because their hus- 
bands take on nonagricultural work. 

Gender issues: subordination 
and emancipation 

Women are often trapped in the double burden 
of household tasks and economic pressures. In the 
countryside, the belief that "women do not work 
or "women are secondary breadwinners" remains 
dominant. Men are considered the breadwinners, 
so even if they fail to earn sufficient income, the 
power of decisionmaking is with them in conflict 
situations (Heyzer 1986). Also, in the larger social 
sphere, men assume the role of contact point 
between the household and the outside cornmu-. 
nity. 

Agricultural improvement also tends to have a 
male bias. With the introduction of labor-saving 
techniques, particularly farm machineries, more 
women are displaced from paid labor (1110 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 
(Bautista and Dungo 1986). 

Membership and leadership in rural organiza- 
tions are generally male-dominated, except for the 
traditional women's domain such as  civic and reli- 
gious groups. Women's noninvolvement is mainly 
due to the demands of household tasks and the 
necessity of contributing to the family's livelihood. 

In spite of the long history of .women's move- 
ments in the Philippines and the growing con- 
sciousness about gender issues (GABRIELA 1985; 
Maranan 1985; Camagay 1986), most rural 
women seem undisturbed by their secondary role 
in politics. To many, women's problems remain 
subordinate to, or worse, separate from national 
and class oppression (Pagaduan et al. 1986). 
There are efforts, however, toward education and 
organization of, for and by women, especially 

among the poorest sectors of society. These 
women's organizations aim to respond to specific 
gender issues as an integral and vital component 
of local and national development issues. 

METHODOLOGY 

The main source of the data was from the 
ethnographic studies of seven fishing villages in 
Pangasinan and La Union, namely: 

a Binabalian, Bolinao, Pangasinan; 
w Carot, Anda, Pangasinan; 
w Telbang, Alaminos, Pangasinan; 
a Capandanan, Lingayen, Pangasinan; 

Nibaliw West, San Fabian, Pangasinan; 
Balawarte, Agoo, La Union; and 

0 Alaska, Aringay, La Union. 
The ethnographic data were gathered through 

integration, interviews, field observations and 
case studies in each community. The review of lit- 
erature on women's studies provided the frame- 
work for analysis and synthesis of the data gath- 
ered. 

Due to the qualitative nature of the research 
results, preliminary data validation was 
attempted through informal discussions with 
other researchers and community organizers who 
have worked with women in fishing villages. But 
the results should be discussed and further 
refined through group discussiondworkshops with 
women in fishing villages and other groups con- 
cerned with women's issues. 

SUMMARY OF FINDINGS 

Women as mothere and wives 

Household Responsibilities. The care of chil- 
dren, cooking, washing clothes, tidying of the 
house and sweeping the yard are responsibilities 
considered inherent in women. Fetching water, 
both for drinking and washing purposes, is most 
often done by women even when the source of 
water is quite far from their house. 

With more women now sharing in economic 
activities, husbands see i t  fair that they assist in 
household tasks like watching over children and 
cooking. However, this cooperation rarely extends 
to washing clothes, the most time-consuming of 
household chores. This is usually done by the 
daughter or a close female relative. Men will only 



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 oRen 
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. 

Childbearing and 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. 1'n 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 tuba1 
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. 

Famiy decisionmaking 

~ d s e h o l d  finances are managed by the wife 
from he earnings that the husband is supposed to  I turn over to her. Sometimes, the money goes 
direcfiy to the wife when she sells her husband's 
catchi In Telbang, a woman, usually the wife of 
the *t owner, uses her discretion in dividing the 
catch? between the crewmembers and the net 
own&. Some women meet their husbands 
retu&ing from the sea and sort out the fish 
cau& according to size and kind. For larger 
catch&, the fisherman himself distributes them to  
marldet buyers. He is then expected to turn over 
the ahtire income to his wife when he gets home. 
Thee  are complaints, though, about husbands 
who kpend all their earnings on drinking. The 
norm, however, is for the husband to receive 
pockdt money. 

Adde from managing the household expenses, 
wive# allocate expenditures for boat and gear 
mai*enance, including investment in new fishing 
gear @nd the purchase of spare parts for the motor 
boat pnd gasoline. The wife thus takes an interest 
and participates to a certain extent in decision- 
makfClg on fishing matters. However, ownership of 
the p a r ,  boat and property is usually attributed 
.to the man since he earned the money to purchase 
them. 

WImen must find ways for the family to survive 
whew their husbands' income is insufficient. In 
small stores, women are the frequent borrowers of 
food and other daily household  need^. Lean times 
call k r  women to help augment family income or 
even to become the main income-earners. When 
the alternative livelihood is done at home, women 
conthue to attend to household responsibilities. 
Wh* the livelihood is outside the home, house- 
hold&asks are passed on to the husband, children 
and female relatives. If no mature female can be 
aroupd to watch over the home, the wife often 
doe4 not leave it. Instead, the teenage daughters 
are 6 e  ones who go out to work. 

TYe husband tends to dominate in decision- 
rnak#ng outside the home. During the baseline 
suMy, when wives were asked to answer the first 
half)[ of the survey when their husbands were 
aw*, they replied that they would do so only 
afteq they had told their husbands about it. They 
askM the researchers to come back when their 
husl/ands would be home. Exemplary was one fish 
vendors' association, composed mostly of women, 
whidh chose a woman separated from her husband 



to be president because "she had no husband who 
would restrict her from doing things." 

Relationship with the husband 

Women usually many when 16 to 19 years old, 
with virginity literally "highly priced". The 
amount of dowry traditionally given by the 
groom's family to the  bride'^ family (to be used in 
starting the household and to cover wedding 
expenses) goes down if the girl is widely suspected 
to be pregnant. Despite this social norm, 
premarital sex is common and pregnancy is often 
the reason for an early marriage. Once a girl gets 
pregnant, there is no choice but to wed her with 
the boy. Both their families then contribute to 
finance the wedding. 

Wife-beating exists in the study areas. I t  stems 
from seemingly petty reasons: the wife nags; the 
husband is unable to cope with economic pres- 
sures; the husband wants to assert his dominance, 
drinks much or is having an extramarital affair. 

Such "macho" actions are ingrained among 
some people in the fishing villages studied. Gen- 
erally, men are not blamed for infidelity. Rather, 
both men and women rationalize that an affair 
happens because the woman flirts with the man 
and he, being weak, gives in. Extramarital affairs 
are usually tolerated. There are cases where the 
other woman is maintained by the man in a eepa- 
rate house along with his children by her. The 
economically independent woman who does not 
have to rely on her husbapd for financial support 
can opt for separation in such a situation. 

WOMEN AS INCOME EARNERS 

Fishing-related activities 

Although men catch the fish, women contribute 
before and after the fishing activity in numerous 
ways. Women mend nets and attach bait to the 
hook and line, a major fishing gear; in Balawarte, 
Agoo, where blast fishing is rampant, they help 
prepare dynamite by pounding the gunpowder. 
When the men reach the shore after fishing, 
women sort and weigh the catch and deal with the 
buyer. 

When large quantities of anchovies are caught 
in Nibaliw West, the women dry them under the 
sun. They are also primarily involved in making 
bagoong (shrimp paste). In Binabalian, where 
aquarium fishing thrives, wives clean the plastic 
packing bags and assist the men in packing the 
fish. 

Women also have a hand in actual fishing in a 
limited way. Most of the fishing they do is 
considered "light work. In Nibaliw West, they 
pull with the men the beach haul seine. In Carot, 
women fish a t  night with the use of a beach seine 
that does not require great physical effort. 

When male members of the fishing household 
get sick or are away, women harvest fish in a 
river or nearshore reef areas. One wife in an 
aquarium fishing group participates actively in 
packing marketable fish, keeping records of the 
expenses incurred in fishing, packaging and ship- 
ping to Manila, and giving wages to employees. In 
Carot and Binabalian, among ownem of bag net 
(basnig) fishing vessels or managers of speafish- 
ing groups, wives or adult daughters perform 
accounting tasks--they keep records of expendi- 
tures, loans of crew members, the catch share due 
them and the volume. Women sometimes decide 
on the amount of share that goes to the crew 
members. 

Income-generating activities 

To help sustain the needs of fishing households, 
women become compradors--they buy and sell 
fish--and engage in various income-generating 
activities. 

In Balawarte, most of these compradors buy 
higher-priced fish (e.g., tuna and mackerel) and 
take them to a provincial market to be sold at  
wholesale prices. This work takes the most of one 
morning for which the woman can earn 'from 
1100-300.. 

Women also buy lower-priced fish and shrimp 
and sell them in the markets of Agoo, San 
Fernando and Dagupan, earning in the process 
about 150-1 00 a day. 

Another home-based income-generating activity 
engaged in by women is shrimp pastemaking. 
They are also engaged in shell gathering on reef 
flats and in shellcraft. In Carot, when middlemen 
from Manila stopped placing orders for shellcraft, 
women gradually s h i b d  to matmaking, which 
generates minimal earnings. The latter is done 
during summer when buri palm fronds can be 
dried easily. Women work on a single mat for five 
days to a week. They sell the mats during market 
days and earn from F40-60 for one mat. 

During the start of the rainy season, some 
women in C a d  hire themselves out as  farmhands 
together with some of their fishermen-husbands. 



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. I t  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 130-50 
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 

Neglect of women's family responsibilities 
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- a t  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 duperiority in handling disputes and stronger 
will. In all barangay studied, except one, the 
barmgay captains were men. They also greatly 
outmmbered women a s  council members. If dis- 
p u t e  within the barangay coincide with problems 
a t  &me, the women are expected to attend to the 
h o e  first. 

wwever, Alaska's barangay captain is a 
wo an. Although the people still favor a man, 
the ?I acknowledged that she does a good job. The 
r eabn  for her success in dispute settlements is 
the1 ower of her word. A man cannot respond to a 
wo d l  an by hitting her because this would put him 
imdediately in the wrong. 

qwever ,  a t  the lower level of the purok, 
wo4en are often elected. Also, women teachers 
pla a large role in the barangay. They are also 
sec in  dary hosts to visitors. In religious activities, 
wonben play an active role. More of them attend 
 ads on Sundays than men, and many are active 
in drganizations such as the Catholic Women's 

organizations and cooperatives, 
wo en are usually chosedelected to serve as 
tre f surers and auditors. But there are only a few 
orqnizations with mostly women members. 

I the context of community-based coastal 
res ! urces management, women can play signifi- 
c a d  roles. Their ideas and perspectives need to be 
codidered. As part of the women's nurturing role, 
infmmation 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 
demlop their skills. 
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ABSTRACT 

This atudy examines the feasibility of s d t  production and 
distribution as an alternative source of income for small-scale 
fishermen. The atudy was done in a fishing community along 
Lingaycn Gulf through participant obserration and unstruc- 
tured interviews for seven field perioda from January to 
August 1988. Salt production in the area was contextualized 
within the markkt scheme of the industry. Thia study focuses 
on peaple'a participation, particularly of the small-scale 
fishermen, in the industry. 

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 i t  for the 
salt 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 (Arnio 1987). 

The salt industry is also significant in generat- 
ing employment. For instance, one 480-ha salt 
farm 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 supply 
can not cope with the country's demand (Arnio 
1987). The local salt industry has supplied 33% of 
industrial 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 Barangay Tel- 
bang, 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. I t  is 11.5 km from 
the town proper, bounded on the north by Lin- 
gayen Gulf, on the south and east by Barangay 
Victoria and on the west by Barangay Panda; both 
barangay were once part of Telbang. There are six 
sitios in the barangay, namely: Bolo, Centro, 
Sidro, Paradise, Sigking and Cabulalaan. 



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. 

TeIbang 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 or pasture and open ranges suit- 
able for vegetables and root crops. 

There were 171 houses being serviced by the 
Pnngasinan Electric Cooperative (PANELCO) as 
of December 1983. Telbang had a total rate of 97 
kwh, and the average consumption rate per 
household was F27.00. 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 fishponds 
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 

I 

floori\When the unrefined salt is ready for collec- 
tion, homemade baskets (kaing) are laid along the 
squaies. The layer of salt is then raked with a 
woodkn implement and stocked into the baskets. 
(Ondlsquare fills one basket). The salt is piled into 
a r n m d  before being packed into sacks for trans- 
portto the market. 

S h e  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 
expdure to the sun's rays for several hours. The 
brin! is transferred into cement tanks in nearby 
hutsi when it reaches the proper concentration. 
B r i d  concentration is simply tested with a rubber 
.devi~e attached to a bamboo pole. Should the rub- 
ber dink, it is an indication that the brine concen- 
trat6n is not saline enough to produce salt. If the 
devide floats, then the solution is ready for cook- 
ing. !?Boiling is done over firewood for several 
hours until the brine evaporates. The salt pro- 
ducd  has a fine powdery texture. It is stored in 
largh baskets locally called coribot. 

Sqarnble Method. This process produces salt by 
com#ining unrefined salt with seawater. The 
b r i 4  is evaporated using the boiling principle. 

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 
prom margin is fixed a t  B5.00 per repacked sack. 

The volume handled per team ranges from 50 to 
500 sacks per trip. During the production season, 
apprnbximately seven to ten trips are made weekly. 
The (peak season is in April to May when most 

only weekly 

are the market destina- 
would purchase the 

com odity during the peak season to be able to  
buy; ? it at a low price. Occasionally, some crews 
tra* their wares to the industrial factories of 

Chinese businessmen in Jolo, Aparri or 
Ca B03 yan. The usual term of payment is cash-on- 
deliSery although there are also instances of 
cre4t arrangements. 

e of the barriers to the marginalized fisher- 
entry into the salt industry is capital. The 



cost of inputs should be reduced if returns are to 
be improved. For instance, since wood consump- 
tion comprises the bulk of expenditures, cheaper 
yet more efficient combustible materials like 
coconut husks or coal could be used. 

A properly implemented credit scheme with 
socialized rates will alleviate the difficulty of 
starting a salt business. Increased production will 
also improve profits, considering that salt is an 
inelastic commodity and that the demand for it is 
not being met locally. Consider the case of the 
banigan producers who make three to four cavans 
daily as opposed to scramble producers who make 
four to five cavans daily. It  is the brine concentra- 
tion used in the scramble method that allows bet- 
ter production. 

Based on the increasing demand for salt, the 
salt industry can very well absorb more fisher- 
men. However, there should be a wide array of 
other such alternative sources of income so that 
the influx is spread out. 

These recommendations will be realized only if 
the people are organized and cooperate with each 
other. Maximizing participation in the production 
and distribution process of an industry should be 
the goal of the community organization. 
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ABSTRGCT 

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 eodium cyanide in collecting 
them. This study gives a n  overview of the industry in Bolinao, 
a major source of aquarium fish. It also focuses on the different 
reasons for the preis tent  use of @odium cyanide. It reporta 
that the efficiency of collection and economic incentive syst-ems 
support the continued use of sodium cyanide in aquarium 
fishing. It pointa out that  fishermen am able to befriend law 
enforcers andlor avoid them. It  recommends that marketing 
arrangements be eetablished that will enmurage the sale of 
fish caught with nets and that community education facilitate 
the process of change. It also suggesta 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 a t  F22.7 
million. Today, aquarium fish ranks sixth in the 

category of major fisheries export 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 aquari.um fish industry (Albaladejo 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 f 153,329. 
Since then, exports increased steadily, suffering 
only occasional 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 a 
major 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, the 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. 



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 Isambirga) 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 hourdweek for collection and some 12 
hourdweek 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 a t  depths of less than 10 fathoms and deepsea 
fish collectors, a t  depths of 10-30 fathoms. 

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 tirnonero 
and decides where the crew will operate. He 

selkts areas where he believes fish abound. He 
map also decide to fish a t  different depths, 
d e ~ n d i n g  on the types of fish the group wants to 
collect. The lineman, on the other hand, is 
reqonsible for the compressor motor. He sees to i t  
th$ the compressor's cooling system is always full 
of %ater to prevent overheating. He also checks 
thdi two sets of air tubes to see that they properly 
ext@nd to the divers and do not get entangled. The 
lin#man does not have a share in the fish catch. 
Raher,  he is paid a daily wage of P20-P30. Fish 
ca@h is divided equally among the divers and the 
ve+el owner. 

Meanwhile, the shallow-water fish collectors 
hake a different arrangement. In the absence of a 
co~pressor machine, gathering is basically an 
inhvidual activity. A work group is composed of 8- 
12ikollectors. The majority are young boys from 12 
to'll8 years old. The "captain," who is often the 
ve~sel  owner, brings his crew to his selected fish- 
in ground. Once the vessel is anchored, individ- 
ua 1 divers go to work. Almost all shallow-water 
co8ectors are NaCn users. Divers also bring a fish 
b ket and an NaCn squirt bottle to the preferred 
di ? ing spot. At the end of a fishing trip (which is 
fiqnced by the vessel owner), the divers sell their 
cdch to the vessel owner who, in turn, sells them 
to,bxporters in Manila. 

pour aspects of the use of NaCn were assessed: 
(111 the user's and the people's perceptions of its 
h h f u l  effects to man and his environment; (2) 
t h i  role of institutions and social groups; (3) local 
pMctices to cope with law enforcement; and (4) 
th4 existing marketing arrangements. 

P-eived dangers of the 
u e  of sodium cyanide 

Fyanide users believe that their daily exposure 
tollcyanide has no detrimental effect on them. 
T y claim that, unless an individual actually 
s 3k llows cyanide, there will be no toxic effects. 
~ l # s  notion is reinforced by the fact that cases of 
c nide poisoning while gathering fish are 
u 3 nown. However, cyanide users take precau- 
ti*s while underwater. To avoid possible toxica- 
ti*, they refrain from swallowing or gulping 
wdter squirted with cyanide. Food fish caught 
w&h cyanide are thoroughly cleaned and their 
indestines and stomachs removed. 



Users of cyanide contest other fishing groups' 
claims that exposure to cyanide results in skin 
rashes, lesions and bleached hair. No such 
instances of skin rashes or lesions due to cyanide 
have been observed nor cited by informants. The 
bleached hair of fish collectors has been attributed 
mainly to prolonged exposures to sunlight while 
a t  sea. 

Fishermen are only apprehensive of the Con- 
stabula~y Offshore Anti-Crime Unit (COSAC) offi- 
cers who might arrest them while using cyanide. 
In spite of such a risk, the practice is tolerated 
and even justified by the fishermen's wives and 
the respected elders of the clans to which they 
belong. 

Cyanide users and members of their families 
claim that they resort to using cyanide because of 
poverty. .They also said that using cyanide for 
collecting fish is better than stealing. They prefer 
it to using fine-mesh nets because they believe 
that some fish, particularly the high-pyiced ones, 
are difficult to catch without cyanide. It  also 
facilitates the job of fish collection since fish 
caught with fine-mesh nets, they said, are likely 
to be rejected by exporters because of the 
scratches and lesions acquired by the fish during 
the catch. 

The role of insti tutions and social groups 

Aquarium fish gatherers in Binabalian belong 
to a distinct group of fishermen. Most of the col- 
lectors who learned the skills from migrants 
belong to the poor sector of the community. They 
are either young teenagers who barely finished 
elementary education or landless migrants who 
remained in the community. Since then, they have 
formed clusters of houses in the eastern and west- 
ern coastlines of the island and have erected their 
dwelling places on government-owned lands. The 
migrant Visayan aquarium fish gatherers occupy 
the eastern coastline, while the landless and the 
notorious cyanide users occupy the western coast- 
line of the barangay. 

The geographical isolation of cyanide users 
from the other members of the community has 
strengthened the ties among themselves, espe- 
cially among those occupying the western coast- 
line of Santiago Island. Apart from this, their 
relationship is further strengthened since they 
belong to one religious group; kinship ties also 
exist between collectors and managers. A majority 
of cyanide users in the area belong to one religious 
organization. While another religious group 

strongly forbids the use of illegal fishing methods, 
the said organization apparently tolerates the 
activities of its members. In fact, a religious 
leader (deacon), who is also a dominant member of 
a clan in this part of the island, is the supplier of 
NaCn in the area. 

The use of cyanide is accepted in the commu- 
nity although users are often objects of antago- 
nism. Together with the blast fishermen, they are 
blamed for the dwindling catch of a fisherman. 
The degree of antagonism toward cyanide users 
was intensified when IMA entered the commu- 
nity. Its members are former cyanide users who 
now look down on "unconvinced fishermen 
because the latter refuse to resort to using nets. 
The antagonism between these groups has gone to 
the extent of name-calling. Cyanide users are 
branded as  tarantado or luku-luko (fools). At 
times, they are called "sodium boys" or "cyanide 
addicts." They are seldom invited to participate in 
community activities and are rarely consulted in 
the decisionmaking process in the barangay. In 
one instance, the barangay celebrated its fiesta 
without their participation. 

Local practices to cope 
with law enforcement 

Cyanide users are aware that the use of cyanide 
for collecting fish is illegal and punishable by law. 
Hawever, this does not deter them from continu- 
ing its use in their fishing activities. A number of 
practices have evolved to elude arrest, thus sus- 
taining these illegal activities: 

Establishing a lookout. Law enforcers 
usually intercept illegal fishing vessels 
leaving the barangay in the early morn- 
ing. In response, some sort of a network 
has been established among illegal fish- 
ermen and their sympathizers. People in 
the networks forewarn one another of the 
presence of law enforcers; they often hide 
or are on the lookout for suspected illegal 
fishermen. 
Bringing nets as bogus materials. Cyanide 
users never fail to bring nets during fish- 
ing expeditions. These are presented to 
law enforcers if they are apprehended. 
While a t  sea, cyanide users are on the 
lookout for any unfamiliar and suspicious- 
looking vessels, especially the COSAC 
patrol. When they see one, they immedi- 
ately hide or discard any NaCn or squirt 
bottle in the banca. Cyanide balls are 



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 1300-F500 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 

ti* they visit the island. The cost of these 
dridking sprees is shouldered by the fishermen. 
~ p d r t  from this, cyanide users voluntarily give 
gif@ to law enforcers in the form of food fish. 

astablishing kinship ties with COSAC men is 
als) a common practice. Such ties further bind the 
reldtionship of a COSAC man and a cyanide user. 
One often hears of a COSAC man being the godfa- 
th$ of a cyanide user's child. 

~x&ting  marketing arrangements 

&me 70% of the tropical fish collected in the 
are* are sold to different Chinese exporters based 
in Manila. All the fish so collected are caught 
thrJugh the use of NaCn. A minority group, col- 
lecdng fish with nets, sells its catch to a Makati- 
b a ~ d  export company. These groups practice two 
distlinct marketing arrangements. The former opts 
forlthe bilihan (buy-and-sell) system while the 
latwr practices a set sharing system. 

!@ie rampant and extensive use of NaCn can be 
attdibuted to the kind of marketing arrangement 
t h 4  prevails in the area. The bilihan system, 
whkh is the dominant one, exists for several rea- 

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- 
hart system works to their advantage 
because the responsibility for the fish 
caught ends aRer 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. 
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. 



Despite these, he is able to compensate for 
his efforts and recoup his investments by 
having a v e v  high mark-up price. A local 
manager's mark-up price ranges from 140 
to 400% which, according to him, is good 
enough, especially if high-priced fish 
species are caught. He augments his 
income by selling NaCn to his collectors. 

3. Amo is the term used by local managers to 
address the exporters with whom they 
conduct business. These amo extend assis- 
tance to their suppliers in several ways. 
They are open to  loans used for capital to 
buy gear and equipment. In some cases, 
some exporters loan money to enable 
gatherers to buy new fishing vessels. They 
also shoulder a portion of the transport 
expenses to Manila. Most of them have 
encouraged their suppliers to use NaCn in 
collecting aquarium fish. Most, if not all, 
sell cyanide to their suppliers. Apparently, 
these exporters are after the quantity of 
fish to be exported and the added income 
they can earn from selling NaCn. 

CONCLUSION 

This study shows that the use of NaCn is deeply 
embedded in the habits of the fishermen using it. 
Because of the relative efficiency of using NaCn to 
collect aquarium fish, fishermen are reluctant to 
give up the practice and will go to extreme mea- 
sures to conceal its use. They also try to befriend 
law enforcers and are willing to forego friendships 
with some people who do not condone their activi- 
ties. To change the fishermen's behavior patterns 
in the use of NaCn, several structural adjust- 
ments in the economic and social contexts should 
be made. These are: 

Set up marketing incentives against the 
use of NaCn so that the exporter either 
buys only "netted" fish or pays more if the 
fishermen can prove that the fish were 
caught with nets. 
Fishermen should see what benefits they 
can get if they use nets; otherwise, there is 
no incentive to change. 
Checkpoints on fish quality would be more 
effective if these are placed away from the 
community where law enforcers are not 
involved with fishermen. 
Local law enforcement should focus on 
education. Law enforcers should help 
explain new systems and benefits from 
using nets, etc. and still have the power to 
arrest. 
Curtail supplies of NaCn so that its price 
would become too high. 
Community education workers can pro- 
vide a link in communicating with the 
fishermen, to facilitate more profitable 
market channels for netted fish. 
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ABSTRACT 

Recent years have witnessed the impwssive and rapid 
development of brackishwater shrimp pond culture in Johow, 
Peninsular Malaysia. Amording to official estimates, there 
were some 236 brackishwater ponds in operation, s p a ~ i n g  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 far aquaculture 
potential. Recognizing the tmmendous 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, espwially in tiger shrimp (Penaeus monodon) farm- 
ing. 

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 shrimp 
farming 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 1987-1988 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 
and other related problems have all contributed to 
the sluggish development of brackishwater 
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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 to 
the 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 a t  M$3.7 rnilliona 
(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 a t  600,000 t annually and valued at 
M$16.2 billion, is to be tappe'd (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 a t  the rate of about 1,000 
ha per year at the cost of about M$16,000 per ha. 
Furthermore, a big boost awaits Jobore'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 of Tanjung 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 1988. It  is envisaged that when all four 

a29 December 1988: M$2.702 = US$1.00. 



phases have been completed, there would be 150 
ponds, providing job opportunities to 350 
Malaysians (Anon. 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 
AQUACULTURF 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 minimal 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 Tinggil 
Penggerang and Mersing Districts in East Johore 
(Fig. 1). A brief description of some of the farms 
listed is given in Table 1. 

~ + ~ i t e  the introduction of new farming tech- 
niqMs, the traditional trapping method of pond 
culture is still being practised by some farms in 
Johhe although it is declining in importance. This 
metlod requires the construction of embankments 
with& sluice gates to enclose large tracts of man- 
groves. During high tide, the sluice gates are 
opemd to allow shrimp larvae to enter the 
emknkment. The gates are then closed as the 
tide kcedes, trapping the shrimp in the embank- 
me*. Harvesting is carried out two to four times 
a mdnth with a yield averaging 500 kgihalyear. 

B ckishwater cage culture is another impor- 
tant~  coastal economic activity in South Johore. 
The 1 wo most important species cultured are the 
gro4er (Epinephelus salrnoides) and sea bass 
@at# calcarifer). The average yield for both 
specks is about 75 to 125 kg/cage of 3m x 3m x 2m 
witN{a culture period of 10 to 12 months. Unlike 
pond culture, cage culture requires simple tech- 
nolo@, management and less capital investment 
and iis, therefore, associated more closely with 
f i shmen  or farmers seeking supplementary 
inco*e. Its long-term development implications 
zipper more favorable than brackishwater pond 
cult4re since it has a minimum ecological impact 
(i.e.,l no need to convert mangrove areas). Cur- 
ren*, 101 operators have permits by the 
Fisbries Department to undertake cage culture 
in Shore. Nearly half are found in the Kukup 
Laut area in the Pontian District. The number of 
cag& in operation is estimated a t  2,753 covering a 
total area of 27,204 rn2 (FD 1986). Total 
pro&ction from cage culture in Johore in 1986 
was" 245.3 t with a wholesale value of M$4.62 
milllion (FD 1986). 

Wssel (Perna viridis) culture using floating 
ratla is another coastal activity in Johore, espe- 

in Selat Tebrau where a natural spat fall 
s. Culture period is from six to seven months 
mussels attain the marketable size of about 

7 a. Each suspended rope can produce up to 30 
kg d mussel per harvest. Mussel culture was ini- 
tial% operated as a part-time income supple- 
meding activity by the local fishermen. However, 
wi@ encouragement and support extended by the 
Fiskries Department, more and more fishermen 
are Low undertaking mussel culture operations on 
a fiJ1-time commercial basis. To date, there are 
abodt 41 rn-1 operators in Johore, mostly in 
the 1lSelat Tebrau area. Although the existing 
nu*r of mussel farm operators is currently very 
insijnificant, there is a tremendous potential for 
futde expansion. 



TECHNICAL ANALYSIS 

Culture methods 

There are three methods of shrimp culture 
commonly employed: extensive, semi-extensive 
and intensive systems (FD 1980; Liong et al. 
1987). The extensive method is characterized by a 
low stocking rate, usually less than 5 shrimp/m2, 
and relies mostly on tidal water exchange with 
minimal artificial feeding. Average pond size 
under this method usually ranges from 0.5 ha to 
1.0 ha. The semi-intensive method is character- 
ized by a higher stocking rate ranging from 5 to 
15 shrimplm2. Water exchange is facilitated by 
the use of pumps. About 10-30% of pond water has 
to be changed daily to ensure good water quality. 

The intensive method, which closely resembles 
the semi-intensive method, is characterized by a 
higher stocking rate (15 to 25 shrimplmz), exclu- 
sive use of an artificial diet, aeration and frequent 
water exchange through pumping. Intensive tiger 
shrimp farming originated in Taiwan. Given the 
acute shortage of land and the high cost of con- 
struction in Taiwan, the average pond size is gen- 
erally very small, usually not exceeding 1 ha. 
Stocking densities range from 25 to 50 shrimpIm2, 
yielding as much as 4.5 Vhdharvest (Liao 1981; 
Liao and Chao 1983; Kuo 1984). 

Stocking of shrimp using any of the above cul- 
ture methods consists of two types: 

1. Batch system - Fry are stocked directly in 
grow-out ponds and allowed to grow until 
harvest; and 

2. Progression pond system or cycling 
method - Fry are initially stocked in nurs- 
ery ponds until the juvenile stage is 
reached and then transferred to grow-out 
ponds where* these are eventually har- 
vested. This type is more widely practised 
than the batch system because it  is 
efficient in minimizing undue stress 
during the stock transfer. 

Farm sites 

A majority of shrimp farms in Johore are sited 
in or near mangrove areas. The choice of sites is 
influenced to a great extent by several factors 
~ u c h  as (FD 1980; LKIM 1983; Cook et al. 1984): 
1. availability, cost and extent of land area; 
2. relationship between land elevation and 

tidal fluctuation; 

3. water quality (dissolved oxygen, salinity, 
pH and temperature) at the site; 

4. availability and quality of freshwater for 
salinity regulation; 

5. extent of vegetation; 
6. availability of infrastructure and ameni- 

ties like roads, poiable water and electric- 
ity; and 

7. institutional support from the state gov- 
ernment. 

Pond design and management 

Earthen dugout ponds conetitub the principal 
design for most of the farms (FD 1980; Cook et al. 
1984). Pond size varies from 0.25 ha to 1.0 ha, 
with separate water inlet/outlet gates. A pump is 
used for water exchange, especially during-the low 
tide period. In most ponds, the inlet and outlet 
gates are so designed to allow a t  least 50% of 
water renewal within 24 hours. These inlet and 
outlet drainage canals are built parallel to the 
ponds (Fig. 2). 

Most of the aquaculture farms sited in man- 
grove areas have experienced acid sulfate soil 
problems. Potential acid sulfate soils are generally 
found in mangrove areas where they become oxi- 
dized when exposed to the atmosphere, thus pro- 
ducing sulfuric acid and iron sulfate, especially 
during pond excavation and after a prolonged dry 
spell followed by a heavy rain. This results in the 
lowering of the pond water pH below 4.0. Studies 
have shown that acid sulfate soils have five 
adverse effects on the pond environment (FD 
1980; Cook et al. 1984; Law 1988): 

1. Sulfuric acid reduces pond water pH, 
causing stress and mortality in the cul- 
tured stocks. 

2. Precipitation of fine ferric hydroxide par- 
ticulates clogs the gills of cultured stocks, 
causing stress and mortality. 

3. The low water pH reduces the pond pro- 
ductivity by inhibiting algae bloom. 

4. The high concentration of iron and alu- 
minum salts in the water is toxic to fish 
and shrimp. 

5. Acid sulfate soils do not readily respond to 
fertilization, thus inhibiting primary pro- 
duction in the ponds. 

To overcome the acid sulfate soils problem, lime 
is generally applied to neutralize the acidity. 
About 3.5 to 5.0 t/ha of lime are applied depending 
on the acidity of the soil. Another method of condi- 
tioning acid sulfate soils is through repeated 



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 a t  regular intervals throughout the 
day. The optimum number of feedings per day is 
about three to five times, usually between 0800 to 
2200 hours a t  three to four hour intervals between 
each feeding (FD 1980; Ismail 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 a t  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 

Food conversion ratio (FCR) is a typical rnea- 
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- 
ducted in the past revealed that the FCR aver- 
aged.at 1:2 (FD 1980; Chuah and Yassin 1987; 
Liong et al. 1987). 

Sunrival 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. 

Reduction or average yield varies considerably 
from farm to farm. In general, however, the pro- 
dudion averages a t  5.28 a d y e a r  and 4.33 thal 
yeN for the intensive and mmi-intensive systems, 
res~ectively (Table 2). The weight of shrimp a t  
ha?rest is about 30-35 g per piece for both 
intensive and semi-intensive systems. In terms of 
the humber of crops per year, it averages 2.7 crops 
and 2.5 crops in a year for intensive and semi- 
in-sive ~ystems, respectively, Culture period 
averages 3.6 monthdcrop for the intensive culture 
system and 3.5 monthdcrop for the semi-intensive 
sys*m. This means that the production per crop 
is 1.95 tlha and 1.73 t/ha for the intensive and 
semi-intensive farms, respectively. 

Tke average yield of shrimp culture, compared 
to plantation crops like rubber, oil palm and 
cocoa, gave the following comparative figures for 
theae crops: 4.5 t (value M$4,27S)/ha/year for 
cru& oil palm; 1.60 t (value M$4,480)halyear for 
rubber; and 0.74 t (value M$2,368)/halyear for 
coc& Considering the high commercial value of 
prawns a t  M$1,800/t, the average yield estimated 
for the prawn enterprise (valued a t  M$9,500/ha/ 
year and M$7,794lha/year for intensive and serni- 
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 
invastment and operating costs are based on 
cumnt  market values. 

Capdtal investment cost 

The capital investment cost of a 10-ha semi- 
intersive 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 largeat capital item is 
equipment at M$50,000, accounting for almost 
20% of the total investment cost. Other capital 
itema include infrastructure and vehicles. 

Capital investment cost in shrimp culture can 
be categorized into depreciable and nondeprecia- 
ble mpital items (Alplin and Casler 1968; De la 
Crua'! 1987). Buildings, machinery, equipment and 
vehides are generally considered depreciable capi- 
tal ikms because they wear out, hence depreciat- 
ing in value with use over time. The depreciation 



cost of these items was computed using the 
straightline method where the acquisition or ini- 
tial cost was divided by the estimated lifespan of 
the items (Table 3). Thensalvage or residual value 
of the items is assumed to be zero. Depreciation 
cost is generally treated as a fixed noncash 
expense item spread over the lifespan of the capi- 
tal items. The depreciation cost for the 10-ha 
semi-intensive farm was estimated to be 
M$12,000 halyear. Not included in the depreciable 
investment cost are items related to pond devel- 
opment--infrastructure such as roads, fencing, 
water supply and electrical installation. The total 
investment cost for a 10-ha semi-intensive farm 
was M$251,000 or M$25,100/ha (Table 3). 

Operating cost 

The estimated annual operating cost per 
hectare of a semi-intensive culture system is given 
in Table 4. Preliminary estimates showed that the 
annual production cost per hectare for a 10-ha 
semi-intensive shrimp farm was M$59,090. Feeds 
constitute the single largest item, accounting for 
nearly 46% of the total operating cost. Shrimp 
stock cost ranked second, or 20.3% of the total 
cost. Other significant expenses for the operating 
cost include salaries and wages (16.2%), mainte- 
nance and repairs (7.6%) and electricity and fuel 
expenses (4.2%). In addition, expenses for the 
purchase of lime, fertilizer, teaseed cakes and 
others, and administration, marketing and trans- 
portation also contribute to the total operating 
cost. These expenses are generally classified as 
the variable cost since they vary according to 
production levels and are incurred only if produc- 
tion is carried out. 

Another item customarily included in the oper- 
ating cost is the fixed cost &em, that incurred 
whether or not production is carried out and 
includes depreciation cost and interest on cash 
operating expenses). The latter usually approxi- 
mates the interest earnings the money would gen- 
erate if deposited in a savings bank. 

Production revenues 

Table 5 shows the estimated annual production 
and value per hectare of a 10-ha semi-intensive 
shrimp farm. The production rate shows an 
increasing trend. During the first year of opera- 
tion, most farms commonly achieve only 50% of 
their full output potential. By the fifth year, how- 
ever, when farm operations have stabilized, the 
initial teething problems have been overcome and 

the workers have gained sufficient expertise and 
experience, the maximum productive capacity 
would have been achieved. After the fifth year of 
operation, the production rate is assumed to be 
constant. This means that at  an average ex-farm 
price of M$18/kg, production revenues of 
M$45,000-M$99,000iha could easily be achieved. 

Income statement 

The estimated income statement, derived by 
juxtaposing revenues (from the sales of shrimp) 
against the operating cost under the semi-inten- 
sive system, is shown in Table 6. The farm 
incurred a net loss of M$130,236 during its first 
year of operation because of a relatively low pro- 
duction. This is a very common phenomenon in 
the shrimp farming enterprise. However, by the 
second year of operation and onwards, net positive 
incomes were registered with increases in the pro- 
duction level. Net income from the farm was on an 
increasing trend after the second year of opera- 
tion, reaching a high of M$362,964 by the fifth 
year, and stabilizing at  this level onwards (Table 
6). 

k o m  the income statement shown in Table 6, 
some inferences on the costs of production can be 
made. Under a semi-intensive system, there are 
expenses for commercial feeds. Shrimp fry and 
labor, which account for about 70-80% of the total 
cost, constitute the three largest cost items in the 
shrimp farming enterprise. Hence, commercial 
feeds and shrimp fry should be of good quality to 
enhance the viability of the farm enterprise. 
Likewise, farm workers should be qualified and 
experienced to make the enterprise succeed. 
Estimated total production cost of a serni-inten- 
sive farm (excluding depreciation and interest) is 
M$59,090/ha with a production rate (or yield) 
averaging at 5,500 kgha after the fifth year. 
Thus, the average production cost per kilogram of 
shrimp is about M$10.75. This estimate is close to 
what shrimp farm operators get (M$10.00 to 
M$11.00 per kg). 

The average production cost of plantation crops 
--M$l.7O/kg for rubber, M$0.50kg for crude oil 
palm and M$2.50/kg for cocoa--shows that it is 
less compared to the production cost of shrimp 
culture, .which is very high. 

Based on the projected cost and return state- 
ment, the projected cash flow statement for the 
10-ha semi-intensive shrimp farm was also cal- 
culated (Alplin and Casler 1968). Such a state- 
ment is useful for indicating . . the . . . -- availability of 



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 shodges  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 (BIC 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 BIC 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 BIC ratio, NPV 
and IRR were calculated (Table 8). The project 
enjoys a short cash payback period and a BIC 
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 i t  is higher than the oppor- 
tunity cost of capital (value). 

thakasemi-intensive shrimp farming is viable. This 
suppkrts the general notion that investment in 
the ihrimp business is indeed worthwhile with 
the b r~~e rmanage rnen t  and application of mod- 
ern ,hchnology. Its economic viability notwith- 
starding, shrimp farming is undeniably a high- 
risk'!,investment. Several reasons could explain 
somd failures in the past: improper site selectiori 
and pond design, acid sulfate soil conditions, pol- 
lution, costly capital investment, high overhead 
cost," improper farm management and marketing 
ineaciencies, among others. These factors have 
kept away potential investors. Recently, however, 
large investors, particularly in Johore, have been 
shiking an increased confidence in the shrimp 
business. 
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Name of company Farm loeation Total pond Species Culture mystem Stding SiEB offry Average Remarka 
area cultured density at &king yield 

developed (piemdm*) (t/ha/rrop) 

~ n t a k r i ~  
Sdn. Bhd. 

Kukup Mmrine 
Sdn. Bhd. 

Tern- Marine 
sdn. Bhd. 

Pmtama Aqua- 
e u l b  Sdn. Bhd 

Trapping -14.1 
Pond - 4.1 

Inkgrated with 
hatchery farms 

0- up eight 
new pornla cover- 
ing abut 6.4 ha 

eacing major high 
acid sulfate pmb 
lem 

Integrated with 
hakhery farms 

Started as a mh- 
ral trapping farm 

Rated an one of 
the most highly 
profitable farms; 
has its own hatch- 
ary farm in 
& p ~ & s e b n e , r  

Continued 
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Table 1. (continued) 
I 

Name of company Farm location Total pond Species Culture & e m  Stocking Size of fly 
area cultured density at stocking 

developed (pieceshn~) 

East Asian Marine Sedili Kecil 200 P. m o d n  Semi-inteSive 7.5 2.5-3.0 cm 
Fann Sdn. Bhd. 

Kem Juan Pertaninn Sg. Santi, 2.1,s NA NA " NA NA 
d m  Makanan h u t  Penggerang 
Sdn. Bhd. 

Projek Mentetnak Sg. Dangga 
Ikan Airpayan 
Udang h u t  

Fugo Aquaculture W l  
Sdn. Bhd. 

Semenchu Fioh Sg. Lebam 

8.7 P. monodon Intensive 1 
,I 

8.1 P. monodon, NA 
P. merguein- 

sin 

40.4 P. monodon NA 

Average Remarks 
yield 

(tlhalcrop) 

1.36 A SEDC joint 
venture with 
Man Marine 
Foods (Hong 
Kong) Ltd. 

NA Formerly Agaliem 
Sdn. Bhd. 

8 LIUMpmjed 
privatized to 
Kumpulan Gllth- 
rie; facing a 
m e r e  pollution 
problem; closing 
down 

Notes: Sg. - Sungei (meaning "river"). 
Tg. - Tanjung (meaning "ape"). 
NA - Not available. 

Table 2. Comparison or the production parametem of thd intensive and semi-lntanaive culture 
systems. - 

Item Intaneive Semi-intensive 
earthenpond '9 earthen pond 

Stocking denaity 15-25 pdmz 5-16 pdmz 

Feed 

Water management 

Commercial 11 

Pump +aeration 
60% replacement d 
frequency or1 5-1 7 r 
t imedmp 

Commercial 

Tidal + pump 
Daily exchange of 
10-90% 

Pond she 0.26 to 0.6 halunit 0.5 to 1.0 halunit 

Culture period 
Number of empa 

Harvest size $0-88 g 30-86 g 

Survival rate 60-70% 60-713% 

Food converdon retio 1:2 1:2 



Table 8. Eutirnated capltal investment mats (M$) of a 10-he wmi-intensive shrimp fann (pond uiee: 0.6 hdpond). 

Item Totel mst % of total Economic Annual 
life (yr) depreciation. 

Pond dewbpmentb 
Infruatmctu& 
Elfftrical inatallation 
Build hga 
Machineriedequipmentd 
Vehicles 
Mi~llanmus' 

Total investment ZS1.000 100.0 

Total depreciable 
inveetrnent 

UComputed uning the straightline method with a %em rwidual value. 
Formula u d  (initial value - reuidual value)/emnomic life. 
b I n ~ l ~ d e s  excuvation, bunding, drainap and water gates. 
CIncludee mads, fencing and water aupply. 
*Ineludes pumpe, enplnes, water fdter plantn, pump houae and others. 
'Includes bucketu. nets, fieh boxes and others. 
Note: 29 D-ber 1988: MZ.702 = US61.00 

Table 4. Estimatod operating comt it$) p r  hectare of a 10-ha eemi-intensive uhrimp farm 

Input 
- - - -  

Unit CoetEunit Qunntity Coot % oftotal 
cost 

Shrimp mtack pieeeu 0.04 300,000 12,000 20.3 
Feed (FCR 1 :2) kg 3.00 9,000 27,000 48.7 
Lime kg 0.30 2,600 760 1.3 
T e a n d  cakes kg 0.85 400 340 0.6 
Eleetricity/fuel 2,600 4.2 
Salariedwaw 9 , M O  16.2 
Repair/maintenanceh 4,600 7.6 
Mi~ceUanmue~ 2,400 4.1 

Total 69,090 100.0 

'For nupewlaor, tschnidan. farm lahrers and nucurity guards. 
bUsudy iucurmd only two yaat~ altar the farm had been ia operation. 
 includes administration, marketing, tranepttation, etc. 
Note: 29 December 1988: W2.702 = U s 1  .OO 

Table 5. Eutimeted annual prpduawn (kg) and value M S 1  
psr b%tare of a 10-ha mmi-intenuive shrimp farm. 

. . 

Year Kcelks 
Rahrctinn 

Quantity Value 

%So0 46,000 
3,260 K0,KOO 
4,000 72,000 
4,760 86,600 
6,m s 9 . m  
6,500 99,000 
8.600 99.000 
6 . m  s 9 . m  
w3-J 99,000 
5 , m  99,@33 



Table 8. F h j m t d  income atatoment (Ma) of a 10-ha semi-iutanive ahrimp farm at the en- 
farm price of M618.001gs. 

Item Year1 Year 2 Year 3 Year4 Year 6 

Inarme: aslee 460,000 886,000 720,000 866,000 990,000 

Less: cost 
Variable: 

Shrimp stock 
Feeds (FCR 1:2) 
Electricitylfuel 
Snlarieahuages 
Lime 
Teaseed cakes 
Repairs and maintenance 
Miacellanwus 

Fixed: 
Depreciation 12.M0 12,600 12,500 125430 12,500 
Interest on operating 

mat (4%) 21.838 21,838 23,836 23,636 23,83;8 

Total cod 680.238 680,238 627,038 627,058 627,036 

Net in- (Lo=) (-130,238) 4,784 82,964 227,984 382,W 

Table 7. Pmjected cueh h w  statement of a 10-ha semi-intenmve shrimp h m  (If$). 

Item Yew 0 Year1 Year 2 Year 3 Year4 Year 5 

Cash inflow 
Equitp 797,000 
Sales - 450,000 585,000 720,000 865,000 990,000 
Total cash i d o w  797,000 450,000 685,000 7a0,OOO 855,000 990,000 

Cash outflow 
Pond devehpment msi 80,000 
Other investment costa 171,000 
Variable east - 546,90 646,900 690,900 590,900 W,WO 
Total cash outflow 251,000 546,900 645,900 590,900 590,900 690,900 

Net cash i d o w  646,000 -96,900 38,100 129J00 %,lo0 399,lOO 
Plus: 

Cash balanoe, beginning - 646,000 450,100 489,XJO 6l0,300 882,400 
Cashbalanoe.ending 646,000 4M),100 489,200 618,300 882,400 1.28l.500 

.This mrreapondn to the btal project met calculated aa the sum or the total capital investment and the tototal 
cash expenee requiremente. hr the year of operation. 

TpblpB.Pdhuh# 
. . bh@W&a1+--- - . . 

Year Total h m e  Totalcast. Disoount Diamuntad Discounted 
8a0) Iado+ h m e  [Mb) colt 0f8) 

Totd 5,006,Wl 3 ,780,m 

Intama1rate of retxm W) 
Year Net income Discount fsctor Diemunted net i n m e  

#I 16% 10% 16% 10% 

Totd 867,206 1,190,791 

*Excludin# intereut and depciatioa NPV at 108s = M$1,190.791 
bBnaed on the for& lKlr0.lOP w h m  n = number ofyean. 
cInclnding InftIal inveabnt wut of M$261,000. 
%dudin# reddual valusa of pand dadopmant (M$80,000) .dd other hmmtmant itam (MbB6,OOO). 
Notas: B e n e f l h t  (BIG) mtlo = 1 .SP 
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ABSTRACT 7 

Decision theory and financial analyeie wore used to deter- 
mine an investment and marketing strategy that would mnxi- 
mize returns for a grouper farm operating in the Philippines. 
Four etrategies 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 by 
induatry 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 r ey la -  
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. With 
these objectives in mind, management decisions 
are made at different levels of the public and pri- 
vate hierarchy (policymakers, businessmen, scien- 
tists, fishermen) and,fiom different sectors of the 
economy (agriculture, industry, services). As . 
management interventions are the consequences 
of decisions made by a heterogeneous group of 
decisionmakers, 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 analysis 
provide the scientific bases for rational decisions 
that have likewise been done in the fields of engi- 
neering, business administration and economics 
(Cleland and King 1983). Their application to 
coastal resources management problems offers 
potentials for increased efficiency in the decision- 
making process and for understanding the 
behavior of various participants. 

In this paper, the potential benefits of a 
particular type of coastal aquaculture activity are 
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 and economic indicators of 
performance under different simulated scenarios. 

These indicators include: (1) internal rate of 
return (IRR), which is a measure of the overall 

aThe species Epinephelus malabaricus is synonymous with 
E. salmoides us idcntificd by Katayama (Randall 1987). The 
former is gcncrally misidentified a s  E. tauvina. 



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 systematic 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 
exis ting market niche with huge potentials for the 

expadsion of live groupers both in the domestic 
and port markets. Live groupers are showcased 
as p $ me dishes in elite hotels and restaurants 
local* and abroad (e.g., Hong Kong and 
SingICpore). Additionally, the Bureau of Fisheries 
and &quatic Resources (BFAR 1984) reports that 
live (including fingerlings) and frozen groupers 
have blso been exported to Europe and the USA. 
Exporn of live and frozen groupers averaged 
20,Oa kg and 50,000 kg/year in 1983-1984, 
respetively. 

Sedbnd, live groupers command a high price. 
The iletail price of live groupers sold in tanks 
aver ed 1305kg while the farmgate price ranged 
from % 80-B220kg (De Guzman 1987). However, 
therertis a sharp disparity in the price of live and 
fresh&ozen groupers (i.e., the retail price of 
frozed grouper is B130kg.). 

Thkd, the market supply of groupers comes 
from ibarine capture fisheries and aquaculture. 
~ a n d + ~ s  of groupers from the marine sector 
averaged 25,000 t from 1984 to 1987, of which 
95% f s  accounted for by the municipal sector.b 
Grougers contribute an average of 3% and 0.3% to 
the tatal catch of the municipal and commercial 
sectors, respectively (BFAR 1986). The low 
prod-tion of groupers from the marine sector, 
especblly the live ones, can be compensated by 

uaculture sector. No national production 
figur the $ exist for farmed groupers given the 
f r a m n t e d  and still developing nature of the 
induary. However, cage farms are known to 
oper4e in the provinces of Pangasinan, Palawan 
and loilo. Pond operations have likewise been 
noted in the provinces of Bulacan (De Guzman 
1987111and Quezon. The cage culture of groupers in 
the Philippines is similar to the operation of cage 
farms1 in Thailand, Malaysia and Singapore (Chua 
and %ng 1978; Chen 1979). 

Laely, technological breakthroughs in the area 
of sell reversal (Chen et al. 1977), larval rearing 
(HusBYgin and Higuchi 1979) and stocking and 
feediqg (Chen 1979; Chua and Teng 1979; Chua 
and *eng 1980) show a shift toward controlling 
the calture environment. Thus, this case study is 
a relekrant application of the decisionmaking pro- 
cess. 

Vhm municipal fishery e a r  i s  defrned in the Philippines 
as tha&sing gear with or without boats of tonnage equal to 3 t 
and N w .  



METHODOLOGY 

The process of decisionmaking under uncer- 
tainty in an aquaculture system is based on a case 
study of the cost and revenue structure and 
operational system of a cage farm situated off the 
port of Sual in Pangasinan, Philippines. The cost 
and revenue structure is defined by the produc- 
tion strategy used. 

Two broad strategies have been considered: 
investment and marketing. The investment strat- 
egy involves decisions on the timing and magni- 
tude of purchases. Two investment options were 
considered. The first one involves making all 
investments on the first culture period, while the 
second one assumes that investment is staggered 
(i.e., distributed among several culture periods).c 

The marketing strategy involves a choice 
between selling live groupers to the domestic 
market or selling them to the export market, 
implying a corresponding harvest strategy. The 
harvesting strategy is directly related to the mar- 
keting strategy because the choice of market 
determines the acceptable size. 

Combinations of the given investment and 
marketing strategies result in the following: 

Strategy 1 = All investments in first month, 
export market 

Strategy 2 = All investments in first month, 
domestic market 

-. . 

Strategy 3 = Staggered investment, export 
market 

Strategy 4 = Staggered investment, domes- 
tic market 

The economic analysis is conducted over a 
period of 5 years or 60 months. Each culture 
period is taken as one cash flow period--strategies 
1 and 3 (culture period is 8 months) are evaluated 
using 7 cash flow periods, whereas strategies 2 
and 4 (culture period is 5 months) are evaluated 
using 11 cash flow periods. 

CA culture period i s  the time nesaary for a fry/Rngcrling to 
attain a marketable dze. This size ir 500 g for the domestic 
market and fmm 800 to 1,000 g b r  the export markct- 
Assuming an initial stocking of 50 g, the culture period for a 
600-g and 800-g grouper is five months and eight months, 
respectively. Initial stocking density and feeding rate is given 
in Table 1. 

Purchase of materials and construction of the 
cage structure take a full month. Stoeking is com- 
pleted on the first day of the first month of the 
culture period. Harvesting is done on the last day 
of the last month. No major maintenance chores 
are necessary for restocking the next day after the 
harvest. Feeding, cleaning and repairing of nets 
take place simultaneously during the culture 
period. 

Each strategy depicts a specific cosbrevenue 
structure because each (strategy) is differentiated 
from the rest by the number of cages in operation, 
stocking density, feeding rate and harvesting. 

For example, strategies 1 and 2 involve a fill 
initial investment which is reflected in the first 
cash flow period. On the other hand, investment 
costs for strategies 3 and 4, which correspond to 
the number of cages constructed, are reflected in 
relevant culture periods. Monthly fixed costs such 
as sea rent, salaries, food allowance and mainte- 
nance costs remain constant for all stratew types. 

Variable cost and revenue are based on the 
physical inflow and outflow of resources from the 
cage system (Fig. 1). The input-output relation- 
ship was based on parameters such as initial 
stocking density, growth and mortality rates, and 
food conversion ratios as studied by Chua and 
Teng (1980) (see Table 1). 

Fig. 1 shows that at  the start of the first month, 
60 fingerlings are stocked, requiring 20 kg of 
trash fish. Variable cost per cage is based on the 
cost of fingerlings (base situation price is 
FlSIfingerling) and the cost of feed (base situation 
is P4kg) which is, in turn, dependent on the stage 
of growth of the fish. Feed and seed costs account 
for 80% of the total variable cost. Other costs 
include medicine and repairs. Total variable cost 
is computed as the sum of all variable costs of all 
cages in operation at  various stages of fish 
growth. 

Revenue is based on price and quantity har- 
vested. Either 30 kg of 500-g groupers can be har- 
vested every fifth month (as in strategies 2 and 4) 
or 45 kg of 800-g groupers every eighth month (as 
in strategies 1 and 3) (see Table 2 and Fig. 1). 
Total revenue per month is dependent on the 
number of cages ready for harvesting. Fixed rev- 
enues are generated from the ninth month 
onwards for strategy 1,  assuming that all 30 cages 
have been stocked at  the rate of 4 cages per 
month, For strategy 2, fixed revenues are gener- 
ated from the sixth month onwards, assuming 
stocking to be at  the rate of 6 cagedmonth over 5 
months. Although revenues are also fixed for 



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 cages, 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 investmerit cost is P145,OOO (see 
Table 4).d Monthly fixed cost totalling P8,000 
includes sen rent (125), salaries (17,200 for each 
of the four workers), food allowance (F250) and 

dThc owncr of thc grouper farm pointed out that the initial 
investment mst can bc scnlcd down to 25% of the original lcvcl. 

maintenance for the boat (1525); this remains 
constant for all strategy types. A typical cage cul- 
turq system is shown in Figs. 2 and 3. 

m e  four full-time workers man the farm 24 
h o e s  a day, taking charge of stocking, feed 
preyaration, feeding, fish grading and sorting, 
clewing of nets, harvesting, marketing and 
surkeillance. Other costs include sea rent, 
s a l e e s ,  food allowance and maintenance for the 
boa.  

T/he indicators (IRR, BEQ, average profit and 
paaack  period) generated for each strategy under 
foull different states of nature are presented in 
TaMe 5. The most desirable results for strategy 1 
occur under the devaluation scenario. The IRR 
(364%) and average profit (B87,240/culture period) 
are iihighest while the payback period (1.7) and 
BE$ (1,833 kg) are lowest. The same results are 
reflbcted in strategy 3 except for the IRR, which is 
sli&tly lower than that generated in the 
opthistic state (608%). The worst outcomes for 
str4egie.s 1 and 3 occur under the price change 
sceQario because the price of inputs (fingerling 
and feed) increased while the price of groupers 
remined constant. The best results for strategies 
2 add 4 occur under the optimistic state. The out- 
comes under the base and devaluation scenarios 
are equal since the assumed devaluation does not 
affett 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 
rat01 of devaluation makes the outcome more 
attrl$ctive (i.e., higher IRR and average profit but 
lowar BEQ and payback period). Strategy 3 regis- 
ter& a higher level of BEQ and lower average 
proat although the IRR is higher for all levels of 
devqluation. The same trend is reflected by the 
infldtion scenario. Although all three indicators 

, payback period and average profit) favor 
2 over strategy 4, the IRR of strategy 4 is 

higwr. 
4 y  of the four indicators may be used as a 

bas& for final decisionmaking but the choice 
dephds  on what the entrepreneur considers to be 
mosbl applicable. In this example, the IRR was 
used: as a basis for applying the maximin and 
maxdmax approaches. 

T h l e  6 summarizes the IRRs resulting from 
each! strategy under the four different states of 
nat e. To illustrate, the decisionmaker who uses 
the&xirnin approach chooses the lowest IRR for 
eachl strategy. It  is 112% for strategies 1 and 2, 
151% for strategy 3 and 116% for strategy 4. The 



best among the worst outcomes is 151%, and this 
results from applying strategy 3 if the price 
change scenario occurs. The more optimistic deci- 
sionmaker will choose the best among the best 
outcomes (highest IRR for every strategy), and 
this is 608%, which is registered also by strategy 3 
under an optimistic scenario. 

CONCLUSION AND IMPLICATIONS 
FOR MANAGEMENT 

This paper has shown how financial analysis 
and decision theory can be applied as  tools for sys- 
tematic and rational decisionmaking in coastal 
aquaculture. While financial and economic analy- 
sis results in estimates of "project worth," decision 
theory permits the decisionmaker to  decide on one 
among many options available, choosing that 
which is reflective of his perception and reaction 
to the prevailing risks. 

The specific case of a cage farm shows the likely 
decisions adapted by the entrepreneur based on 
financial and economic indicators of four combina- 
tions of investment and marketing options. These 
decisions are likewise relevant to the government 
plannerlindustry analyst for. the formulation of 
policies needed for the development of the indus- 
try. From the results earlier presented, the fol- 
lowing conclusions can be derived: 

First, that the cage farming of groupers is an 
extremely attractive business, a basic characteris- 
tic of infant industries. To illustrate, the lowest 
IRR registered is 112%, a rate that is almost ten 
times as much as the nominal loan rate of 12% 
(CRC 1988). This implies that a grouper farmer 
earns over and above what he could earn in alter- 
native investments. 

Second, although generally considered prof- 
itable, some strategies fare better than others. 
Strategies 1 and 3 (export marketing) resulted in 
relatively higher returns than strategies 2 and 4 
(domestic marketing), which implies that the 
higher price obtained in the export market com- 
pensates for the additional time needed to obtain 
"export-quality" groupers. The role of the govern- 
ment and the coastal manager is to provide 
infrastructure support and marketing assistance, 
which is otherwise unavailable to small 
entrepreneurs. 

Third, between strategies 1 and 3, which differ 
due to investment schedule, strategy 3 generated 
higher IRRs. This is because the piecemeal 
investment alleviates a heavy cost burden that is 

imposed by a lump sum investment (as in strategy 
1) during the first period. 

This implies that grouper farming can be prof- 
itable to small investors. Entry conditions (i.e., 
capital requirement) are not as  rigid as  intensive 
shrimp farming, which makes it possible for small 
investors to participate. Thus, coastal managers 
and industry planners should develop the poten- 
tial of grouper farm operations to broaden the 
capabilities of the existing aquaculture sector 
andlor provide an alternative to traditional cap- 
ture fisheries especially in overexploited areas. 

Specific areas that need to be developed include 
marketing and financial assistance to suit the 
needs of small investors. Marketing support 
should also be provided to small farmers/investors 
for them to penetrate the export market. 

The feasibility of a full-scale nationwide 
involvement in cage farming faces a number of 
constraints: 

First is the number of suitable areas in the 
country. Only 8% of the total Philippine territory 
is relatively free from storms (Roces 1986), 
although the archipelago's irregular coastline, 
where protected bays and coves are common (e.g., 
the port of Sual), provides a number of appropri- 
ate sites. Water pollution can also be a constraint 
to cage farming as  in the case of Lingayen Gulf 
(Maaliw et al. 1989). 

Second are the economic risks brought ahout by 
fluctuations in the price of the produce and 
inputs. Results show that the price of groupers is 
the most important factor in determining prof- 
itability. However, profitability has a way of 
attracting investors that may, in the long run, 
result in oversupply and eventually, in depressed 
prices. The role of coastal managers is to regulate 
indiscriminate entry and to create a rational 
pricing policy to lessen fluctuations. 

Abrupt changes in the availabilitylprice of feeds 
and seeds (caused by seasonality in-supply) also 
pose a threat to the viability of groupers farminge 
The role of the coastal manager is to update and 

~ T O  check for scnsonal fluctuations in supply, a 
multiplicative moving-average method was uscd to derive 
seasonal indices based on monthly data of the marine 
production of groupere in thc Philippines from 1984 to 1987. 
The results show that, on thc avcrage, incrcascs in production 
take place during the months of Mny to August, the country's 
wet season. Torres et al. (n.d.) observe that the supply of fish 
in Metro Mnniln i s  larger from March to June. Thc moving- 
average method was also uscd to dctcct scnsonnl fluctuntions 
in prices (retail) of p u p c r s .  Results show that the rctnil price 
is highest from December to March, also the period whcn the 
supply is lowcst. 



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 capture 
fishing. 
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Table 5. Economic indicators resulting lrom four diEerent state8 of nature (in Philippine pem). 

Base Optimistic Devaluation 825:$1) Idation 00%) 

Export price = 2 W g  Erport price - 25- Export price - 3001%g -fifep20(bPag 
Domestic price - 1SOPag Domestic price = B3Okg Domestic price - 150llrg Domestic price - 1- 
Seed price - 1 Wngerling Seed w e  - 1254lngerling Seed price - 1516ngerIing Seed price - 16.5lhngerIjng 
Feed price - 4fltg Feed price - Feed price - 4/kg Peed price - 4.- 

s-1 IRR -1364p IRR - 348% - 362% IRR-1124p 
W - 3 B W  BEQ- 2 J l W  BEQ- 1- BEQ - 4,- 
Ave. profit - 38,871 Ave. ppofil - 74,960 Ave prof3 - 87340 Ave pmfit - 33@9 
F'taykk period - 3.7 years P e y h k  period - 1.9 Payback period - 1.7 ~EWU Payback M o d  - 43 yarn 
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ABSTRACT 

The adjacency of ASEAN member-countries amund a =mi- 
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 resolution. Such 
transnational iseues include: (1) transboundary pollution 
effects from landhaled sources, spills from oil wells and oil 
and hazardous cargo spills from veesels; malane siting; (2) 
transboundary pollution control--harmonization of policies and 
regulations; (3) transboundary fisheries management of migra- 
tory species, shared stocks and illegal foreign iiahing; (4) con- 
servation--coordination of national and regional coneewation 
schemes; ( 5 )  cooperation or harmonization of monitoring, 
surveillance and enforcement; and (6)  management of islands 
and marine areas of uncertain jurisdiction. Examples of actual 
or potential transnational issues are elaborated and altema- 
tive solutions suggested. 

INTRODUCTION 

Nearshore waters and their biota are inextrica- 
bly linked physically, chemically, biologically and 
ecologically with waters farther offqhore. 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 the 
coast, and fish and fishermen migrating between 
offshore and inshore--the outward boundary of the 
coastal area for management and research 
purposes might well be considered coterminus 
with that of the Exclusive Economic Zone (EEZ). 
Most of the coastal countries in Southeast Asia 
have now extended their maritime jurisdictions to 
200 nautical miles (nm) or more and, in many 
areas, their claims overlap (Fig. 1). This 
superimposition of a mosaic of national claims and 
policies on transnational resources and activities 
increases the possibilities for transnational 
marine resources management issues. 

General areas where boundaries need to be 
drawn are in (see Fig. 1): 

a Malaysia-Thailand: a quasitriangular- 
shaped area in the southwestern Gulf of 
Thailand resulting from a disagreement 
over the effect to be given to islands 
claimed by Thailand in drawing an 
equidistant line, although the two coun- 
tries signed a memorandum of under- 
standing on 21 February 1979 recognizing 
the overlapping claims and agreeing to 
establish a joint authority for the exploita- 
tion of seabed resources in the disputed 
area. 
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 territory. 
Malaysia-Philippines: a triangular-shaped 
area off northeast Sabah in the Celebes 

aThis paper is based on the following: Valencia (1983X Jaafar and Valencia (1985); Olson and Morgan (1986;); Prescott (1986); 
Samson (1985); Valencia and Jaafar (1985); and White (1986). 



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 nodheast 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. 
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 temhrial waters. 
Indonesia-Philippines: a small triangular- 
shaped area south of Mindanao 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. 

t sides these overlapping claims to the same 
wa rs, all ASEAN member-states share the 
wahrs of the semi-enclosed South China Sea and 
all Lave jurisdiction over waters that abut those of 
nei hbors--both MEAN and non-MEAN mem- 
b e i  (e.g., Burma, Vietnam, Kampuchea and 
Pagua New Guinea). MEAN maritime neighbors 
inchde Thailand with Malaysia and Indonesia, 
Mdaysia with all ASEAN members, Indonesia 
with all MEAN members except Brunei Dams- 
sallm, Singapore with Malaysia and Indonesia, 
Br*ei Damssalam with Malaysia and perhaps 
thelPhilippines, and the Philippines with Indone- 
sia:! Malaysia and possibly Brunei Darussalam. 
~ h 4  foregoing means that the management of the 
naQonal coastal area may not be purely a national 
affdir. Indeed, coastal management is the basis for 
and blends with EEZ management. 

&ne environmental protection 

@FAN member-states have different strate- 
giei or specific regulations for the protection and 
pr+rvation of the environment in shared or 
a q c e n t  waters. For example, Malaysia, Indone- 
sialand Singapore have adopted different strate- 
gi#--Malaysia: mixed-uniform standards; Indone- 
s i a  multiple uniform standards; and Singapore: 
si*le uniform standards (with treatment 
opgons). The Philippines has taken the variable 
di4harge standards approach by emphasizing the 
mdntenance of the quality of its waters for vari- 
ow beneficial uses. Further, their specific stan- 
dall)ds are different for effluents discharged into 
~&rcourses other than those used for water 
suh ly  (Table 1). In comprehensiveness and 



strictness, Singapore ranks generally higher than 
Malaysia, which ranks higher than Indonesia. 

These policies and regulations reflect real dif- 
ferences in national priorities for environmental 
protection, in general, and for specific pollutants 
and pollutant sources, in particular. Yet a mosaic 
of different pollution policies and regulations 
could make environmental protection of shared 
and adjacent waters very difficult and possibly 
inhibit transnational activities such as oil ship- 
ping. Can and should standards be made uniform 
or be harmonized among, at  least, the ASEAN 
member-countries with large adjacent jurisdic- 
tional areas? If so, which standards, where and on 
what common base? 

are generally weak such as in the Gulf of Thai- 
land, the eastern South China Sea, the Arafura 
Sea and the Coral Sea, presumably so is the dis- 
persion and dilution of pollutants. Airborne pollu- 
tants can be carried across national borders by 
winds and further distributed by surface currents. 
Another means of distribution of pollutants or 
their effects across national borders is through the 
organisms themselves. Some edible and commer- 
cial fish stocks are migratory or shared, and their 
patterns of movement indicate the potential for 
transnational distribution of acoumulated pollu- 
tants. 

ASEAN regional marine 
environmental policies 

Will differences be exploited? MEAN has taken some regional initiatives to 

A potential investor may look at  the various 
pollution standards set by different countries as 
part of an economic assessment of project feasi- 
bility and siting. From an investment perspective, 
the Philippines might be projecting a more favor- 
able regulatory climate by not explicitly express- 
ing discharge standards in its pollution control 
laws. By specifying uniform discharge standards 
in their laws, Singapore, Malaysia, Thailand and 
perhaps Indonesia might discourage some pollut- 
ing industries from' investing in these countries. 
Should countries in the region standardize regula- 
tions to avoid offering incentives to polluting 
industries to locate in a particular country? 

Transnational pallution 

Fig. 2 shows hypothetical oil spill trajectories 
for five points of origin in the South China Sea. A 
spill from the hypothetical point of origin off the 
coast of Sabah would create an oil slick in Philip- 
pine-claimed waters and would cross waters 
claimed by Brunei Darussalam. A spill at the 
hypothetical point of origin east of Peninsular 
Malaysia could result in the pollution of Viet- 
namese and Indonesian archipelagic waters. Oil 
originating at Bach Ho off southern Vietnam 
could penetrate Indonesian and Malaysian 
waters. 

Other more invisible but insidious pollutants 
such as dioxins can travel across national borders 
with the surface currents. Since the surface cur- 
rent pattern reverses itself twice each yeax, pollu- 
tants could be swept back and forth across juris- 
dictional boundaries. Moreover, where currents 

control pollution, e.g., the united Nations Envi- 
ronment Programme Regional Action Plan. But 
some of the marine areas claimed by MEAN 
member-countries are also claimed by other coun- 
tries not party to either the plan or ASEAN-- 
Vietnam and Kampuchea in the eastern Gulf of 
Thailand, Vietnam in the Natuna area, and Viet- 
nam and China in the "Dangerous Ground." 
Because pollution does not recognize jurisdictional 
boundaries, several different issues arise. Should 
these disputed areas be included in regional 
plans? Should and could the plans and interna- 
tional cooperation in marine environmental pro- 
tection be expanded to encompass the entire 
South China Sea and adjacent bodies of water? 
Should extraregional users and polluters such as 
Japan and the United States participafz in the 
plan or contribute to its implementation? To what 
degree should the plan be substantively weakened 
or its priorities changed to encourage more coun- 
tries to participate? 

Are there real differences in perception of pollu- 
tion priorities among the countries? Does each 
ASEAN member-country wish to develop its own 
environmentd impact assessment methodology 
and guidelines to fit its development objectives? 
How will any such perceptual differences affect 
the implementation of the regional plans? To what 
degree should politics influence the interpretation 
of scientific evidence in determining priorities? 

A convention on the marine envimnment 

Within ASEAN, there is a general disposition 
against the notion of a model &tub or some reg- 
ulations for environmental putposes, h i a d  par- 



tially on the diversity among MEAN 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 
prevention and control of marine pollution have 
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 
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 

doigg so directly or through international organi- 
zat$ns. Further, a draft action plan for the con- 
serjlation of nature in the ASEAN region has been 
for ulated by the International Union for the 
Co ervation of Nature and Natural Resources 
(IU 4 N). Priorities include the establishment of a 
net*ork of MEAN reserves and the institution of 
mehures to protect endangered species. A marine 
res*e--ranging on a spectrum from functional, 
wh#e resource utilization occurs, to preserva- 
tio+l--is a crosscutting response to marine con- 
sedation needs. A network of reserves such as 
national parks, biosphere reserves, nature 
r e s e e s  and wildlife sanctuaries is regarded in 
theplan as one of the most effective ways to con- 
serde ecosystems and their constituent wildlife. 
Strdss is placed on finding common criteria to 
serve as bases for establishing an adequate 
r e s h e  system. Should selection of these reserves 
be dbordinated within ASEAN? 

Sedane siting for tankers 

Id Southeast Asia, oil is a major pollutant and 
the hankers traversing the region are the majoi. 

source. Eastbound tankers proceeding 
the Malacca-Singapore Straits-South China 

are for the most part loaded with crude 
from the Arabian Gulf area and bound 
Asia, with some originating from 

 allp pi an west coast ports or ~ndonesian ports on 
the hortheastern coast of Sumatra. South- and 
wes&bound traffic either carries refined products 
or is in ballast. 

The physical restrictions imposed by channel 
depOls of less than 23 m (75 ft) in the straits, and 
the gafety limitation of a 3.5 m underkeel clear- 
ancd added by the three coastal states, effectively 
predude the use of this route by fully laden 
tanwrs of more than 200,000 dwt, which com- 
mody have a draft of 19 m (62 ft) or more. The 
alteMative route for these vely large crude-oil 
carrkrs is through the deep (150 m) and wide 
(124 nm minimum) waters of the Lombok and 

ssar Straits and the Celebes Sea south of 
Min "9 anao. 

T4e Malacca-Singapore Straits, greatly pre- 
ferrd 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). & any one time, there could be approximately 
51 1 aded or returning very large crude carriers 
WL Cs) in the region. This creates a likelihood of 
24.5 !I3 pills per year, averaging 1,000 MT within 50 



mi of land and 5.6 spills per year, averaging 3,338 
MT outside of 50 mi. 

Between 0.35 and 0.50% of a tanker's cargo set- 
tles during long sea voyages, and unscrupulous 
operators discharge this residue into the sea. 
Approximately 1,000 or 300,000 gal could be dis- 
charged into the sea with tank washwater on a 
single voyage of a 200,000-t tanker. In Southeast 
Asia, this phenomenon results in major concentra- 
tions of ballast discharge at each end of the Strait 
of Malacca, in the western Java Sea, west of 
Madura, off Balikpapan, and off Brunei Darus- 
salam and Sabah. Also, plumes of tank washings 
are generated along the two major tanker routes 
(Fig. 4). Furthermore, cargoes such as liquified 
natural gas, nuclear spent fuel and toxic chemi- 
cals transit the region, and some even originate 
from Southeast Asia. 

Under the Convention on the Law of the Sea, 
the archipelagic states--Indonesia and the Philip- 
pines--may, with the approval of the International 
Maritime Organization (IMO), designate sealanes. 
These designations can influence the routing of 
some traffic, even diverting it into other countries' 
waters. Should designation of such sealanes be 
considered on a multilateral basis among those 
countries affected? 

Environmental protection can be used as a 
rationale for siting or resiting sealanes. For 
example, Malaysia explained its denial of over- 
flight off the Strait of Malacca to theBritish Air- 
ways' Concorde to prevent the sonic boom from 
disturbing spawning fish. Where vulnerable and 
valuable marine resources coincide with pollution 
or the threat of pollution, specially protected areas 
might be established and sealanes diverted. For 
example, in the Philippines, such areas could in- 
clude the Palawan Passage route--which passes 
through islands containing pristine mangrove 
forests, major sea turtle nesting areas, endan- 
gered crocodile species and dugong--and the 
Sibutu Passage, which cuts directly through one 
of the world's major sea turtle nesting areas and 
mangrove forests, coral reefs and two marine re- 
serves. In Indonesia, each of the major normal 
routes for tankers passes near valuable and vul- 
nerable resources. For example, the Malacca- 
Singapore Straits route passes by areas of high (> 
1,000 kg/km3) fisheries catch, extensive man- 
groves and marine reserves; the Karimata Strait 
route passes by coral reefs and sea turtle ne~ting 
sites on Billiton and extensive mangrove forests 
on Kalimantan; and the Java Sea portion passes 
through areas of high fishing intensity. 

FISHERIES ISSUES 

Maritime jbrisdiction, 
fish migrations and shared stocks 

Fish that migrate across national maritime 
boundaries present problems of ownership, alloca- 
tion and management since heavy fishing activi- 
ties of one country can adversely affect the fishery 
of another country if both are fishing the same 
stock. Similar problems can occur with shared 
stocks, that is, nonmigratory stocks shared by two 
or more countries (Fig. 5). 

Mackerel stocks, which move north and south 
along the western Malaysian, Thai and Burmese 
coasts, can be exposed to fishing pressure from all 
three countries. Yellowfin tuna migrate between 
northern Australia and southeastern Indonesia. 
The Philippines shares various tuna stocks with 
the Chinese province of Taiwan, northern Sabah, 
Malaysia and northern Indonesia. Shared demer- 
sal stocks of mackerels and other species occur 
between Thailand and Burma, Thailand and 
Malaysia, Malaysia and Sumatra (Indonesia), 
Sarawak (Malaysia) and Kalimantan (Indonesia), 
Vietnam and China, Hang Kong and.  China, 
Sabah and Kalimantan, and Indonesia, northern 
Australia and Papua New Guinea. 

Maritime jurisdiction 
and total marine fisheries catch 

Very heavily fished areas in the eastern Gulf of 
Thailand are claimed by Vietnam, Thailand and 
Kampuchea (Fig. 6). Heavily fished areas in dis- 
pute include parts of the outer Gulf of Thailand 
(Vietnam, Thailand, Kampuchea and, in the joint 
development area, Malaysia), western Natuna 
(Vietnam and Indonesia), the area north of Tan- 
jong Datu (Indonesia and Malaysia), the Gulf of 
Tonkin (China and Vietnam), fringes of the cen- 
tral South China Sea (China, Vietnam and 
Malaysia), the eastern Mainland Shelf (China 
mainland and Taiwan) and the Miangas area 
(Indonesia and the Philippines). 

Issues related to disadvantaged status 
and historical fishing rights 

Distant-water fishing countries have suffered 
economic dislocations after being blocked from 
important fishing grounds, following the EEZ 
declarations of their neighbors and of countries 
outside the region. The MEAN member-states 



adversely affected by the EEZ regime are Singa- 
pore and Thailand, although Singapore has 
shifted its interests to posthamest activities, 
including processing, transhipping and trading, 
with apparent success. 

Article 62 of the Convention on the Law of the 
Sea 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 deak 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 uerbales, loud denunciations in the press 

and @ general feeling of frustration. Vessels from 
Taiqan and Thailand are the chief offenders (Fig. 
7). &e Tenasserim coast of Burma, the eastern 
and &outhem Gulf of Thailand, the Gulf of Tonkin 
andlkhe Luzon Strait are the principal areas of 
ves4l seizures, but there have been numerous 
inciknts in Indonesian archipelagic waters as 
wellll 

Cdoperation among countries in Southeast Asia 
to *force their rights on the resources of the 
E E a  is permissible under the Convention on the 
Law,! of the Sea. Since surveillance and enforce- 
m e d  require ship and aircraft resources that can 
be eqpensive, all nations in the agreement would 
beneit if the necessary resources could be pooled. 

Bat is it desirable or feasible? A subregional 
enfdcement scheme might be considered although 
thert are several reasons why it might not be fea- 
sibl* Nations bordering the sea have very differ- 
ent kterests in enforcement; Singapore, with its 
min%scule EEZ, and the Philippines, with its very 
largq one, clearly do not have the same problems 
or imrests.  Some of the maritime territorial dis- 
put& in the region would make joint enforcement 
extrJ)mely difficult since it would be unclear who 
is eqtitled to be in the disputed region and who 
has Lovereignty over the resources. 

If,kooperative enforcement is not feasible for the 
Sou& China Sea, as a whole, would it be worth 
explbring for some of the smaller bodies of water 
in the Southeast Asian region? In the Malacca- 
Sinepore Straits, Indonesia, Malaysia and Sin- 
gapme 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- 
pinee in the Celebes Sea; and Malaysia and the 
Philkpines in the Sulu Sea. 

S e of the states in the region have already 
es $ lished cooperative surveillance schemes with 
their neighbors, and these could provide a frame- 
war* for additional bilateral and multilateral 

illance and enforcement efforts. Indonesia 
have cooperated in joint surveil- 
common South China Sea border 

r detecting Vietnamese refugees, and the 
ines and Indonesia have a bilateral agree- 

joint surveillance in the Celebs Sea. In 
e ASEAN member-states joined in an 

ment for the Facilitation of Search for Ships 



in Distress and Rescue of Survivors of Ship Acci- 
dents. This multilateral pact could become a 
model for increased cooperative surveillance 
efforts among the MEAN member-countries. But 
can the nations extend their cooperation beyond 
humanitarian concerns to activities with substan- 
tial economic and political connotations? 

Perhaps subregional enforcement efforts are too 
much to expect, considering the differences among 
the ASEAN member-states. But nations in the 
region might harmonize their enforcement poli- 
cies, since harmonization would not imply the sac- 
rifice of any sovereignty over areas in dispute. If 
some coastal states were to agree to standard 
legal and judicial procedures, including levels of 
permissible punishment in the event of convic- 
tions, an important start could be made toward 
the effective management of resources for the 
benefit of all states in the region. Harmonization 
efforts could also extend to procedures for detect- 
ing and enforcing violations of environmental 
regulations and to programs for the consewation 
of living and nonliving resources. 

As a first step, the MEAN 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 
73, concerning enforcement procedures and per- 
missible punishments. This might open the way 
for additional agreements designed to protect the 
marine environment by reducing the possibility of 
collisions and groundings. These activities might 
then be extended to include the establishment of 
agreed positions regarding other aspects of the 
Convention and its enforcement. 

protection 'in ASEAN. The plan itself has created 
a new set of policy problems, this time intertwined 
with problems of international relations. 

If full protection of the coastal and marine envi- 
ronments is desired, countries should first extend 
their environmental concern. and control to their 
EEZs, including areas claimed by more than one 
country. Second, the countries should recognize 
and respond to the transnational nature of some 
pollutants and their impact, particularly oil from 
all sources. Third, the region for cooperation 
should be expanded to include the entire South 
China Sea, including its transnational oceano- 
graphic features and ecosystems. Fourth, the 
scope of the action plan should be extended to in- 
clude environmental impact assessment and the 
management of pollutants from seabed explo- 
ration and exploitation and atmospheric emis- 
sions. Fifth, countries should consider standard- 
izing their approaches to the management of pol- 
lution to facilitate the preparation of a regional 
convention for the protection and managed devel- 
opment of the South China Sea. 
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Table 1. Effluent standards for point sources or discharges into r i v c r ~  or open watcrcourws that eventually reach the ocean. 

Type of waste Item of analysis Unit Indonesia& Malaysiab Singapore' 

0 il Oil and grease mgfl ,: 100 10 10 

Organic BODs a t  20°C nWfl I 300 50 SO 
Total suspended solids Wfl NS 100 50 

Metals Tin 
Barium 
Manganese 
Arsenic 
Metals (total) 
Chromium (total) 
Nickel 
Zinc 
Beryllium 
Selenium 
Cadmium 
Copper 
Lead 
Silver 
Mercury 

Thermal Temperature "C 45 40 45 

Others Total dissolved solids 
Chloride 
Sulfate 
Chemical oxygen demand 
Calcium 
Magnesium 
Inm 
Detergents (as 

methylene blue) 
pH value 
Color (LU) 
Boron 
Chlorine 
Sulfide 
Phenolic compounds 
Cyanide (aa CN) 
Fluoride 
Ammonia (free) 
Nitrate 
Nitrite 

Notes: NS = not specified. 
* = Cr (VI) 

aMahbub (1979). 
bMalaysia (1979). 
'SCS (1980). 



Fig. 1. Maritime juriediction in Southeast Asia: contmversiee (modified fmm Morgan and Valencia 1983). 

Fig. 2. Hypothetical oil spill trajectories and jurisdictional boundaries (modified 
fmm Morgan and Valencia 1983).. 



pig. 3. Tanker trac: ship movements, all aieea 
0980) (modified from Morgan and Valenda 1983). 

Fig. 4. Tank washin@ generated along two 
major tanker mutea. 



Fig. 5. Migration mteg and shared s to eke (Morgan and Valencia 1988). 



Fig. 6. Maritime jurfdictions and total marine catch (modified fmd Morgan and Valencia 1983). 
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ABSTRACT 

Inadequacy of the database is a common dilemma that faces 
resource managem all over the world. The nonavailability of 
information on the quantitative and qualitative changes in 
resources over a number of ycars makes it dificult for resource 
managers to draw correlations between causes and effects. 
Hence, it  limits their ability to pmposc management policies 
and guidelines that impinge on established practices. Thia ia 
further aggravated by the different approaches that managers 
and researchera use in acquiring information on coastal 
resources. Researchers generally want to acquire in-depth 
information on all elements of a resource and its linkages; 
managers focus on information that is relevant in  addressing 
management issues. The researchers' approach results in the 
preparation 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 ha wishes to address and the desired management objec- 
tives-often results in wasted effort. 

In preparing the coastal zone management plan fur 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 dim- 
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 muld 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 pro- 
cedure 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 

habitats; and 
3. loss and degradation of recreational and 

scenic areas, and archaeological, historical 
and cultural monuments and sites. 

The management framework with respect to 
the above-mentioned issues comprised defining 
the problem, analyzing it, stating the manage- 
ment objectives and enunciating policies to 
achieve these objectives. Implementing this plan- 
ning method to the problem of the loss and degra- 
dation of coastal habitats presents the planner 
with 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 pop- 
ular 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 mrely, if ever, pre- 
sented. 

Preparing detailed inventories 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 



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 com- 
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; 

r estuaries; 
sand dunes; and 

r 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 a t  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 a t  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 1:50,000 scale maps. Thirty-eight sheets 
covering the entire coastline of Sri Lanka were 
prepared. On completion of the base maps, the 

data4so collected were transferred onto a final 
map Bt the 1:250,000 scale. 

S&HESIS OF AVAILABLE INFORMATION 

P&lished information on coastal habitats is 
scare .  However, a considerable volume of infor- 
m a t h  is found in unpublished reports and in the 
files of several agencies. Such information covers 
econdmics, management issues and research pri- 
oriti s for each habitat type, including a compre- 
hen e bibliography. This information was then 
circ # ated to agencies and individual scientists in- 
volv , in habitat management and environmental 
cons ta t ion .  A workshop was organized with the 
follo 'ng 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 
I short- or long-term implementation. 

Th# habitat atlas and the synthesis of available 
inforhation were the primary documents used in 
the &rkshop. The workshop resulted in the adop- 
tion r# a standard definition for each habitat type, 
a coi#sensus in the definition of management 
objecgves and issues, and a research agenda 
focushg on habitat types. 

MAIWGEMENT STRATEGIES 

Baled on the results of the workshop, a man- 
a g e d n t  strategy for coastal habitats was formu- 
latedqand became part of the coastal zone man- 
agement plan. The strategy comprised the fol- 

the significance of the habitats, the nature 
problems faced, management issues and 

and the policy on habitat mitigation. 
initiatives, with respect to human 

ies that contribute to habitat degradation, 
promulgated. There is also a need for 

a p&lic education campaign on the values of 
coasthl habitats and their management. 

T b  author acknowledges the assistance pro- 
vide4 by the USAIDAJRVCCD project and by the 
dire4or and officers of CCD in the preparation of 
this laper. 
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ABSTRACT 

Of the many tourist attractions in Ban Don Bay, Thailand, 
KO (meaning "idand") Samui is the most popular. Tourism has 
grown rapidly on the island. In 1980, it had only 14,868 viai- 
tors and a few  bungalow^; in 1987, it had about 210,000 viri- 
tom and 2,990 rwm. Touriata go to Ko Samui becauw of ita 
attractive beaches, coral reefa and clear'waters. However, 
these natural attractions are now under considerable preesure 
from tourism development. Existing institutional arrange- 
ments for the management of the idand's o~astal  zone and 
marine resouma are un~atisfactoty and unable to halt their 
degradation since the= are baaed on narrow swtoral interest8 
and centralized policymaking. Thue, new cooperative 
arrangements among government agencies (both at the 
national and local levels) and the participation of its local peo- 
ple 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 of 
the country's natural resources have been ram- 
pantly exploited. Malpractices are prevalent in 
some areas, reducing the potential wealth from 
these natural resources (TDRI 1987). For exam- 

ple, forest areas have been depleted from 27.36 
million ha, representing 53% of the total land area 
of the country in 1961 to 14.90 million ha  or 
29.05% in 1985. During this 24-year period, forest 
areas have decreased a t  an average annual rate of 
512,000 ha. Mangrove forests, which cover 
272,000 ha  of land throughout the country, are 
expected to decrease a t  an  average rate of 6,400 
ha per year. Coral reefs are being destroyed with 
the use of explosives, offshore mining and other 
activities that deplete larval and fish fry grounds 
while the number of trawlers have increased five- 
fold from 1,872 in 1967 to 9,390 in 1983. Marine 
resources are then harvested faster than they can 
be replenished, and their natural habitat 
destroyed (Government of Thailand 1987). 

There is a tendency toward increased conflicts 
in the use of natural resources. The country lacks 
effective operational plans for the sustainable use 
of these resources. If such plans do exist, imple- 
mentation is difficult because of coordination 
problems within and without the organizations, 
especially a t  the local level. 

Among the main objectives of the SNESD Plan 
are to increase efficiency in the wise use of natu- 
ral resources and to conserve the environment for 
sustainable development. The plan also promotes 
tourism development in the Upper South 
subregion, which the Thai Government has 
selected as pilot site for the formulation of a 
comprehensive 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 aim$ to identify and analyze signifi- 
cant problems in managing coastal tourism 
resources, with special focus on local institutional 
arrangements. 



METHODS R E ~ L T S  

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 km2. 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 oficials both a t  
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. 

r Type D: 40 respondents from communities 
not adjacent to beaches or the ring road. 

Auinistrative structure 

TUailand is a unitary state with a highly cen- 
traliked government. There are three levels of 
addnistration: central, regional and local. 

AJ the central level, the Office of the Prime 
Mindster and 1 3  ministries constitute the core of 
the bational government. Each ministry is com- 
posdd of departments, some of which have offices 
a t  egional and local levels. At the regional level, 
the* are two sublevels: province (changwat) and 
distdict lamphoe). Each district comprises a num- 
ber Cf smaller administrative units called tambon, 
whidh is formed by a cluster of small villages. At 
the itocal level, four types of organizations form a 
sys m of local government, namely, changwat 
ad 2 'nistrative organization, municipality, 
san$,ary district Isukhapiban) and tambon 
couWcil. Some political science academicians 
cla&fy the Bangkok Metropolitan Administration 
an41 the City of Pattaya Administration as special 
authorities. Each level of local government has its 
owm specific laws providing the legal basis for its 
orglnization and functions. Their power and 
funJtions vary but the limits of their territorial 
jurqdiction are demarcated. 

T$ie SNESD Plan pointed out that development 
plads for natural resources must consider the 
gen ral state of affairs of the nation and the roles 

ntral agencies that are the key bodies for 
dec ionmaking. In other words, resources man- 
age 1 ent is generally done in Bangkok by specific 
de rtments attached to the 13 ministries or the 
O a e  of the Prime Minister. Participation by 

ies a t  the provincial and local levels has not 
xtensive (Government of Thailand 1987). 

e government agencies involved directly or 
tly in managing coastal tourism resources 
e Office of the National Environment 

Bo#d, the Tourism Authority of Thailand (TAT), 
the): Royal Forestry Department, the Harbour 
Dee(artment, the Department of Fisheries, the 
Lo61 Administration Department and the Royal 
~oMce Department (particularly its Marine Police 
Didsion). These agencies have their own specific 
fumtions. Unfortunately, the failure to coordinate 
hag resulted in the deterioration of tourism 
remurces. 

'Dhe survey shows that about nine-tenths of 
Graup A respondents thought that TAT should be 
thd key agency in administering all aspects of 
pl*ning, monitoring and evaluating for tourism 



development and management. In fact, TAT 
focuses on tourism promotion activities but con- 
ducts little research on tourism development 
planning. During fiscal year 1987, TAT spent 
10,277,900 baht for surveys and data collection 
when it could have used it for p1anning.a Total 
expenditure of TAT in the same year amounted to 
384,354,100 baht. Thus, only about 3% of the bud- 
get was spent for surveys and data collection. 

Key ministries and agencies concerned with 
natural resources development have to be restruc- 
tured to ensure the necessary integration between 
ofices (TDRI 1987). This streamlining process 
needs to extend down to the local level, with the 
requisite authority and funding. 

Table 1 shows the functional relationship 
among existing ministries and agencies and levels 
of government in CRM. 

Participation In planning 

More than half of Group A respondents dis- 
agreed with the statement that their respective 
organizations have appropriate vertical decen- 
tralization in the administration. Seven-tenths 
thought that their superiors had limited authority 
in making decisions regarding problems at  the 
local level. Six-tenths of the respondents who are 
involved in CRM agreed that tourism resources 
have been used without considering the negative 
impact of tourism. More than one-thixd accepted 
that their organizations lacked qualified man- 
power with a good knowledge and understanding 
of CRM principles. About half of the respondents 
involved ia CRM agreed that the problem of coor- 
dination prevails in the Upper South's provisions 
for tourism management, while six-tenths agreed 
that the exchange of tourism information among 
provinces has always been small. Six-tenths also 
believed that public agencies involved in tourism 
development were working independently without 
consulting or discussing the adoption of an inte- 
grated approach to tourism development md 
management (Table 2). 

A provincial planning analyst said that since 
1982, the provincial development plan has focused 
on rural development. But the policy guidelines 
formulated by the central government have not 
included tourism development in its rural devel- 
opment strategy. There is no plan for CRM, too. 
Therefore, the activities concerned with these 
endeavors have not been supported by the rural 

development budget. If any province or district 
would like to have such ,activities, its officials 
have to make a request to the central government 
agencies through their representatives working in 
the provincial or local offices. 

Furthermore, most of the 18 interviewees, both 
at  the local and provincial levels, said they had 
little if any participatory role in the tourism 
development planning process, because they were 
informed only after the plan had been approved 
for implementation. This lack of consultation 
resulted in the ineffective implementation of the 
plan. 

mcials also indicated that problems of con- 
flicting uses were common. For example, the 
maintenance of fish nursery grounds in the man- 
grove areas conflicts with wood and charcoal pro- 
duction, brackishwater aquaculture, tourism, 
mining, port development, road networks, housing 
and agricultural development. It is apparent that 
the importance of the mangrove estuarine system 
is poorly understood and that few realize that 
mangrove destruction will have adverse affects on 
the delicate nutrient balance over wide areas and 
the catches of mangrove-related commercial 
marine species. 

Law enforcement 

The culture of rural Thai society affects law 
enforcement. Law enforcement is still weak. Sixty 
percent of Group A thought that laws should be 
enforced seriously and that violations should 
receive immediate prosecution rather than 
delayed action. 

However, some natural resources management 
laws have legal loopholes or are not up-to-date. 
For example, the Fisheries Act of 1947 does not 
actually stipulate coral reef protection. The pro- 
tection of reefs at  present is subject to legal inter- 
pretation. No law empowers the local people to 
protect their environment and natural resources 
as " ~ o ~ m o n  property resources." In this context, 
common property resources are basically accessi- 
ble and freely available to any user in the country 
(Christy 1982). 

The local government is a key agency in irnple- 
menting a natural resources management policy. 
In this case study, an inappropriate local govern: 
ment for KO Samui was noted as a problem. This 
island has been governed by a chief district officer 
appointed by the central government. He controls 

81 987: 28 baht = US$1 .OO 



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 a t  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  possible. Com- 
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 compeneation 
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 a t  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 disttict cannot provide adequate services to 
address this problem. 

T& introduction of a bus-car ferry to Ko Samui 
h t  rapid changes. Some residents have Er% ted to  the mainland where the cost of living 

is 1 er. Many local people initially sold their 
lan t o  outsiders because they could not compete 
wit 4 businessmen from outside. Now they tend to 
leas their properties, a practice that may become 
the i- end on Ko Phangan. 
Tlk government tried to extend tourism devel- 

o p m b t  benefits to the local people by encouraging 
t h e 4  to participate in tourism-related activities. 
Hodver ,  this has not met with much success. For 
exadple, most of the owners of coconut 
planktions still prefer to stay with this crop. The 
Depbtment of Agricultural Extension persuaded 
thes 4 people to grow new crops such as  vegetables 
and h i t s ,  which are in high demand by restau- 
rants and hotels. However, the traditions of the 
f a r d r s  concerned inhibit the implementation of 
the *partmentts plan. 

0thdr issues 

T& study also shows that there is a problem of 
publk relations. There is no mechanism to convey 
und4standing and create public participation. 
For bxample, when the local people (Group C) 
wer$iasked if they knew that the sanitary district 
had " project to solve the problem of water 
iho#ges on KO Sarnui, only 57% of the sample 
kne :, about it. 

B inesstnen tend to have a better under- 
stan 'ng of development projects than the local 
peop:,, , which probably reflects their education 
and , cess to media. Some owners or managers of 
touri m businesses feel that government agencies 
do n t promote tourism development in certain 
area (i.e., Mae Nam beach). The businessmen are 
thus,  orming a social group. Yet, most of the local 
resi nts who are agriculturists still work inde- 
pend i :ntly since the cooperatives supporting their 
occu*tions are weak. 

In*rviews show that 79% of the local people 
55% of the businessmen (Group B) and 

were satisfied with the development of KO 
a t  present. The private sector seems to 

development in areas where they have 

I 

Trqning is needed to strengthen the local gov- 
ernmll(ntfs capabilities to cope with the problems 



in managing coastal tourism resources. It may be 
necessary to introduce a new type of local admin- 
istration and a revised local tax system. The sani- 
tary district should be allowed flexibility to 
impose higher taxes. 

There is an urgent need to improve coordina- 
tion, both vertically and horizontally, among and 
within the in-line agencies. 

It is generally accepted that the greater the 
number of agencies responsible for natural sys- 
tems management, the greater the possibility that 
the agencies will face conflicts, hence, the greater 
the need for interagency coordination and com- 
munication (Mayntz 1978). 

Therefore, the guidelines contained in the 
SNESD Plan should be used; that is, they should 
resolve coordination problems among government 
agencies by implementing a program system that 
allows for more synchronization in operations and 
greater cooperation (Government of Thailand 
1987). 

Particularly in this case study, most of the 
respondents agreed that an Upper South coastal 
tourism resources management committee should 
be established. To some exteht, it would solve the 
coordination problem and enhance information 
exchange. Some provincial and local officers con- 
cerned should be recognized and given a partici- 
patory role throughout the planning process. 

Existing laws affecting coastal tourism 
resources i . . ,  corals, ' beach encroachment, 
coastal water quality) should be reviewed. 

Public relations at the local level should be 
improved. For example, meetings should be held, 
and tambon headmen, village headmen, informal 
village leaders and some businessmen should be 
invited to participate actively. This would help 
concerned authorities to understand the problems 
better and thus, find the solutions according to 
the expressed needs of the people. 

CONCLUSION 

There are many problems in institutional 
arrangements for managing coastal resources 
since this is a new area of development in Thai- 
land. These problems can be solved only if con- 
cerned agencies sincerely wish to work as a team 
for the benefit of the people. Consensus is also 
needed among the local people that coastal 
resources are invaluable and should be used on a 
sustainable basis. 
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Table 1. Governmen1 agencies managing coastal tourism resources in Ban Don Bay, clamiced by levels and 
functional relationship. 

3s 
Table 2. Opimons ol namplea in Gmup A bmrd coastsl tomiam pesourees :manaspntent." 2 Functional relationship 

and level dgovernment Agencies 
Opinions No. Peroentase. 

Central organizations managing 
through provincial auihority 
with their provincial oficers 

Department of lands,  Department of Public Warkarks, Royal 
Forestry Department, Department of Fisheries, Local 
Adminiatration Department, Royal Police Deparlment, 
Ofice or the Permanent Secretary or the Minislry 01 
Inlerior 

The orgsnhtion in which you are working hus 
appropriate vertical decentrubution in the 
administration 

agreed 
not sure 
di~ugreed 

Central organizations managing 
through provincia1 authority 
with no pmvincial oIIicers 

Office 01 the National Environment Board or Thailand, 
National Research Council, Department of T o m  and 
Country Planning 

Your superiom have limited suthority in making 
ia solve lbe problem8 encountered at 

the local level. 

asreed 
not sure 
&napreed 

Central organizations managing 
through their regional o r  local 
agencies with less provincial 
adhority 

National Economic and Social Development Board, Royal 
Forestry Department 

- National Parks Division 
- Wildlire Consewaiion Division 

Department olFisheries 
- Marine Fisheries Division 
- Brackishwater Fisheries Division 

Harbour Department From the past until now, h r i m  rear- have 
been used without lahing into m c m m i  iheir 
negative impaet. 

agreed 
not sure 
dies- 

Local organizations managing 
alone 

KO Samui Sanitary District, Muang Surat Thaoi 
Municipalily 

Note: The Tourism Authorily of Thailand is a public enterpriw that has its oficem in some provinces. 

The orflnizaticm in which you ere working lacks 
qmMed manpower who have a good knowledge and 
understanding d l h e  principles dcoaatul 
nmurces msnagement. 

a d  11 37 
not sure 

= 5 . .  . .  .. - -  . .  .. . 18 - 6 3  .,; 
There is a coordination problem oftowism 
management in provinces located in the Upper 
Swth subregion. 

a@ 
not sure 
&sagred 

Public sgend- i m o l d  in burism are 
workng independently without condiing 
or discussing with one d h e r  lor an 
inlegraM appmacb to obtain appropriate 
benefits h n  ooastal taurism davelopmtmt 
and management 

a@ 
not sure- 
dissareed 

aSample~ who did not give their mawem asre not iduded in the perocnLaOs camputatioh 
Fig. 1. Samui and Ang Thong 
:slands, Ban Don Bay, Thai - 
and. 
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ABSTRACT 

Territorial use rights in fisheries (TURFS) is an nltornative 
coastal resources management (CRM) scheme that aims to 
create the appropriate environment for sclf-mnnngcment 
through the establishment of private or community owncrship 
over i r n m o n  property resoircel. It cnn take thc form of 
leasehold arrangements, franchises or allocntions o f  owncrship 
over an area or fish stock (e.g., award of a certificnte of stew- 
ardship). 

The experience of the Mnrine Conservation Dcvclopmcnt 
Program (MCDP) of Sillirnan Univcrsity (Philippincr) illus- 
trates the potentials of TURFS as nn nltcrnativc rnnnagement 
scheme for artificial reek, in  particular, and for constnl 
resources, in gonorol. The TURFS concept was uscd by the 
MCDP so thnt the "owners" of the rcsourccs would bc intcr- 
ested in the current and future productivity and jn thc hcnlth 
of "their" coral reefs and thus be inclined lo control fishing 
practices and efforts to improve nct bcncfi~s 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 the use of fishpens in 
L a y n a  de Bay, Philippines; the industrial pollu- 
tion in Kuala Juru, Malaysia; the tantalum inci- 
dent in Phuket, Thailand; and the trawling ban in 
Indonesia. 

In most of Asia, coastal resources, particularly 
fisheries, are generally regarded as open-access 
and common property. However, experience over 
the decades has shown that open-access manage- 

ment fails once the fishing effort has surpassed 
the natural rates of stock regeneration. Failing 
fisheries throughout the world have been charac- 
terized by declining total yields, sharp decreases 
in the yield per unit of fishing effort, disappear- 
ance of the more highly valued species, cut-throat 
competition among fishermen and, in some cases, 
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. In 
most 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. 

CRM not only controls exploitation but also 
establishes ways to restore or rehabilitate 
destroyed or heavily depleted resources (Chua 
1989). So, while past efforts emphasized conserva- 
tion measures, technological advancement per- 
mits a complementary and parallel approach 
toward the restoration of essential coastal ecosys- 
tems. In the Philippines, the more common 
restoration efforts are mangrove reforestation, 
seagrass transplantation and artificial reef cons- 
truction. However, t.hese efforts are confronted by 
such 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 thnt the root cause of 



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 too 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 difference 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 
bedause 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 is that the average 
income of small-scale fishermen will tend to be a t  
or close to the bottom of the scale. 

Conflict 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. 

14 essence, the consequences of free and open 
acc4s are generally quite damagng. Possibly, the 
onl$jposjtive result is that the common fisheries 
mag1 offer employment opportunities in situations 
whde. alternative opportunities are scarce or 
noniixistent. But this is a short-term benefit, 
whidh, in the long run, can be outweighed by the 
danhge wrought. 

T@RFS have been known to exist for centuries. 
Cornunity fishing rights and other forms of pro- 
prie+ry rights have been the rule rather than the 
exc tion in many traditional coastal fisheries. 
The have emerged, and some are still main- 
tain 7 d, where certain conditions permit relatively 
easd acquisition and defense of exclusive rights. 
sed&tary resources such as  oysters, mussels and 
seadeeds have long been subject to use rights. 
Encbsed bodies of freshwater ponds, lakes and 
flood plains have also been subject to exclusive 
use kights for centuries (Christy 1982). TURFs 
havq also emerged in areas or situations where 
enserof acquisition and defense of exclusive rights 
are bot readily apparent. TURFs have developed 

arine areas such as lagoons, along beaches 
and n relation to coral reefs, and, more recently, in t 
legally or illegally, in association with fish aggre- 
gatian devices (FADS) and other new technologies. 

TQRFS are more pervasive. Fisheries and tech- 
niqws using or permitting exclusive territorial 
use tights include: oyster and clam bottoms, sea- 
weed beds, raft culture, FADS, beach seine rights, 
fish ens and cages, set net rights, bottom fish 
tr  a 4  (e.g., lobster pots and octopus shelters), 

reefs, lagoon fisheries and fish trapdcorrals 
(Ch 'sty 1982). 

T RFs can remove, to a varying extent, the 
con 'tions of common property, thus reducing the cOr i! 
negltive consequences that tend to waste the 
res4rces. The owner(s) of a TURF can limit the 
inp s of capital and labor a t  the point where the 
gre $ est net benefits are produced, This could be 
wh e economic revenues and social objectives can 
be 7 n  aximized (e.g., maximum employment a t  
satidfactory levels of income). 

ajbmmunity-managed TURFs provide both the 
oppqrtunity and the incentive for resources man- 
age ent within a territory. Since the owners of a 
TU F (group of individuals or a community) have 
the ! xclusive right to future products, it will be in 
the* interest to ensure the flow of these future 



products. This would facilitate the imposition and 
enforcement of management measures whose 
most effective form occurs when it is in the self- 
interest of the user to comply with the rules. 

In small-scale fisheries, where the community 
of users is relatively homogeneous and the group 
size is relatively small, reciprocal and mutua!ly 
reinforcing relationships are feasible and thus 
facilitate self-regulation and minimize conflicts. 

While community-managed TURFs provide 
community control over the resources and the 
benefits derived from them, the opposite can be 
damaging. Thus, if localized TURFs develop on 
their own, without effective community control, a 
class of sea lords that monopolizes resources may 
be formed. This has  happened where wealthy 
fishpen owners have dominated the use of spaces. 

PHILIPPINE EXPERIENCE WITH TURFs 

Prior to Spanish colonization, the Philippines 
was inhabited by various ethnic groups organized 
into independent villages known as  barangay. No 
comprehensive accounts exist of the manner in 
which these villages related to their environment, 
particularly the coastal resources, Yet, early 
Spanish documents (in Blair and Robertson 1903, 
as  cited by Lopez 1983) mention that: 

Barangay in the vicinity of Manila claimed as  
much of the sea and nearby rivers as they 
could defend against neighboring barangay 
(Francisco Colin 1663); and 
Tagalogs established fishery limits and set 
aside sections of river for use as  trading cen- 
ters. Use of these areas by nonmembers of a 
settlement was contingent on the payment of 
fees (Juan de Plasencia 1589). 

As Spanish rule prospered, the barangay were 
incorporated into the dominant sociopolitical sys- 
tem and with this, the territorial fishing rights 
claimed by each village broke down. Coastal and 
offshore waters became open to exploitation by all 
parties who had the means. 

During the American occupation of the Philip- 
pines, exclusive use of the coastal waters, this 
time by individuals, was again established by the 
Fishery Act of 1932 for fish corrals, fishponds, 
oyster culture beds and for fry gathering. How- 
ever, municipal fishing licenses issued under the 
Act still allowed subsistence fishermen to exploit 
all waters within the jurisdiction of a municipal- 
ity. 

According to Lopez (1983), "In at least one 
locality (Bolinao, Pangasinan), the Fishery Act 
was used to concentrate control of the municipal 
waters within a small circle of the affluent. 
Waters to a depth of 10 fathoms were divided into 
five or six lots and leased by auction. Concession- 
aires exacted fees from net fishermen and corral- 
builders who wished to operate within their lots, 
based on estimates of the potential catch. Hook- 
and-line fishermen were exempted from this levy 
because their catches were considered negligible. 
The concessionaire could then control the number 
of fishermen utilizing his lot and, in theory a t  
least, make sure his stock would remain produc- 
tive." 

The exclusive use of coastal waters by individu- 
als or corporations continues up to the present 
and remains the dominant arrangement for 
TURFs in Lingayen Gulf. For instance, Ordinance 
No. 8, Series 1976, of the municipality of Bolinao, 
known as the "Basic Fishery Ordinance" declares: 
"Operating fish corrals, oyster culture beds or 
catching of bangus fry or fry of other species for 
propagation shall be considered exclusive fish- 
ery privileges which shall be granted always to 
the highest bidder in public bidding held accord- 
ing to the provisions of this Ordinance." 

In the municipality of Sual, TURFs for fish 
cages and stationary lift nets have been awarded 
to individuals or corporations. Similar arrange- 
ments exist for the oyster rafts and mussel stakes 
of Binmaley and San Fabian. Fish corrals all over 
the gulf are administered under individual or cor- 
porate franchises. 

In the municipality of Agoo in La Union, a sim- 
ilar provision providing for the exclusive use of 
coastal waters in the operation of fish corrals, oys- 
ter culture beds and in the catching of fry exists in 
the ordinances pertaining to fisheries. However, 
there ore no clear provisions on the operation of 
FADS or payao in La Union. Galvez (1988) notes 
the existence of a form of sea tenure system such 
that "anyone who has  laid down an artificial reef 
in an area earns the sole right to fish around the 
reef. . . ." This may have developed in the practice 
of installing payao which follows a traditional use 
right system. 

ARTIFICIAL REEFS AND TURFs 

A recent development is the acquisition of 
TURFs by fishermen's organizations in several 
communities in connection with building artificial 



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. I t  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, 

The establishment of marine reserves and sanc- 
tuarles a t  the MCDP sites capitalized on the ten- 
denw of the local people t o  informally adhere to 
territorial rights. The MCDP has shown that  
TURIFs, as  applied to small islands, can remove 
the iconditions of common property and thus 
redwe the negative consequences of open-access 
com*ons. The incentive to the community is that  
the flow of present and future products could be 
ensured if there is evjdence for improved returns. 
The TURF arrangements in this case have rein- 
forcrd self-regulations and minimized conflicts. 
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ABSTRACT 

Rapid development and lack of understanding a b u t  the 
cause-and-effect relationships' bctwecn dcvelopmcnt and 
adverse ernlogical impact on the coastal zonc hnvc rcsultcd in 
the degradation of coral rcef ccosystcms in Pcninsular 
Malaysia, specifically on tho wust coast. Mnlnysia has, how- 
ever, responded i n  two ways-41) it has dcclarcd thc islands 
and the surrounding wators with intact coral reef emsystcms 
as  protected areas as of 1984, with a view to creating marine 
parks; and (2) the country has ombnrkcd on an intensive nrti- 
ficial reef program. 

The program began in the early 1970s and is currently 
being carricd out by two departments within thc Ministry oC 
Agriculture: tho Department of Fisheries (DOF) and the Fish- 
eries Development Authority (FDA). The goal of both dcparl- 
ments is to increase an already dwindling constnl fishery stock 
but for different reasons: that of the DOF is toward mnserva- 
tion and replenishment of stack whilo that of the FDA is 
toward incream of the fishing potential and, thcrcby, 
enhancement ofthe livelihood of the coastal fishermen. 

The artificial mfs are made of tires and concrete and/or 
confiscated boats. Preliminary msearch indicntcs that them is 
an increase in  catch directly over the artificial r o c k  Howcvcr, 
this raises the question of whether this is an indication of 
actual increase in fish stock in thc coastal arcas or aggregation 
of the dwindling fish stock in the artificial r c c h  If thc increase 
in  catch is a sign of the latter, thc establishment of artificial 
roefs to enhance fishing would load to the rapid depletion of 
the fish stock in the inshorc zone. On the other hand, if thc 
increase in  catch is a sign of the former, the estnblishment of 
artificial reefs for conservation and habitat onhnnccmcnt could 
reinforce 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 a t  the 
bottom of the aquatic environment, aimed at 
improving the fish habitat and stock and 
enhancing colonization by marine organisms such 
as algae, barnacles' and shellfish (Stone et al. 
1979). 

There are currently two artificial reef programs 
under the Malaysian 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 with 
replenishing and conserving an already depleted 
inshore fishery stock, The FDA program is con- 
cerned with improving the livelihood of the coastal 
fishermen by increasing their catch through the 
provision of an artificial fishing habitat that 
attracts and aggregates the stock for easier fish- 
ing. 

The DOF program began in an unassuming and 
ad hoc manner in 1975 as an experiment in habi- 
tat  rehabilitation. The program did not obtain an 
official budget allocation until the formulation of 
the National Agricultural Policy (NAP) in 1984. 
This was because the total marine fish landings of 
Malaysia decreased rapidly (by 23.6%) from 
757,000 t in 1981 to 578,000 t in 1985. Research 
conducted by the Fisheries Research Institute 
(FRI) also indicated that the average catchhour of 
demersal resources off the west coast of Peninsu- 
lar Malaysia dropped from 131.1 kghour in 
December 1970 to 58.9 kCr/hour in December 1980 
(i.e., a 55% decrease in the catch rate). The catch 
by trawlers decreased further to an average of 
18.7 kghour in 1986 (DOF 1987). Under the NAP, 
the highest priority was accorded to the fisheries 
sector with special emphasis on the intensification 
of rehabilitation, conservation and protection. 

Following the NAP, a comprehensive program 
was developed in 1985. With a budget allocation of 
M$8.24 millions, a toh l  of 65 artificial reefs were 
constructed as of December 1987. Each tire reef 



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 1986, 
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 i s  to build a s  many artificial reefs as 
required by the coastal fishermen. 

EFFECTIVENESS OF ARTIFICIAL REEFS 

As a conservation strategy 

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, spnwning 
and orientation (Kojirna 1956; Gooding and 
Magnuson 1967; Hunter and Mitchell 1967; 
Kakimoto 1982; Ogawa 1982a, 198213; and 
Yoshimuda 1982). 

t h e  FRI's preliminary research (Wong 1988) 
in4cates that artificial reefs develop a complex 
m&ine ecosystem very similar to that of coral 
re#s within the area. 

%ish are seen schooling around and colonizing 
thq artificial reefs rapidly (Russell et al. 1974; 
R sell 1975; Lim et al* 1976; Molles 1978; Bohn- 
sa 2 and Talbot 1980; and Wonp 1988). In a few 
mmths, the artificial reefs are encrusted by a 
wi& variety of typically coral reef organisms such 
as Cnemones, sponges, algae, sea fans, sea feath- 
er bivalves, mollusks and tunicates. The trend is 
for lthe resident fish population to increase to  a 

imum population size and then settle to an 
eq librium community structure within one to " f 
fiv years (Turner et al. 1969; Stone et al. 1979; 
Bo nsack and Talbot 1980). Wong (1988) found 
th 1 the fish population stabilized a t  a biomass of 
68 h m 2  inside artificial feef areas within a year. 
 adou us commercial fish were also identified such 
as $nappers, sweetlips, parrotfishes, rabbitfishes, 
gro#pers, squids and cuttlefishes, among others. 
CoNls start to appear about four years after the 
emllacement of the artificial reefs. 

of researchers have suggested that in 
areas, shelter is a limiting factor (assuming 

physical, chemical and biological 
the establishment of a particular 

spedies are present) in the distribution and abun- 
dan e of certain marine organisms like lobsters 
(Ste art 1970; Scarratt 1973; and Briggs and 
Za 1 cki 1974). Furthermore, the growth of 
enchsting organisms on artificial reefs also 
ser s as a source of food and an attraction for 
ma ne fauna, as  shown in the case of lobsters 
(W s 1970; Alfieri 1975; and Sheehy 1976). 

A I ificial reefs also help check trawling opera- 
tionr in the inshore area since trawl nets caught 
in tqem are destroyed, thus contributing to reef 
consr)rvation efforts. Currently, all trawl fishing 
ope tions are prohibited within 5 nautical miles ? (nm]$ from the coast and only owner-operated 
tra$rs less than 40 gross tons IGT) are permit- 
ted &tween 5 and 12  nm from the coast. These 
mea+xes have been instituted because the 
traw rs, by dragging their nets along the seabed, 
dest 3 y the spawning and breeding grounds; they 
also datch indiscriminately, thus aggravating the 
probltm of a depleted inshore fishery stock. For 
Malaysia, which has an extensive coastline 
total g 4,809 km (Peninsular Malaysia 1,972 
km; r abah 1,802 km; and Sarawak 1,035 km), 
enfor$ment of these regulations is an arduous 
task. 4 



As a strategy to increase the 
biological productivity and 
carrying capacity of a n  area 

Stone et al. (1974) found that artificial reefs 
increased the ability of an area to support fish. 
Mathews (1966) attributed the increased biologi- 
cal productivity of an area to the expansion of its 
firm surface area, thus allowing for the attach- 
ment of invertebrates and algae. 

As a habitat enhancement strategy 

Research done by the National Marine Fish- 
eries Service (USA) has indicated that artificial 
reefs can be used for habitat enhancement 
because the artificial reef in the area of the natu- 
ral reef it has studied doubled the carrying capac- 
ity and fish biomass there (Stone et al, 1979). This 
quantitative information was obtained from 
observations made on a small artificial reef and 
an adjacent natural coral patch reef in Biscayne 
National Monument, Florida, United States. Fur- 
thermore, this study questions the misconception 
that artificial reefs function only to concentrate 
fish. It has demonstrated the potential of these 
reefs for increasing stock sizes of fish. 

As a rehabilitation strategy 

The use of artificial reefs in rehabilitating 
marine and estuarine areas damaged entirely or 
impoverished by coastal development has been 
demonstrated in Biscayne Bay, Miami, Florida 
(Stone 1972). An artificial reef was constructed in 
an area dredged to a depth of approximately 30 ft 
from a normal depth of 8 to 10 ft. This dredging 
destroyed the natural bottom of the area (which 
was coral and limestone) and in its place left an 
unstable, semisolid mixture of particulate matter 
that could support only a few organisms. How- 
ever, the construction of a high-profile artificial 
reef, which protruded above this soft bottom mix- 
ture, provided an alternate favorable substrate for 
encrusting organisms and a habitat for other 
marine fauna. The positive effects were evident 
within six months of emplacement of the artificial 
reef. 

As recreational fishing areas 

There is an upper limit to the amount of fish 
that can be harvested on a sustainable basis on an 
artificial reef. Monitoring by DOF showed that 

selective fishing can be carried out over the artifi- 
cial reefs after a period of one year. Moreover, 
subject to certain constraints, primarily the inten- 
sity of fishing allowed, artificial reefs provide 
improved recreational fishing areas (Stone et al. 
1974; Prince et al. 1975). Buchanan et al. (19741, 
who evaluated the potential of artificial reefs for 
recreational marine sport fishing off South 
Carolina, concluded that fishing success over 
these reefs was not as high compared to that 
done over a nearby live bottom habitat. This was 
so because of the high fishing intensity in the 
small area covered by the artificial reefs. 

The success of artificial reefs for recreational 
fishing is also determined by their type of con- 
struction. Wickham et al. (1973) show that in the 
Gulf of Mexico, artificial reefs in the form of mid- 
water structures have increased the CPUE for 
several pelagic recreation51 fish. The profile of 
fish found in the area and their habitat prefer- 
ences are success factors, too. Pelagic and demer- 
sal species are attracted to high- and low-profile 
artificial reefs, respectively. Invertebrates such as 
shrimp, crabs and lobsters are attracted to small 
structures with small holes and crevices while 
large fish are attracted to large and high struc- 
tures with numerous large crevices. 

Another success factor is the presence of food 
resources. Randall (1963) found that the artificial 
reef off St. John contained a fish concentration 11 
times higher than the two natural reef areas in 
St. John. He attributed these occurrences to 
additional food resources present in the 
surrounding. seagrass beds. 

As commercial fishing areas 

Preliminary data on the benefits of FDA's arti- 
ficial reefs to coastal fishermen show an increase 
in their earnings (LKIM 1987). The highest 
increase in earnings (99.7%) was from those who 
fished over artificial reefs that were made of con- 
fiscated boats, followed by those who fished over 
concrete structures (66%) and over tires (23%). 
This is to be expected as the reefs are known to 
aggregate fish, and this increase in earnings 
reflects a greater CPUE due to the presence of the 
artificial reefs. However, as  in the case of recre- 
ational fishing areas, the success of artificial reefs 
as commercial fishing areas will also be deter- 
mined by their types, the fishing intensity and the 
rate of fish stock replenishment. 

More research is required to support the policy 
to use artificial reefs as  commercial fishing areas. 



Sheehy (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 m2 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 f i~hing areas requires more 
investigation prior to adoption and implernenta- 
tion. 

The potential of artificial reefs as a comprehen- 
sive mitigatiordcompensation 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 disturbancedimpact 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 
destruction. Any management strategy that 
allows the exploitation of artificial 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 in Malaysia. How- 
ever, this is not so in Japan 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 
areas for hatchery-reared juveniles. There are 
also measures in Japan aimed a t  altering the 
substrate conditions (i.e., blasting, scraping, 
covering) and water flow (channels enlarged or 
constructed); at  dampening the adverse effects of 
waves (floating or submerged breakwaters); and 
a t  altering species composition to eliminate 

pre4ators, minimize competition or stock high- 
valrre species for culture-based fisheries. 

More research is needed on the structure, 
imppct, benefits and management of a~tificial 
re@&. The DOF, in response to this need, has ini- 
tia$d a four-year project from 1988 to 1992 under 
the (Asian Development Bank. With a funding of 
USq1,739,000, the project will provide a detailed 

tific assessment of the role of artificial reefs 
in sci% e regeneration and enhancement of coastal 
fisheries resources. 
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Table 1. Distribution of artficial m h  In Malaysis, by yoer of establiuhment. 

Sabah 
Sarawak 

Year DOF Program 

1976 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1883 
1984 
1986 
1986 
1487 

Total 

FDA Rugram Total 

Peninsular Malayma 
West Coast East COmt 

2 
1 

2 
1 

5 
2 1 8 
4 24 40 
8 6 10 
4 8 68 
2 18 23 
16 61 144 

Table 2. Distribution ofnrtlfldal m% in Malayala, by eta@. 

SMa WFPmgram FDA- Total 
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ABSTRACT 

The mangrove forest reserves in South Johore, managed by 
the Forest Department for sustained timber production, form 
part of the permanent forest estate and stateland mangroves 
under the jurisdiction of the Johore State Government. These 
mangrove forests are becoming a dwindling resource because 
of their continued alienation for various land uses that am 
assumed to be of greater economic value. However, several 
strategies have been recommended to provent further deple- 
tion of the resource. 

THE RESOURCE 

Mangrove forests in South Johore are located 
mainly along the sheltered west coast that bor- 
ders the Strait of Malacca; a t  the estuaries of the 
Pulai and Johore Rivers on the sheltered south 
coast that borders Johore Strait; and a t  the estu- 
ary of the Sedili Besar River on the exposed east 
coast. These forests can be classified broadly into 
mangrove forest reserves managed by the Forest 
Department for sustained timber production. As 
such they form part of the permanent forest estate 
and stateland mangroves under the jurisdiction of 
the Johore State Government. 

Mangrove forest resesves 

In 1986, the total extent of these reserves in 
Peninsular Malaysia was reported to be about 

98,300 ha (Table 1). Of this total, about 23,683 ha 
or 24% occurred in the State of Johore. 

At present, there are ten mangrove forest 
reserves in Johore. These are found in the dis- 
tricts of Pontian, Johore Bahru and Kota Tinggi in 
the south. The extent of each of these reserves in 
1960 (Edington 1963) and in 1986 is given in 
Table 2. For this period, about 4,900 ha involving 
84 forest compartments were alienated 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 to state- 
land mangroves have resulted in the the loss of 
about 2,240, 1,169 and 1,167 ha, respectively 
(Table 3). Other conversion activities include 
human encroachment (Johore River and Lebam 
River Forest Reserves), impoundment for fresh- 
water supply (Johore River Forest Reserve) and 
mining for tin (Santi River Forest Reserve). Of 
these reserves, the Benut River Forest Reserve 
suffered the greatest loss. It  was reduced from 
2,661 ha  in 1960 to a meager 300 ha in 1986 due 
to the conversion of its landward mangroves to 
agriculture and the reversion of its existing belt of 
seafront 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 oRen 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 state- 
land 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 



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 Auicennia trees 
advancing seaward (Carter 19591, are found in 
Benut and Kukup on the west coast. In contrast, 
the process of erosion is characterized by a low- 
ering of the nearshore profile, the 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 forests in South Johore are an impor- 
tant source of fuelwood for the production of char- 
coal and poles for piling, scaffolding and fishing 
stake. Commercial species are Rhizopora apicu- 
lata, R. mucronata, Bruguiera cylindrica, B. gyrn- 
norrhiza, B. parviftora and Ceriops tagal. Com- 
mon noncommercial species are Xylocarpus 
granatum, Scyphiphora hydrophyllacea, Auicen- 
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 from 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 81, 
based on annual coupes (areas allocated for felling 
or harvesting) of 415 ha and 92 ha, respectively. 

F O ~ S T  MANAGEMENT 

~redious working plans 

A *orking plan was prepared by A.C.F. Walker 
in 18(41 for the forest reserves of Pulai, Benut, 
Kuklp, Pendas, Johore River and Belungkor. Due 
to ty Japanese Occupation (1941 to 1945), the 
plan iwas not enforced until 1947 by which time, 
con&ions had rendered many of its prescriptions 
inap)licable. P.F. Burgess (1950) prepared 
another working plan implemented for the period 
195Qi to 1954. His plan was revised by I.P. 
Ta4worth in 1955 and by P.W.J. Edington in 
19691for the periods 1955 to 1959 and 1960 to 
196 respectively. Edington's (1953) working plan 
for % e South Johore mangroves has not been 
revi4d. The present management procedures are 
derikd from it. 

Pre*nt management system 

ThJe rotation or cutting cycle is fixed at 20 
yead, while the prescribed harvesting system is 
clea*felling. At the Pulai River Forest Reserve, 
fellidg is selective and restricted to forest areas 
fringng rivers and creeks. The use of small row- 
ing draft boats (pok chai) by individual loggers 
whoaperate independently to enter the forest and 
to t+nsport logs out of it  may contribute to the 
selelJtive nature of tree-felling, which is highly 
dep*dent on the tides. On the other hand, trees 
fro& inland areas can be felled only during spring 
tide& Moreover, a t  the Johore River Forest 
R e s h e ,  loggers operate in teams and logs are 
sho der-carried to the riverbanks where large 
tra port boats can come alongside. Thus, logging 
is re intensive there. 8 replanting of logged-over forest areas is 
pre ntly carried out. Stocking then for the next 
cut 4 / s dependent solely on natural regeneration. 
Onl# the following silvicultural regulations are 
pre&ribed: 

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-mn diameter a t  breast 
I height (dbh) and above can be felled. 

Arforest inventory carried out in Benut, Pendas, 
Pullli and Johore Rivers showed that Rhizophora 
is lLing its dominance and that mangrove forests 



in South Johore are very mixed in species compo- 
sition (Table 9). Compared to the managed 
Matang Mangrove Forest Reserve in Perak, these 
reserves are considered poor in terms of the den- 
sity of their commercial trees and in their timber 
production per hectare. 

Natural regeneration of commercial species up 
to two years following logging appears to be ade- 
quate in the Johore River Forest Reserve, which 
has all its forest compartments fringing the river. 
Sufficient seedlings and saplings of Rhizophora 
regenerate naturally up to 200 m from the river. 
The observed high tidal range in South Johore is 
an important attribute in ensuring successful 
regeneration through the dispersal of water-borne 
propagules produced by seed trees that survive 
the logging operations. 

However, inland compartments in the forest 
reserves of the Pulai, Belungkor and Santi Rivers 
were reported by Burgess (1950) and Edington 
(1963) to be stocked inadequately due to the infre- 
quent tidal inundation, the presence of numerous 
mud lobster mounds and dense thickets of Acros- 
tichum ferns. Planting of Rhizophora should 
inevitably be undertaken to enrich such logged- 
over areas. Transplanting seedlings (wildings) of 
Rhizophora from adjacent riverine compartments 
where regeneration is adequate is recommended. 

DISCUSSION 

Mangrove forests in South Johore are a dwin- 
dling resource because of their continued alien- 
ation for various land uses that are assumed to be 
of greater economic value. Such an approach to 
resource utilization is due mainly to an inade- 
quate appreciation and understanding of the 
importance of the mangrove ecosystem. If allowed 
to continue, alienation will inevitably lead to envi- 
ronmental transformations that conflict directly 
with the multiple-use traditional management 
system of the coastal communities. This is by far 
the most important management issue that 
should be addressed since such land uses have 
even encroached on the mangrove forest reserves 
that are part of the country's Permanent Forest 
Estate for sustained management. 

Mangroves are used in producing a variety of 
goods and services that form the resource base for 
sustaining mangrove-dependent economic activi- 
ties of many coastal communities. These economic 
activities include the harvesting of timber from 

the forests for fuelwood and construction, njpa for 
atap and cigarette wrappermaking and nibong 
poles for marine piling. In addition, the coastal 
waters, estuaries and waterways of the ecosystem 
are rich in fisheries resources. Of greater impor- 
tance is the ecological role of mangroves in pro- 
tecting and stabilizing the coastline and as 
spawning and nursery grounds for marine fish- 
eries. Mangroves are therefore an extremely 
important coastal ecosystem when all the eco- 
nomic, ecological and environmental benefits are 
considered holistically. 

Large-scale reclamation of mangrove forests for 
agriculture is being implemented in the west coast 
of South Johore. The cost of reclamation is high 
for there is a prerequisite need to ameliorate the 
acid sulfate saline mangrove soils prior to 
cultivation. Some areas under intensive manage- 
ment can yield an average of 28 t of fresh fruit 
bunch of oil palm and 1.8 t of copratha while in 
other areas the reclaimed land is barren of any 
crops (Law 1984). Mangrove soils are therefore 
unsuitable for crop cultivation unless properly 
managed. 

There is a need to promote brackishwater aqua- 
culture in coastal mangrove areas to supplement 
the declining marine food production. Thus, 
ongoing culture methods such as cockle and cage 
culture, which utilize mangrove estuaries and 
waterways should be intensified. Such culture 
methods have been projected to have a very high 
profitability. They also integrate very well into 
the traditional forestry-capture fisheries man- 
grove system. 

Of concern is the recent upsurge of mangrove 
forest conversion in South Johore for shrimp pond 
culture since this has resulted in the substantial 
loss of forests. Existing large shrimp culture 
farms are located a t  former coconut plantations 
(e.g., the Daiman Marine F'roducts Sdn. Bhd. and 
the Kukup Marine Sdn. Bhd.) and in sandy 
coastal areas (e.g., the Crustacea Enterprise Sdn. 
Bhd.). To conserve the mangrove ecosystem for 
traditional forestv and capture fisheries pur- 
poses, the Malaysia Working Group on Mangroves 
has drawn up some guidelines on the use of the 
ecosystem for brackishwater pond culture. The 
recommended strategy is to avoid the use of man- 
grove forest reserves and instead to use mangrove 
areas already reclaimed, followed by dryland and 
stateland mangroves that are often unproductive 
for forestry use. 

Another important management issue is the 
gradual degradation of managed mangrove forest 



reserves. Compared to the managed Matang 
Mangrove Forest Reserve, the commercial timber 
productivity of the forest reserves in South Johore 
is low due to the preponderance of noficommercial 
tree stocking and regeneration. Thus, the present 
silvicultural re ylat ions aimed a t  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 regen- 
eration. Silvicultural procedures developed in the 
Matang Mangrove Forest Reserve, such as weed 
eradication, girdling of unwanted trees, retention 
of seed trees and enrichment planting, can be 
adapted and applied in South Johore. 
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1 Table 1. Extent (ha) of mangrove for- 
est reserver in the various states of 
Peninsular Malaysia in  1986 (Anon. 
1986). 

d 
n State Extent 

Kedah 
Penang 
Perak 
Selangor 
N. Sernbilan 
Malacca 
Johore 
Pahang 
Terengganu 

Total 98,534 

Table 2. Inss of area (ha) and forest cornpartmenta in the various -grove CON& reserves in +South Johore From 1980 to 
1986. 

1960 1986 LUBE 
Forerrt reservee Extent Compartments EjFent Compaltmonts Extent Compartmentcr 

Pulai 
f ohore River 
Kemudi nnd Bahan Rivera 
Pulau Kukup 
Lebam River 
Belungkor 
Santi River 
Pendaa 
Benut 
Kuala Sedili 

Table 3. Alienation of mangrove forest resenres in South Johore from lg6O to 1986. 'I 

F o r d  reaerves Shnrnp Agriculture Human Impoundment Mining Stateland Total 
culture encmechmeni 

Pulai 
Johnre =ver 
Kemudi and Bahan Rivera 
Pulau Kukup 
tebem River 
Belungkor 
Santi River 
Pendas 
Benut 
Kuala Sedili 



Table 4. Extent (ha) of stateland mangroves in 
SouthJohom. 

Table 6. Extent (ha) of nipa forests in South 
Johore in 1986. 

Stateland 
mangroves 

Johore Bahru 1.228 1,214 
I h h p  833 801 
Pontian Kecil 1,666 1,666 
Kota Tinggi 3,626 2,871 
Kuala Sedili 592 570 
Tanjong Surat 91 7 777 

Total 8,752 7,789 

Table 6. Extent (ha) of accretion and erosion of man- 
grove areas in South Johore from 1970 to 1986. 

Location Accretion Erosion 

Pulau Kukup 22 
Kuala Pulai River 
Tanjong Piai 
Kukup 113 
Benut 389 

Total 

Incation Nipa fomsts 

Benut 
Kuala Sedili Besar 
Pontian Kecil 
Pontian Besar 

Total 165 

Table 7. Estimated annual value or mangrove Comet pmduce from 
the Pulai Forest Reserve. 

Polow Annual coupe - 416 ha 
Averngo oxpocted yield = 400 pieceha 
Pi-eaent market value = US$l.2O/pioco 
Present value por ha = US$48O.OO 
Expocted annual value = US$lD9,2013.00 

Charcoal Annual coupe = 416 ha 
Average expected yiold of greenwood = 60 h a  
Average oxpocted yield of charcoal P 15 tlha 
Romnt market value of chamnl=  US$l6O.OWt 
Fheent value per ha = US$2,260.00 
Expected annual value = US$SSS,750.00 

Total annual worth o f h o e t  pmdum = US$1,132,960.00 

Table 8. Estimated annual value of mangrove forest produce from 
the JohoreRiver Forest Renerve. 

Charcoal Annual coune = 92 ha 
Average ex&ted yield of greenwood = 99 &a 
Average expeded yield of charcoal = 25 t h a  
present rn&ket v&e of charrod= US$lSO.OO/t 
Present value per ha = US$3,760.00 
Expected annual value = US$346,000.00 

Total annual worth of forest produce = US$346,000.00 

TnhLe 9. S&ea compoeition and timber pmdudvity per hsLtare of enme forest -8 Lo Swth J o h .  

Rh&phm Bruguim~ and Cerbps Nonmmmereial s e e s °  Total 
Forest reserve8 Trees Volume Tmw Vahrm TFerre Volume ' h e n  Volume 

Pendas 
1-10 441.4 16.9 326.6 5.6 136.4 4.9 903.4 27.4 

21+ 788.6 67.7 697.6 29.8 481.4 16.9 1,967.6 113.4 

Pulai 
1-10 

11-20 
21 + 

Johore River 
1-10 297.8 10.4 68.9 2.6 163.1 12.4 629.5 26.3 

11-20 602.0 40.3 340.3 13.2 249.4 21.4 1,191.7 74.9 

~Noncommetcfal: Xylylocwpus, Auiernnis, SSyphiphora end Lurnnitzera. 
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ABSTRACT 

In 1977, the Singapom Government embarked on n 10-yeor 
program to clean up Singapore River and its surrounding 
bodies of water. The Primary Production Department (PPD) 
initiated a program to enrich aquatic life in 1986 by stocking 
fish and shrimp fry in the river. The stocked spccics warc 
seabass (L i e s  wlwrifer), cherry snapper (Oreochromis niloli- 
cus hybrid) and banana shrimp (Penaeus merguiensis). The 
water quality of the Boat Quay area waa found to be suitablo 
for 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 1986-1988 by aur- 
veying the catches of amateur fiehermen and thmugh capture 
attempts using various fishing gear like fish trap, trammel and 
gill nets, cast net and beach reine. hound  80,000 scabass, 
8,500 cherry snapper and 630,000 banana shrimp Sy worn 
stocked in the Boat Quay area during the period April 1986- 
October 1988. 

Recently, a seabase and some banana shrimp wore caught 
by hach  seine and trammel net, suggesting that these animals 
may have established their ecological niche in tho- Singapore 
River, with the seabass probably prnbrring the upper rcnches 
where the water is mom brackish; and that numbers stocked to 
date could ba appmaching the detectable lavcl by capture 
efforts. 

INTRODUCTION 

Singapore River is 2.95 km long and its widest 
part is a t  the mouth of Boat Quay, which reaches 
160 m. The deepest part of the river is at the 
mouth, being 3.2 m at low water spring tide. Boat 
Quay occupies 6 ha or 40% of the Singapore River 
(Fig. 1). The river can be subdivided into three 
reaches: (1) the upper reach, the area between 

Kim Seng Bridge and Ord Bridge; (2) the middle 
reach, the area between Ord Bridge and Elgin 
Bridge; and (3) the lower portion, the area from 
Elgin Bridge to the river mouth. 

The Singapore River was the hub of trading 
activities in the past because i t  was a main 
waterway for boat traffic. As a result, i t  became 
progressively silted and polluted. The neglect and 
eventual loss of much of its fish fauna and other 
life-forms followed. 

In 1977, the government launched the River 
Clean-up Program to improve water quality for 
life-forms to be reestablished. Lighters, which had 
been using the river for years a s  a waterway for 
unloading cargo, wer@ relocated to Pasir Panjang, 
southwest of Singapore. Other sources of pollution 
in the river basin--duck and pig farms and unsew- 
ered premises and hawker sites-were also 
cleared. 
PPD conducted several surveys on hydrology 

and water quality along Singapore River from 
1985 to 1986 (unpublished). Fish and shrimp 
stocking was initiated in 1986 together with sur- 
veys on fish fauna. 

MATERIALS AND METHODS 

Area selection 

Water quality and hydrological surveys were 
conducted in various parts of the river at different 
tidal conditions to assess its overall condition. 

Various water quality and physicochemical 
parameters-water temperature, dissolved oxygen, 
salinity, pH, turbidity, chemical oxygen demand, 
phosphate-phosphoms (PO4-P), ammonia-nitrogen 
(NH4-N) and chlorophyll a (Chl. a) and perman- 
ganate value--were determined using the methods 
for seawater analysis described in Lim and Suga- 
hara (1984). 

Plankton samples were collected by the hori- 
zontal towing of a 40 pm mesh plankton net (net 



opening area = 0.096 m2). Benthos samples were 
taken with a bottom sampler of the Marukawa 
type, which has a sampling area of 6 cm x 4 cm or 
0.0024 m2. 

Interviews with amateur fishermen 

Surveys of fishermen (mainly anglers and oper- 
ators of fish traps and barrier nets) were carried 
out on 16 occasions, for the period April 1986-May 
1987, and on four occasions, for the period August 
1987-October 1988. In between these periods, new 
legislation that allows angling only in rivars and 
waters was implemented on 5 June 1987. Ama- 
teur fishermen were interviewed at Boat Quay 
and at the mouth of the Singapore ~ i v e r  (Fig. 2). 
Fish species reportedly caught and those actually 
observed to have been caught were recorded. 

Fishtshrimp stocking 

Stocking was initiated in April 1986 but only 
with banana shrimp (Penaeus meguiensis) fry. 
From 1987, stocking was scheduled on a quarterly 
basis with 100,000 shrimp postlarvae and 5,000- 
10,000 finfish (seabass, Lutes cakarifer, and 
cherry snapper, Oreochromis niloticus hybrid) 
targeted for each quarter. Banana shrimp fry 
postlarvae were of an age ranging from 5 days to 
adult, while seabass fiy were of a mean total 
length (TL) of 2.5 cm and a mean weight of 0.2-0.4 
g (Table 1). In total, 6,084 tagged adult shrimp 
were also released between August 1986 and 
January 1988. The survival of tagged shrimp was 
simultaneously monitored under tank conditions. 
Shrimp were tagged using streamer tags (Floy 
Tag, FTSL 73) and India ink, according to the 
methods described by Jones (1979). 

Recapture efforts 

Attempts at  recapturing stocked species were 
initiated in January 1987. This was to  see if they 
were establishing populations that were large 
enough for sampling. Most of the recapture was 
done a t  Boat Quay, but from A u y s t  1988, recap- 
ture was also carried out in the upper reaches of 
the river a t  the Ord Bridge area. 

Types of fishing gear used were fish traps (with 
mesh sizes of 1.2 cm and 2.4 cm and these 
dimensions: 85 cm in length, 62 cm in width and 
31 cm in height); trammel nets, which consist of 
two panels (outer mesh sizes of 3.5 cm and 5 cm, 
inner mesh sizes of 0.9 crn and 1 cm and 33 m in 

length each); gill nets, which also consist of two 
pangls (mesh sizes of 3.5 cm and 5 cm and 33 m in 
lendh each); cast nets (mesh size of 2 cm and 2.7 
m2 in area); and more recently, beach seines 
(m&h size, which ranges from 1.5 to 3.5 cm and 
40 IQI in length). 

For each-operation, six fish traps were set cov- 
ering a total area of 3.16 m2 in Boat Quay, n 66-m 
trammel net and a 66-m gill net traversed Boat 
Quqy, while 80-100 casts per operation were also 
made at the edge of Boat Quay (Fig. 1) at the 
sande time. Seining was done in Boat Quay and 
the ,Ord Bridge area. This replaced trammel and 
gill betting from July 1988, since it appeared to be 
moqe efficient at  trapping seabass. With the 
exception of fish trap operations, which took two 
to three days per operation, the other fishing 
me ods were one-day operations. Recapture 
eff & ts were made two to three weeks after stock- 
inguntil March 1988, when these were resched- 
uled to twice a month to fit better with tidal con- 
ditions. All fish and crustaceans caught were 
identified and recorded. 
b 1987, four cast net operations and five 

me1 and gill net operations were conducted. 
In tr? 988,12 cast net operations, 8 trammel and gill 
netdoperations, 2 seine operations and 10 fish trap 
opt$ations were carried out (Table 2). 
$ conducting recapture operations, data on the 

fisY and crustacean fauna of Boat Quay continued 
to be obtained and recorded from February 1987 
to October 1988. 

Fi* stomach content examination 
3 

dtomach content examination was initinted in 
~ a j u a r ~  1988 to ascertain if the stocked species 
we e being cannibalized by existing carnivorous 
sp (!c , ies, especially soon after stocking. Ten per- 
cedt of the fish caught with the gear, as described, 
weye sampled for stomach content examination 
(SE# Table 3). Freshly caught fish were killed, 
thdir stomach portion dissected and their contents 
exdmined in situ. 

R ~ U L T S  
I I  

M a  selection 
9, 
prom various surveys (unpublished), it was 

fo&d that Boat Quay was most suitable for the 
marine and brackishwater fish 

species. Physicochemical factors 



are best for water in the Boat Quay area and are 
most similar to that of the Marina Bay 
(unpublished) (Fig. 2). Levels are comparable to 
acceptable standards for river and coastal waters 
for fisheries use in Japan (Yokokawa 1982). A 
survey of plankton at Boat Quay (unpublished) 
confirmed that food is available for fish and 
shrimp a t  densities comparable with the Changi 
area in East Johore Strait (unpublished). 

Fish fauna surveys 

Interview with Amateur Fishermen. Table 4 
shows fish and crustaceans caught and th'e type of 
gear used by amateur fishermen a t  Boat Quay for 
the period April 1986-September 1988. 

A total of 24 families of fish and 2 families' of 
crustaceans, consisting of 29 and 4 species, 
respectively, were recorded. The common families 
of fish are Clupeidae, Leiognathidae, Lutjanidae; 
the common species are the gizzard shad 
lAnodontostoma chacundal, pony fish 
(Leiognathus spS, and snapper (LuGanus spJ. The 
common families of crustaceans are the Portu- 
nidae; the common species are the flower crab 
(Portunus pelagicus), and mangrove crab (Scylla 
serrata). 

Capture by Fishing Gear. Table 5 shows fish 
and crustaceans caught by PPD with the various 
fishing gear mentioned. 

A total of 36 families of fish and 4 families of 
crustaceans were caught, involving 82 and 9 
species, respectively. The commonly caught fami- 
lies of fish are Clupeidae, hiognathidae, Lut- 
janidae, Gerreidae, Engraulidae; the common 
species are gizzard shad (Anodontostoma cha- 
cunda), pony fish (Leiognathus equulus, L. fascia- 
tus), silver biddies (Gerres abbreviatus, G. fila- 
mentosus), herring (Surdinella fimbriatal, 
anchovy (Stolephorus indicus) and snapper 
(Lutjanus monostigma). The common families of 
crustaceans are Portunidae and Metapeneidae; 
the common species are the flower crab (Portunus 
pelagicusl, mangrove crab (Scylla serrata) and 
sand shrimp (Metapeneus ensisl. 

Fish and shrimp stocking 

Table 1 summarizes the data on finfish and 
shrimp stocked by PPD for the period April 1986- 
October 1988. A total of 627,789 banana shrimp, 
79,171 seabass and 8,540 cherry snapper were 
stocked in Boat Quay from April 1986 to October 
1988, involving 28 stockings. 

Capture of target species 

Until September 1988, no seabass was cap- 
tured. However, a few banana shrimp were 
caught from Boat Quay since March 1987 by cast 
and gilWtramme1 nets. In August and October 
1988, banana shrimp of a TL of 6.3 cm and an 
estimated mean weight of 1.8 g were caught by 
seine. Large seabass were also sighted in the Ord 
Bridge area where salinity is less than Boat Quay. 

Fish stomach content examination 

Table 3 summarizes the fish species examined 
for their gut contents. Partially digested shrimp of 
indeterminate species were found generally in the 
carnivorous species of >15 cm TL. 

DISCUSSION 

Fish fauna surveys 

The combined results of survey interviews and 
actual capture efforts confirm the presence of life 
in the river. The numbers and species caught may 
be modest because the various fishing gear 
employed were limited and the catches do not 
entirely represent the Boat Quay fauna. Some of 
the fish caught are probably migratory species, 
with their presence depending on tidal condition. 

A total of 26 species of animals was recorded by 
the National University of Singapore (Yip et al. 
19871, which did a survey on the Singapore River. 
These included five families of finfish that were 
also found in the surveys done by PPD for this 
study. 

Shrimp and fish stocking 

Fish and shrimp were released in the Boat 
Quay area, mostly from the riverbank. It was 
observed that they were grouped together for 
some time. This made them more susceptible to 
predators and poachers. The release of stocks in 
the center of Boat Qday would subject them to 
churning waters and boat traffic from river 
cruises. 

Recapture of stocked species 

The survival of tagged shrimp in tank condition 
was 35-76% after two weeks. Mortality was likely 



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 from the population in the test 
area and released a t  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, 

seaqss  may have been stocked in numbers 
(79,471 from April 1986 to October 1988, Table 1; 
andill retrieved, Table 5) that may have estab- 
lish & a population, but it is still not possible to 
estilYlate the population size because the move- 
m e 4  of the seabass has not been determined and 
some may not have stayed in the sampled area. 
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1986 
AF-Jun 
Jul-&p 

1987 
Jan-Mar 

Apc-Jun 
Jul-Ssp 

oct 

l0E9 
Jan-Mar 

Apr-dun 

Jul-Sap 
O c L h  



Table 3. Guk content examination of the captured 6th from Singapore River. 

Species Descripticm of gut content 

Shrimp head, partially digested 

shrimphyi partialtydbzested 
Indeterrmnsta 
Shrimp, parti& digested 

Cast m3l 

Trammel lDa gill nst &rat M#h tide snd 
hnuledat b a a  

Qw 
Boat *aylI(ead mdOrd Brldger 
Old and CLemencsrol 
Clemaocaau Bddga 
Boat Buw 

Sbrimp tail, p&ially digested 
Indeterminate 

Not entirely depwktt  
m t t d d m n . n t l M , ~  
the trap rwos hl hr 
nmlrdmumdldwn. 

Shrimp body, prtially digested 

Indeterminate 

Fish head 
Indeterminate 

Scatophagidae 
Serranidae Crab and fish, partially 

digeM 
Indeterminate 



Table 4. Record of fish and crustaceans caught in Singapore River by amateur fishermen according to fishing gear for the period 1986-1988. 

1986 1987 1988 
Type of fish and AprJun Jul-Aug Jan-Mar AprJun Jul-Sep Jan-Mar JulSep 
crustaceans caught Pole Crab Pole Gill Cast Crab Pole Gill Cast Crab Pole Cast Crab Pole Pole Pole Crab 

fishing trap fishing net net trap fishing net net trap fishing net trap fishing fishing f i h g  net 

Ambassidae 
Ambasis sp. 

Balistidae 
Monucanthw sp. 

Centropomidae 
a s  cdcarifer 

Clupeidae 
Anodontosoma 

chmanda 
Lhsswnierin 

hasseIti 
Surdinellu sp. 

Drepanidae 

Gerreidae 
Cems 

fiiamentos us 
Gerres sp. 

Leiognathidae 
Leiogmthw sp. 

Lutjanidae 
Lutjanus sp. 

Mugilidae 
Mugil sp. 

Nemipteridae 
Nemiplerus sp. 

Continued 



Table 4 (continued) 
-- -- - - - -  

1986 1987 l l 0  
Type of fish and AprJnn Jul-Aug Jan-Mar b* Jd-Sep Jan-Mar Juldep 
cr08taoeans cn&t Pole Crab Pole Gill Cast Crab Pole Gill Cant Crab Pole Cast Cmb Pole Pole Pole Crab 

fishing hap fishing net net trmp fishing net net trap fishing net trap fishiog fishing fishing net 

Pentapodidae 
Gymdud ap. 

Serranidae 
EpinepheIus sp. 

Synodontibe 
Sowidn sp. 

Portunidae 
Portunu8pelagims - + - + 
Scylla uemlta - + - + - + + 
Unidentified - - - + - 

ShrYmp, 
unidentified . - - + + -  + - 

+ = Fish and crustaceans caught. 
- = Fish and rmstafeans not caught. 



Table 5. Catch and nbundance of s d r n e n  by different fishing methods in Singapore R i m  for the period 1987-1988. 

1987 , 
GilVtrammel Cast i Total 

1988 
GilVtramrnel Cast Seine Fish 

net net trap 

- 
Total *and 
no. total net net : no. 

Ambaais urotaeniu 
Unidentified sp. 1 
Apogon PataMtus 
Apogon hyalosoma 
Unidentified up. 
Batmchamwus cccidentah 
Batmchamaw ep. 
Batrachumaeus trispinosus 
Pssudorhambus sp. 
Alectis indieus 
Alepea milanoptem 
Alepeu fip. 
Atropus sp. 
Carangoides armatus 
Carangoides chrpphym 
Carangoides malabarkus 
Scnmkmides 

camrnermnnianuu 
Scambemides up. 
Scamkmides to1 
Selaroides leptolepis 
Unidentified up. 1 
Lutes cdcarifer 
Pamchaelodon wellatus 
Amdontcwtoma chacunda 
Dusaumieria husseltii 
Opisthopterus tardoore 
Sardinella fimbriata 
Sardinelh gibbosa 
Butis sp. 
Elops rnachnata 
Stdephorus heternlobus 
Stolephorus indicus 
Thryssa my.3tar 
Unidentified sp. 1 
Pmmicmps hnceolutus 
Gems abbmuiatua 
Gems fDlumentosus 
Gerres oyena 
Acentmgobius crhi#er 
Eleotris sp. 
Eryrias puntaw 
Unidentified up. 1 
Plectorhinchus gibbonus 
Hemimmphus sp. 
Unidentified sp. 1 
Luctarius lactarius 
Lebgnatlrus breuirostris 
Liognathua equulua 
Leiog~thus famiatus 
Leiagnathus leuciscus 
Lutjanus fulviflammu 
Luljanus muhhricua 
Lu4janu.s monostigmu 
Lutjanun russelli 
Lutjanusjohni 
Mugil cemmenais 
Mu@ tode 
Upeneus tmgula 
Pampercis fihmentostl 
Platycephlus indieus 
Platycephalus macracanthus 
Platycephlus scuba 
Platycepblus sculptus 
Pssudopriatiporna nigra 
Plopmus anguillaris 
Plorosur canius 
Lebistes mticuhtus 
Pomadasys opemularia 
Pomadaqs sp. 
Sca#ophagus argus 
Epinephelw malabaricus 
Epinephelus tauuinur 
Siganus guttatus 
S h n u s  iauw 

Batrachoididae 

Bothidae 
Carangidae 

Centropornidae 
Chaetodontidae 
Clupeidae 

Eleotridae 
Elopidae 
Engraulidae 

Epinephelidae 
Gerreidae 

Gobiidae 

Haemulidae 
Hemiramphidaa 
Labridae 
Lectatiidae 
Leiognathidae 

Mullidae 
Perauercidae 
Platycephalidae 

Poeciliidae 
Pomadasyidae 

Scatophagidae 
Serranidae 

Siganidae 

Continued 



Table 6 (continued) 

1987 1988 
GilYtrammel Caet Total Gllltrammel Cast Seine Piah Total Grand 

net net no. net net trap no. total 

Tctal no. of epedes 
Total no. of @men 

Total no. 04 e@ee 
Total no. of epedmen 

Fig. 1. Map of Singapore River. 
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ABSTRACT 

High sedimentation levelm accompanying large-male land 
reclamation and heavy shipping activity in the Singapore seas 
over the past 20 years have reduced the abundanca, but not 
the diversity, of coral reef life-forms. Since art if~ial  reefs have 
shown 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 poasible artificial 
reef establishment w e e  carried out at  seven sitel between 
February 1987 and June 1988. Results showed that Terumbu 
Bemban has the higheat percentage of live coral cover (66.88%) 
and the largest average size of coral colonies. Cyrene Reefs ha8 
the highest divemity, with 28 genera covering 48.06% of the 
transect. Pulau Semakau has the lowest average coral ave r  
and diversity, as well as the lowest average ooral 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 of 
land has resulted in a heavily utilized and highly 
modified coastline. Much of the original coastal 
resources have been reduced by We country's 
effort to use a11 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 the 
reclamation (Chou 1987). The fringing reefs along 
the 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 of 
the world to enhance and restore living marine 
resources in disturbed environments. Sunken 
structures on the seafloor have 'been known 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 (Higo 
and Notonakano 1984; Munro and Polovina 1984). 
Under the ASEANIUS Coastal Resources Man- 
agement Project, eeven potential sites were sur- 
veyed for the establishment of artificial reefs in 
Singapore between February 1987 and June 1988 
(Figs. 1 and 2). 

As the diversity and abundance of organisms of 
nearby reefs will affect the final composition of 
the artificial reef, the reef life-forms of site-adja- 
cent reefs were surveyed. Results of physico- 
chemical parameters and seafloor characteristics 
of selected sites have been earlier documented 
(Chou and Hsu 1988). Summarized results of 
adjacent 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, 103O45'E), 
Terumbu Jarat (1°12'N, 103'47'E), Terumbu 
Pempang Tengah West (1°12'N,. 103O44'E), 
Terumbu Bemban (1 O12'N, 1 03"4S1E), Kukor Bea- 
con (1°14'N, 103O45'E), and Terurnbu Pempang 
Tengah North (1°14'N, 103O44'E). The reefs were 



surveyed using a 100-m line-intxrcept 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. 

RESULTS 

Summarized results of the line-intercept life- 
forms transect on the site-aqjacent reefs with ref- 
erence to their biotic and abiotic components are 
shown in Table 1. The analyses of hard coral 
community at the generic level and the Shannon 
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 highest 
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 community (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 average 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 m). Pulau Semakau had 
the smallest average coral colony size. 

The most common corals found on the transect 
at Cyrene Reefs were mainly the massive and the 
foliose types. The dominant genera were 
Merulina, Pectinia and Favites, each covering over 
5% of the transect. The genus Acropom was 
absent. Three colonies of the nonscleractinian 
Helwpora were encountered at  this site only. 
Dead corals comprised 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, soR c o d  
and hydroids but these were predominated by 
zoanthids. The abiotic components were mainly 
rubble and silt. 

Twe transect at  Terumbu Jarat had only 22.54% 
live +orals (Table I), of which the genera Physo- 
gyrdc and Pavona were dominant. Although the 
tra4ect there had the lowest coral cover, there 
werd two occurrences of Acropora taking up 0.1% 
of the 100-m transect (Table 2). The common 
groah  forms were the encrusting, massive and 
foliMe types. The dead corals were predominantly 
tho* with algal covering. Coralline algae and 
algd assemblages were also observed along the 
trampect. Other reef fauna were mainly sponges 
andlihydroids. At this transect, the highest per- 
cenwge of abiotic components (62.38%), like rub- 
ble qnd water fissures, were recorded. 

~ & e  second highest live hard coral cover was 
enc ntered a t  Terurnbu Pempang Tengah West 
wi tT  the genera Pachyseris, Favia, Meiuiina, 
Por es and Pectinia among the more abundant. 
Therkransect had two colonies of Acropora with a 
per&ntage cover of 0.4%. The dominant growth 
f a d s  were the encrusting type (Pachyseris and 
Medlina). The submassive and branching growth 
forms each had only one representative on this 
tramect. Like the previous two sites, dead corals 
had algal covering and the algae encountered 
werj either coralline algae or in the form of algal 

. Sponges were observed covering 
all the transects, this site had the 

low& abiotic components (19.01%), comprised 
ly of rubble. The site north of this patch reef, 
ver, did not have the high live coral cover 

enc-tered in the west. But the dominant genera 
wer4 common for the two sites minus the genus 
~e*l ina.  The transect on the north site did not 
hav any algae although filamentous algae were 
ple iful in other parts of the reef. Patches of sand 
wer found interspersed between the living part of 
the 4 eef. 

q e  dominant corals a t  Terumbu Bemban were 
the i foliose forms of Montipora (43 colonies, 
21.w) and Pavom (21 colonies, 14.35%). One 

y of Acropora was observed on the transect. 
growth form was the foliose type, 

co+rising mainly of Pavona and Pectinia. It is 
esting ta note that on this tmsect ,  and even 
so on the reef flat, there was an abundance 
branching form of Poritea, which is not very 

c o w o n  in other Singapore reefs. Apart from the 
u s d l  occurrences of algal assemblages, the 

algae Sargassurn was present. Other reef 
included sponges, sea urchins and sea 

anefiones. There were 58 occurrences of abiotic 
coeonents like sand, rubble and water fissures, 
but these occupied only 26.47% of the transect. 



Pulau Semakau had the lowest percentage 
cover of live corals (15.61%) and the highest per- 
centage cover of dead corals (49.81%). l he genus 
Acropora was absent. The predominant coral was 
the encrusting form of Montipora. The algae that 
occurred were in the form of filamentous assem- 
blages. Zoanthids formed the highest percentage 
cover of noncoral life-forms. There was a total of 
12 occurrences of zoanthids covering 2.35% of the 
transect. Other fauna included sponges, hydroids 
and soft corals. The majority of the abiotic compo- 
nents was made of rubble, although other compo- 
nents like silt, sand, water fissures and rocks 
were present on the transect. 

can be attributed to the dumping of earth spoils 
southeast of this site. The increase in the level of 
sediment in the water and the subsequent reduc- 
tion of water visibility have resulted in the death 
of many corals and other life-forms. If this dump- 
ing at  Pulau Semakau is contained, the construc- 
tion of artificial reefs may be a possible solution to 
the enhancement and restoration of the natural 
reef, The rich and diverse reef that existed here 
before the dumping shows this area to be ideal for 
rapid reef recolonization. 
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Table 1. Life-forms cover at 3-m depth on the mef slope of the surveyed aitea (baeed on a 100-m 
line transect). 

Percentage m r  
Surveyed site Live Dead Algae Other Abiotic 

coral coral fauna amponents 

-- C neReefs 48.06 2.00 1.58 1.66 46.70 
c m b u  Jarat 22.54 12.73 0.00 2.35 62.38 
fferumbu Pempang 

Tengah West 64.42 19.16 5.22 2.1 9 19.01 
Terumbu Eemban 66.88 3.91 1.53 2.21 26.47 
Kukor Beacon - .  

' Terumbu Pempang 
Twgah North 38.05 26.90 0.00 1.85 34.20 

~Pulau  Semakau 15.61 49.81 1.60 4.36 28.63 



Total percen- 
tage a v e r  48.08 22.54 64.42 ' "  65.88 98.06 15.61 

(Number of 
colonies) (1%) (66) (146) I,. (148) (58) (60) 

Total number 
or genera Za 16 21 ,' 17 17 16 

Shannon and 
Weaver divdr- 
aity indexa 2.96 1.99 2.44 ; 2.12 2.12 2.24 

Average eolony / 
size (m) 0.88 , 0.40 Oval 1, 0.44 0.86 0.N 

L* 

BOdum (1971). 
- 



S i  n g o p o r e  

- 
Fig. 1. Map of coral re& in Singapore showing sites surveyed. 

mtomo lrlond 

Fig. 2. Map nhowing location of sites investigated: A - Cyrene 
Raefs; B - Terumbu Jarat; C - Temmbu Pempang Tengah; D - t@l sin - 
Terumbu Bemban; E - Kukor Beacon; F - Pulau Semakau. IC*l Lin - 
(Isobath depths indicated are in metera.) mw - 
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ABSTRACT 

Five sites were identified as  po~eible areas for the eatab- 
lishment of artificial reefa. These were Terumbu Bemban, 
Terumbu Jarat, Terumbu Pandan, Temmbu Pempang Tengah 
and Pulau Sernakau. The fish fauna a t  these site8 was 
surveyed and a preliminary liet of reef species obaented at  the 
sites is given. Only three speciee of indicator butterflyfishes 
(Chaetodontidae) were recorded during the suweys. Generally, 
there were few target spmies (families Caesionidae, 
Carangidae, Haemulidae, Lethrinidae, Lutjanidae and 
Serranidae). The most abundant fishes ware the pomacentrids 
nnd the labrids. The fish fauna was abundant a t  3 rn depth and 
geuerally poor a t  10 m depth. 

INTRODUCTION 

The Artificial Reefs in Living Resources 
Enrichment in the Singapore component of the 
ASEAN/US Coastal Resources Management 
Project is the first project of its kind in Singapore. 
It aims t o  increase fish habitats and restore 
critical habitats for the purpose of increasing fish 
production, enhancing recreational fishing and 
preserving genetic diversity in Singapore waters. 
Studies on Singapore reefs have shown that 
artificial substrates may prove significant in coral 
recruitment and growth (Chong 1985; Chou and 
Lim 1986). Artificial reefs can also serve as fish 
aggregating devices. The initial activities of the 
project entailed a site-selection survey for possible 
artificial reef sites and a documentation of reef 
substrate, This paper gives a list of visually 
conspicuous reef fishes surveyed and an estimate 
of their abundance in each site. 

METHODOLOGY 

Five reefs south of the Singapore mainland 
were chosen as potential artificial reef sites (Fig. 
1). They are Terumbu Bemban, Terumbu Jarat, 
Terumbu Pandan, Terumbu Pempang Tengak; and 
Pulau Semakau. The reefs a t  the first four sites 
are patch ones, while that at Pulau Semakau is 
fringing. 

The fish surveys, were made by visual census, 
modified from that described by Dartnall and 
Jones (1986). At each site, a 150-m transect line 
was laid along the reef slope,, parallel to the reef 
crest, at two depths (3 and 10 m). Two observers 
swam along the line and recorded the fish 
observed within 3 rn to the left, right and above. 
The total area covered using this method was 900 
m2. 

Actual counts were made for the indicator 
species (family Chaetodontidae) and the target 
species (important food families such as 
Haemulidae, Lethrinidae, Lutjanidae and 
Serranidae). The abundance of all other families 
of fishes was estimated according to log 4 
abundance categories (Table 1). The abundance of 
scads (Carangidae) and fusiliers (Caesionidae), 
although considered target species, have been 
estimated according to log 4 categories because of 
their schooling habit. 

All suweys were carried out between 11 A.M. 
and 3 P.M. within a three-month period from June 
to August 1988. No data were collected for the 10- 
m transect at Terumbu Jarat since the reef slope 
was not beyond 6 m deep. 

RESULTS 

A total of 57 species of fishes from 17 families 
was recorded. The results are summarized in 
Table 1. 



Indicator fish (Chaetodontidae) 

The butterflyfishes recorded were Chaetodon 
octofasciatus, Chelmon rostratus and Coradwn 
chrysozonus. C. rostratus and C, octofasciatus 
were ubiquitous at a l l  the sites surveyed. How- 
ever, while C. rostratus was observed a t  both 
depths, C. octofasciatus was observed only a t  the 
3-m depth transect. C. chrysozonus was not 
recorded in any of the transects but was sighted 
a t  Terumbu Bemban a t  10 m depth. 

Target species 

The nine species recorded under this category 
were two species of sweetlips (Haemulidae), two 
species of groupers (Serranidae), two species of 
scadltrevallies (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 carponotatud and 
the small grouper (Cephalopholis pachycentron) 
were more common. Single large individuals 
(approximately 30 cm in length) of groupers 

. (Plectropomus areolatus) and sweetlips 
(Ptectorhynchus pictus) were recorded a t  Terumbu 
Jarat and Terumbu Bemban, respectively. The 
small scad (Selaroides leptolepis) 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 Neopornacentrus and 
Pomacentrus were most common. Pomacentrus 
was distributed throughout the reef and was 
abundant a t  the 10-m depth, while Neopomacen- 
trus was confined to shallower depths (3 m). 
Among the labrids, the most common were 
Halichoeres dussurnieri and H. melanurus. The 
soapfish (Grammistidae, Diploprion bifasciatus) 
was also relatively abundant a t  all sites. 

Other families of fishes observed a t  the sites 
were Apogonidae, Blenniidae, Gobiidae, Mullidae, 
Nernipteridae, Ostraciidne, Pomacanthidae and 
Scaridae. 

Eleven species were common a t  lower depths 
(10 h). Five of these were pomacentrids: Porna- 
centrrus alexanderae, P. brachialis, Chrysiptera 
unimaculata, Hemiglyphidodon plagiornetapon 
and iNeopomacentrus sp. 1. The rest were: one 
chatodontid (Chelmon rostratus); one pomacan- 
thid or angelfish (Chaetodontoplus mesoleucus); 
one labrid (Halichoeres dussurnieri); one Cne- 
sionddae (Caesio caerulaurea); one lutjanid 
(Lui$anus carporsotatus); and one Grammistidae 
or saapfish (D. hifasciatus). 

a s h  species recorded a t  the sites were 
generally small. Only a few large species were 
sigNted: P. areolatus, P. pictus, P. chuetodontoides. 
S c d u s  ghobban and Chelinus fasciatus. With the 
exchtion of the more pelagic fusiliers (Caesio 
tereJ, C. caerulaurea) and scadltrevallies 
(Se roides leptolepis, Caranx sppJ, all other 
fis 3 s were observed to be closely associated with 
the teef. 

mndall  noted that the number of species of reef 
fishlin Singapore was low (Tay and Khoo 1984). 
Tayiland Khoo (1984) recorded 99 species from 28 
f a d i e s .  It  should be noted that the 57 species 
recdkded in this survey can not be directly com- 
par& with the number of species they reported as 
the methods and time of recording differed 
gregltly. While Tay and Khoo used comprehensive 
but time-consuming methods, the method used for 
thislistudy yielded quick but only semiquantitative 
data. However, this method allowed the identifi- 
catil(n of the visually conspicuous species of reef 
fishds and an estimation of their abundance for 
the ssessment of the fish populations (GBRMPA 
197 ). 

e pomacentrids and labrids were the domi- I 
n a 4  reef fishes a t  all the sites surveyed. The 
cha todontids, with only three species, can be 
con Ib 'dered poor in terms of variety. This trend 
wa8ialso obsewed for the target species. 

!l$e reef fishes were generally of greater variety 
andmore abundant a t  the 3-m depth than at the 
lo-* depth. This can be attributed to the greater 
live~~toral cover a t  the 3-m depth compared to the 
10-m depth (Hsu and Chou, this vol.). At greater 
dep&s (10 m), the percentage of rubble was 
gredter; this implies a lower availability of food 
and11 shelter. Eleven species, however, seem to 

adapted to these conditions. Most of these 
were generally small; the larger species 

obsdrved were only a few. 



The proposed artificial reefs may enhance the 
fish population at these sites. Once established, 
these reefs will be evaluated for their effective- 
ness. 
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Table 1. Tho dlmtrlbution and nbundunco olrsslfirhsr at p m p d  adtlclal r d  dh .  

avrvq dtddsptk 
Terumbu Tenmbu Terumbu Tanrmbu Pulau 
Pandan PW'penl B s m h  Jam1 Bamukmu 

Tongah 
Family s&m Sm 10m Sm 10m Sm 10m S m  S m  10m 

Actual eounb 
Chsabodontldm Oomdbnchymwrrrrs + 

Chaek&nah@xialua 1 11 6 6 4 
Chdmanma#ruha 14 1 6 5 S 11 6 11 2 

Continued 



Table 1 (mtieued) 

S u r v q  mtddeptb 

Terumbu Terumbu Terumbu Pulau 
Pandan Jarat Bemaltnu 

Family Species 
Ten+ 

S m  1Om 3m 'born S m  1Om 8 m  3m 10th 

Ostradidae Oatmfion p. 1 

-Senanidma CaphaiophdI. p r c h y m n h  1 .  ?. 
Pls : tmpomwdars  1 

Log 4 Categmies No, of individuals 

1, 1 + indifgtes pramnce 
2 2 -  4 
3 6- 16 
4 17- 64 
6 85- 266 
6 257 -1,034 

*No data an dintribution and abvndance but pmssnt at 10-rn depth. 
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ABSTRACT 

Macrobrachiurn msenbcrgii is widely distributed in South- 
east Asia, including Brunci Dntussalam. Thc local marketed 
production of Macrobrachium from 1980 to 1987 ranged from 
16.9 to 54 t with a very negligible contribution from aquncul- 
turc. In line with the pmgrnrn of tho Fishcries Department 
(FD) to dovelop thc cu l~ure  of Mmmhrachium, a pilot-scnlc 
hntchcry wns constructed in 1982. Sincc thcn, the nnnunl 
hatchery production hns increased remarkably from 12,200 to 
297,500 postlarvac. All or the postlarvnc produced u'ntil 1986 
were stocked in grow-out ponds. By 1987, restocking of the 
postlarvae in the major waterways of the country began and 
77.4% o f  the year's hntchcry production was utitixcd For this 
purpose. Guidelines on restocking ndivities will bc formulated 
and their impact on Iiehcries will bc nsswscd. 

INTRODUCTION 

Udang galah (Macrobrachium rosenbergii), 
commonly called giant freshwater prawn, is 
widely distributed in Southeast Asia, including 
Brunei Dnrussalam. I t  is one of the most impor- 
tant  commercial freshwater species. Although at  
present 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 prawn 
fishing 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 aquacul- 
ture, 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 were 
absorbed 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 be 
stocked per area, frequency of stocking, monitor- 
ing and assessment scheme need to be formulated. 

Freshwater prawn hatchery 

The pilot-scale hatchery a t  the FD's station in 
Muara has  minimal facilities--twelve 0.8 t circular 
fiber tanks, three 8 t circular fiberglass tanks, two 
2 t conical fiberglass tanks, one 32 t rectangular 
fiberglass tank, four 60 1 Arternia hatching tanks, 
twelve 120 1 glass aquaria and an algal room for 
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. 



The annual prpduction 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 
(1986-1985: 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. l): 
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 km2, 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 Reservoir, on the other 
hand, has an area of 28.3 ha. Water supply comes 
mainly from the water runoff of the surrounding 
hilly areas. I t  has a water-holding capacity of 170 
million gal. The reservoir has a water depth range 
of 1 to 15 m. 

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 a t  

p r s e n t  is not known. In 1986, there were 1,566 
re@stered part-time fishermen, 71.3% of them 
w$e from the Brunei-Muara District, 11.4% from 
T d o n g  District and 7.9% from Ternburong Dis- 
tridt (Khoo et al. 1987). Although Temburong Dis- 
tridt had the least number of registered fisher- 
m&, i t  was the major local source of prawn. 

$he gear used in prawn fishing are kilong, bubu 
and rambat. Kilong (Fig. 2) is similar to the fish 
corral used in coastal areas. I t  has two to three 
guide walls of 4 to 6 m long, lending to the catch- 
ing chamber. I t  is usually installed perpendicular 
to the riverbank or against the flow of the reced- 
in81 tide. Collection of the prawn in the cntching 
c h p b e r  is done a t  two to three days' interval. A 

le collection can produce more than 1.5 kg 
(A si% zah, pers. comm.). 

t ubu (Fig. 3) is the local term for trap or pot. 
Th bubu used for prawn is different from that 
us@ in the open sea for catching fish. The fish 
budu is made from chicken wire mesh and is usu- 
all rectangular in shape, while the prawn bubu is 
m f e from woven bamboo with its mouth facing 
the incoming flow of water. The mouth is conically 
shlltped and will allow only the entrance of prawn. 
The body is further covered with nipa leaves or 
tht$ bark of tree for camouflage. The bubu is usu- 
all 0.75 to 1.2 m long and the mouth diameter is 
ab $ t 0.3 to 0.5 m. One hubu can catch about 0.3 
to b.5 kg of prawns in three to four days' time. 
Ma&t fishermen experience a better catch if the 
h u h  are installed in areas affected by salinity 
flultuations (5 to 15 ppt). 

'$he third type of gear used is the rambat or 
ca& net. Usually operated during low tide, this 
typb is not a s  commonly used as the kilolzg and 
bu4u for catching prawn. 

The magnitude of prawn fishery in Brunei 
Datussalam has  not been fully assessed. Local 
prqduction of prawn did not show any fixed trend 
fro* 1980 to 1985 (Table 3). However, there was a 
sh p decrease in production of nearly 50% from 
1 9 8  to 1987. The explanation for this decline in 
thc/(natural fishery was not well established, but 
thal long drought period experienced in the 
c o d t r y  (from December 1986 to May 1987) may 
be qne of the major factors. If such a trend contin- 
ue$ restocking the country's natural waterways 
will be necessary to enhance the natural prawn 
stodk. An increase in the natural stock could boost 



local production and subsequently reduce, if not 
totally eliminate, the importation of this species. 
Furthermore, such a thrust will augment the 
income of the local fishermen. 

The initial results from the 1987 restocking are 
promising. In the Jerudong Park Reservoir, the 
prawn grew (80 to 120 g) afier eight to 12 months 
of stocking. Reservoir stocking may not be as 
effective a s  stocking in rivers, where the prawn 
can complete their life cycle. However, stocking in 
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 
1982 stocking a t  the Ubolratana Reservoir. Out of 
the 300,000 Macrobrachium rosenbergii fry 
stocked, over 2 t of market-size prawn (300 to 500 
g) were recaptured after one year of stocking. 

CONCLUSION 

Restocking of Brunei Darussalam's natural 
waters could well increase the local production of 
Macrobrachium rosenbegii, which could substan- 
tially reduce imports in the future. At present, 
about 60% of the total prawn marketed in the 
country are imported. Compared to other coun- 
tries in the region, the river systems of Brunei 
Darussalam have low pollution levels as  the 
watershed areas are relatively undeveloped, espe- 
cially for agriculture. Such conditions would be 
ideal for a prawn stocking program, ensuring good 
survival and sustained production as  well as 
enhancing the natural stock. 

There is a need to formulate guidelines and 
policies that  will ensure the success of the 
restocking program, including monitoring and 
impact assessment. Baseline studies on the char- 
acteristics of bodies of water targeted for restock- 
ing should be made to determine proper stocking 
procedures and enhancement activities. Impact on 
the biota must also be assessed to minimize inter- 
specific competitions andlor displacement of local 
species arising from the restocking program. 
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 able 3. M~obmehiurn rosenborgii marketed (kd in Brunei D a r u s m h  

Year Local I ~ P o ~  Total 

l9BO 16,996 (4096) 25,487 (60%) 42,483 
1981 31,2oa (44%) 39,791 (56%) 70,996 
1982 29,047 (4%) 30,436 (51%) 69,483 
1983 19,701 (31%) 44,697 (69%) 64,998 
1984 44,016 (26%) 1 2 3 B 4  (74%) 1 m > l o  
1986 64,023 (3896) 89.364 (62%) 143,377 
1986 39,253 (38%) 63,294 (8%) 102,647 
1487 18,561 (33%) 37,846 (67%) 56,406 

Total 252,a02 (36%) 4Ei4,798 (64%) 707,600 (10046) 

Fig 1. Rivers of Brunei Damnsdam (adapted from Grant 1984 and h a  et d. 1Wn. 

Fig. 2. Rilong (fish corral) wing (a) woven bamboo  split^ 
and (b) polyethylene nets as guide walls and catching 
chambers. 

Fig. 3. h b u  (pot) used in prawn fishing. 
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ABSTRACT 

This paper discusses and sumrnnrizcs the various 
approaches to coral rccf managcrncnl bcing nttemptcd in thc 
project sitcs of' thc ASEANNS Coastul Rcnou~.ccs Mnnngcrncnt 
Project (CRMP). Except in Indoncsin, thc coastnl pilot sites of 
the othcr five ASEAN mcmhcr-countries include LYI~III r c ~ S  
areas and resources. 

The specific sites of inlcrcst nre Pclong Rocks and scvcrnl 
patch reef nrcas in Brunci Dniunsnlnrn; Pulnu Rnwn 
Archipelago and Pulau Sihu Archipclngo Mar ine  Pnrks, 
Johnrc, Malaysia; SnnLingo Island and sevcrnl ndjnccnt 
islnnds, Bolinno, Philippines; scvcrnl ol'lihorc islnnds nl'Singn- 
pore; and Mu KO Ang Thong and Ko Phi Phi Ntitiontll Mniine 
Parks, KO Somui nnd KO Phnngnn, Uppcr South, Thailand. 

The approaches to the mnnngemcnt of' cornllinc nnd ndja- 
cent areas by means of'mnrinc reserves and parks arc sitc- nnd 
countl+y-spccilic. Brunci Darussnl~rn intends to declare mm-ine 
pnrks that limit usc to rccrcntion and rcscnrch only in spccilie 
small areas. Tho Mnlaysian marine pnrks inclutle mosL, if'  not 
all, coral reek in thc vicinily and will dcsignnlr? a isonntion 
schcmc for mulliplc usc rnnnagcmcnt. The Philippine project is 
considciing n municipal rnnrinc park thnt will involve thc 
community for ekct ivc mnnnjicmcnl. Singaporc'li cl'f'o~is arc 
dircctcd townrd habitat cnhnnccmcnt through m-~ilicinl rec:fs 
and raising awnrcness to support the prcscrvation ol' somc 
coral reef nrens. The two marine pnrks in Thnilnnd undor the 
Roynl Thai ncpnrtrncnts oCForcstry and of Nnlionnl Pnrks nrc 
broadening thcir rnnnngcmcnt to includc community intcrcsts 
and multiple uscv with a rocus on tourism. 

Since the various wcll-known dost~uctivc irnpncls ol'constal 
populations on ndjnccnt coral roc4 awns nrc conlinui~ll,~ 
increasing n l  thcsc sites, thcrc i s  tin urgcncy tcl cornplctc a. 
m~nagement p r o p m  f'or implcmcntntion. Etzch proposcd 
manngerneni. rcgirne, although not large in scnlc, is prncticnl 
and has n good chnncc of' succcns if given thc ncccssnry 
support. 

INTRODUCTION 

The coral reef ecosystems of Southeast Asia and 
their associated resources have been overused and 
damaged in recent years (Yap and Gomez 1985). 
The primary causes of degradation are: (1) intense 
and destructive fishing methods such as blasting, 
use of cyanide, muro-nmi, trawling, gleaning and 
spearing; (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 frequented 
areas. The rate and causes of disturbance to coral 
reefs are well documented by, among others, 
White and Wells (1982); Yap and Gomez (1985); 
Salvat (1987); and White (1984 and 1987). 

In response to this deterioration of coral reef 
resources and coastal areas in general, each 
ASEAN member-country has been experimenting 
with site-specific management in the form of ma- 
rine parks and reserves (White 1988b). Most ex- 
amples of this form of management are focused on 
protecting and sustaining coral reefs in a manner 
that is practical and feasible for implementation 
on tropical coastlines with high population densi- 
ties of people who depend on fishing f o ~  their 
livelihood. The inherent problems of implement- 
ing marine parks and reserves for coral reef and 
coastal management have been the topic of recent 
studies and fieldwork by Kenchington and Salvat 
(1984); Salm (1984); White and Savina (1987); and 
Alcnla (in press). It is often indicated that  the 
management of coral reef areas must involve the 
users, the local community and the government in 
the 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 on 
tmditionnl rights and territories. However, re- ' 

source users are not always conscious of such pat- 
terns, but these become important when external 
management regimes, which do not consider these 
underlying rules and customs, are imposed. 



The ASEANIUS Cooperative Program on 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 M E A N  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. 

ASEANJUS CRMP PILOT AREAS 

Brunei Darussalam has included its entire 
coastline and offshore waters in the mnnagement 
area. The coralline areas shown in Fig. 2 will be 
included in a special area management scheme 
(Chou e t  al. 1987). 

Indonesia has  chosen Cilncap-Segara Anaknn 
on the southern coast of Java as its pilot area. The 
only coral reef resources in the vicinity are a t  
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 i s  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 

ement plans for coral reefs in the Johore 

Thr Philippines is concentrating on the whole of 
Lingoven Gulf in Northern Luzon (Fig. 4). Since 
coral beefs support extensive inshore small-scale 
fishedes in the western side of the gulf near Boli- 
nao nhd the islands offshore, a principal ingredi- 
ent id the overall planning for the area will be a 
mnn*ernent strategy for the coral resources and 
r e l n t d  fisheries bordering the small islands. 

One aspect of the project in Singapore is the 
devehpment of management plans for all 
remailning coastal areas that  have not been 
alterud by development (Fig. 5). This includes the 
coral l reefs that, although few, are intact and 
bordB several small offshore islands. The Singa- 
pore CRMP also focuses on habitat enhancement 
thro*h artificial reefs for those areas where coral 
reefsbre no longer viable a s  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 
P h a q a n ,  also bordered by coral reef areas, are 
both important for tourism. In Phangnga Bay, Mu 
KO I%i Phi National Park has  extensive fringing 
coral reefs used by tourists and local fishermen. 

APP~OACHES TO CRM AND CORAL 
REE$ MANAGEMENT PLANNING 

~ h 4  CRMP adopts the follqwing process for 
fom&ating general CRM plans for each country 
pilot dite. 

Th% general steps are: (1) compilation of all sec- 
onda* data; (2) formulation of management 
goaldissues; (3) primary data collection; (4) syn- 
the& 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: B) planning policies; (2) protected area man- 
a g e n h t  plans; and (3) issue-oriented action plans 
for ectoral  conflicts (Chua and Aylto 1987; 
Whit& 1988a). 

PllYnning for the management of coral reefs in 
each~.l/country, except in Singapore, has entailed 
field1 esearch work in order to: (1) map the extent 
of t h  € coralline areas; (2) document the condition 



and quality of the reef's by measuring substrate 
cover, coral and fish diversity and abundance, 
water quality and visibility, and fish productivity; 
(3) document the extent and patterns of coral 
resources use by the local people and assess the 
impact of these uses by analyzing various fishing 
methods and the number of contacts these people 
had with the reef areas; (4) document the socioe- 
conomic status of local communities dependent on 
the resource; (5)  determine the resource manage- 
ment problems and potential solutions; (6) deter- 
mine what organizations (government or non- 
government) a t  the community, n~unicipal, 
provincial and national levels could affect a man- 
agement regime; and (7) analyze the existing and 
potential legal framework and law enforcement in 
the area. 

All the information from the fieldwork provides 
a baseline for the formulation of the management 
plan and solutions for the physical environment 
and the human community iri the area. The pro- 
cess then becomes very site-specific because the 
solutions to management vary from site to site. 
Also, the process of deciding on the final plans is 
country- and site-specific depending on: (1) local 
and national politics; (2) extent of the problem; (3) 
population density; (4) current legal status of the 
areas; (5) socioeconomic condition of the immedi- 
ate community; and (6) local culture and tradi- 
tional practices (Salm 1984; White 1988a). The 
plan, once developed, will be implemented for 
pilot areas under Phase I1 of the project. 

Management plans for the corallink areas will 
fall under the label of protected area management 
(marine parks and reserves) andlor issue-oriented 
action plans. The latter is appropriate when the 
resource is under severe pressure over wide areas 
and is of primary concern as in the Philippine and 
Thailand sites. 

SITE MANAGEMENT PROBLEMS 
AND PROPOSED SOLUTIONS 

Brunei Darussalam 
A 1987 survey of coralline resources showed 

that  because of turbid offshore waters, coral reef 
formations are not extensive (Chou e t  al. 1987). 

Areas known to have coral growth, estimated a t  
4,500 ha, are indicated in Fig. 2. Field surveys 
that  document the generally mediocre quality of 
reefs in Brunei Darussalam focused on Pelong 
Rocks, Two Fathom Rock and Pulau Punyit. Patch 
reefs farther offshore are probably of higher qual- 

ity than the nearshore reefs but are not yet well 
documented. 

Even though the coral reefs are from moderate 
to low natural quality, they are considered a 
scarce resource and all will be included in the 
CRM plan. Pelong Rocks is the focus of manage- 
ment efforts, a t  least initially, because this area is 
accessible and the most frequented for fishing and 
recreation. The coral growth surrounding Pelong 
Rocks shows signs of stress from physical damage 
(blast fishing and anchors) and from sedimenta- 
tion. The fish population is not very abundant but 
is also not intensively fished as suggested by the 
large size and tameness of the fish (Chou et al. 
1987). 

The issues for coral reef management in Brunei 
Darussalam are: 

1. prevention of destructive fishing and other 
damaging activities (e.g., blast fishing and 
anchoring); 

2. restoration of the damaged areas so that 
the coral cover can improve; and 

3. implementation of a management regime 
that will prevent destructive activities, 
allow for undisturbed spawning and 
breeding grounds and provide for educa- 
tion, research and recreation. 

A solution being considered is to legislate a 
marine park with provisions for the above issues 
and with two different zones for use. Such a 
marine park with a "traditional use zone" and a 
"sanctuary zone" marked by buoys could be 
implemented by the Department of Fisheries 
(DOF) with the cooperation of user groups such as 
fishermen and recreationnl groups (e.g., Brunei 
Sub-Aqua Diving Club and Brunei Nature Soci- 
ety), The implementation of a marine park a t  
Pelong Rocks need not be a burden if DOF would 
make periodic visits. Nongovernmental organiza- 
tions (NGOs) could be involved informally for edu- 
cation and monitoring of the site. 

Malaysia 
As in Brunei Darussalam, the turbid waters 

along the eastern coast of Malaysia do not support 
lush coral growth. The offshore islands all have 
fringing coral reefs of medium quality. Neverthe- 
less, these islands support a tourist industly par- 
tially dependent on the attraction of the coral 
reefs. The islands of Pulau Rawa and Pulau Sibu 
Archipelagos are no exception (Fig. 3). They were 
surveyed environmentally in 1987 for reef and 
marine resources by Operation Raleigh find by the 



Fisheries Research Institute. The islands have 
been declared a s  marine parks under the Fish- 
eries Research Act of 1985 but have not received 
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.]: 

improper shoreline development for small 
tourist resorts that  does not consider set- 
backs, resulting in landform degradation 
and sedimentation; . 
unregulated sewage dumping by resorts 
and shoreline residents, resulting in 
inshore water pollution; 
blast fishing in some areas; 
anchoring of fishing and tourist boats in 
reef areas; 
use of spearguns by scuba divers and col- 
lection of shells, corals and other marine 
life; and 
lack of an effective institutional frame- 
work a t  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: 

an assessment of the current use patterns 
of coral reef resources; 
prioritization of the primary negative fac- 
tors affecting reef areas; 
a socioeconomic evaluation of the island 
communities; 
an assessment of attitudes and customs of 
the local community regarding manage- 
ment issues and their ideas for potential 
solutions; and 
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 d)scribed by Rahman and Mohamad (1986) for 
Pul* Redang Marine Park, Malaysia. Implemen- 
tatiqh, in general, would require management 
combittees a t  the local level representing tourist 
opemtors, residents and  fishermen. The marine 
park officials under DOF would need to work 
closdy with the island users of the resource and 
prodde guidance in the plan's implementation. 

Philippines 

Lhgayen Gulf has numerous coralline islands 
on @e western side (Fig. 4). The islands are bor- 
d e r d  by extensive reef flats dominated by sea- 
p a 3  beds and fringing coral reefs (McManus e t  
al. TB88). Fishing families are heavily dependent 
on the coral reef fisheries for their livelihood, but 
becmse of overfishing and habitat degradation, 
the catch per unit effort is low and declining 
(CahYld et al. 1989). The coral reef management 
issues in the area are complex because of the 
deteiorating socioeconomic status of many peo- 
ple. 'This condition progressively encourages the 
use bf effkient but destructive fishing methods 
w i t b u t  regard for their long- or medium-term 
con+quences (Galvez and Sadorra 1988). Major 
i s s d s  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 sociaVcultural 
I fiber, which condones illegaVdestructive 

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 
islaMs on the western side of Lingayen Gulf will 
neceigsarily involve a comprehensive approach to 
cornbunity-based management. A two-pronged 
app+ach could: 
1. ; outline a general coral reef management 

strategy for the entire area that  would 
r include: 

I /  education programs on marine 
I 9 ecology; 
I . community livelihood programs; 



training programs for law enforcers 
and local government officials; 
organization by live-in fieldworkers of 
commuriity groups for CRM and 
policy; 
media campaigns; and 
building local institutions. 

2. develop detailed and specific area man- 
agement plans for municipal marine 
parksheserves that  would zone areas for 
traditional use and sanctuaries by: 

encouraging a process of community 
decisionmaking and action through 
nonformal education and community 
organization; 
providing extensive education and 
training for the concerned communi- 
ties; 
promoting the involvement of local 
institutions to facilitate the 
implementation and involvement of 
the local people; and 
passing municipal laws which can be 
supported by national enforcement 
agencies. 

Such a municipal marine park plan will inher- 
ently evolve from the needs of the community in 
relation to  the scientific information available 
about the environment (White 198%). The deci- 
sionmaking process can be one of give-and-take 
between the "outside" planners and the local 
resource users. A model to consider is the one 
used by the Marine Conservation and Develop- 
ment Program of Silliman University, Philippines, 
where a community-based approach has proven to 
be successfbl on three islands (White and Savina 
1987). 

Singapore 

The coral reefs of Singapore occur mostly as 
fringing or patch reefs associated with the South- 
ern Islands (Fig. 5). High levels of suspended 
sediment dominate the water surrounding these 
islands resulting from extensive land reclamation 
projects and dredging activities since the 1960s 
(Chou 1988). The present average water visibility 
of 2 m, compared to 8 rn prior to 1960, severely 
limits the growth and health of Singapore's reefs. 
Many coral reef areas have been smothered by 
sediment, and growth on reef slopes below 5 m is 
minimal because of low light penetration (Chou 
1988). Some reef areas have also been the direct 
victims of land reclamation as  some islands have 

been enlarged for development, or of dred@ng a s  
channels have been deepened and widened for 
shipping. Nevertheless, some shallow reefs are 
stable and healthy, mostly in more of the South- 
ern Islands where disturbance is less. 

Management issues regarding coral reefs in 
Singapore involve pressure from the economic 
development and literal expansion of the Singa- 
pore mainland and islands. These issues are: 

1. high levels of sedimentation; 
2. continued reclamation, which covers living 

reefs; 
3. dredging activities, which suspend sedi- 

ment; 
4. anchoring by recreation, fishing and 

research boats; 
5. collecting and spearing by local scuba 

divers; 
6. general lack of public awareness about 

coral reefs; and 
7. low priority given by the government in 

protecting and managing the remaining 
coral reef areas. 

The Singapore CRMP is formulating a compre- 
hensive management/zonation plan for all coastal 
resources and areas, including coral reefs (Chia et 
al: 1988). There are existing documents on the 
status and uses of the resources with reco-mrnen- 
dations for priority and protected areas through 
use zones. In this regard, i t  is suggested that  the 
plan include: 

zonation for "sanctuaries" with no extrac- 
tion allowed; "general use areas" for fish- 
ing and recreation; and "restoration" 
areas; 
a design for a mooring buoy system; 
the encouragement to stop reclamation 
and dredging activities near the better 
quality reefs; 
recomme~dations for legislation to protect 
and manage certain priority areas and to 
change the status of some areas now 
within military jurisdiction or planned for 
reclamation or other development uses; 
and 
a design for a public and government edu- 
cation program that  provides accurate 
information on the values of coral reef 
resources as  a living ecosystem. 

The design and implementation of a coral reef 
management program in Singapore will be 
directly linked with present government policy 
decisions about land and marine space use. Since 
all marine space in Singapore is already allocated, 



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 progmrn. 

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 reef's. KO Phangan attracts an additional 
10% of the over 300,000 provincial visitors to the 
two islands (Dobias and White 1988; Paw et ul. 
1988). 

KO Samui (247 kmz), KO Phangan (150 kmz) 
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 n limiting 
resource f'or 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) .  Wnter clarity, which affects reef 
quality directly, tends to be better in the outlying 
areas of the eastern coast, KO Tno in the north 
and other offshore islands (Dobias 1988; Suraphol, 
pers. comm.; Bunpnpong and Ngernvijit, this vol.). 

Mu KO Ang Thong National Park, established 
in 1980, is 10,200 ha, of which 8,400 Ilr1 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 avchipelago'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 
davelopment of tourism and the resulting impact 
on 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. 
Nevertheless, those directly pertaining to reefs as 
identified by Dobias and White (1988) are: 

1. blast fishing by local inhabitants and out- 
siders; 

boat anchorage by fishing and tourist ves- 
sels; 
coral and shell collection by local residents 
and tourists; 
pounding corals while fishing; 
use of poisons in fishing; 
sedimentation from shoreline construc- 
tion, deforestation and boating; 
pollution from improper waste disposal; 
poor implementation of current laws 
affecting reefs; 
poor implementation of Mu KO Ang Thong 
National Park rules; 
low level of public awareness about the 
resources; and 
lack of planning and cooperation among 
implementing and local government and 
private resource users. 
planning team for coral reef resources 

man&ement in the islands of Ban Don Bay is 
foculing on several approaches to the above prob- 
lem% with the theme of involving local tour opera- 
tors tland communities in the implementation pro- 
cessh The goals for management being discussed 
are: 
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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 
implementation by the local authorities, 
the national park and the community's 
cooperation; 
provision of mooring buoys in strategic 
locations; 
enforcement of legislation affecting coral 
reef resources; 
revision of the law to prohibit the sale of 
all coral reef-derived products; 
prohibition of construction activities adja- 
cent to sanctuary areas; 
"environmental impact assessment" and1 
or permits for all construction in 
traditional use areas that  will affect set- 
backs, soil~land management and proper 
waste disposal; 
formation of an  environmental task force 
to oversee management; 
involvement of local leaders and authori- 
ties in the planning and implementation 
process; and 
education, public awareness and training 
programs for appropriate target groups. 

TWese management targets are being formu- 
lated into specific projects and prioritized for 



immediate implementation. One proposed pilot 
project for KO Phangan is designed to integrate 
appropriate tourism development, resource con- 
servation and community development (Dobins 
1988). Such a program could involve the commu- 
nity in thc process of managing its beach and reef 
resources in a sustainable manner for its own 
benefit. If successful, such a pilot program could 
provide an example for neighboring communities 
and other island sites. 

CONCLUSION 

The five country sites discussed with regard to 
coral reef' management concerns all have similar 
but differing degrees of problems. Thus, strategies 
to deal with the management issues will vary 
more than the apparent problems because the 
means for implementation will be quite different 
in each country. Table 1 summarizes the man- 
agement issues by country. Probably the most 
wide-reaching issues affecting large areas of coral 
reefs are the impact of siltation from various 
upland and coastal activities, destructive fishing, 
in general, and blast fishing, in particular, and 
the incidence of boats and anchors a t  populated, 
tourist and fishing sites. 

Table 2 highlights potential management 
strategies appropriate for the sites. Singapore and 
Brunei Darussalam are a t  the end of the strategy 
spectrum, almost totally dependent on govern- 
ment authorization and approval to be successful. 
This is because traditional andlor destructive uses 
by coastal residents is not such an important 
influence compared to government programs for 
land reclamation and resource zoning which can 
be relatively easy to enforce in these two coun- 
tries. 
In contrast, the Philippines' strategy is almost 

totally dependent on community support, educa- 
tion and an alternative livelihood to be successful. 
This situation is  evidenced by the problem in the 
Philippine site, which is essentially one of t,oo few 
resources for too many people. This is not to say 
that  the government is not important in the 
Philippine example but only that  the factors de- 
termining success lie more with the local resi- 
dents and community leaders than government 
agencies for policy support and law enforcement. 

Thailand and Malaysia fall in the middle of the 
policy/management spectrum. They will require 
mixed programs with good community-based par- 

approval and support. These two countries have 
adequate infrastructure and government organi- 
zations supportive of good management solutions. 
Nevertheless, the coral reef areas in question are 
populated and heavily used so that  the practices 
of these people need to be altered. Effective man- 
agement will also require the cooperation of the 
immediate coastal resource users. 

REFERENCES 

Alcnln. A.C. The elTect of marine reserves on fisheries yields. 

study of the municipal fisheries in ~ i n ~ n ~ & - G u l C ,  p. 3-29. 
In G. Silvestre, E. Midnt and T.-E. Chua (cds.) Towards 
suslninnhle development of the coastal rcsourcos of Lin- 
gnycn Gulf, Philippines. 

O p. Philippino 
w, 8nd8 

and Development, Lon Basos, Lnguna, and Inter- 
nalic~nnl Ccnter for Living Aquatic Rcsources Management, 
Maknti, Mclro Mnnila, Philippincs. 

a 
Chou, L.M. 1988. The state of coral rock in Singnparc. Laut 2: 

4. 
Chou, L.M., M.W.R.N. De Silva and A.T. White. 1987. Coral 

reef's, nlgne nntl tpcngrasscs, p. 49-58. In T.E. Chua, L.M. 
Chou nnd M.S.M. Sndorrn (cds.) Thc coastal environmental 
plolile ol' 131unei Darussalam: rcsourcc assessment and 
rnnnnpment issues. XCMRM Technical Rcpotte 18,193 p. 
Fishcries DcpalimenL, Ministry of Development. Brunei 
Dnn~ssnlnrn nnd Intcrnntionnl Ccntcr for Living Aquntic 

987. ASEANNS Cooperative 
: Coastal Resources Manage- 

mcnL Pwject rcsenrch, training and information programs 
and nctiviLics, 1986-1989. Work. Pap. 87113. 86 p. 
ASEANNS Conetal Rcsnurccs Mnnngcmcnt Project, Inter- 
nntional Ccntw fur Living Aquatic Resources Manalprnent, 
Mnniln, Philippincs, 

8 . m r n a t i o n a l  Center for E G n Z  
ncnt, Manila, Philippines. (In 

prcss). 
creation and tourism subswtor (Task 420- 

t of constnl tourism resources nt Bnn Don 
Bay. Work. Pap. 8818. 164 p. ASEANXJS Comlal Resources 
Management Projcct, Intcrnntional Center I'or Living 
Aquatic Resources Managmcnt, Mnniln, Philippincs. 

x o b i a s  R. and A.T. White. 1988. Island rcsourccu rnnnngement, 
Bnn Don Bay, Thailand. Trop. Coast. Arcn Mannge. 3(2): 14- 

re&, p. 23-28. In R.A. Kcnchington and B.E.T. Hudson 
(eds.). UNESCO coral.rcof mnnagemont hnndhook. Unitcd 
Nations Educational, Scientific and Culturnl Orgnnizntion ticipatkn and education and strong gove~nment 



Regional OfIice for Scicnco and Tcchnolo~y Sor Southeast 

vcy of western Lingayen Gulf. Work. Pap. 87/30. 128 p. 
ASEANIUS Coastal Rcsourccs Mannkwrnent Project, 
International Ccntcr for Living Aquatic Rcsourccs Mnn- 
agmcnt ,  Manila, Philippincs. 

Paw, J.N., S. Bunpnpong, A.T. Whitc and M.S.M. Sndorrn, cdi- 
tors. 1988. Thc coastal cnvironmentnl prol'ilo o f  Bnn Don 
Bay nnd Phnngnga Bay, Thniland. ICLARM Technical 
Rcports 20, 78 p. Intcrnntionnl Conter Ibr Living Aquutie 
Resources Managcmcnt., Mnnilil, Philippines. 

Rahmnn, R.A. and M.I.H. Mohnmnd. 1986. Proposed mnnngc- 
ment plan for thc Pulnu Rednng mnrinc pnrk (executive 
summnry). Faculty ol' Fishcrier nnd Mnrinc Scicnccu, Uni- 
versiti Pertaninn Malaysia, Serdany Sclnngor, Mnlnysin. 

Salm, R.V. 1984. Ecologicnl boundaries ror corn1 reel' rrscrvcs: 
principles and guidclincs. Environ. Conuerv. ll(1): 7-13. 

Salvat, B., editbr. 1987. Humnn impacts on corn1 reol's: hcts  
and recommendations. Antenne Museum E.P.H.E., French 
Polyncsin. 

White, A.T. 1984. Effects of fishing nnd prolectivc rnnnnge- 
ment on Sour coral reel' study sitcs in the Vinnyns, Philip. 

p i e s  (Phnsc I). Unitcd Nations Envimnmcnt Prob~nm 
C nl Reef Monitoring Project, Sillimnn Univcr~ity, 
D&nguuete, Philippincs. 

Whit ' A.T. 1987. Coral rcds: vnlunblc rcsourccx or Southcnst 
A d. . ICLARM Education Scrim 1, 36 p. Intcrniktionnl Ccn- 
ted for Living Aquatic Rcsourccs Mnnngcmcnt, Mnniln, 
~ d l i p ~ i n c s .  

Whit+ A.T. 1988a. Conccptunl Srnmcwork Ibr CRM plnnning 
a 4  manirgcmcnt in the ASEAN countrics, 1988-R9. Work. 
P ' . 8811.16 p. ASEANNS Constnl Rcsouiwa Mnnngemenl 
P % ject, Irrtcrnntionnl Ccntcr for Living Aquatic Rcsourci:s 
M#nngement, Mnniln, Philippincs. 

White, A.T. L988h. Mnrinc parks nnd rcscrvcs: mnnngemcnl 
fbr constal cnvironrncnts in Southcn~t Asin. ICLARM Edu- 
c d o n  Scrics 2, 36 p. Intcrnntionnl Center for Living 
Aglntic Rcsourccs Mnnngcmont, Manilt~, Philippines. 

WhiU, A.T. and G.C. Savinn. 1987. Community-bnscd marine 
r crves: a. Philippine first, p. 2022-2036. In  Prococdings or '9 ~ & s t n l  Zonc '87, 26-30 Mny. Scattlc, Washin~lon. 

~ h i q ,  A.T. nnd S.M. Wclls. 1982. Cord reol's in thc Philip- 
pi#cs. Oryx 16: 445-451. 

Yap, 1 .T, nnd E.D. Gomcz. 1985. Cord reel' degrndntion nnd 
p ution in thc Enst Asian Sene region. UNEP Reg. Scns 
R I , . Stud. 69: 185-207. 

I 

Table 1. Comparison of coral reef manawme~ iseuee among the five ASEAN/US 
(;?1MP sites. 

d, 

B 4 P S T 

Fishing 
Blasting 
Poison 
Overfishing 
Anchora 

Shoreline or upland development 
Land reclarnatiodnedimentation 
DeforestationIBedimentation 
Miniug/aedimentation 
Unregulated building 
Waate diapoeal 

Recreation 
Anchora 
Collectins/spearing 

Infonnationfinetitutional 
I a w  public awareneee 
Poor law enfotrcement 
Cultural emeion 
Law priority in policy 

Economic 
Law income 
Lack of alternativeu 

~. - 

B = B m n e i D a r u a h  
M = Malaysia 
P = Philippinee 
S = Singapore 
T = Thailand 



Table 2. Cornpariaon of mral lsef rnpaagement mtratagiee armrsg the five ASEANNS 
CRMP niten. 

B M P S T 

Area management 
Zonation nchemea x x x 
National m d n e  p r k  x x x x 
Municipal mwine park x x 
MDoring buoydaigne . X X I X X 

he-based managermnt 
Public education x x x 
Tmining for 0md& X x I( X 

Uplaad maaagement x x x 
Community 11wlibDod x 
Community dewlopmeat x x 

~wtihrtionavlmplemntation 
Rsvise lawn 
Improve law enfmmment 
Build h a 1  institutions 
National pvwmmmt mntml 
Community-based management 
NGO participeh 
Regulate shoreline 

mwtruction~EIA 
Create a k d  task k c e  
Require EIA+mnita for building 

hlicy changes 
I-se national priority x 
Slow manta1 development 



Fig. 2. Known coral rccf nrcas in thdl ol'fshore arcns of' Blvnci 
~ k s s n l a r n  (Chou et nl. 1987). 

\ South Chino Seo 

Fig. 3. ZWau Sibu and Pulau Rawa Archipelagoe 
MarineParks, Johow, Malaysia. (Chua et al., in 
preas). 

Fig. 4. Western ialanda and fringing coral reefs of 
Lingawn Gulf. Philippines UkkManue et al. 1988). /' 



Fig. 6. Singapore's Southern Islanda with fringing and patch reefs (Chia 
et al. 1988). 
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Fig. 6 .  Islands o f  Ban Don Bay, Thailand, and their 
fringing mral reefs (Paw et al. 1988). 
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ABSTRACT 

Thia paper reports the fmdinge of the tourism study group 
of the Malaysian Coastal Resources Management Project of the 
A S E M S  CRh6F. It briefly h e w s  the policiee, plans and 
proposals of the varioun tourism Bectora--government and pri- 
vate agencies, and individuals--and identifiea the existing mp- 
ply, demand, uees and impact of coastal tourism resources. The 
study formulatee management guidelinen for tourism remume 
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 coastal 
tourism resources. The South Johore coast, on the 
other hand, is well-endowed with natural 
resources, 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, foreign 
and 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") Logokl and the offshore 
islands (Fig. 1). 

The study had various components (Fig. 2); i t  
included a literature search and a review of the 
current government's plans and policies for the 
tourism industry. Secondary data or interviews 
provided most of the information. A series of site 
vieits and surveys by land and/or sea were under- 
taken to assess existing and potential tourism 
resources. 
The results of the surveys were summarized 

through a checklist-cum-matrix technique where 
the quality and quantity, or interaction between 
elements were noted, and where appropriate, 
were classified and coded into symbols (Fig. 3). 

COASTAL TOURISM POTENTIAL 

The coastal re~ources that have significant 
potential for tourism and recreation were clasei- 
fied 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 by 
various federal and state government agencies ae 
well as the private sector are shown in Fig. 3. 



Beaches f i e  Fisheries De~artment exercises control 

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 
proposals in the form of the Desaru Tourism Mas- 
ter Plan (i.e., Tg. Siang, Tg. Lompat, Tg. Balau, 
Tg. Penawar, Tg. Punggai and Desaru). The mas- 
ter plan, which covers the overall development of 
the other beaches in the KEJORA region together 
with the Desaru Tourist Complex, aims to provide 
a framework for guiding and approving proposals 
from private developers (KFJORA 1986). The 
master plan shows that the scale and intensity of 
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 
policies. 

The Japan International Cooperation Agency 
(JICA) is helping the Johore Government in for- 
mulating a tourism development plan for the 
southeastern coast of Johore. JICA has recom- 
mended the sxpansion of the Desaru Tourist 
Complex to include the neighboring beaches in the 
KJ3JORA regon. in the form of resort develop- 

ovei the islands in the marine park, i.e., Pulau (P. 
thr&ghout this text; it means "island) Rawa, P. 
Hu#ng, P. Tengah, P. Besar, P. Tinggi, P. 
Me#&$ and P. Sibu. 

f i e  State Economic Planning Unit (UPEN) rec- 
ommends that development on these islands be 
restkicted and medium-type lodgings such as 
chakts be encouraged (UPEN 1987). In 1987, 
aro4nd 10% of the total number of tourists visited 
the lislands; by 1995, the number is projected to 
incease t o  24,400 visitors or 14% of the total 
tou@st arrivals (JICA 1988). Tourists are pro- 
jecMd to spend 81,400 nightdyear on the islands. 

Atcommodations are provided on most of the 
is ldds either by the local population or by private 
dev#lopers from the mainland (Table 2). Develop- 
me# is more intense on the islands closer t o  the 
makland (e.g., P. Besar, P. Sibu and P. Rawa), 
t h 4  on the islands farther offshore (e.g., P. Aur 
an P. Pemanggil). For economic reasons, tourism 
de 4 lopment on the nearby islands is being man- 

by private developers from the mainland 
r by renting, leasing or purchasing land from 

community. 

ment. ~ c t i v k s .  planned for this area include Eswaries 
beach, recreation, water and inland sports and 
amusement parks. 

This development is expected to attract 73% of 
the total tourist arrivals to the southeastern coast 
of Malaysia by 1995--around 0.8 million guests 
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 a t  Teluk Mahkota and 40 rooms 
at Tg. Punggai. 

The study team surmised that although tourism 
is well promoted by the state agencies, implemen- 

Rlicies on estuarine areas focus on control and 
The Drainage and Irrigation 

restricts the development of river 
erosion and siltation, but in 

parts of the estuarine areas these reserves 
illegal workshops and 

wa e disposal sites. 
$ere are also existing and proposed seafood 

rest$urants owned by private individuals like 
tho e in Teluk Sengat and Kong Kong, in the 
Jo d re River estuary. The visitors are mainly day- 

no accommodation facilities are available 
except at Kong Kong, which has 14 

hot# rooms classified as "domestic standard. 
HofJlever. river cruise service is available. 

tation depends a lot on the private developers. 
Their present proposals are large in scale and Maogroves 

intens& but duplicate each other in types of 
activities planned and do not consider appropri- 

Smilar to thow for the estuarine areas, policies 
on mangrove areas have to do with control and 

ateness to local conditions. cor&ewation. The Forest Department looks after 

Islands t h d e  areas to maintain them as mangrove 
resdrves. 

Tourism development on the islands is on a h s i b l e  attractions to these areas are activities 
small scale, in the form of low-budget accommoda- as river cruises, bird watching and dining in 
tions and facilities. restaurants. 



Coaatal waters IMPACT OF TOURISM ON 
COASTAL RESOURCES 

The policies over ,the coastal areas, mainly over 
passage near them and pollution control, come 
directly under the Johore Harbor Master Plan. 
Thus, the %a-based lodging houses that have 
sprung up in places like Teluk Sengat to cater to 
anglershishing enthusiasts are one of its many 
concerns. 

TOURISM DEMAND SURVEY 

Tourists 

About 75% of those surveyed were foreign 
tourists from the United Kingdom, West Ger- 
many, United States, AustralidNew Zealand, 
Japan, Korea and Hong Kong. Compared to the 
JICA study, the samples were more representa- 
tive (Table 3). About 84% were holiday tourists 
(Table 4). Their popular activities were swimming 
(27%), sightseeing (22%) and eating seafoods 
(17%), activities included in most package tours 
(Table 5). 

Beaches were perceived to have the most poten- 
tial for tourism, followed by the islands (Table 6).  
According to DURP (1988), the most popular 
tourism development is resort development (23%), 
followed by recreationlsports (14%) (Table 7). 
These show that future tourism development 
could be concentrated on the coastal areas. 

Tour and business operators 

All the tour operators surveyed by DURP (1988) 
render service to tourist attractions both on the 
mainland and on the offshore islands. When asked 
which has the most potential for tourism devel- 
opment, 37.5% of the sample8 said it was the 
beaches and 34.4% said it was the islands, 
although facilities there need to be improved 
(Table 8). 

Local community 

Among the local community, 371 felt that 
tourism has the most potential for development, 
followed by fishing (19%) and agriculture (17%) 
(Table 9). The responses indicate that conflicts are 
likely to occur in trying to accommodate tourism 
within the traditional sources of employment and 
income of the local community (DURP 1988). 

The establishment of shops was considered the 
facilitv most needed to attract more tourists as 

The interaction betFeen the coastal resources 
and their alternative usee, such as fishing, agri- 
culture, forestry and urban development, is sum- 
marized in Fig. 5. 

Beaches 

The Desam Tourist Complex will reduce the 
natural environment and the aesthetic quality of 
the beaches due to congestion, especially during 
peak tourist seasons. 

There is a proposed treatment plant in the 
Desaru Tourist Master Plan. However, the prob- 
lem of sewage and solid waste disposal is likely to 
occur in populated villages due to the increase in 
the number of chalets and longhouses constructed 
by the local community (i.e., Tg. Punggai). 

The beaches in the KEJORA region are man- 
aged and planned by a resourceful federal gov- 
ernment agency, and this facilitates coastal 
resources management. 

Islands 

The islands are slowly beginning to attract 
tourists. However, poor accessibility and lack of 
promotion have resulted in the slow growth of the 
islands as  tourist attractions. Despite being small 
in scale and low in density, the impact of tourism 
on the natural resources of the islands is consid- 
erable, as there is no effective control or manage- 
ment of their development. 

Sewage and solid waste disposal is a major 
problem as chalet-type accommodations are con- 
structed in an ad hoc manner. The problem is 
most serious a t  P. Besar, where tourist 
development has taken the whole area along the 
beach. 

Water supply is limited in all the islands, espe- 
cially a t  P. Sibu. Because of this, tourism on the 
islands will create a conflict between the demand 
for freshwater for tourism and the demand for 
freshwater by the local people. 
The development of tourism has also resulted in 

some displacement of the local population. Prop- 
erty along the beaches has been sold to new own- 
ers from the mainland, thus limiting the opportu- 
nities for local community participation in 
tourism. The problem is more acute on the islands 
close to the mainland such a s  P. Besar and P. 

well as to benefit the local population (Table 10). Sibu. 



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 islahds 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- 
tors 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 syetem 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 t o  
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. These houses create sewage 
and solid waste disposal problems and cause over- 
exploitation. 

Urbanization 

Urban development creates sewage and solid 
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. 

Taurism resource zones are proposed as a 
m e a s  of guiding the management of coastal 
resmrces affected by tourism in South Johore 
(~ ig i  6). The management guidelines include the 
follaYRing: 
1 -  Any development for tourism and recre- 

ation must blend with the natural envi- 
ronment; conserve areas of outstanding 
natural beauty; 

2. Sensitive coastal and marine habitats and 
those of significant scientific interest must 
be consewed; 

3. The local community must participate in 
the development and management of 
coastal tourism resources; and 

41 Appropriate legal and institutional 
arrangements must be established to 

: administer the offshore islands. 
@chnical guidelines for physical planning, 

whgh take into account the impact of the physical 
str&tures on the environments, must be made. 
~ ~ $ o ~ r i a t e  physical planning criteria (design or 
perAormance standards) can be applied to protect 
t h e t a s t a l  area from inappropriate development. 
Ot r specific management guidelines proposed 
(T le 11) cover three issues: the environmental 
im f ct of tourism development; the appropriate 
insdtutional and legal framework to regulate and 
molitor tourism development, especially on the 
is lads;  and the extent of local community par- 
tici)ation. 
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Table 1. Distribution of claseified aocommodation fatillties at  Dosaru and 
the neighboring beaches. 

Table 2. Eutimated number of accommodation facili- 
ties ( m m s )  on the oKshore ielande. 

Existing h j e c t e d  
(1W) (1996) 

Type of mom No. % No. % 

International deluxe 0 0 790 37 
International 0 0 860 40 
Regional 234 69 349 16 
Dome~tic 106: 31 121 8 

Total 339 100 2,116 99 

(% Lsnd area) 19% 56% 

Source: JICA (1988). 

Table 3. Origin of foreign visitors to h u t h  Johore. 

- -- - 
P. Rawa 64 
P. 8ibu 82 
P. Tinggl 18 
P. Besar 68 
P. Pemanggil 43 
P. Aur 12 

Saurce: DURP (1988). 

-- - 

Renidenee Johore Bahru K u h p  Deaaru Total 
No. % No. Q No. % No. k 

Unlted Kingdom 1 26.0 B 50.0 1 6.6 11 27.6 
West Germany 2 11.1 2 6.0 
Ranca 1 26.0 1 2.6 
Europe 1 26.0 1 6.8 4 22.2 6 16.0 
UWCanada 1 5.6 8 18.7 4 10.0 
AustraliuNew Zedand 6 88.8 2 11.1 8 20.0 
Japan 2 11.1 a 6.0 
Korea 1 5.6 1 2.6 
Singepore 1 26.0 1 2.6 
Others 1 5.6 8 16.7 4 10.0 

Totd 4 100.0 18 100.1 18 100.1 40 100.0 

Souroe: DURP (ISaa). 

Table 4. Purpoae of viait, in pcmntage. 

Table 5. Visitor's sctivity, in parcentago. 

Johore Bahru Kukup Dcsaru Total 

Holiday 
Tranait 
Food 
Othere 

Totd 20.0 44.0 36.0 100.0 

Source: DURP (1988). 

Activity Johoro Bahru Kukup Doaaru Total 

Fishing 
Swimming 
Sailing 
Windsurfing 
Snorkeling 
Diving 
Hiking 
Cruising/ 
uightsocing 

Eating 
scnhods 

Othcrs 

Table 8. Remum development potential in South Johore (tourist percoption 
study), in percentage. 

Remurco Johore Bahru Kukup Deaaru Total 

Beaches 5.3 28.7 8.6 42.5 
Islandu 5.3 16.0 13.8 96.1 
Mangmvee 2.1 6.4 8.6 
Estuaries 1.1 1.1 
Coastal waters 2.1 4.3 6.4 12.8 

Total 12.7 62.2 35.1 100.0 

Sourco: DURP (1988). 

Totnl 20.1 31.8 48.1 100.0 



Table 7. Potential t y p  of twriam devmlopment in South Johore 
(tourist and tour operatodagency permption etudy), in percentage, 

Activity Tourirt Tour operetot 

Resort development 
Recreation/spolts 
Swimming 
F i u h i i  
Snorkeling 
Diving 
Boating 
cmi= 
Hunting 
H i  
WildUfe 
Cultwe 
Craft 
Others 

Total 

Table 9. Rssourcta development ptan-  
tin1 k South Johore (1-1 mmmunity 
pemrption study). 

Activity 

Induatry 
Apiculture 
Forest 
Mining 
Fishing 
Craft 
Tourism 
Reneatiodsprta 

Total 100.0 

Sourn: DURP (1988). 

Table 8. Resoume development potential in South Johom 
(tourht and tour oparator/ageney pmrption etudy), in 
pmentage. 

Reemme Tourlst Tour Operator 

Benches 40.0 97.6 
Islands 40.0 84.4 
-n~lro- 3.4 9.4 
Estusrigs 10.3 12.6 
Coastal watari 6.8 6.2 

Total 100.0 100.0 

Bwrw: DURP (lsBe). 

Table 10. Facilities improvement For tourin4 development (local community p a p t i o n  study), in pemntage. 

Facility Islande Kukup K. Tinggi Penawar Denaru Total 

Hotels 
Communication 
Public amenities 
Shops 
Entertainment 
Others 
-- 

Total 100.0 100.0 100.0 100.0 98.8 100.0 

Source: DURP (1988). 

Table 11. Guidullneo for touriemlr~creation develo~ment in coaatal qourea  wnes. 
-- 
Touriam rssource zone +idelinem 

1. Southern gateway 

Establiuh and enf& water quality rtandunls for recreation and 
touriem use (e.g.,  dor re Strait, Skudai River uetuaty). 
Restrict and moni*r largescale and high-intensity twrism and 
mraation develop*nt dong m a n p v e s  (e.g., Skudai Riwr es- 
tuary, wastal remr*eee between Stulang and Pasir Gudang). 

2. Mangrove estuaries 

8. Historical estusries 

Eutabllsh a man& buffer zone to mntml emebn. 

Integrete locnl -mic uctivlty with touriam (e.g., qp culture, 
aquaculturn, arch& tours). 
Contml the d i e o m  of wasta from aeafood mtaurants, k a l  
eommunltie~, etc. 

Contml the dischrge of waste from aeafo~d ~eetaurants, laal 
communities, etc. 
Designate and p m o t e  amae of hlstoricnl internut along Johore 
River estuary (e.g.&Tohore Lama Panchor). 
Permit and ~8guln# mu-based lodging houwu (for englhg, fishing), 
including mntmle br their wasts dieposal. 

for tourism devebpnmnt. 

Continued 



Table 11. (continued) 

Tourism resonroe zone Guidelines 

Probed development (e.g, hotels. mrtels, shops) on b e d m .  
Entnblish density control along comets populated with people (e.g- 
Tg. Penawar, Tg. Punggni). 
Institule a setback requirement h m  the shoreline b r  buildings 
and constmEtion to avoid erosion and protect Leaches. 
Designate M e r  zones within and between development a r e a  
Pmreet the tropical raidmeat e r n e  end wildlife and bird habiita. 
Prok t  and maintain natural envimnments, eapcially those of a- 
nificant d n t i l i c  inbeat  and outahding natural benug. 
Zone eteae ta protect natural watersheds hg. .  mangrove fomsts)). 
Prohibit sand mining and logging setivitiea. 
New development should inoorporate measures fir weste and 
sewage disposal(e.g., local m-nitylnon-KEJORA project.$. 

5. Coastal waters me Regulate coastal bhing and shipping lanes to oonserve a i g d i c a n t  . coaatal and merine hhibto .  
EnIom IwtricLion on the open eflnga of diselrarges h m  mnalal 
fishing and shipping. 

6. Islands 0: Monitor end control reamt development on the islmda - InatitUte eppmpriate contml and e n k m e n t  meanurea o w  wral 
reefs, shell and other aquatic life of oigrt iht  and scientific 
interest. 

0' Establish sctback requirements for development to pre- 
hcachcs, shorclinee andlandscapes. 
Tourism development should be sensitive to the l a d  culture and its 
values. 
There should be mntmls and regulations in acquiring lnnd lor 
tourism development 
Development lor m m k h s e & o n  should nob diaplaoe the local 
population. 
Then? Bhould be zoned apeas lor local community u e  and tourism- 
relnted activities(eg.. pasture land, motels). 
Tourism development should consider the availability of water sup. 
ply and the local mmmunity'e water requiremento. 
Improve pIovigions for the islandi infraetructure and amenities 
cmrsonant with touriem development. 
There ehould be appmprinte standarda for the development mad 
const& of tourism fadlkies and activitien to be applied end 
enforced by the relevant local authority. 
Any proposal For tourism development s h d d  be channeled to the 
appropriate local authority kg., diptrick office). 
Establish, promote and regulate a sen transport system to and &om 
the islands to improve efieiency. 
Establish an alternative gtaging point fmm Sedili or Desaru ta the 
islands ta improve their acoeaeibility. ----- Study area bundory 

Fig. 1. Study area of the coaetal reeouroee management for twrkirn and m t i o n .  
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Fig. 3. Checklist of policies, plans and proposals for the development of reeources for tourism. 
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ABSTRACT 

Sand depoeits in the form of beach ridges, alluvium and, 
more recently, eubaqueous accumulations, found along the 
eaatem mast of Johore Strait have been extensively extracted 
for uae in construction and, to a leaser extent, for glass manu- 
facturing. O h ,  the conditions imposed on the approval for 
offshore sand mining activities are expmssed in administrative 
terms, without technical meideration of their potential 
impact on the etability of the dected maatline. 

The removal of offshore a n d  can reduce the amount of 
sediment available to r eph iah  the beach. If the sand deposits 
occur as aubaquews sandbadbanks, thereby proteding the 
coast from dim3 wave action, their removal could alsb lead to 
shoreline instabilitg. Off~hore dmdgiqg not only deetmya 
marine habitatq it also h p ~ s  atmssea on marine communi- 
ties. By considering the physiographic adJuetmenta and bio- 
logical impact of olTahorm dredging, this paper propose8 a man- 
agement plan for offshore eadd mining that allows the har- 
mony between emnomic regaurcrea use and the maiutenanoe of 
environmental 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 
i t  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 sand 
mining concessions will increase. 

According to one sand mining application, the 
southern coast and the eastern section of Johore 
Strait have 100 million ma of sand deposits that 
can be extracted for export. This lucrative venture 
is further borne out by the numerous overlapping 
applications received by the Land Offkes. To 
illustrate, the projected revenue accruing to the 
State Government, which levies royalties ranging 
from M$0.708 (seabed) to M$1.20a (river sand) per 
m3 on export sand can be ~ubsterntial. 

Applications for concession areas are concen- 
trated along the Johore River estuary, the Johore 
Strait and the seabed off the southeastern corner 
of Johore (Fig. 1). Along these coasts are many 
fishing villages and a major tourism and recre- 
ational center. At present, the only road link ta 
the Customs Complex and the Ferry Service Cen- 
tre a t  Tg. Pengelih also skirts along the coast. 
Some stretches of the coast have been identified 
as Category 1: erosion areas (EPU-PMDM 1986). 
Therefore, sand mining in the aforementioned 
coastaVoffshore areas, if not carefully planned and 
controlled, can initiate new erosion andlor aggta- 
vate existing erosion (Fig. 2). 

Often, the conditions imposed on the approval 
for 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 a t  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. I t  also 
discusses the various potential environmental 
stresses that can result from offshore dredging, 
with emphasis on the physical and biological envi- 
ronments. The paper then outlines the prevailing 



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 nd of the wire is used to excavate bottom 
ma 3 rials. The clamshell and the dragline types 
are b e  most common dredges under this category. 
The11 material excavated by these mechanical 
dre+es is placed in hopper barges, which are 
them towed to the disposal area. The effective 
working depth for a bucket dredge is limited to 
aboJlt 30 m. 

m e  dredge to be used in offshore sand mining 
shodld be selected properly. Different dredges 
em&oy different working systems; thus, they have 
di ring degrees of environmental impact. 
Me "X anical dredges, such as the clamshell, bucket 
or &pper types, cause a resuspension of material 
a t  $e bottom of the water column and also spew 
thellfine sediment from the bucket during the 
hoi ting operation. To a lesser degree, hydraulic 
dr 4 ges also release, under wave action, some 
sedlllment from the leaking joints of the floating 
disdharge pipeline while they are pumping the 
sludry ashore. 

~idogical environment 

$e environmental impact due to offshore 
dr ging stem from the suspension of sediment 

selves and the release of pollutants from the 
sediment. Thus, dredging-induced sus- 

and affect 

operational design, scale and duration 
factors since each mate- 

transport and 
e*lacement--can generate undesirable effects. 
W l e  the direct environmental impacts 
asdciated with offshore dredging are due to the 
mqsive displacement of the substrate and the 
suwsequent destruction of nonmotile benthic 
coNrnunities, the resulting indirect impacts are 
m e e  subtle and can escape recognition by an 
d r a i n e d  person. They include (Price et al. 1978): 

a. restriction of feeding and respiratory em- 
cienties and induced mortalities in bot- 

r tom-dwelling biota, such as bivalve mol- 
lusks, as a result of the smothering effect 

r of sedimentation; 
, reduction of the primary productivity 
T (photosynthesis) due to turbidity in the 

water column; 



c. introduction of abnormal volumes of 
organic material and nutrients, thus 
increasing the biological oxygen demand 
(BOD), which in turn reduces oxygen lev- 
els and productivity; 

d. reintroduction of toxic substances uncov- 
ered by mining activities; 

e. inadvertent destruction of the adjacent 
.habitat critical to  the life cycles of certain 
organisms; and 

f. disruption of migratory routes of motile 
marine organisms. 

A concentration of resuspended sediments and 
their subsequent distribution and deposition are 
the primary agents causing the biological stresses 
mentioned above. Survival under these stressful 
conditions depends largely on the specific 
requirements of the marine communities affected 
and a host of extraneous factors such as depth of 
sediment, length of time under burial, time of 
year, sediment p a i n  size and sediment quality. 

Another consequence of concern is the physical 
reduction in habitat area, which is a function of 
the rate of repopulation of the dredged area. Sea 
bottom borrow pits remain intact for long periods 
of time unless infilling occurs from current- 
induced sediment movement. If the sediments are 
organic-laden, the subsequent decomposition can 
lead to anaerobic conditions and the deterioration 
of the quality of the ambient water. Hence, the 
reestablishment of marine habitats a t  the dredged 
area is again dependent on the magnitude of the 
dredging operation, new sediment interface and 
water quality, 

Physical environment 

Offshore mining activity normally incurs a risk 
of altering the beach dynamics, wave and swell 
pattern, and coastal current circulation, which 
can invoke an undesirable morphological response 
from the coastline such as erosion or 
sedimentation. Dredging can influence the coastal 
physical processes through: 

a. beach drawdown due to infilling of the 
dredged pit during calm periods; 

b. interception of sediment movement by the 
dredged pit, which results in sand deple- 
tion onshorddowndrifi 

c. removal of protection afforded by offshore 
banks, which leads to bigger waves 
impinging on the coast; and 

d. changes in the wave refraction pattern, 
which concentrates wave enerw at a par- 
ticular place. 

All the above modifications in the coastal 
response lead to coastal erosion. I t  will be seen in 
later sections that the concerns enumerated above 
also constitute the primary criteria applied to off- 
shore dredging in other countries. 

OVERSEAS PRACTICE 

In the United Kingdom, the licensing system for 
offshore dredging has evolved to a stage where a 
license is granted only after comprehensive con- 
sultations with many authorities. Whereas the 
Crown Estate Commissioners are entrusted with 
the issuance of sand mining licenses on a first- 
come, first-served basis, the governmental review 
on applications for sand mining is coordinated by 
the Department of Environment. 

The Hydraulics Research Limited (HRL) plays 
a central role in vetting the application for an off- 
shore sand mining license. Its opinion is often the 
first to be sought by the Crown Estate Commis- 
sioners, who are empowered to issue licenses for 
gravel extraction. If HRUs opinion on the applica- 
tion is unfavorable from the standpoint of the sta- 
bility of the adjacent coastline, the license applica- 
tion is unlikely to proceed further (Price et al. 
1978). 

The following factors must be addressed when 
processing dredging applications for sand mining 
in the United Kingdom (Brampton 1987): 

a. whether beach slumping or drawdown into 
the deepened area will occur; 

b. whether dredging will affect the natural 
movement of seabed material by inter- 
cepting onshore sediment movement, 
thereby interrupting sediment supply to 
the shore; 

c. whether the dredging areas include bars 
and sand banks that might provide pro- 
tection to the coast from wave action; and 

d. whether wave refraction over the dredged 
area will cause significant changes in the 
pattern of waves a t  the coast, such as 
wave energy concentration or the along- 
shore transport of bed material. 

Based on HRL's detailed investigation of mate- 
rial movement and comprehensive research, 
which are premised on the answers to the factors 
addressed above, the following guidelines have 
been adopted in assessing the effects of dredging 
on the coastline: 

1.  Beach drawdawn. There are two criteria 
based on the seasonal sequence of beach 



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. Interception 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 a t  
depths as  great as 22 m. This has been 
attributed to the stronger tidal current 
experienced a t  the test site. Further 
studies are still ohgoing. 

3. Protection by 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 contourdconstline. 
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- 
ing is not allowed shoreward of the 18-m bottom 
contours on sediment supply consideration. 

AltMugh the wave climates and textural proper- 
ties '~bf sand between the United Kingdom and 
Malaysia differ, the criteria adopted in the former 
do sl/rve as  a good starting point for formulating a 
sand mining management plan for the South 
J0hQt.e area, which will be dealt with in later sec- 
tione. 

O& the other hand, the potentially delekrious 
impl)ct of offshore dredging on fisheries and 
coa$al ecology are obviated through the imple- 
meNation of a Code of Practice for the extraction 

rine aggregates. This is usually attained by 
con 1" ucting a baseline study to delineate sensitive 
resoYlrce areas that are to be avoided. Often, site 
pre&utionary measures such as  erecting a screen 
arolllnd sensitive benthic and other nonmotile 

unities are specified. Thus, the require- 
are very site specific and are seldom depth- 

dep ndent as in the case of evaluating the impact 
of o k shore dredging on the physical environment. 

I 
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merit practice on sand mining contml 

3 plications for offshore sand mining concee- 
sio are concentrated in the offshore areas 
betrlreen Tg. Siang to Tg. Sepang and off the 
soullheast coast in the South China Sea, along the 
easllern side of Johore Strait and the Johore- 
L e k m  estuarine system (Fig. 1). However, there 
are slso applications for offshore sand mining off 
KuNup Island on the western coast of Johore, 
wh#h is fronted by mangrove-fringed mudflats. 
T h e e  the mechanics of sediment transport are 
likdy to be different since sand is evidently not 
the~i/primary littoral material for shore building. 
NeJYertheless, the considerations relating to the 
potlntial effects of offshore dredging on wave 
refmction and attenuation by offshore sandbanks, 
as Snumerated in the earlier sections, are still 
valW. 

Having conducted a prospecting survey, a 
prqpective company applies for the mining con- 
cesdion area with the District Land Office, which 
in b r n  will consult the various concerned agen- 
cies If there is no objection from any government 
ag@cy, the application is approved contingent 
up* adherence to the technical comments, which 
arc$ listed as  preconditions, received from the 
resbective government agencies. 



In the past, if the area of interest to the 
company is within the jurisdiction of the State 
Government, which is within 3 nautical miles 
(nm) from the coastline, the State Authority will 
not have to consult the Federal Government. 
However, with the implementation of the 
Environmental Quality (Prescribed Activities) 
(Environmental Impact Assessment Order 1987) 
and General Circular No. 5/1987, which is 
described in the following section, it becomes 
mandatory for the State Authority to inform the 
Department of Environment and the Coastal 
Engineering Technical Centre of the Drainage and 
Irrigation Department of any application for 
offshore sand mining and seek their technical 
comments. 

The present 1egaVadministrative machinery 

The Environmental Quality (Prescribed Activi- 
ties) (Environmental Impact Assessment Order 
1987) was gazetted pursuant to the Environmen- 
tal Quality Act of 1974 and enforced in April 1988. 
Under this order, anybody who intends to engage 
in any of the prescribed activities is required to 
carry out an Environmental Impact Assessment 
(EIA). Under the subject of mining, the order 
requires an EIA study to be conducted for sand 
mining that involves an area of 50 ha or more. 

In an effort to reduce the need for future coastal 
protection work, the Federal Government has 
issued General Circular No. 5/1987 pertaining to 
the approval of development plans in the coastal 
area. Under this circular, any development activ- 
ity, including sand mining, in coastal areas has to 
be referred to the Coastal Engineering Technical 
Centre of the Drainage and Irrigation Department 
for comment. 

While the EIA study under EIA Order 1987 
covers both the biological and physical environ- 
ments, the circular is concerned only with the 
physical environment. For mining activities 
involving areas larger than 60 ha, the order 
precedes Circular 511987, and the Coastal 
Engineering Technical Centre then functions as a 
member of the panel that will evaluate the EIA 
report collectively. 

Coastal Engineering 
Technical Centre's criteria 

At present, the Coastal Engineering Technical 
Centre bases its recommendation for approving 
sand mining applications on the seaward limit of 

sediment movement within which i t  significantly 
influences shoreline change. This seaward limit is 
related fundamentally to sediment and wave 
characteristics and is site-specific. For most 
Malaysian conditions, this depth is taken to be the 
10-rn depth. For a typical east coast offshore 
profile, i t  is located about 2 km offshore. Sand 
mining seaward of the seaward limit of effective 
sediment transport should not have a significant 
impact on the shoreline insofar as  erosion and 
accretion are concerned. 

This criterion will be examined in greater detail 
under the ongoing South Johore Coastal 
Resources Management Project by subjecting it to 
more rigorous analyses such a s  refraction using 
radioactive tracers techniques as  has been 
employed in the United Kingdom. As a compari- 
son, the recommended water depths seaward 
where dredging is permitted are 18 m, in the case 
of the United Kingdom (Price et  al. 19781, as men- 
tioned earlier, and 35 m, in the case of Genkai 
Sea, Kyushu, Japan (Kojima et al. 1986). On the 
other hand, the Shore Protection Manual (US 
ACEWES 1984) cites a depth limit between 5 and 
20 m for offshore sand mining, depending on site 
conditions, while Dubois and Towle (1985) rec- 
ommend that "any nearshore marine mining adja- 
cent to a beach should take place outside the 10 
meter depth contour. . . ." 

Although the depth limit for offshore dredging 
recommended for the case of Southeast Johore is 
much less stringent than for those in the United 
Kingdom and Japan, one must consider that the 
wave climate in Malaysian waters is much less 
energetic than those experienced in the countries 
mentioned above. Another additional considera- 
tion is the difference in shoreline geometry, which 
will be explained below. 

Physically, the eastern seaboard of Johore con- 
sists of a series of crenulate (or hook-shaped) 
bays, which can be mathematically analyzed 
using the log-spiral. Under the constant beating of 
waves emanating from a predominant direction, 
the bay will tend toward an equilibrium. Once the 
equilibrium is attained, the bay can be considered 
as a closed system with a minimal exchange of 
sediment with the outside environment. Unfortu- 
nately, this stage is almost never reached due to 
human interference. Sharifah Mastura (1987) has 
analyzed the physical stability of these hook- 
shaped bays and found them still in the process of 
adjusting toward the equilibrium platform. Such a 
shoreline geometry is less likely to be influenced 



by the onshore-offshore sediment movement com- 
pared to that in British watws, 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 survey, useful information on the thickness of 
sand deposits off'the southeastern coast of Johore 
can be gleaned from the report. In addition, 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 ab0v.e-mentioned elements 
toward an effective management plan, the pro- 
posed management guidelines follow: 

Offshore sand mining will not be allowed 
shoreward of the 10-m bottom contours 
measured from the Lowest Astronomical 
Tide. 
Suction dredges are preferred over 
mechanical dredges and, if feasible, plain 
suction dredges are preferred over cutter 
suction dredges. 
An Environmental Impact Assessment 
(EIA), which includes a preproject base- 
line survey of marine biota a t  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. 
If dredging is to be carried out near 
sensitive resource areas, a barrier should 
be erected to separate them from the 
dredging site. 
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. 
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. 
All leaking joints in delivery pipelines 
should be repaired immediately to prevent 
the release of sediment in large quantities 
to the water column. 
Dragging of anchorslcables on the seabed 
is prohibited. 
Dredging is to be conducted during peri- 
ods of lowest biological activity. 
A monitoring program should conduct 
periodic seabed and marine biota surveys 
during and after the dredging operation. 

Tllese guidelines imply that the removal of sand 
frord the beach itself is to be prohibited. Beach 
sand mining is not only a direct attack on the very 
resmrces 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 
run4own dunes with resulting wave overwash. 
The~jerosion that follows is also likely to be immi- 
nenm. Available published literature is replete 

examples of such human over- 
::$indiscretion, which invariably lead to disas- 



trous implications. Thus, mobilizing public sup- 
port for such a prohibition is easy. Only under 
very rare circumstances, such as a well-docu- 
mented shoreward accreting beach a t  the termi- 
nus of a littoral cell or landward dunes of a relict 
beach ridge system, should the above prohibition 
be relaxed but still strictly controlled in terms of 
the rate of extraction. 

On the other hand, the physiographic adjust- 
ment that results after offshore dredging is a 
gradual process--its main bulk is likely to be sub- 
aqueous initially--and may not be apparent within 
a few years. The associated hazards can surface 
long aRer the cessation of sand mining activities. 
Hence, close and documented monitoring is 

. imperative to reveal early signs of unanticipated 
stressful conditions and to provide enough infor- 
mation to fully understand this complex coastal 
phenomenon. 

Other potential issues relate to the impact of 
offshore dredging on navigation and the socioeco- 
nomic aspects of the local residents. These 
impacts are of secondary importance as far as the 
southeastern coast of Johore is concerned since a 
major shipping route lies to the south (except 
within Johore Strdt),  and dredging operations are 
highly capital- and equipment-intensive; hence, 
the local population's involvement in offshore 
sand mining is likely to be minimal. 

The above guidelines represent, a t  best, n pre- 
liminary attempt to enumerate the salient fea- 
tures of a proposed management plan for offshore 
sand mining. Only the coastal engineering aspects 
have been dealt with in detail; the biological 
aspects, which are just as important, have been 
skimmed over. The cursory treatment of the latter 
is explained by the professional limitations of the 
writers, thus underscoring the need for a multi- 
disciplinary approach in formulating a compre- 
hensive management plan for offshore sand min- 
ing. 

CONCLUSION 

Sand mining physically removes sand and 
alters bathyrnetry. It  also disturbs marine habi- 
tats and exerts stresses on marine communities. 
The physical effect manifests itself in shoreline 
change as a result of the imbalance in sediment 
transport while the biological impact transforms 
into lower productivity and even direct loss of 
living aquatic resources. Thus, the need to regu- 
late offshore mining activities is obvious. 

Prevailing practice in other countries indicates 
that the physical impact on the shoreline can be 
obviated by disallowing dredging shoreward of a 
specified or agreed-upon water depth limit. Vari- 
ous methods are available to ascertain this depth 
limit as outlined in the Shore Protection Manual 
(US ACEWES 1984) and employed by Hydraulics 
Research Limited of the United Kingdom. None of 
these has been conclusively proven or is univer- 
sally applicable. Nevertheless, on the basis of 
wave statistics prevailing along the southeastern 
coast of Johore and on the practice in other coun- 
tries, i t  is recommended that 10 m be considered 
the minimum depth for the shoreward limit, 
where offshore dredging should be prohibited. 
Future work through the use of radioactive trac- 
ers techniques or other suitable field methods to 
study the incipient motion of seabed sediment 
under various depths is strongly recommended. 
Such work will strengthen further the practical 
basis for the depth limit adopted vis-A-vis the 
anticipated mounting pressure for its relaxation 
because land-based alternatives for sand 
resources are depleted. 

On the other hand, the impact of offshore 
dredging on the biological environment is best 
evaluated through preproject biotic and postpro- 
ject recovery surveys. These surveys should be 
included as standard features in the mandatory 
EIA. Administratively, the complementary Envi- 
ronmental Quality (Prescribed Activities) 
(Environmental Impact Assessment Order 1957) 
and General Circular No. 511987 are adequate 
regulatory controls to effect the harmony between 
economic resources use and the maintenance of 
environmental quality in the case of offshore sand 
mining. 
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Fig. 1. Applications for sand mining in the rivera and off the coaat of Southeast Johore. 



Fig. 2. Coastal ernsion m a s  along the maat of Southeast Johore. 
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ABSTRACT 

Although fmheries are relatively insignificant in terme of 
contribution to GNP compared to the oil induary, they are 
close to the  heart^ of the Bruneians. In Brunei Darusaalarn, 
the fisheries are largely artisanal; trawls and purse seinea are 
recent introductions. The fieheriee resources as opposed to fish 
requirements, the conflicts between artisanal and industrial 
fishermen, the control of fishing effort, the problems in 
enfomement and obtaining scientific data and the effects of the 
oil industry's structures on fisheries are discussed in this 
paper. 

The fisheriee msoumee are being developed in line with the 
policy of diversifying the emnomy, but, such a development 
should be baaed on scientifically obtained data. Also, manage- 
ment should be geared toward ensuring that the fisheries 
resources are in a healthy state and do not mffer from overex- 
ploitation. 

INTRODUCTION 

Brunei Dam,ssalam has a long history of fish- 
ing. Recently, there has been a movement away 
from the sea due to the large number of secure 
land-based jobs but even so, fishing has not been 
completely ignored. Rather, it is carried out on a 
part-time basie. Fish consumption is high at 40 kg 
per capita per year. The reported local annual 

fisheries production in 1986 was 2,268 t. This fig- 
ure does not include the fish landings contributed 
by part-time fishermen who numbered as many as 
1,566 in 1986. The number of people engaged in 
full-time fishing is relatively small. In 1987, there 
were 1,948 part-time fishermen compared to 523 
full-time fishermen (Table 1). Fifty-two percent of 
the country's fish consumption in 1986 was 
imported. 
A variety of fishing gear are used in Brunei 

Darussalam. Most of these are artisanal gear; the 
rest are industrial gear, which include trawls and 
purse seines. Table 2 gives the total number of 
gear used in 1987. 

Most artisanal fishing is carried out in 
nearshore waters and in the Brunei est'uanne 
system. Some operators, especially those using 
traps and long lines, have wider ranging 
operations, close to the oil industry's structures 
and shoals. The trawlers and purse seiners oper- 
ate farther out to sea and, by legislation, are pro- 
hibited from fishing within 3 miles from the coast. 

Brunei Darussalam is heavily dependent on its 
oil industry as is evident from the latter's 
contribution 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 imports about 60% of its fish 
requirements. Given l;he fmheries resources 
potentially available in Brunei Darussalam, it  
should be possible to satisfy local demand, in 



terms of biomass a t  least, by enhanced exploita- 
tion 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. I t  is possible that certain types of fish 
desired may not be available in sufficient quanti- 
ties to meet the local demand. I t  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- 
tion 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 a t  
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- 
men. The most persistent complaints come from 
trap fishermen who accuse trawlers of sweeping 
away 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 a t  all. 
These demonstrations have helped pacify the trap 

fishdrmen, but complaints about loss of traps still 

r e z ~ i s h e r i e s  Department is aware that arti- 
sand1 fisheries would not be capable of exploiting 
suffiYciently available fisheries resources and that 
it islrlnecessary to have industrial fisheries as well. 
But the plight of the artisanal fishermen who, 
althlbugh relatively less productive, have legiti- 
ma& claims to improving their lot must also be 
t a k a  into account. 

Adnong the steps taken toward this goal is the 
clos*re of an area of the sea 3 miles from the 
coasb. This area is reserved for artisanal fisheries. 
The3 Fisheries Department has also started 
building artificial reefs. Moreover, enforcement 
and ~urveillance activities have been increased to 
pre+nt the encroachment of trawlers and purse 

s into the fishing grounds of the artisanal 
fish sei? rmen. 

3 spite these steps, i t  is envisaged that there 
wo d still be complaints from artisanal fisher- 
metri( So, a continuous and patient education pro- 
ces4J would be necessary. The conflict between 
arti nal and industrial fishermen is not as seri- P ous ias it is in neighboring countries. This is 
becdhse the Fisheries Department has imposed 
stri& control over the development of the fisheries 
andbl in general, the fisheries are still lightly 
explbited. 

~ t ( e  oil industry is the mainstay of Brunei 
Dardssalam's economy. This industry has several 
strultures a t  sea (i.e., pipelines on the seabed), 

frequently are in the way of certain fishing 
ope wh$ tions (i.e., trawling). To avoid damage to the 
strudtures, a regulation has been imposed pro- 
hibi$ng trawling and purse seining within an 
ared, of 1 nautical mile from any such structure. 
Ho 4 ver, a t  the moment, this is not a serious 
impMiment as most of the pipelines are 
con+ntrated a t  one end of the country, and there 
are #till large areas where fishing can be carried 
out fgr from the oil structures. 

Inlkhe future, when more oil wells will be struck 
a t  s@ and more trawls and purse seines will be in 
opedtion, the constraints could become more 
presqing. Thus, the expansion of capture fisheries 
wouw have to consider the possible reduction in 
fishqg grounds. This would necessitate a more 
consyRrvative approach to the development of the 
fish+es or, alternatively, a review of the above- 
mendioned regulation. 



The oil structures serve as sanctuaries for fish 
and other marine life exploited by artisanal gear 
such as traps and lines. In this case, the expan- 
sion of these structures a t  sea would lead to 
increased fishing grounds for artisanal fishermen. 

many other fisheries in the region--0verexp1oita- 
tion. This is what the Fisheries Department is 
determined to avoid, and limited entry is expected 
to be the major means of controlling fishing effort. 

ENFORCEMENT ACTIVITIES 
CONTROL OF FISHING EFFORT 

Methods generally employed to control fishing 
effort include closed areas, closed seasons, limited 
entry and control on fishing gear. In Brunei 
Darussalam, the methods used would probably be 
closed areas and limited entry. The former are 
already employed in trawls and purse seines, 
which are prohibited from fishing within 3 miles 
from the coastline and near oil structures. But 
these areas can not strictly be called closed as 
they are open to exploitation by artisanal fisher- 
men. With respect to limited entry, there is no 
strict control on entry to artisanal fisheries other 
than the licensing requirement. Up to the present, 
any person who applies for an artisanal fishing 
gear is invariably given one. This has been partly 
because there have been no dramatic increases in 
requests for licenses for artisanal gear and the 
bulk of the fishermen are operating on a part-time 
basis. But the Fisheries Department is mindful of 
the undesirability of allowing entry to the fish- 
eries without sufficient data on stock size and 
optimum level of fishing effort, etc. To this end, a 
study is soon to be initiated to assess the stocks 
available to the artisanal fisheries and the appro- 
priate effort levels. Upon completion of this study, 
the artisanal fisheries will also come under proper 
control, a step toward their management. 

I t  is. mainly within the trawl fisheries that 
fishing effort control has been enforced strictly. 
Trawling, after all, is known to be an unselective 
fishing method. This includes entry, which is 
strictly regulated by means of a licensing system 
based on phased entry to a permissible level of 
fishing effort. There is also control on the 
horsepower of the trawler engine based on a per- 
missible level of horsepower units as suggested by 
Beales (1982). 

The control of fishing effort in Brunei Darus- 
salam takes on an important dimension when one 
considers that most of the fisheries resources are 
in a very early stage of development, so there is 
good potential for expansion. Effective control at 
this stage will ensure the continued viability of 
the fisheries. Otherwise, there is the definite pos- 
sibility that they would go in the direction of 

In tandem with the control of fishing effort are 
the activities undertaken to enforce the various 
Fisheries Regulations. At present, the number of 
staff available in the Fisheries Department to 
carry out enforcement work is limited and so is 
the number of vessels for sea-going work. It must 
be realized that the quality of management would 
depend to a certain extent on the enforcement 
facilities available. 

The present development and management 
strategies have been formulated without taking 
into account losses due to illegal fishing, which 
are difficult to quantify. This is not considered to 
be a serious deficiency as illegal fishing is not 
perceived to be widespread. Nevertheless, the 
Fisheries Department plans to expand the 
enforcement staffs strength and to procure more 
vessels. 

SCIENTIFIC ADVICE AND STATISTICS 

The need to assess the fish stocks and obtain 
other related data before making decisions on 
fisheries development and management is widely 
recognized by concerned scientists. In many coun- 
tries, however, the decisionmakers do not consult 
with fisheries scientists regarding biological and 
economic realities but rather make decisions 
based on political expediency. This practice 
inevitably results in disastrous consequences. 

Brunei Darussalam has taken a very pragmatic 
approach in this respect. The development of adi- 
sanal fisheries has not strictly been based on sur- 
vey results, although Khoo et al. (1987) have esti- 
mated the maximum sustainable yield based on 
statistics. Artisanal fisheries have been found not 
to have increased dramatically with most of the 
exploitation done by part-time fishermen. Also, 
the prawn and fish resources are being surveyed 
so that appropriate development and manage- 
ment could be made. 

The collection and use of fisheries statistics are 
hampered by the lack of staff, which, in turn, 
results in insufficient coverage of the fishermen, 
late processing of data and inability to present 



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 a t  
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 Estuaqy System as this is a very 
important fishing ground. In this regard, the gov- 
ernment has commissioned a study to propose 
National Water Quality Standards. Brunei Shell 
Petroleum has a contingency plan for oil spills. 
Therefore; pollution is not a major threat to the 
fisheries resources, a t  least for the present, but: 
the necessity for vigilance can not be overempha- 
sized. 

A possible threat to the fish and shrimp sto'cks 
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 rifes of Rhizophora plants. 

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. 

Olf concern also is the destruction of mangroves 
for 'logging and human settlement. Since the rele- 
v a b  government departments (e.g., Forestry, 
Hodsing Development, Town and Country Plan- 
nine) are all under the Ministry of Development 
as b the Fisheries Department?, the latter can be 
a moderating influence in reducing the impact of 
mangrove conversion on the fish and shrimp 
stocks. 

DISUSSION 
'4 

Vbrious issues introduced above are related to 
the @evelopment and management of the fisheries 
resdurces in Brunei Darussalam. Providing a 
sou)d scientific basis is the concern of the 
Fis eries Department. 

d e  basic approach used is one of obtaining 
dat4 on fisheriee resource levels, catch rates of 
sui@ble fishing gear, appropriate fishing effort 
levds, marketing data and others, before 
em&rking on development or expansion. The 
dedlopment of the fisheries is not carried out in 
on~linstance, with fishing licenses corresponding 
wit$ the total number of possible fishing gear 
beir#g issued once and for all. Rather, the devel- 
opdent is done in stages with monitoring and 
rev&ws in between, This is because the Fisheries 
De&rtment is aware of the need to be cautious 
whm using the results of initial resource surveys 
and of the tendency of catch rates to drop after 
initlal exploitation. Thus, the development and 
exmnsion in fishing effort have been programmed 
to if crease in phases. 

I@ the case of trawl fisheries, as based on the 
res#urce survey done from 1979 to 1980, a level of 
fisMng effort was calculated by Beales (1982). The 
tot$ number of fishing licenses commensurate 
wit& this fishing effort was not issued in one 
inswce .  At first, only five licenses were offered. 
ThiCJ was followed by a period of monitoring before 
the~bext batch of licenses was issued. In this way, 
thel' problems of overexpansion and overcapi- 

1 tal*ation were avoided. 
m e  two problems associated with the 

moaitoring and review processes are in 
conSucting repeated resource surveys and 
obtkning reliable catch and effort data from the 
trawler fishermen. The former is a constraint due 

itor'a note: On 1 January 1989, the Fisheries 
ment was transfamed to a newly created Minl~try of 
and Primary Resoumes. 



to staff limitation and is already being addressed. 
The latter is the general reluctance of the trawler 
fishermen to fill the logbooks with their catch and 
effort data, which is a more serious problem as it 
affects the monitoring of the fish being removed 
from the stock. This matter ie currently being 
attended to by the Enforcement Section of the 
Fisheries Department to ensure that the trawler 
fishermen will hand in their duly completed 
logbooks to the department every month. 

The monitoring of demersal stocks has also 
been conducted through monthly catch samplings 
in three selected areas since 1980. Halidi (1987) 
analyzes these results and finds a declining trend 
in the demersal stocks. Khoo et al. (1987) pro- 
posed various reasons to explain this apparent 
decline. 

Halidi's (1987) findings have made it necessary 
to review the further expansion of the trawl fish- 
eries. Thus, a comprehensive trawl survey will 
soon be conducted to rationalize the further devel- 
opment and management of the trawl fisheries. 

Brunei Darussalam is more fortunate than 
other countriee as the state of its fish stocks and 
other resources, such as the mangroves, are still 
lightly exploited. The environment is also in a 
healthy state, given the low level of industrial 
activities. The fishermen have a relatively high 
standard of living and have access to sufficient 
fisheries resources, unlike in other countries 
where fishermen are usually poor and are faced 
with overexploited fish stocks. The country is also 
not dependent on fisheries as a major source of 
revenue. 

Thus, Brunei Darussalam has a good opportu- 
nity to develop its fisheries resources in a progres- 
sive manner, taking into account the magnitude of 
the stocks so as to prevent overexploitation. This 
is something that many other countries cannot 
afford. 

However, the government, mindful of the non- 
renewable nature of its oil and gas resources, has 
started to increase emphasis on the diversification 
of the economy. 
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ABSTRACT 

Red tides occurred in Brunei Darussalam in 1976,1980 and 
twice in 1988. No unumal water dimlorationr were observed 
during the lattar incidences. However, high levels of paralytic 
shellfish poisoning (PSP) toxins (up to 6,854 W O O  g of flesh) 
were recorded in the green mu~ael Perna viridb, which was 
used as a test aepedes. There was an increase in number but 
not to "bloom proportions" of Pyrwlinium baharnenee var. com- 
pressa, which was identified aa the causative agent of toxic red 
tides in the country. 

Regular monitoring for the presence of P. bahamense var. 
compressa in selected stations in the coastal waters and PSP 
toxin levels in Perm utrldis is conducted by the Department of 
Fisheries. Public health safety during red tide occurrences 
could be assured through the operation of a md tide action 
plan, involving primarily the Department of Fisheriee (DOE'), 
Ministry of Developnt ;  Department of Medical and Health 
S e n . 4 ~  (DMHS), Ministry of Health; Radio and Television 
Brunei, Ministry of Communications, and other news media. 
The details 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 4"N and P5'N and longitudes 114.23'E 
and 115°22'E. I t  lies between the East Malaysian 
States of Sarawak to the southwest and Sabah to 
the northeast. 

Brunei Darussalam has been particularly inter- 
ested in red tides since their first reported occur- 
rence in the country's waters on 11 March 1976 
(Beales 1976). The causative agent was initially 
thought to be a Gonyautax species but was later 
identified as a toxic variety (var. baharnense) of 
Pyrodiniurn bahamense Plate, 1906. Matdanan 
and 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. 
ba,hamense var. compressa in selected sampling 
sites in the coastal waters likely to be affected by 
red tides based on previous experiences. Between 
the occurrence in 1980 and the end of 1987, no 
blooms or excessive number of the organism were 
recorded. Further, no PSP toxins were recorded 
dhring this period, although several shellfish 
species were tested using the Standard Mouse 
Bioassay for PSP toxins. However, Brunei 
Darussalam 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 shellfish 
poisoning 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 a t  Berakas had treated 
40 cats over a period of 2 days for suspected food 
poisoning after being fed fresh sardines- 
(Sardinella sp.). Seven of the cats had succumbed 
to the illness while many were reported in serious 
condition. An examination of the stomach content 
of the Sardineflu sp. given to some of the sick cats 
indicated that over 80% of it were made up of cells 
of P. baharnena var. compressa. Subsequent par- 
alytic fish poisoning (PFP) toxin tests carried out 



on. the suspected Sardinella sp. indicated a toxin 
level of 196 pgl100 g of flesh. This reconfirmed the 
cause of the food poisoning in the cats as the toxic 
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 PSPIPFP-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. 
bahamense var. compressa or PSP toxins in green 
mussels (Perna viridis), 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 PSPIPFP 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 pg/100 g of flesh for February and 1,119 
pgll00 g of flesh for April) were very much higher 
than the maximum level recorded for Brunei 
Darussalam during the 1980 red tide occurrence 
(200 pg1100 g of flesh for green mussele 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 timely 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. 

Rig. 1 summarizes the proposed organizational 
strticture of the red tide action plan. The National 
Red Tide Response Team (NRTRT) is to be made 
up bf senior officers of the DOF, DMHS and the 
Mmicipal Board (MB). The DOF is responsible for 
e x ~ u t i n g  the Red Tide Monitoring and Surveil- 
lawe Program through the Environment Unit 
(EV) of its Marine Fisheries Section. Although the 
DMHS is directly involved in the safety of the 
pullic, the DOF and the MB play major roles in 
red tide-related public health problems as the 
fomer has overall jurisdiction over fish and fish- 
ing  and the latter, over markets and marketing. 
The Department of Broadcasting and Information 
plws a role in the dissemination of information on 
red tides, e.g., through government publications 
likh the Pelita Brunei. 

!he procedures are summarized in Fig. 2. In 
addition to the routine monitoring and surveil- 
lame carried out by the EU of the Marine Fish- 
erias Section of the DOF, m y  information on 
actmal or suspected red tides should be immedi- 
a d y  conveyed to the ChairmanIDeputy Chairman 
of khe NRTRT who will then alert all other 
rn+bers. The following actions will then be 
caftied out: 

#base I - Confirmation of a red tide occurrence 

The EU will immediately confirm the 
report and provide a feedback to the 
NRTRT. 
Reports of water discoloration in the 
coastal waters outside the range of small 
boats will be investigated by helicopter. 
Unusual numbers of Pyrodinium 
bahamense var. compressa in vertical 
plankton haul samples or in the gut con- 
tents of planktivorous fish will be detected 
and analyzed, to be followed by immediate 
PSP toxin assays of cultured Perna viridis. 
In the case of suspected PSP/PFP poison- 
ing, samples of cooked/uncooked food and, 
if traceable, samples from market outlets 
of suspected fishhhellfish should be 
tested. 
Although a PSP toxin level of 80 W O O  g 
of flesh is generally accepted as hazardous 
to human health, the presence of 



detectable levels of PFPIPSP toxins in 
fisldshellfish will be taken as sufficient 
evidence of the occurrence of a red tide. 
The DMHS will put all hospitals and clin- 
ics on the alert for patients with possible 
symptoms of PSPPFP (refer to Appendix 
1). 
The airwing of the Armed Forces, the 
Royal Brunei Airlines, the Marine 
Department and Brunei Shell Petroleum 
Company Sendirian Berhad (BSP) will be 
requested to report any unusual water 
discolorations in the coastal waters. 

Phase I1 - Steps to be taken on confirmation of a 
red tide occurrence 

Procedures will depend on the extent and 
severity of the red tide incident and whether it  is 
in Brunei Darussalam or other parts of Borneo. 
However, the following general steps are to be 
taken 

1. 

2. 

3. 

4. 

Issue warnings on prevailing red tides and 
public safeguards (e.g., do not consume 
affected fish and shellfish) through radio, 
television, newspapers, posters, etc. 
The Enforcement Section of the DOF will 
ban the harvesting/import of mollusks 
and, if necessary, planktivorous fish and 
other affected organisms. 
The DMHS, DOF and MB will inspect 
markets and other sales outlets so that no 
banned fishlshellfish are sold. 
The EU will: 
a. reduce the interval of monitoring 

red tide organisms in the coastal 
waters to once-a-week, instead of 
the usual once-a-fortnight proce- 
dure, and PSP toxins to once-a- 
fortnight instead of the usual 
once-a-month procedure; 

b. increase monitoring stations to 
cover Ternburong, Tutong and 
Belait Districts; and 

c. maintain close contact with the 
Fisheries Department of the East 
Malaysian States of Sabah and 
Sarawak with respect to the red 
tide situation. 

Phase 111 - End of a red tide occurrence 

The recurrent negative results of PSP toxins in 
test shellfish for one month together with only an 

occasional occurrence of a few cells of P. 
bahamense var. compressa in plankton haul sam- 
ples over the same period of time can be taken to 
signal the end of a red tide. The following actions 
need to be taken: 

1. The NRTRT should make a public 
announcement that the red tide alert is 
lifted. 

2. All posters and boards put up to warn the 
public should be removed unless they can 
still serve the purpose of public education 
on or awareness of red tides. Particular 
attention should be given to boards 
banning the harvesting of shellfish from 
specific locations. 

3. The EU will resume its normal monitoring 
and surveillance procedures. 

Phase IV - Review of the red tide action plan 

The red tide action plan should be reviewed 
after the occurrence of a red tide incident to 
strengthen it. Further, at least an annual review 
should be made to maintain the accuracy of emer- 
gency contact addresses and telephone numbers. 
Updating of detection techniques for PSPIPFP 
toxins and the red tide organisms themselves 
would be necessaq because of the rapid progress 
being made in these areas. 

The EU, in addition to executing the red tide 
monitoring and surveillance program, will be 
responsible for logging the events during an 
occurrence and all details of the procedures 
relating to the action plan. 

CONCLUSION 

Although Brunei Daxussalam does not have a 
formal red tide action plan, it has followed several 
procedures to prevent any undesirable public 
health problem related to the occurrence of red 
tides in the country or in the neighboring East 
Malaysian States of Sabah and Sarawak. The 
formalization of procedures into a National Red . 
Tide Action Plan is desirable in view of the pro- 
longed potentially life-threatening red tide periods 
recorded recently. The PSP toxin level of 5,354 
@I00 g recorded in green mussels in February 
1988 (where 80 @I00 g is medically accepted as 
hazardous to human health) provides some idea of 
the potential danger to human life. Brunei Darus- 
salam was fortunate that such high PSP toxin 
levels occurred a t  a time of a red tide alert fol- 
lowing the 1987 red tide incident. It was during 



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. 
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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 
following: 

mos Jy dinoflagellates such as Pyrodinium 
b a h e e n s e  var. compressa. 
Synq@toms: 

Id mild cases: Tingling sensation or numbness 
a*und the lips gradually spreading to the face 
add neck, prickly sensation on fingertips and 
taks, headache, dizziness, nausea, vomiting, 
d#rrhea. 
Iq severe cases: Incoherent speech, progression 
04 stiffness and noncoordination of limbs, gen- 
e$l weakness and feeling of lightness, slight 
rhpiratory difficulty, rapid pulse. 
Irc extreme cases: Muscular paralysis, pro- 
naunced respiratory difftculty, choking sensa- 
tian; death through respiratory paralysis can 
o l u r  within two to four hours after ingestion. 

ParJlytic fish poisoning (PFP) - human illness and 
dead from eating whole plankton-feeding fish 
thaY have fed on toxic dinoflagellates. 
Syrl(ptoms: Same as for PSP. 

Dimhetic shellfish poisoning (DSP) - gastroin- 
tes4nal distress caused by consuming filter- 
fee&ng shellfish that have fed on other dinoflag- 
ell* species such as Dinophysis. 
SyrlCptoms: After 30 minutes to a few hours, diar- 
rhe), nausea, vomiting, abdominal pain. 

FisN kills - as a result of gill damage caused by 
chaicals released by some species of 
phykoplankton. 

Paralytic shellfish poisoning (PSP) - human ill- Suffocation of marine life - due to oxygen deple- 
ness and death resulting from eating shellfish- tion caused by phytoplankton respiration or 
that have filter-fed on toxic microorganisms, deay. 





I Natlonal Red Tide ~eshnse Team 

Director of FLBhefle8 (Cnalrman) 
Deputy Dlrector of Flsherles ( ~ e p  y Chairman) 
 rector, Department of Medlcel a Heanh Sewkas 
Commlsaloner, Munlclpal Board 

t 
Head, Marlne Fleherlea Sectbn &OF 
Heed. Envltrmment Unlt, lMsrlne eherles Sealon ot DOF 

w Head, Eniommom Sectlanol Dw 
9 

Fig. 1. Organizational etructure of the hd tide action plan. 

ldentiiication of causallve 
hellcopter agenl by lhe Envimnment Unit 

Increased mcnitorlng 
by Envlronmnl Unn 

EnvlronrneM Unlt on 
'stale 01 alertmsa 

Ran on hawesllng 

Department ot Flsherlesl 
Munlelpal Boardl 

oepanmsnt el MedM and 
Health Services 

Suwelllance by the 
Royal Brunel Alrllnes. 
Marlne Department, 

YacM Club. 

TV, radY, and 
newspaper 

Fig. 2. Action plan in case of red tides. 



A community-based resource management approach to address 
Philippine coastal resource degradation and ~ v e ~ s h i n g  

FREDERICK J. V W E  VUSSE 
Central Visa,yas Regional Projects Ofice 
NVG Arcade, Subangdaku 
Mandaue Cit,y 
Philippines 

VANDE W S S E ,  F.J. 1991. A community-based resource man- 
agement approach to address Philippine coastal resource 
degradation and o~erfishing, p. 387-393. 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 management of tropical coastal resources. 
ICLARM Conference Proceedings 22, 455 p. National Uni- 
versity of Singapore, Singapore; National Science and Tech- 
nology Doard, Singapore; and International Center for Liv- 
ing Aquatic Resources Management, Philippines. 

ABSTRACT 

The Central Visayas Rcgionnl Project-I (CVRP-I) has bcon 
implementing a US$3.5 million constnl rcsourccs mnnagcment 
project a t  five s i b s  encompassing 223 km of the ccntrel 
Philippine coastline for the past four ycars. Artisnnnl 
fishermen are recognized a s  the de faclo managcrs of this 
resource. The project assists in developing a resource 
management system through cor@munity organization and use 
of simple appropriate technologies. 

Habitat managomont addrcssos both rcsourca dcgrndation 
and recruitment ovcrfishing. Mcthods uscd by adisannl 
fishermen include coral rceUseagass managcment with 
sanctuaries, mangrove reforestation and managcment and 
artificial reefs. hstorat ion of the nearshore coaslal fishcrics 
can reduce overfisliing, allowing the maximization of profit 
from limited harvests. 

Harvest management builds on atlitudcs and opporlunities 
resulting from successful habitat management and addresser 
growth overfishing. Methods uscd to dnto include small-scale 
sea ranching and farming, community aontrol of illcyal and 
destructive fishing methods and use of fish aggregating deviccs 
(FADS). FADS present an opportunity for low ovcrhcad fishing 
with sustainable harvests for handline fishorrncn. 

Fishing communities have msponded vcry well to this 
approach. Their direct involvemmnt as primary irnplcmentors 
of successful technologies makes them rcnlize that thcy 
themselves can significanlly improve whnt many have 
regarded as n 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 a t  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, 

technologies and approaches in coastal resources 
management that could then be replicated 
elsewhere in the Philippines. I t  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 from the 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- 
sand  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, which 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; 



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 powered boats and more capture- 
efficient gears. 

Three conclusions were drawn from the above- 
mentioned 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 a t  the time. 

2. The destruction of shallow water fisheries' 
habitats was widespread. This was 
documented for mangrove forests (Bifia 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 
common 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 fishermen 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 
resogrce. It  is also important that fishermen bedn 
to ddvelop a sense of ownership and control over 
theid productive resources. One cannot expect 
them to manage their resources better if they feel 
no e n s e  of ownership or responsibility for these 
resources. 

NQasures to regulate the harvest are usually 
attehpted in overfishing situations such as these. 
Ho*ver, given: (1) the lack of hard data on which 
to 4 s e  any recommendation; (2) the need for 
r eda t ions  that would cover large areas 
exte ding well beyond the project sites; (3) the 
wid d pread disregard for existing harvest 
management measures; and (4) the lack of official 
govdnmental recognition of the need for such 
meaqures a t  the time, efforts in that direction 
see4  futile. 

Hdbitat management presented another 
opp&tunity. Many fishermen expressed interest; 
it coild be done effectively in limited areas. Some 
branChes of government openly encouraged it. I t  
also would not threaten, in any way, access to the 
offsMre pelagic fisheries on which most fishermen 
d e p a d  for their daily income. 

T y e e  simple and appropriate approaches to 
habi t management technologies were available 
for e, although none had been well tested or 
wid y used. The technologies available were: (1) 
arti ial reefs that would be constructed and B placqd by fishermen themselves, (2) coral reef 
man8gement including sanctuaries; and (3) 
man ove reforestation. 

C f a1 reef management through the 
establishment of reef sanctuaries by the fishing 
comlpunity was pioneered in the Philippines by 
Dr. Angel C. Alcala and Dr. Alan T. White at  
Sillimnn University. They demonstrated that 
smag island communities could learn to manage 
effedively their coral reef resources. Likewise, 
this tiauthor while working a t  the University 
dev oped a bamboo artificial reef module that 
coul 1 easily be built and set in place by the 
fishemen. He also adapted mangrove 
refoestation and management techniques from 
thosj being used by a few of these fishermen. 

Wlth this small, largely untested but basic 
seleciion of management tools, the decision was 
madr to  design the CVRP-I Nearshore Fisheries 
corngbnent with a habitat management approach. 
From a fisheries management standpoint, habitat 
man ement would address primarily the 
prob$n of recruitment overfishing by providing 
impr6ved and expanded nursery areas as well as 



protected breeding popdations. Each technology 
also carried with it the potential for elements of 
resource allocation; family management of and 
exclusive harvest from artificial reef clusters; 
family-managed mangrove plantations under a 
25-year lease [Stewardship Contract); and 
community-managed reef sanctuaries closed to all 
harvesting. 

PROJECT APPROACH 

The approach deals directly with resource man- 
agers (i.e., community-based). The site staff live 
and work in the fishing barangay (villages) and 
the project management system is designed to 
allow them to be as responsive as is possible to 
the community's needs. This includes giving the 
site manager full control over disbursements a t  
his site. The staff also need to develop and 
maintain credibility with their clients. In this 
respect, they were cautioned never to promise 
anything unless they could deliver. 

The development process begins a t  the 
barangay level with community organization and 
education in marine resources management. The 
site staff introduce the project to municipal 
officials and engage all sectors of the community 
i n  an analysis of their situation by identifying the 
problems, opportunities, constraints and means of 
overcoming these constraints. As priority 
problems are identified and -constraints lifted, this 
learning process is repeated in a new situation. 
The barangay's Development Council becomes the 
focus of this activity and provides a formal link 
with the local government. As high priority 
problems invariably concern declining marine 
harvests, there is great interest in project 
technologies that deal with these problems. 

Project activities should begin on a small scale 
and with little or no risk to participants. Informal 
community leaders who express genuine interest 
are good starting points. Use of appropriate tech- 
nologies is essential. Fishermen will respond posi- 
tively to activities that clearly address a need, 
that have minimal risk to them and that make 
sense (or are known to work). As resource man- 
agement techniques begin to work for one emall 
group, others 'will see their positive results and 
thus be more willing to participate. Cross visits by 
fishermen from a new barangay to one where 
technologies are already in place and working are 
effective extension tools. 

Technologies should also be introduced a few a t  
a time and when the community is ready. 
Artificial reefs and mangrove reforestation were 
the initial offerings of CVRP-I. Coral reef 
management was delayed until the third year of 
implementation since it requires a higher level of 
community organization and commitment. This is 
because a portion of the resource is closed to all 
harvesting. 

Local government, government line agencies 
and nongovernmental organizations (NGOs) must 
also be involved in any community-based resource 
management project. Projects have a limited life 
but programs begun under these projects can 
continue only if the needed administrative and 
technical support services are available. Local 
government oficials are being trained as project 
coordinators, and those in the line agencies, as 
support staff. Community organization is often 
best done by NGOs. Fishermen remain the lead 
implementors. 

RESULTS AND LESSONS 

Fishing communities readily adopted artificial 
reefs, mangrove reforestation and coral reef 
management as resource management tools. 
Filipino fishermen, who are reportedly very 
independent individuals, had no dificulty 
working together for a common cause with the 
proper motivation. 

Habitat management 

Fifty pyramidal bamboo artificial reef modules, 
3 m long a t  the base and 1 m high, were placed in 
clusters a t  depths of 15-25 m. Cluster volume was 
65 ma. Only eight to ten such clusters can be 
placed along 1 km of shoreline in most suitable 
areas because the water depth increases rapidly, 
leaving only a narrow band suited for artificial 
reefs. The family management of each cluster was 
encouraged ta allow the harvest to be regulated at 
sustainable levels. Harvests from hook and line 
and/or two fish traps (= pots) per cluster produce 
sustainable yields of 10 kg per cluster per week. 
Net income is sufficient to  double the annual 
income of the poor fishing families. After the first 
four years of project implementation, the 
equivalent of 26,000 modules (33,800 m3) have 
been placed along some 67 km of coastline at 
project sites by project clients. 



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 ranchovies 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 a t  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 
well 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 commiinity 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 was 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 
management4protection 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 4 nursery areas. Increased fish populations 
werlw evident within a matter of months in these 
sanduaries. Within five years, the harvest of reef 
fish ril outside the sanctuaries is expected to 
incrdase significantly, perhaps doubling as it did 
a t  S milon Island (Alcala 1988). 

C 1 ents quite naturally wish to protect their 
own~habitat management activities from illegal 
and destructive fishing activities. This attitude is 
reinhrced with resource management education, 
traiding, and the rapid and very positive results 
from1 artificial reefs. In addition, a composite law 
enfotcement team (involving local government 
and several law enforcement agencies) was orga- 
nized in each municipality to aid in the control of 
illem1 fishing activities. The result has been the 
nead total elimination of illegal and destructive 
fish*g methods within the project sites. This fur- 
therehided habitat rehabilitation. 

Harvest management 

Early success in habitat management created 
situqtions in which communities began to exercise 
effeative control over their coastal marine 
resources. They then began asking, "What can we 
do nkxt?" or "How can we bring back the species 
that11 were once common but are now rare or 
entidely absent in our coastal waters?" The 
obvidus 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 qroblem of growth overfishing. 

Saall-scale sea ranching and farming present 
oppWunities for coastal residents to learn the 
basih of harvest management literally in their 
bacwards. Unfortunately, the available 
techlpologies are: (1) few in number (slipper 
oyst)r, green mussel and Eucheuma spp.); (2) 
rest 'cted to limited habitats; and (3) already 

trial at the few potentially suitable areas 
wit 4 n the project sites. There are, however, a 
largd number of marine organisms, particularly 
mollYbsks, with a high value and considerable 
potMtia1 for ranching andlor farming. A program 
to cBCvelop simple technologies for ranching and 
f a d n g  has been established under CVRP-I. 

S m e  examples of progress to date in this area 
are: 

1. '! Si'lliman University Marine Laboratory 
I staff mastered the spawning and larval 

rearing of giant clams (using Australian 



funds, not CVRP-I); the staff recruited 
fishermen ready to try growout methods 
in "backyard" seafarms. Established 
barangay within CVRP-I sites provided 
the best available sites; trials are now 
underway. The economic potential from a 
few hundred square meters of sea bottom 
is great. 
A small but prolific and delicious man- 
grove snail was int~oduced in two-year-old 
mangrove plantations a t  one project site. 
Biologists and mangrove plantation own- 
ers are monitoring its population and har- 
vest to determine the sustainable harvest 
level. 
Ranching methods for three oyster 
species, which are valued more for'their 
shells than their meat, are now ready for 
field trials. Methods vary from simple 
ranching to providing specialized 
substrates for wild spats to transplanting 
wild spats to specific substrates. 
A 3-ha sanctuary has been established by 
a community for a particularly valuable 
mangrove clam to preserve its breeding 
population until a suitable harvest 
management method can be established to 
ensure its sustainable yield. 

One problem facing the site staff in imple- 
menting habitat management has been the lirn- 
ited area available for artificial reef clusters and 
mangrove plantations. The number of interested 
participants almost always exceeds the space 
available. In an attempt to provide more opportu- 
nities, the project undertook experiments with 
FADs. 

The pa,.yao, a bamboo raft anchored in deep 
water with palm fronds suspended beneath it, is 
an indigenous FAD. I t  has been used extensively 
by Filipino commercial fishermen who harvest 
with purse seines, and it has been implicated in 
the massive harvest of juvenile tuna in Philippine 
waters (Floyd and Pauly 1984) and in contributing 
to the documented overfishing of small pelagics 
(Dalzell et al. 1987). 

FADs placed 3 km from the shore and har- 
vested only by handline can provide a very low 
cost fishing opportunity for handline fishermen 
(US$0.25/day). Average harvests of 4 kg per day 
per fishermen-give a gross income of $2.00, with a 
net profit of $1.75, which is very good by rural 
Philippine standards. Fifteen fishermen can be 
accommodated at each unit and their total daily 
harvest can approximate the daily growth of the 

school of fish aggregated below. If commercial 
fishermen and their purse seines can be kept 
away, this approach can provide profitable and 
sustainable fisheries for many artisanal 
fishermen. It can also address economic 
overfishing by reducing the fishing cost while 
assuring a modest but steady catch with a high 
profit margin. 

Sea ranchindfarming and FADs are but first 
steps in developing harvest management strate- 
gies for Philippine artisanal fishermen. Harvest 
management must eventually be extended to all 
aspects of capture fisheries. 

PROBLEMS 

As with any project of its size, CVRP-I has had 
its share of problems. Most have been or are being 
dealt with. But one issue remains most problem- 
atic--the lack of government laws and regulations 
on resource access. The new approaches to coastal 
resources management that have been initiated 
by CVRP-I and by others are not adequately reg- 
ulated and/or protected by existing laws and 
regulations. A number of requests have been 
made but no new rules and regulations that deal 
with these situations have been issued over the 
past four years. 

Fig. 1 illustrates the situation. One must move 
from the open-access free-for-all to a well-man- 
aged resource with controlled access. The argu- 
ment seems to be: should there be a move toward 
communal management or private property rights 
or none a t  all. Indecision seems to mean no new 
regulations. 

An examination of existing Philippine fisheries 
regulations (Table 1) reveals that there exists a 
mixture of communal and private property rights 
that affect portions of coastal marine resources. 
The remainder of the resources remains open 
access. 

The proposed measures (Table 2) also represent 
a mixture of communal and private property 
rights which are very similar to the existing 
regulations. If implemented, the measures would 
lead to a better managed coastal resource. A 
flexible regulatory framework is needed within 
which communities can manage their coastal 
resources. 

SUMMARY 

The approach being developed under CVRP-I 
follows closely the four principles advocated by 



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 
closely 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: 

Keep the approach people-centered 
because fishermen rdanage the resource. 
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. 
Tie in fisheries development with overall 
community development and include the 
local government, line agencies and NGOs 
in- the process. 
Use simple -appropriate technologies for 
resource management and harvest. 
Start  small and demonstrate success 
before attempting to expand significantly. 
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. 
Maintain flexibility so that  learning can 
be used to improve the project as i t  pro- 
gresses. 

84 Good community organization is a t  least 
8 as important to success as good lh technologies. 

T e CVRP-I experience has  shown that  every- 
one ho has been responsible for much of the 

resource destruction in the Philippines can 
ihto an effective resource man- 

agerj Working directly with resource managers 
seeds  to be the key to success. 
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Tnblo 1. Some existing Philippinc lishcrics regulations in wh*h TURFS = rcsourcc. nllocations. 

Communal managcmcnl Privntc pmporty rights 

Municipal waters (5.6 km libom shorc) Oystcrlmusscl farm pennit 

TrawYpurse seine ban (7 km fmm shorc) Scawccd farm permit 

Minimum mesh size Fish corral permit 

Closed seasons Fishpond lcese agreement 
Prohibit cxplosiveslpoisons Fish cagclpcn permit 
Coral collection/expo~ ban Bangua fry concession 

Mum-ami net ban 

Commercial hulbol-hulbot ban 
National fish sanctuary 

d 



Table 2. Some proposed fisheriee management measurea bamd on the CVRP-I experience. 
- .- 

Communal management 

Municipal marine sanctuary 
Mangrove forest management 
Community-based contract 
Reforestation in mangroves 
Mollusk harvest regulations 
Communal artificial reef areas 

with AR-based aanctuarie~ 

Private property rights 

Stewardship Contract (SC) over 
reforested mangrove areas 

SC over existing mangroves 
Sea ranching permit 
Other aea farming permits 
Family artificial reef cluster 
Fiah aggregating device (FAD) 

permit 

Communal management 
No management 

Controlled access 
Unmntmlled access Well-managed resource 

Sustained yielda, both 
volume and economic 

wlum and economic 
Rivate property rights 

Fig. 1. A coastal resourcee management mntinuum. 
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ABSTRACT 

This paper prewnts major findings and conclusions from a 
study of the coastal tourism resources management at Ban 
Don Bay in southern Thailand. Research was undertaken over 
a period of one year (1986 to 1987). and management recom- 
mendations were produced in 1988 as a contribution to an 
integrated coastal reseurcea management plan for the bay. 

Several island group constitute Ban Don Bay's major 
tourist attractions. The islands' wealth of natural resoums, 
particularly their white sand beaches, clean marine waters 
and coral reefs, have begun to draw a considerable number of 
to_urists. Tourism volume at the bay's largest island has grown 
from less than 15,000 in 1980 to over 500,000 in 1987. This 
gmwth 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 recog- 
nized the potential economic benefits from tourism. Con- 
versely, tourism development is also to blame for the degrada- 
tion of the very remums on which the touri~m industry relies: 
tourist facilities are encroaching on beaches; liquid and solid 
wastes are pollutiug beaches and marine waters; and anchors 
from tourist boats am damaging coral reefs. bo the r  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 deciaionmaking and in implementing 
management programs. Priority is given to initiating: (1) a 
pilot project to integrate tourism dwelopp~ent, resource can- 
servation and mmmunity development; (2) aa environmental 
task force to monitor tourism resources regularly; (3) coral con- 
servation zones; (4) comprehenaive aolidfliquid waste treat- 
ment programs; (5) public awareness pmgrams: and (6) a 
major study on the socioeconomic impact of tourism at the local 
and provincial levels. 

INTRODUCTION 

This paper presents major findings and recom- 
mendations for Ban Don Bay in Surat Thani 
Province (Fig. 1) (Dobias et al. 1988). Ban Don 
Bay'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 natural 
environment of the island as its strongest asset 
and were of the opinion that environmental con- 
servation should be the island's first priority. 

The study focused on the bay's four major 
island 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 constraints 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 of 
reducing coastal impacts that adversely 
affect tourism. 

When formulating recommendations for the 
improved management of the coastal tourism 
resources a t  Ban Don Bay, particular attention 



was given to the likelihood that the 1ocaVcentral 
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 of 
the island groups (Figs. 1 and 2). 

Samui Island 

Samui Island, covering 247 km2, 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, are located near Samui and its 
satellite islands. 
The flow of tourists to Samui Island began in 

the early to the mid-1970s (Cohen 1982), but it 
was during the past eight years that the volume of 
tourists surged upward (Fig. 3). In 1980, the 
island received only 14,868 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 a t  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 rooms a t  Samui Island 
increased by almost 100% between 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). 

D 'ng the past few years, Samui Island has 
pro it ssed from being a "Class C" (low-budget) 
resod t o  a "Class B" resort with higher quality 
acco&modations. This trend is expected to con- 
tinud. The tourist composition has correspond- 
ingly! begun shifting from the "backpacker" type 
(tholdgh many low-budget tourists still come) t o  
the l o r e  sophisticated class of visitors. 

PhaJlgan Island 

J*t 15 km north of Samui Island is an island 
two-llhirds its size. Called Phangan Island, it has 
the kame major tourist attractions as Samui 
Is lad .  However, tourist traffic (23,000 persons in 
1984 and hotel construction are way behind those 
of Sdmui Island. But just the same, growth has 
also bccelerated during the past two years. The 
i s l a d  appears t o  be at the early stages of a large- 
scale tourism development similar to that wit- 
nesed at Samui Island six or seven years ago. 
Lodgng facilities grew from 20 units in 1986 to 50 
unitr in mid-1987, with 556 rooms. By October 
198Ti 57 establishments were operating with 696 
room. 

TlQYe tourist composition is strikingly similar to 
thatbf Samui Island six or seven years ago. Most 
visi rs can come on a low budget and spend one 
mon t or more on the island because food and 
acco~modations are inexpensive. 
T& projection of the tourist volume a t  Phangan 

I s l a a  is also shown in Table 1. 

TrYb Island is a small (25 km2) isolated island 
locakd 45 km northwest of Phangan Island. Much 
of it& coast is rocky, but there is an attractive 
san* beach in the west. A coral reef near Tao 
Islald contains diverse coral and fish species that 
offefl good tourism possibilities, although destruc- 
tion 1; '1 rom blast fishing and other illegal activities 
still~&ccurs. Tao Island is visited by only the most 
advhturous tourists, who are not daunted by its 
isoldion (3.5 hours from Phangan Island) and 
lackllof comfortable facilities. There were about 
1 , 0 4  visitors in 1984, but the current number is 
not known. At present, six thatched lodging units 
exis& with 47 rooms in all. 

Mu ko Ang Thong National Park 

ML KO Ang Thong National Park, one of 14 
mar&@ parks in Thailand, was established in 

I 



1980. I t  covers 102 km2 of which 84 km2 are 
marine. Of the 40 islands that comprise the 
archipelago, 37 are within the park's boundary. 
Island scenery, coral reefs, an inland sea and 
wildlife are its important resources. The park's 
marine waters, in relation to the waters between 
the park, Phangan Island and Tao Island, are 
among the richest fisheries sites in the Gulf of 
Thailand. Because of this, the islands are heavily 
utilized by fishermen who have built shelters on 
several small, isolated beaches. 

The number of park tourists was approximately 
15,000 between 1983 and 198.6, but increased to 
over 21,000 in 1987. Projection of the tourist vol- 
ume a t  the park is shown in Table 1. 

Most visitors to the island originate from Samui 
Island. They spend one to two hours on the main 
island of Wua Ta Lap, go to a portion of the sea 
partly encircled by one of the park's islands and 
then return to Samui Island. The park is not 
highly developed for tourism. I t  has only seven 2- 
or %room bungalows and a canteen for park per- 
sonnel. But there has been pressure from the pri- 
vate sector for its increased development. 

MAJOR ISSUES AND CONSTRAINTS 

Management and administration 

Tourism crosses a multitude of sectoral lines, 
and so the proper management of its resources 
must rely on the cooperation of several gov- 
ernment agencies and the private oector. How- 
ever, interagency coordination has been tradition- 
ally poor and is perhaps the major constraint to 
the successful implementation of tourism 
resources management recommendations. More- 
over, existing provincial and local tourism organi- 
zations do not influence tourism development to 
any appreciable extent since t h  members of the 
provincial publidprivate sectors committee sel- 
dom come together, and when they do, cooperation 
tends to be limited to the meeting room. Once the 
meeting is finished, the different parties go their 
separate ways. 

Tourism management efforts a t  Surat Thani 
continue to focus on promotional activities. But 
while promotion is both necessary and worth- 
while, in the light of the tremendous surge in 
tourism volume, particularly at Samui Island, i t  
no longer qeeds to receive as much emphasis as  
before. I t  would now appear more reasonable to 
give greater importance to the proper care of its 

tourism resources, especially considering that 
both Thai and foreign tourists have identified 
Samui Island's beautiful natural environment as 
its strongest asset and perceived resource conser- 
vation as its first priority (TISTR 1985). 

Lack of tourism management and planning 
skills was cited by virtually all local leaders as an 
important constraint. Provincial officials and pri- 
vate individuals are responsible for proposing and 
especially for implementing tourism plans. With- 
out this local base of knowledge and skill, imple- 
mentation will be appreciably hindered. Moreover, 
local leaders should be involved in the planning 
process a t  its earliest stages. Unfortunately, they 
usually prefer to do the planning a t  the central 
offices in Bangkok. 

Another major constraint is the rapid growth in 
the tourism volume and the corresponding 
increase in the development of tourism-related 
structures. I t  has reached such an extent that 
development has considerably outpaced national 
and local management capabilities. 

Based on precedents a t  other Thai marine 
parks, rapid tourism development in the absence 
of an overall park management plan could lead to 
serious conflicts between resource use and conser- 
vation a t  Ban Don Bay's marine park. A case in 
point is KO Samet National Park in eastern Thai- 
land where conflicts between villagers and park 
officials in 1987 nearly forced the closure of the 
park. The villagers wished to expand their 
tourism service operation while park officials 
refused their expansion requests, citing the envj- 
ronmental damage already done by existing 
establishments. 

Socioeconomics 

Tourism development is often cited as  a major 
tool id supporting local and regional socioeco- 
nomic growth. However, socioeconomic problems 
caused by the tourism boom in this province were 
a great concern of virtually all government and 
private individuals interviewed during this study. 
This concern centers around the belief that the 
majority of the islanders receive few direct bene- 
fits from tourism. The indirect benefits they do 
receive, such as  improved transportation routes 
and public utilities, are thought to be offset by the 
rising cost of living spurred by tourism growth. 
Locals complain of young people turning their 
backs on traditional ways and embracing Western 
habits. Some even report a marked increase in 
drug abuse. The socioeconomic impact of tourism 



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 a t  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 wastes 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 and hotels are also inadequate. 
Present national. regulations require the prepara- 
tion of an environmental impact assessment (EIA) 
(and presumably, the wastewater treatrriknt) of 
hotels with only 80 or more rooms, but the r ey l a -  
tions do not apply to dense grbupings 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 lalso needed for both domestic and foreign 
tou&ts, to let them know how they can help in 
the 6onservation efforts. 

I 

~ a k r  supply 

ater supply is a problem on all the islands. 
Co i iderable sums of money will soon be spent to 
imMove the water supply on Samui Island. This 
invetment, however, must include provisions for 
the effective protection and possibly, revegetation 
of &tical watersheds, marshlands and other pri- 
ma* water sourges. Without such an action, 
invd$tment costs may later be compounded con- 
siddably due to the deterioration of the water 
sou+es. Other related matters requiring serious 
att+tion are the proper management, storage 
a n 4  utilization/consellration of existing water 
supl(1ies. 

J 

~ishor safety 

Bssenger boats that ply Ban Don Bay are inef- 
fecthely managed and supervised. Fines for safety 
viol#tion are minimal, There is also no provision 
for the authorities ta close ferry services or revoke 
the licenses of boats that violate the safety laws. 
An hccident in 1987 that resulted in loss of lives 
due to  improper boat operation and lack of safety 
me ures, such as the provision of life jackets, 
hig I f  ights the need for strict regulations and con- 
trols of boats. Another major accident involving 
toudsts could seriously damage tourism promo- 
tionkfforts at the bay. 

REQOMMENDED ACTIONS 

Mamgement and planning 
.!I 

A* Environmental Task Force should be cre- 
ateato monitor the effects of tourism development 
on A e  resources. It  would be responsible for 
repwting, monitoring and evaluating the results 
for the Royal Thai Government and recommend- 
ing measures to mitigate or prevent damage to or 
enhhce  the use of tourism resources. The task 
forcer would include experts in the fields of marine 
resollrces and management, tourism development 
and management, socioeconomics, solid and liquid 
was* management and/or other rqlevant fields. It 

be chaired by the governor of Surat Thani 
and would alm include local pub- 
sector representatives. The governor 



and local officials would provide direction to the 
task force, ensuring that its work is not just aca- 
demic but one that will truly address the local 
needs. 

National parks and other protected areas 
should be required to prepare long-range man- 
agement plans before any further major develop- 
ment is permitted. This is especially important a t  
Mu KO Ang Thong National Park in the light of 
proposals to expand its boundary and of pressures 
for its large-scale development for tourism pur- 
poses. Such plans will help anticipate and prevent 
or minimize damage to the resources and avoid 
problems that have occurred a t  other national 
parks. I t  is essential that these plans be accom- 
panied by specific monitoring programs and that 
funding for park development be contingent on 
the progress of implementation. 

A workshop on tourism management and plan- 
ning would bring together the province's senior 
officials and nationally recognized experts from 
various fields or specializations in resources man- 
agement. The workshop would be held annually 
and focus on practical issudconstraint identifica- 
tion and problem-solving. The value of such an 
approach is that i t  would provide a regular forum 
for local decisionmakers who are familiar with the 
problems related to tourism. This would enable 
them to explore problem resolution options with 
experts who can provide suggestions for potential 
solutions. 

An "Upper South Coastal Tourism Committee" 
should be established to oversee and coordinate 
coastal tourism development in the Upper South 
Region (including Ban Don Bay) and to recom- 
mend actions and policies to the Cabinet. This 
would enhance both ''bottom-up" and "top-down" 
communication in the decisionmaking process. 
Committee members would include department 
director-generals (or their equivalent) from all 
ministries that implement or oversee activities 
affecting tourism development, and senior local 
officials and private sector leaders. A key compo- 
nent of the committee would be the Environmen- 
tal Task Force. The committee should be included 

, as a major component in an overall "Upper South 
Coastal Resources Commission." 

Socioeconomics 

The dynamics of tourism's impact on the local 
communitieo in Thailand are poorly understood. A 

on the socioeconomic impact on Ban Don Bay, 
covering especially the more developed coastal 
resort sites. 

A demonstration project integrating appropri- 
ate tourism development, resource conservation 
and community development should be located a t  
the less developed Phangan Island and center on 
a community-based organization (CBO). The CBO 
would be supported by a full-time field manager 
with expertise in community development. Fur- 
ther part-time support would come *om outside 
agencies, providing onsite training and advice in 
the areas of community development, tourism and 
marine sciences, as required. The CBO members 
would elect an executive committee which will 
coordinate with the above agencies. Financial 
resources for CBO-related activities would come 
from a central fund, possibly in the form of a 
cooperative. Similar approaches have achieved 
impressive results in Thailand lPayapvipapong et 
al. 1988) and the Philippines (White and Savina 
1987). 

Specific goals and activities initiated through 
the CEO would be identified during joint consul- 
tations fietween CBO members and cooperating 
agencies, but programs might include: 

Education and training in tourism devel- 
opment and management. This could 
include basic management techniques for 
bungalow operators, foreign languages 
and tour guide services; proper site devel- 
opment; and the creative use of low-cost, 
local construction materials. 
Appropriate promotion and use of coral 
reefs. The CBO could promote the proper 
tourist use of coral reefs and, with the 
help of the experts, devise simple reef 
management strategies to enhance long- 
term village benefits. 
Alternative economic activities. The CBO 
could provide an impetus for developing 
alternative income-generating activities 
such , as souvenir/handicraf't production, 
mariculture, etc. 
Marine conservation education. A part of 
the CBO center could be devoted to educa- 
tion and awareness displays concerning 
marine resources conservation. Periodic 
education sessions could be given to the 
CBO members and the general public. 

Increased support should be given to the Samui 
Island District Agriculture Office in its efforts to 
encourage the cultvation of new crops for sale to 



tourism businesses. Support should also be pro- 
vided for the development of cottage industries 
(e.g., souvenir production, bee-keeping, etc.). 

C o d  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 strategy. The Upper South team has 
already allocated funds successfully to assist the 
local people in managing the reefs a t  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 and 
tourism resources. 

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 fisheries 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 
process. 

sis hould be given to the monitoring of the zoning 
pla* by the provincial andlor district officials 
whd11 would report annually to the Interior Min- 

Necessary modifications should also be 
based on the annual assessments. The strict 

enf cement of existing laws prohibiting any 
dev $I opment within 10 m of beaches should begin 
im@diately. This should serve as an interim 
me4ure while zoning plans are being prepared. 

Qmprehensive waste disposal programs should 
be developed, approved and implemented at all 
majar coastal tourism areas in Ban Don Bay, 
begYpning with Samui Island and followed by 
Ph4gan Island, Mu KO Ang Thong National 
Park, the mainland coast and Tao Island. 

Fo*st and water consentation 

c commendations for forest and water conser- 
vat*n include: 
I,, classification of watersheds and swamp- 

lands that determines priority areas and 
clearly delineates these on a map; 

2i1 determination of existing land use and 
I forest cover in the classified areas, 
:; including descriptions of threats to water- 
: sheds, sprinks and marshes of high value 
i as water sourcesp~ 

formulation of ' plans for maintenance 
, andlor rehabilitation . of priority water 

sources as determined by the classification 
scheme; and 

411 rehabilitation of critical watersheds that 
have experienced widespread encroach- 
ment. 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- 

4 ties in these watersheds (Ali and Dobias 
1 1985). 

I& addition, all future water development pro- 
jecishould be required to include protection and 
mo 'toring programs for water sources at the 
ear&st stages of project development. 

Pualic awareness programs 

V~rious interest groups can be invited to par- 
ticiMte in public awareness programs. Such 
grows will fall under these categories: local resi- 
den@, tourism service operators and tourists. 

Beaches and marine waters 



staffed by two full-time administrative employees, 
a small maintenance staff and several part-time 
volunteer assistants. The center would include 
facilities for slide shows, movies and informative 
displays. It would serve as the base for an exten- 
sion program and as a production and mainte- 
nance site for information media. 

Boating safety 

The Harbor Department should detail two ofi- 
cials a t  Surat Thani td  inspect passenger boats 
and ensure that they adhere to safety re ylations. 
The old boating safety law should be amended to 
include increased fines and penalties for viola- 
tions, and mandatory inspection and official 
approval of all passenger vessels should be 
required before licenses are issued. 

The environmental management recommenda- 
tions (Table 2) presented in this paper attempt to 
define how tourism can be used to justify natural 
resources protection while offering practical steps 
to mitigate environmental damage caused by 
tourism growth. A key to the improved manage- 
ment of tourism resources is the provision for a 
strong local participation in management plan- 
ning and implementation. The people of Surat 
Thani Province have demonstrated that they can 
play a major role. Some outstanding examples are 
the Taen Island village headman who used his 
influence to protect the island's coral reefs, and 
the monk a t  Phangan Island who used Buddhist 
teachings to discourage the deforestation of an 
important watershed. Support for these and other 
initiatives by the Upper South l'roject can help 
Surat Thani Province become a model for respon- 
sible coastal tourism development in Thailand. 

Evaluation and monitoring programs 
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Table 2. Summary d the lp~ommendations m the mtal management d Ban Don Bay, v p e d  
aowrding to category and priority. 

Ca%wY Rscomnadations Priority' 

A Management and planning Eeublish an En-mental Task Form to mrnit.fr the 1 
plmn's implemenllltion and the impact of reaoures use 

Pilot pmject a t  P h w n  Island. 2 
P r e p  and irnplahent the gmtected area'u master plane. 2 
l b d n r n  manage-t and planniw workshop 2 
Establish Up- th k t a l  Tauinin Committee 2 
PI*$ meet .t m L  M a d .  
M ~ w  -rch an the eocioemnumic 1 

impact d ~ t a l ~ m .  
3 

1 
b u m  and regis* unal tour h t  operam. a 

1 
Extsnd MU Ko ong Natimal Park'a boundary. 3 

1 

w t a l  b d n m  
Strength- W t  -h the diedmrgu of 2 

waatewak h m ~ o t a l s  and bungalma. 
Uw mmple zoning all major prwinaal 2 

beachen and adjaknt aman and rtrictly 
e n h  d t i n g  1 latiars. 

E. Fomsta and water Require water dev €!? pment pmjecta to in- 1 
conservation rate wahnhed a w  swampland mns~vat ion 

meaeures a t  the Itqiect's earliest etages. 
Develop eompmhenbive watffehedlswampland 2 

comervation an* refmtntion Pans 
and projects a t  i-t mtes. 

F. Public awareness Develop and imple-nt a public a w a m m  1 
pmgram for impatant tourism I P ~ O ~ F O ~ ~ .  

Develop a mangroH intslpreLstion program 3 
G. Communication Pwt Harbor Departaent at 1 

Swat  Thani. 
s t d e n  boatingpedety qgdaticos. 2 

DPriaalty 1: Olhighmt pridty and should be implemented a t  m. 
Priority 2: High priority by implemmtation d d  be delayd to hta yearn. 
~ i o r i &  3: ~ ~ h t  but d l &  -cy than (1) and C2X. 
bKiB. pilot meet haa d i m  impljcBtions m the Btrengtbenie of the 1-1 mcipation in bmhm rewmws 
management and on increasing the l d  benefita daived Born todm thm, i t  is listed twice. 
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ABSTRACT 

Cornl reds arc a n  cxnmplc of a valunblc coastal rcsourcc 
that deserves special management attontion. At Ban Don Bay, 
coral reds hnve potential for lucrntive tourism earnings and as 
essential hnhitats for marine organisms. 

Most sources of coral damage a t  Ban Don Bay can be linkcd 
to economic usos such as  destmctivc fishing, snlc oicornl, and 
siltation caused by bungalow and hotcl consttuction. Mqjor 
constraints Lo impmvc cornl protection arc: (1) poor locnl 
knowlcdgc of rnanngcment and protection oplions; (2) a lack or 
locnl managcment authority over cornl rcaourccs; (3) poor 
interegcncy coordination; ( 4 )  inadcqurrtc laws; and ( 5 )  a 
paucity of equipment and manpower to pa t~ol  the rcclb. 

Programs oflcring local inccnLivcs ror cornl conscrvntion 
have been formulated and arc discusscd. Cornl conscrvntion 
zones are also expccted to bc dcclnred for Ban Don Bay's most 
outstanding coral reefs, with only nonconsurnptivc uscs 
allowed. Outdated logislation will likcwise bc nmcndcd and 
institutional arrangements irnprovcd to implcrncnt the rnnn- 
agemcnt plan. 

INTRODUCTION 

Ban Don Bay, Surat  Thani Province, in the Gulf 
of Thailand has three major island groups: KO 
(meaning "island") Samui, the  largest (250 km2); 
KO Phangan (170 km?, approximately 15 km 
north of KO Samui; and Mu KO Ang Thong, an 
archipelago of 40 small islands; i t  is a national 
park. Each of these island groups contains coral 
resources of value both to the region's fishing and 
burgeoning tourism industries. 

A management plan was prepared for the coral 
reefs of Ban Don Bay as one of five issue-oriented 
approaches for managing its coastal resources. 
The planning process has been a collaborative 
effort among three concurrent coastal resources 
projects handled by Thailand's Ofice of the 
National Environmental Board (ONEB). The gen- 
eral outline, rationale and objectives for coral reef 
management in the bay were presented in 
"Recreation and tourism subsector final report" 
(Dobias et al. 1988) under the ASEANrUS Coastal 
Resources Management Project. Technical infor- 
mation on the coral reefs and reef zoning was pro- 
vided through a study supported by the Associa- 
tion of Southeast Asian Nations (ASEAN)I 
Australia Cooperative Programme on Marine Sci- 
ences. Finally, the plan's implementation will be 
supported in part by the URWSAID Coastal 
Resources Management Project. Actual plan for- 
mulation was done by a Working Group on Coral 
Reef Management Planning, which developed a 
consensus among central and local agencies whose 
activities/jurisdictions affected coral reef use and 
management a t  Ban Don Bay. 

CORAL REEF STATUS 

Although not luxuriant by international stan- 
dards, the coral reefs of Ban Don Bay are among 
the best in the Gulf of Thailand and represent a 
valuable tourism resource in addition to their 
ecological functions. In the bay, tourism increased 
from US$15,000 in 1980 to over US$300,900 by 
1987 and is now one of Surat  Thani Province's 
major income earners. This nature-based tourism 
relies on the diversity and quality of the islands' 
environment of which coral reef's are an integral 
part (Dobias and White 1988). 

Fig. 1 shows the locations and relative qualities 
of the area's reefs as categorized by a 1984 study 
(TISTR 1985). KO Samui, having un%Egiine the 



most advanced tourism development and also 
being the most accessible island, contains few 
undisturbed reefs. Only the reef a t  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 the 
integrity of the marine environment are also 
located along KO Samui's satellite islands to the 
south (Sudara 1988). 

Coral reefs a t  KO Phangan have undergone con- 
siderable damage in the past but remain among 
the most attractive in Ban Don Bay. Two reef 
areas, which posscss high tourism potential, are 
located along the island's south coast that  
stretches for around 10 km, and a smaller reef in 
the northwest (Sudara 1988). 

KO Tao, located 45 km 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 a t  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 a t  
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 of 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 ofice publicly emphasized the need to 
stop such activities. Unfdrtunately, the use of poi- 
son to capture fish has become increasingly fre- 
quent, especially at KO Phangan. When used reg- 
ularly, poison can be as lethal to coral and i ts  
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 Mu 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- 
erim management regulations is not effeci,ive, in 
part because of a paucity of manpower, equ~pment 
and budget a t  the KO Samui District Fisheries 
Offlee (DOF 1983). 

Another major threat that  is growing in tandem 
hth the tourism boom is siltation and wastewater 
polbtion from beach development. Bungalow and 
hoMl construction a t  KO Samui, for example, 
incdeased by over 100% during the period 1984- 
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 
midor, as only 2% (around 8,500) of all KO Samui 
toutists 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. 

EX@TING MANAGEMENT 
AND CONSTRAINTS 

f i e  existing management of coral reefs entails 
rnaihly provincial sanctions against dynamite 
fishing and national regulations against coral 
collbction and trawling. At the national level, 
coral reefs are protected by two statutes: the 
Fisheries Law of 1947 and the National Park Act 
of 1861. The former governs marine fisheries and 
the conservation of selected marine species. I t  
pro)ibits 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 (URIXTSAID 1988). The National 
Pa& Act, on the other hand, prohibits visitors 
from littering and collecting corals. 

aeef management a t  the provincial level 
deppnds primarily on the provincial policy handed 
down by the governor. In Surat Thani, the gover- 
nor, issued a policy in 1983 prohibiting reef 
desfruction by hot& after a major resort dug out 
the reef along its beach front to improve the 
swi$nming area. The governor was also instru- 
me4tal in gaining local cooperation to lessen prac- 
tic* that  are destructive to coral, particularly 
dynbmite fishing. 



Despite these regulations and policies, coral 
reef degradation continues a t  Ban Don Bay 
because of the following: 

Public appreciation of coastal resources 
has  been generally low. Little effort has 
been made to raise public awareness 
through education programs that  demon- 
strate the value of healthy coral reefs to 
tourist businesses and to local inhabi- 
tants. 
There is poor knowledge among local peo- 
ple, government officers and tourist opera- 
tors concerning workable management 
options that  can be carried out a t  the local 
level. 
Government agencies directly respons~ble 
for coral reef protection lack sut'ficient 
boats, equipment and manpower to patrol 
the reefs effectively. 
Poor coordination among goyernment 
agencies, both a t  the local and national 
levels, prohibits effective action to con- 
serve coral reef resources; often, those who 
make the plans and those who are 
expected to implement them do not inter- 
act, leading to confusion and, in many 
cases, apathy on the part of the local 
implementors. 

An encouraging development in the region has 
been the formation of a Nature and Environment 
Conservation Club (NECC) a t  KO Samui. The 
NECC is spearheaded by the village headman of 
ICo Taen (a  small island just south of KO Samui) 
whohas played a pioneering role in protecting the 
coral reefs around his island for well over a 
decade. NECC members include local leaders, 
community members and bungalow owners who 
hope to protect the islands' natural environment, 
maintain the native culture and traditions and 
promote public awareness on conservation. For- 
mation of the club was motivated primarily by 
concern arising from the socioeconomic problems 
precipitated by the tourism boom. 

CORAL REEF MANAGEMENT PLAN 

A Regional Workshop on Coastal Resources 
Management (CRM) Strategies a?d Planning for 
Ban Don Bay was organized by ONEB in mid- 
1987 and was attended by over 100 participants, 
including representatives from central, provincial 

and local government agencies a s  well as the pri- 
vate sector. Based on the workshop's outputs and 
related ONEB efforts to reach a consensus among 
local agencies and residents, action plans were 
formulated to deal with CRM issues and prob- 
lems. Among these were recommendations to alle- 
viate coral damage by offering alternative eco- 
nomic incentives for coral conservation. Table 1 
summarizes the issues and recommended strate- 
gies and actions for improved coral conservation 
a t  Ban Don Bay (Dobias and White 1988; Lemay 
and Chansang 1988). 

The overall management plan has the following 
objectives: (1) to formulate zoning plans and 
strategies for coral conservation; (2) to prioritize 
recommendations and identify those that  can be 
implemented immediately; (3) to establish a coop- 
erative framework between implementing agen- 
cies and local communities; (4) to provide a 
foundation for public support and involvement; 
and ( 5 )  to promote public awareness programs for 
coral conservation. 

To enhance opportunities for the plan's imple- 
mentation, two planning approaches were consid- 
ered essential. The first was to use a "bottom-up" 
approach, leading to mechanisms for the local con- 
trol of coral management programs. In line with 
this approach, i t  was realized from the beginning 
that  a significant level of implementation could 
occur only when the programs received the sup- 
port and active involvement of the local people. 
Second, coral management programs emphasized 
that sustainable uses should be encouraged in the 
context of reasonable control rather than on total 
prohibitions (which are often not enforceable), 
thus, allowing the local people to continue to reap 
benefits from coral reef resources. 

Management programs (Table 2) were catego- 
rizedalong issue-oriented lines: (1) recreation and 
tourism; (2) fisheries management; (3) water 
quality maintenance; and (4) public awareness 
and education. 

MANAGEMENT PROGRAMS 

Most of the management programs outlined will 
be implemented through local government agen- 
cies and nongovernmental organizations (NGOs) 
with advice and' assistance from central govern- 
ment ofices and individual experts. In this way, a 
foundation for local management capabilities will 
be established and fostered. 



Recreation and tourism 

These programs consolidate the recommenda- 
tions made earlier by the ASEAWAustralia 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 y ide-  
lines for habitat protection apply without specific 
provisions. 

1. Demonstration buoys at KO Taen. A broad 
outline of activities for placing mooring 
buoys a t  KO Taen was prepared in 1988 
following discussions with local lenders 
and ONEBNRI 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 demonstrntion 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 al. 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 park's plan to allow for bet- 
ter control of multiple uses within the 
park, particularly of tourism vjs-h is  
coral reefs. 

3. Sanctuaries at KO Taen and KO Phangan. 
Small areas of special importance will be 
established as sanctuaries to maintain the 

integrity of coral reef ecosystems. Only 
research studies, free of tourism, fishing, 
collecting and other such activities, will be 
allowed in these areas. 
Conservation zones a t  KO Samui 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 demonstrntion project at KO Tnen. 

Fisheries management 

' Ihe fisheries management programs aim to: (1) 
limit and prevent reef damage caused by blasting 
and fishing gear; (2) avoid damage caused by the 
collqction of coral, aquarium fish and shells; and 
(3) hprove fisheries management regulations and 
policies. 

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 operate. 
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- 
tain 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. 
Upgrading of law enforcement 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. 

WaWr quality maintenance 

1.H Mandatpry EIAs for beach resort con- 
' struction. This will include the strength- 
4 ening of existing laws regarding EIA 

requirements for hotel/ bungalow con- 



struction and prohibiting construction 
activities adjacent to sanctuary areas. 
Guidelinee for mitigating the siltation of 
reefs. Broad guidelines for minimizing 
coral reef degradation from siltation will 
be drafted. ONEB will then be responsible 
for producing the final guidelines (possibly 
in the form of EIA requirements) to be 
submitted for official action. 
Water quality monitoring. This will be a 
regular management activity. Other 
parameters to be monitored will be live 
coral cover, reef fish density, anchor dam- 
age and the presence of rare or uncommon 
species. 

CONCLUSION 

The management planning process has success- 
fully initiated consensus among the 1ocaVcentral 
government and the private sector on how to deal 
with the problem of coral destruction and how to 
maximize the socioeconomic potentials of coral 
reefs. Initial emphasis will be given to projects 
that will demonstrate the feasibility of the strat- 
egy and how local people can play a larger role in 
management/conservation activities. Local 
involvement, cooperation among various govern- 
ment agencies and a focus on clearly defined 
issues are key features of the strategy. 
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Information and visitor service center. A 
permanent center will be constructed on 
KO Samui to produce and distribute public 
awareness materials on coral reefs and 
other coastal resources. It  will also contain 
an extension staff that will visit villages 
and give presentations to government and 
private sectors. 
Exhibition and media campaign. A coral 
exhibition will bring together tourism 
operators, boat owners and local leaders, 
perhaps under the auspices of the NECC 
and the Samui Tourism Business Associa- 
tion. The exhibition will alert the partici- 
pants on the various programs being 
undertaken, the rationale for doing them 
and how the participants can cooperate in 
coral conservation efforts. Coral reef 
interpretation displays will be set up a t  
strategic points, with each display focused 
a t  a particular interest group. Information 
materials will be produced and inforrna- 
tion, disseminated through the print and 
broadcast media. 
Training tour guides and operators. A 
formal training program tailored for KO 
Samui's prospective guides, tour agents 
and national park SW will be offered. 
School curriculum. The curriculum will 
cover all major aspects of marine ecology 
and conservation, including coral reefs. I t  
will be developed for all educational levels. 
A teacher's manual will also be produced 
for schools in the province. 
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Tablc 1. Summary of mral degradation issucs, strategies andibdions. 
I!L 

Issues Strategies Actions 

Dynamite fishing 

Coral destruction by 
fishing and poisoning 

Coral destruction by boat 
anchor., trampling and 
collccting 

Public education and 
awareness 

Fisheries management 

Park management 

L+yjslntion and local 
support 

Public education 
and awareness 

Legislation 

Public cducalion and 
awarrmcss 

Tourism and park 
managomcnt 

Lcgislntion 

Siltation and pollution Legislation and 
enforcement 

Adminiatration 

P r d u c e  and diatributc information materials; 
organize a mral exhibition at  Samui; train 
fiskrmen and boat and bungalow operators; 
and initiate a conscrvntion program in schools. 

Ddlarc a fish sanctuary a t  KO Taen and provide 
m4r ing  buoys there. 

~ x h n d  marine park's boundary to include KO 
Tag. 

Re 'se the Fishcry Lnw to increase penalties for 
bl a t  ' , t  fishing and coordinate with local interest 
&ps to patrol the reek. 

Pr$uce and distribute information materials; 
al* locale and bueinoss operatore of economic 

to emphasize the importance 

~ s k b l i s h  size, catch and season limits; issue 
cedificatcs for aquarium fieh operations. 

Alk local people and businesa operators of eco- 
no ic impact. 

Ddignnte coral and buffer zones; zone critical 
a d s  outside the park; establish a scientific 
rc*nrch zonc in two of the sites; create mn- 
se4ation zoncs a t  KO Phangan and KO Samui; 

nize a community-based management 
sc me for the conservation zoncs. "3 

law to prohibit the sale of all coral 

and enforce the City Plan Law in 
ific areas; enforce EIA regulations for waste 

Sanitation Law of 1941; 
work adjacent to mral 

sadctuaries. 

Gi#e a high priority to environmental protection 
government agencies 

for tourism-related activities; 
and communication 
agencies and local 
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ABSTRACT 

The condition of marine resources in Tarutao National Park 
was investigated and their major management problems were 
identified under the Office of the National Environment Boardl 
University of Rhode IslandIUnited States Agency for Intarria- 
tional Development Coastal Resources Management Project 
(ONEBAJRIKJSAID CRMP). 

In general, marine resources and habitats in the park have 
been degraded due to various improper urns. Several coral 
reefs hove been dertroyed or seriously harmed by blasting, 
anchor damage, touriam, &om damage and crown-of-thorns' 
infestations. Coastal waters adjacent to areas of intehsive use 
have become polluted due to the release of untreated waste 
eflluents. Stock depletion of marine species bas resulted from 
overhawesting and illegal trawling. Becau~e of thew, man- 
agement programs, which emphasize park and public coopera- 
tion in the protection of marine resources, are recommended. 

in the local and regional economies and are major 
tourist attractions. Because of its valuable 
resources, Tarutao National Park has been 
included in the M E A N  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 con- 
servation 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 preliminaly 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. 

INTRODUCTION 
METHODOLOGY 

Thailand has 14 marine national parks covering 
a total area of 4,726 km2. Essential ecosystems 
and resources found in these parks support major 
economic activities such as tourism and fisheries. 
One 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 km2, of which 1,260 km2 
are marine. The park has forests, beaches, aquatic 
fauna and coral reefs, which play important roles 

A survey of the marine environments and 
resources in Tarutao National Park was under- 
taken in April 19'88 to determine exiating condi- 
tions and associated management issues. This 
included the physicochemical properties of the 
coastal waters, such as transparency, salinity, pH, 
suspended solids, total alkalinity, dissolved oxy- 
gen (DO) and biological oxygen demand (BOD,), 
which were measured and analyzed using the 
methods described by the American Public Health 
Association (APHA 1985). 



The egg and larvae of marine species were also 
collected from various coastal areas using a 
plankton net of the 100-p 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 underkater photography. 

EXISTING CONDITIONS OF MARINE AFtEAS 

Coral reefs 

There are virtually no reef communities 
remaining around Tarutao Island that have not 
been degraded to some extent by human use andl 
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, and 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 a t  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-of- 
thorns' infestations and local fisheries ac- 
tivities (e.g., creating channels in the reefs 
to allow the passage of fishing boats). 

4.!1 In pristine condition. This includes only 

J one small community of soft corals in the 
deep waters between Adang and Hin- 
Ngam Islands. 

Wa#r quality 

As shown in Table 1, physicochemical proper- 
ties  of coastal waters around the Adang-Rawi 
Islamds are suitable for supporting aquatic life 
and~~lrecreational activities. The coastal waters 
arorihd Tarutao Island, in contrast, have rela- 
tivew high suspended solids with low light trans- 
pardcy, especially at the Talo-U-Dang Bay. Fur- 
therhore, the biochemical oxygen demand (BODs) 
val* observed in the bay (4.6 mgA) is higher than 
in the open sea. This condition might be a natural 
occqrence generated by the comparatively stag- 
nanC water characteristics that bring about the 
intedsive growth of phytoplankton (Khokiatti- 
won4 et al. 1986). 

TYe water quality at the Pante-Malaca Bay in 
Tandtao Island, which receives untreated waste- 
watdr from tourist lodging areas, has a tendency 
to bacome polluted. It was observed that the BODs 
valw of the water in the bay is substantially 
hig r than in other areas and that it has a rela- 
tive low DO concentration. The trend toward the 
incr ! asing number of tourists in the park, from 
12,*2 in 1985 to 18,195 in 1987 (Chettarnart et 
al. l@88), will lead to the increased degradation of 
the ha te r  quality in Pante-Malaca Bay in the 
futde, if immediate preventive measures are not 
ma&. 

~ a d n e  fauna and fisheries 

T4e abundance of fish eggs and larvae in the 
coasbl waters of the park is shown in Table 2. It 
WAS found that the fish eggs and larvae of marine 
spedes are more abundant in the waters adjacent 
to *ngrove forests, especially a t  Ma-Kham Bay, 
thad in the reef areas. They were hardly detected 
in tlie offshore waters near sandy beaches. Thus, 
the bangrove and reef areas require strong pro- 
tect*n to preserve them as vital spawning and 
nurery grounds for many marine species. 

Interviews with local fishermen revealed that 
therr are a large number of gill net operations in 

ove coastal areas where mullets, groupers 
and ea bass are abundant. Illegal trawler opera- ""g 
tiond in Ma-Kham Bay are also frequently 
repoC$ted. Intense fishing is conducted in the reef 
a r e 4  of Adang-Ftawi Islands where aquarium fish 



and other valuable species are harvested intensely 
by gill nets and deepwater traps. Also, reef blast- 
ing and shell collection are still practised occa- 
sionally in the reef areas. 

ISSUES AND RECOMMENDED 
MANAGEMENT PROGRAMS 

The major marine resources management 
issues of Tarutao National Park were identified 
and preliminary management programs were 
formulated. The programs' objectives are to con- 
serve and protect marine resources to support 
multiple uses. The proposed measures will focus 
on coordination between the public and private 
sectors so that management strategies can be im- 
plemented effectively. 

Coral reef issues and management 

There are a few reef communities of relatively 
good quality remaining in the park, and these are 
continually being degraded by improper fishing 
and tourism activities such as reef blasting, 
anchor damage, coral collection and littering. 
These problems result in part from the lack of 
awareness on the value of coral reefs among 
users. These issues are common to coral reefs in 
Phuket and nearby areas (Lemay and Chansang 
1988). Crown-of-thorns' infestation is another 
problem in the reef management of the park. 

Programs for reef management should mini- 
mize the destructive impact from various human 
activities and natural phenomena and they should 
also enhance public appreciation of coral reefs 
through these: 

1. Crown-of-thorns' infestations have to be 
controlled. This could be implemented ini- 
tially by hiring local divers to inject a 
chemical solution, as suggested by .coral 
specialists, into the starfish. This opera- 
tion should be monitored to determine its 
effectiveness while exploring other control 
measures. 

2. Expand information services for tourists, 
guides, boat operators, tour agents and 
local residents to make them more appre- 
ciative of the values and benefits of coral 
reefs. These services should be conducted 
continuously by coordinating efforts 
between the park and concerned private 
organizations. Guidelines for the proper 
access of coral reefs should be prepared 
and implemented. 

3. Formal training programs on reef protec- 
tion should be offered to guides, tour 
agents, boat operators and national park 
staff to ensure the appropriate use of 
reefs. The training should be supported by 
local institutes or universities. A core 
group of two to three park staff trained in 
basic coral reef ecology and monitoring 
should be created to monitor reef condi- 
tions and serve as a liaison between the 
park and the tourism industry. 

4. "No anchoring zones" should be designed 
for heavily used coral reefs. Mooring buoys 
should be installed for recreational pas- 
senger vessels a t  these sites. Demarcation 
buoys should also be installed to  keep ves- 
sels out of vulnerable reef areas. The 
placement of buoys needs the cooperative 
effort of park officials, local divers, coral 
reef specialists and tour companies to im- 
plement the program successfully. 

5. Illegal reef blasting should be stopped by 
improving the existing law enforcement 
capabilities of the park. 

Water quality issues and management 

The increasing pollution of nearshore waters 
which receive waste efbents  from intensive use 
zones, such as tourist lodging areas, is a problem 
since this reduces the park's capacity to serve 
various recreational activities. 

Water quality management should limit the 
impact of pollution on recreational waters and 
coral reefs. 

1. A wastewater treatment system within 
the intensive use zones, especially at 
Pante-Malaca Bay, should be developed. 
The system should be constructed in such 
a way that it is in harmony with the 
surrounding area and does not require a 
large budget. Simple oxidation ponds 
might be sufficient-for this purpose. 

2. Carrying capacity studies should be done 
for each intensive use zone to  set guide- 
lines to prevent the further impact of 
tourism on the environment. Intensive use 
zones should not be allowed in areas 
where receiving waters are sensitive to 
development impacts, such as at Talo-U- 
Dang Bay. 

3. Any shoreline development should avoid 
the erosion and drainage of wastewater 



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 considered 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. 

CO~CLUSION 

d r i n a  resources within Tarutao National Park 
are $eteriorating rapidly due to inappropriate use. 
Thdlrecommended management programs all rec- 
ognke that traditional uses must be incorporated 
wh* planning, where possible, and that the coor- 
dindtion between the private and public sectors is 
v i q  to implementation. The improved flow of 
ben, fits from the park to the local communities 
mu $ likewise be emphasized. These recommenda- 
tie* for the management of the park have to be 

ated into the park's "master plan" prior to 
im inY ementation. 

The establishment of a Park Management 
Coordination Committee, which will include rep- 
resmtatives from the park, province, local com- 
munity and tourism industry who will support the 
park administration's programs, will help ensure 
their successful implementation. 
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Table 1. M a r k  wa- qunlity In T a r u t ~  National Park, April 1988. 

Statlone 
Pnrarnetera 1 2 3 4 6 6 7 

Water temperaturn PC) 81 80 
*a-parency (m) 0.8 1.6+ 
Minity (ppt) 34 80 
pH 8.8 8.3 
Diesohred (mg/U 6.2 6.4 
BOG (m@) 1.8 2.2 
Total alkalinity (&l as CaCOs) 160 160 
Suspnded -lid# (mg/l) 106 108 

"Stations: 
1. S m  Bay, Tanrtao Island 
2. Ma-Kham Bay, Tmtaa Islend 
a. Talo-U-Dane. Tarute. Ll-d 
4. Th-Dap Bay, T~llltao Inland 
6. Pante-Malaca Bey, Tarutao Ielaad 
6. Lam-Scm hint, Ialand 
7. Tab Rmpa Bay, Adang bland 

Teble 2. Abundancta of fieh egp  and lmrvae of marlne speeiea, Tarutao National 
Park April l9M. 

Numbers per ma 
Btatiom Fish Fish Mollusk Bhrimp Crab 

egga larvae larvae lawae lalvae 

. .. 

1. Snn Bay, Tarutao Inland (mangrove zone) . 
2. Ma-IZham Bay, Talutao Ieland (mangmve zone) 
3. Tala-U-Dang Bay. Tarutao Island (mangmve zone) 
4. Tab-Dap Bay. Tarutm Island (mangrove zone) 
6. PPate-Malaca Bay, Taruteo bland (mangmve zone) 
6. Larn&n Point. Adam Iuland (sandy beach zone) 
7. Tnlo-Reepa Bey, ~ d a &  Ieland (reefzone) 
8. Tab-Ngo Bay, Rawi Inland bandy beach zone) 

Gulf O f  

Fig. 1. Condition of reefs around Adang and Bawi Ialanda, Tarutao National Park. April 1988. 
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ABSTRACT 

Coastal iosoutms monagomcnt (CRM) is nccdcd to rcclucc 
the advcrse ~ m p a d  of a major populntion incrcasc on tho envi- 
ronmcntnl quality or comtal arons worldwidc. Tho University 
of Rhode Island's Coastal Rcsourccs Center (CRC) opcrntcs 
cooperative CRM programs in Ecuador, Sri Lnnkn, Thailand 
and the United States. In cnch country, CRC works with CRM 
in-country teams to formulate, irnplcmcnt nnd test local nnd 
nntionnl CRM stratcgics. Mnnagcment r~~ommcndntions from 
prcvious studies usually cdst ,  so CRC focuses moro on pm- 
gram implcrncntation. CRC h c l p ~  to rcvicw nny existing 
rcsenrch and rccommendations; dcIincs futuro studies o r  
activities thnt will havc thc greatesl likelihood of being dircctly 
applicnblc to formulation and mnnagcrncnt stmtcgics; dcsigns 
procedures to asscss the impnct of mastal ecosystems; 
strengthens tho in-country pmrcssionnl s t a r  to plan for and 
manage coastal development and inrrastructurc; nnd hclps 
countries develop the institutionnl capabilities to address 
rcsourccs use conflicts cKcctively. 

INTRODUCTION 

Nearly three-fourths of the earth's population is 
concentrated in the coastal zone. As this popula- 
tion 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 Rhode Island's coastal ecosystems. 
CRC also collaborates with leaders of developing 
countries in formulating, implementing and test- 
ing integrated CRM programs. 

ELEMENTS OF COASTAL 
RESOURCES MANAGEMENT 

There are several C W  elements that CRC pro- 
vides on n regular basis, namely: 

training programs and workshops for 
institutions, agencies and officials to 
strengthen their in-country technical 
capability and comprehension of the forces 
affecting trends in coastal ecosystems, so 
that as decisionmakers, they will be better 
able to address resources use conflicts; 
public education and outreach programs 
through schools and media to increase 
their local involvement in CRM and thus 
assist officials in the decisionmaking pro- 
cess; 
advice and assistance on special area 
management planning for agencies and 
officials so that they can focus on issues 
and formulate comprehensive and inte- 
grated CRM strategies in selected demon- 
stration sites where management options 
are tested against real issues; and 
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 
thnt will have the greatest likelihood of being 
directly applicable in the formulation and 
implementation of management strategies. It  
develops procedures to assess the impact of 
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 



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 European 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 

aridland sparsely inhabited 1,800-km mainland 
con*. Here, coastal development has been domi- 
nat& by boom-bust cycles--shipbuilding died 
aromd the turn of century when forests were 
dep&ted, and this has been followed by booms in 
taigi, cacao, coffee and bananas. 

Ode of the major issues is related to the current 
exp*sion of shrimp production in coastal ponds, 
The !industry, which employs nearly 100,000 peo- 
ple, makes Ecuador the world's largest producer 
of flrm-grown shrimp. Due to poorly developed 
yidblines for land use, the construction of shrimp 
ponds has caused big losses of mangroves even 
witkrln national park areas. In 1984, 11% of the 
courlltry'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 
trealment or land planning in most areas. Also, 
newb initiated nearshore oil drilling has created 
considerable concern about its impact on water 
qualdty. CRC's initial efforts are to protect and 
maiqtain water quality and wild shrimp stocks; 

system for new 
affecting the 

develop a technical assistance 

programs. Current 

Form a citizen corps to improve the 
enforcement of existing statutes through- 
out the coastal area, particularly in polic- 
ing the aquaculture permit system; 
designate special management' zones for 
aquaculture, mangrove production and 
water quality in areas that serve as micro- 
cosms for the resolution of priority issues 
and create a committee for each manage- 
ment zone; 
create advisory committees to represent 
the full range of interests of a special 
management zone, together with the 
appropriate agencies of local and regional 
governments; 
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; 
establish a public education program on 
priority coastal issues to improve the 
understanding of their solutions; and 



6. conduct training courses to facilitate the 
implementation of CRM programs. 

Sri Lanka 

CRC assists the Coast Conservation Depart- 
ment (CCD) of the Ministry of Fisheries of Sri 
Lanka in preserving and managing critical coastal 
habitats nationwide. Although coastal manage- 
ment programs date back to the 1940s, serious 
environmental problems are becoming more 
threatening in populated coastal areas. 

A major problem is the loss of coastal land to 
erosion, which results from powerful monsoons 
and other natural forces, despite the presence of 
many natural defenses such as  nearshore reefs 
that  buffer the energy of large waves and sedi- 
ments from rivers that  replenish' eroded beaches. 
These defenses are also being compromised by 
various human activities. Corals are being mined 
illegally to produce plaster, mortar and sand to 
supply the needs of the construction industry. The 
CCD strives to control these problems. 

Sri Lanka's coastal management plan, which 
has been completed, tries to avoid moving too 
quickly to solve several mnnagement issues in 
many areas. Rather, i t  focuses on major issues, 
such a s  coastal erosion and the, loss or degrada- 
tion of natural coastal habitats, historical, archae- 
ological, scenic, recreational and cultural sites 
along the coasts. 

The management plan and CRM's efforts in Sri 
Lanka intend to: 

strengthen CCD's enforcement capability 
through the standardization of responses 
to shorten the time for processing permit 
requests, including computerized permit 
monitoring; 
ensure consistency between the National 
Coastal Management Plan and the Coast 
Conservation Act; 
resettle squatters away from erosion- 
prone coastal areas and develop alterna- 
tive livelihood projects for them; 
transfer CRM's authority and responsibil- 
ity from the central government to the 
provinces for regulation, planning and 
permits' inspection; and provide training 
to district officers on coastal management; 
map and describe the historical coastline 
and scenic sites; 
establish a postgraduate course in CRM; 
and 

7. build community support for CRM 
through public education programs. 

Future efforts include studies leading to the pub- 
lication of a CRM planning document, the Status 
of the Coast 2000. 

Thailand 

CRC assists the Office of the National Envi- 
ronment Board (ONEB), Ministry of Science and 
Technology in Bangkok, Thailand in the formula- 
tion, implementation and testing of local and 
provincial CRM programs aimed a t  formulating a 
national CRM policy for incorporation into the 
Seventh National Economic and Social Develop- 
ment Plan. 

Thailand's coastal population varies from 
sparse to dense. I ts  coastal waters are often 
severely degraded by siltation, pollution and over- 
fishing. Mounting pressures are being added by 
an expanding tourism industry, which is a major 
foreign exchange earner. Coastal tourism is sur- 
passed only by tourism in Bangkok. 

CRC is midway through a three-year coopera- 
tive CRM project with ONEB, which includes: 

1. a provincial CRM demonstration project in 
Phuket; 

2. a public awareness and involvement pro- 
@am; 

3. formulation of national CRM policies; 
4. training in CRM for governmental per- 

sonnel; and 
5. marine parks management demonstration 

projects. 
Phuket i s  CRC's initial demonstration site. I t  

had 27 hotel rooms in 1969 and by 1987, these 
had increased to 6,000. However, the infrastruc- 
ture (roads, sewers and services) had largely been 
neglected, and the degraded environment 
reflected a critical need for comprehensive, long- 
range environmental planning. The current level 
of 0.5 million tourists per year in Phuket has been 
projected to reach 3 million per year by 2000. 
Other problems affecting the island include the 
encroachment on public lands by rubber plan- 
tations and tourist development and the destruc- 
tion of coral reefs by boat anchors, sediments from 
inland quarries, construction and offshore tin 
mining. 

Among CRC's activities ip Phuket, which are 
designed to maintain a robust economy, are: 
1. protecting coral reefs and other nearshore 

marine resources by implementing 
community-based management projects; 



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; 
developing administrative means through 
the provincial and local governments to 
plan and manage future land use, includ- 
ing the building of public roads and fncili- 
ties, and stabilizing tin, gravel and lignite 
quarries; 
publishing a resource profile of Phuket to 
be used as  a guide in management; 
developing a legal framework for envi- 
ronmental protection: 
building a public awareness program on 
CRM through school and media carn- 
paigns; and 
training hotel sewage plant operators, 
tour boat guides and local officials to focus 
on resource management issues in reln- 
tion to their ressective roles. 

Recently, CRC signid a second USAID agree- 
ment, which will last until 1996, to advise ONEB 
and other Thai agencies and institutions. This 
agreement will include the: 

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.); 
incorporation of the collective experience 
from special areas into national CRM poli- 
cies; 
project integration and outreach through 
various media campaigns, public meetings 
and school programs with the aim of 
building public participation in CRM; 
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 
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 northwestern margin of Lingayen Qulf produce a 
hawestable biomass of a t  least 29.3 t km-"ear-'. Thirty-nine percent of these are finfish, 338, inverte- 
brates and 28%, seaweeds. Among the important invertebrates are octopus, gastropod shells, abalone 
and 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 speciee of finfish and invertebrates are 
overexploited. 

About 1,760 households depend directly on these resources for their living. They exploit the reefs a t  a 
rate of 56 human-hours km-2 d-1. On an average fishing day, a reef fisherman can bring home 11.5 kg of 
produce, from which he earns about US$20.40 monthly. C~mpared 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 management 
intervention. Foremost in a manager's agenda will be the issues of habitat conservation, alternative 
livelihood and catch distribution. Here are some recommended measures: establish seed areas and iden- 
,ti@ those areas that should be rehabilitated by the municipal governments and declare a closed fishing 
season for key resources like siganid fry and spawners, sea urchin and abalone. 



The pelagic fisheries 01 Lingayen Gulf 
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Lingayen Gulf is a major fishing ground for lar 11 pelagics. The average annual tuna 
catch in 1986 was 5,118 t, which was 46% of the t in the gulf. Yellowfin tuna caught by 
hook and line ranged from 90 to 160 cm and fro e skipjacks ranged from 22 to 64 cm 
and from 0.3 to 4.5 kg. The small pelagics consi 3.5%), roundscad (12.9%), half-beak 
(5.6%), Indo-Pacific mackerel (4.8%), sardines (4%), flyin ) and big-eyed scad (3.1%), which col- 
lectively comprised almost 50% of the total catch of small 

Fishing is done by both commercial boats (3 isanal boats (motorized and nonmo- 
torized) below 3 GT. The commercial fleet is trawlers which, in 1987, had 24 
medium and two large boats from 20 to 30 GT. rate some 20 types of fishing gear. 
The most productive were the gill net (33.7%) (8.5%) and hook and 
line (3.3%), which collectively landed over 70% 

From 1977 to 1986, the average pelagic fisheries on was 9,487 t or only 37.2% of the total fish 
production in Lingayen Gulf. Of this, 5,024 t o 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 commerdal operations on pelagics outside the gulf but 
often recorded as  Lingayen Gulf in origin. The paper, basad on secondary information, suggests that: (I) 
tunas are not recognized as a major resource in Lingaye Gulf and (2) bamboo rafts should be used to 
aggregate tunas for artisanal-scale handling operations 1 nce these greatly enhance the income offish- 
ermen as has happened in other areas of the Philippines. 1 
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ABSTRACT 

Assessment of the water quality in Lingayen Gulf was done for 18 months beginning March 1987 in 15 
offshore 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 mgA and 
were recorded constantly in river stations in Coliat, Inerangan, Patalan, Agno and Dagupan. These low 
DO 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 to 
5,566 mg/l. Agno, Dagupan and Patalan were identified as critical areas. Agno River contained the high- 
est 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 a t  0.32 ug/g dry wt. No NPCC limit was 
available for Hg in the sediment, but its relatively high level in Dagupan might indicate a high level of 
the metal in the shellfish gathered in the area. Both the Patalan and Dagupan Rivers had coliform levels 
exceeding 2,400/100 ml. According to NPCC, coliform level should not exceed 1,000 most probable num- 
ber (MPNY100 ml. All other parameters were within the limits set by NPCC. 



Aquaculture in Gulf: patterns, 
levels of practices potentials 

ADELAZDA L. 

Philippines :! 

This paper reviews the status of brackishwater aqu re in the eight coastal municipalities of 
Pangasinan in Lingayen Gulf, Philippines. This i urvey conducted from July 1987 to March 
1988 covering 499 farms and representing 11% of the to kishwater fishponds in the area. Average 
production was low a t  896 kglhalyear as compared to  o s in the country. 

Aquaculture development in Lingayen Gulf is dis e context of pond culture intensification 
of milkfish and shrimp and expansion through ent of mariculture projects. Potential 
mariculture sites including cultivable species in especially in Pangasinan, have been 
identified. Preliminary results of ongoing farm t for oyster culture and cage culture of 
siganid are also presented. 
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ABSTRACT 

This study investigated the milktish f i y  gathering industry in two adpicent communities in Lingayen 
Gulf, Philippines. One site has benches classified as part of the national seashore park and the other 
falls under municipal management and is concessioned a t  present to a group of resident small-scale 
fishermen. 

Differences in the economic structure of the two communities were identified and evaluated. Market 
systems employed were defined and analyzed in terms of maximum returns to milkfish fry gatherers. 
Significant economic and social contributions of milkfish fry gathering were enumerated and their impli- 
cations probed, The major problems ranged from gear inefficiency and storage to dwindling annual 
catch. Recommendations included the regulation of net types, which capture spawning milkfish, the 
development of stocking ponds near fry grounds to minimize mortality rates and the adoption of more 
efficient economic arrangements for marketing. 
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The use of explosives in fishing is illegal and punishahje with stiff fines and prison terms. Neverthe- 
less, i t  persists in a number of coastal villages in Lingay* 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 practicedin the village; (2) the perception of the village 
residents regarding the illegal practice; (3) the factors t h 4  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 a 
period of one year. The bacteria were divided in three categories. Heterotrophs and halotolerants were 
measured as indicators of organic matter concentration and aquatic terrestrial influence, respectively. 
Colifonn, fecal coli and fecal streptococcus, collectively referred to as indicator bacteria, were used to 
measure the extent of sewage pollution. Pathogenic bacteria, such as Salmonella paratyphi, were cul- 
tured 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 the 
locations where the samples were collected. Water from stations close to the river mouths and villages 
had higher counts of halotolerant and indicator bacteria. Coliform counts were observed to be as high as 
2,0001100 ml and fecal coli, to be as high as 200LL00 ml. The ratio of coliform to fecal coli was used as a 
measure 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 sea- 
son and organic matter concentrations. Average counts for all ten stations showed predictable patterns 
when plotted over the one-year period. Higher amounts of halotolerant and indicator bacteria were con- 
sistently found during the rainy season when runoff and river discharge were greatest. Heterotrophic 
bacteria peaked in average concentration at 123 x 103 ml during the rainy season but also showed a 
smaller rise during the dry season. The lowest counts for all bacteria were from samples collected during 
transition periods (between rainy and dry seasons). The authors refer to their results to point out the 
problems of seasonal water quality and health risks caused by excessive pollution in the Segara Anakan 
estuary. 



Local environment awareness an attitudes toward coastal 
resources management in Segara Ill akan-Cilacap, Indonesia 

Indonesia , 

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. 511960 and related governmental regulations, which legislate the 
means for private control over land; (2) Forestry Law No. b11967 and related governmental regulations, 
which legislate the national control and management of bangrove forests; (3) Local Government Law 
No. 511974 and related governmental regulations, which &ve jurisdiction to local government over land 
within its boundaries; and (4) Environmental Law No. 411982 and related governmental regulations 
which prescribe the national use of the environment and it# resources. 

There are two opinions about CRM because of the diff*ent orientations to Segara Anakan-Cilacap's 
land use planning. The Department of Forestry (Perhutapi-State Forestry Corporation) officials claim 
that their department is the only institution authorized td control coastal forests, including mangroves. 
On the other side, the Cilacap local government claims t t it has the authority to develop and use the 
areas under its jurisdiction. The local government has couraged Segara Anakan-Cilacap people to  
develop agriculture as an alternative to traditional fishi g. To do this, they should cultivate the sur- 
rounding land by clearing mangroves. Such deforestatioq ?. erodes natural habitats and affects fisheries 
abundance. Forestry officials say that agricultural develo ent increases mangrove deforestation. 

These fundamental legal problems need to be resolved. ? Furthermore, any plan concerning the devel- 
opment and management of Segara Anakan-Cilacap s h o d  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 mangrove 
forest is the largest in Java. The lagoon and its tributaries are inhabited by a variety of fisheries 
resources on which many local communities depend. 

This study analyzes social change, which is caused by alterations in the basic environment in the 
communities of Segara Anakan-Cilacap. 

An example is the high sedimentation in Segara Anakan, which originates from rivers flowing into the 
lagoon, and the upland erosion that has increased dramatically. Both have changed the basic physical 
environment 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 Forestry 

Corporation about ownership of the accreted land; and 
4. managing the Segara Anakan-Cilacap 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 to  

change their livelihood from fishery to agriculture or in combination. Public officers' attitudes tend to 
support this change, although they are compounded with environmental problems and the poor local 
economy. There is no change agent or proper institution in Segara Anakan-Cilacap to support a compre- 
hensive shift in livelihood and the better management of lagoon resources. Thus, the study suggests that 
a plan should consider a new institution to coordinate a management plan and that existing local insti- 
tutions be involved in the planning process. Local communities should also be an integral part of plan- 
ning and implementation because they have the largest impact on local resources use. 
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The poor socioeconomic situation in Segara Anakan-Cilacap is a t  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  other livelihoods. It makes recommendations on how to increase income and decrease 
dependence on fisheries for the population of 7,812 or 4,6W households. 

Baseline surveys showed that the mean income is below the national poverty threshold of 320-480 kg 
of rice or its equivalent and that 74% are fishermep, 1 7 6  are farmers and 9% have other occupations. 
About 70% of all household income still comes from fishilg, which has declined significantly in the last 
ten years. 

Offshore fishing outside the lagoon is the most profitasle; this is done through the use of gill nets by 
fishermen with outboard motors for their boats, In the bgoon, the most profitable and nondestructive 
methods of fishing are done through the use of trammel dets (iaring ciker), 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 irucome--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 (CIRM) in Segara Anakan-Cilacap 
and other regions in Indonesia is generally based on Law No. d1982, 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. 29A986, 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. d l982  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 a t  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 Ofice, the Department of 
Forestry 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 khe Ofice of the National Environment Board 
(ONEB) of Thailand places a high priority on the use of dfferent 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 magazinles; 10 T V  stations covering 80% of the country 
and over 400 radio stations. There are also over 100 &cal weekly newspapers in all 72 provinces, 
excluding Bangkok. 

A census of all the major newspapers had been undedaken for three months (April-June 1988) for 
topics related to CRM in any capacity. This census foun 378 news items--114 articles and 264 news- 
briefs and reports. The most frequent topic was coastal d elopment, followed by coastal agriculture and 
fisheries, environmental problems and pollution; coastal rks received the least attention. The Bangkok 
Post (in English), for instance, had the most news items o 4 CRM. Coastal development and environment 
were the most frequently reported topics, while coral reefq~(and mangroves were the least. 

The CRMP intends to use the print and the broadcast qedia as  much as possible by inviting them to 
project activities and providing them with press releases d CRM bulletins. "t 
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This study documented the local patterns of coastal resources use in the fishing community of Pak Kra 
Dae, 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 a t  least four 
years 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 includr! small 
business, wage employment, shrimp culture, trawling, labor in a rubber plantation or dried shrimp fac- 
tory, poultry raising, government employment and machinery operation. The average annual income per 
fishing household was US$3,200. Additional income was averaged a t  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 constvuction 
materials. 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 the 
water coming from the factories and shrimp farms; they also thought that  water could not circulate well 
enough to carry away the pollutants. Thus, they have moved their oyster beds farther offshore. Inshore 
fishing also decreased, so deepsea fishing has become more common. 

The major issues on resources use, a s  seen by the villagers, are the depleting mangrove forests, wors- 
ening water quality and declining inshore fisheries. They saw the causes of these a s  beyond their vil- 
lage's control and, thus, they are forced to adapt to the changing environment. The village, however, pre- 
ferred to maintain the mangroves on which inshore fisheries are dependent. 



Land zonation for appropriatdland use in Phangnga 
and Ban Don Bays, upped South, Thailand 

Thailand ' 

The Ban Don Bay coastline covers about 1,100 kmz and khat of Phangnga Bay covers 1,180 km2, Rapid 
development is affecting land use in both bays. Common-me conflicts include brackishwater aquaculture 
development in the mangrovdestuarine areas and agricmlture 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 crikria for land uses v is -h is  land use capability; 
developed map overlays and zonation plans; and formulat.#d strategies for implementation. 

For Phangnga Bay, it  was concluded that pond aquacdlture is not appropriate because of high tidal 
fluctuation; high sediment loads adversely affect bay ca culture; and mangroves are relatively intact t except in those areas used for traditional exploitation (e.&, charcoal-making). In this bay, the mangroves 
should be maintained because of their unsuitability for p)nd culture. Cage fish and mollusk culture can 
be promoted instead. Sedimentation caused by tin minins should be regulated. All deforestation should 
be stopped. 

For Ban Don Bay, it  was concluded that pond cultuq development, which has replaced 77 km2 of 
mangrove and 20 km* of paddy land since 1967, should bd stopped. A zonation plan is recommended that 
preserves all remaining mangroves, allows continual bond culture and shows potential areas for 
brackishwater culture. In particular, mangrove strips of p to 70-m wide along rivers and coasts should 
be reforested using local participation. Pond culture sho It d be sustainable with respect to soil and water 
conditions, ecological impacts on the soil and the downstqam water quality from pond culture. Areas for 
the expansion of aquaculture should be qualified by the Htential for acid-sulfate formation depending on 
their pH. Education of the local population and law enfo@ement 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 heritage 
that both local residents and tourists value. This paper highlights how these resources are connected to  
the 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 ieland, 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, transporta- 
tion and about general problems relating to land, water for agriculture and for drinking; food supplies; 
environment; the efficacy of government agencies and services; sales of handicrafts and other goods to 
tourists; debts; education; employment opportunities; security; migration; energy supplies; road safety; 
and religion and media in the context of further tourism expansion and resource exploitation. 
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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 landhre the two main land use types with areas of 
5,331 and 2,723 ha, respectively. During the past ten yea*, mote than 60% of the total mangrove forests 
along the coast of Ban Don Bay were converted into other,$ypes of land use; in Phangnga Bay, mangrove 
forests converted into other types of land use reached 20%. 

The average stem density of mangroves in Phangnga B e  is greater than in Ban Don Bay at 632 treed 
ha. Rhizophora apiculata, the most commercially import#nt species, has the highest stem density (238 
treesha) in Phangnga Bay. But in Ban Don Bay, this sp$ies has a low density, with an average of only 
76 treed ha. Auicennia has the highest stem density in Bah Don Bay. Most mangrove areas in Phangnga 
and Ban Don Bays have low stem volumes, averaging 38!and 85 m%a, respectively. The low stem vol- 
ume is due to the high density of small-sized trees (4-14 cm in diameter) and the selective cutting of 
large trees ( A 0  cm in diameter) for use in charcoal-m$)ring, firewood, posts and poles. However, the 
natural regeneration in terms of the densities of sampling and seedlings is good in both bays. 

Management issues identified are the: conflicts in madgrove 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 resouroe institutions concerned. These problems were 
identified as the causes of the degradation of mangrove tbrests and the alteration of the physical condi- 
tions of the areas. 

Management measures aimed a t  mitigating the continued destruction of mangrove resources are: 
mangrove land-use zoning; strict harvesting control; con~nuous protection activities, with adequate en- 
forcement mechanisms and sufficient manpower and fadities; 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 mea- 
suring species diversity, occurrence and abundance. A census of birds, mammals, amphibians and 
reptiles was taken by direct observation, habitat inventory and from interviews with local residents. 

The major wildlife habitats in Ban Don Bay are mangroves (46 kmz), Melakuca (216 k*), evergreen 
forests (2,089 km2) and agricultural areas (5,694 km2). In Phangnga Bay, mangroves (246 km2) and 
coastal lowlands (3,606 km2) are the major habitats. A total of 81 familiee of wildlife consisting of 242 
species (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 as 
the most common. The study observed five rare and endangered wild animals, which included two 
mammals, a white-handed gibbon (Hylobates lad and a serow (Apricornis sumatraensid in the 
evergreen forest; and a mammal, the smooth-coated otter Gutra perspicillata); a bird, the masked fin- 
foot (Heliopais personata); and a reptile, the saltwater crocodile (Crocodylus porosos), in the mangrove 
forest. 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 km2 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 prob- 
lems in the Upper South'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 plannag involves an analysis of the socioeconomic 
characteristics of the area concerned. While there has bee@ some development in the scientific literature 
on the use of GIS as a tool for the physical resources a4sessment and planning of coastal zones, the 
application of such a tool in the socioeconomic area has b b n  less advanced, especially in the developing 
countries. The lack of a proper spatial framework for soci&economic data collection and the high cost for 
GIS have been the major reasons for this. However, recmtly available GIS software for personal com- 
puters offer hope for change. This paper reports on prelidinary experiences in applying GIS techniques 
for various socioeconomic planning analyses in an ongoingresearch project on coastal resources manage- 
ment for the South Johore coastal region in Peninsular Mdaysia. 

This paper also provides an overview of the various ;typical socioeconomic analyses and planning 
issues, particularly those in coastal resources managednt, where socioeconomic assessment should 
relate to the physical resources available in the area. It &cusses the database requirements to address 
these issues and illustrates the typical data constraintwin the study area, the South Johore coastal 
region in Peninsular Malaysia. It briefly reviews how GI6 can be used profitably to address questions, 
considering the particular data constraint of the problema~kncountered. A specific GIs software, SPANS, 
is used for this purpose. This paper then presents some &presentative analysis results that have been 
obtained using the SPANS package in the research projelt. 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 conc-ed. 
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ABSTRACT 

This paper presents the results of a questionnaire survey consisting of about 1,000 households 
selected from the various parts of Singapore through a stratified random sampling procedure. The 
survey, conducted in June 1987, was the first of its kind. Its objectives were as  follows: (1) study the 
community's awareness of marine issues and concepts; (2) identify the citizens' preferences for marine 
resource commodities; and (3) examine the general perceptions on the use of the limited coashl 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 for 
seaside accommodation and marine recreation also depended heavily on their income and educational 
levels. The relatively well educated and wealthy citizens preferred seaside to inland living. The results 
did 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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The Southern Islands of Singapore comprise over forty islands off the ~outhwestern coast of the main 
island of Singapore. The area is bounded on the south by1 Indonesia's territorial waters. Separating the 
two territories are the Main Strait and Philips Channel,dhich, 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 I1 and especially since the 196q. The main developments are in shipping and 
port, manufacturing industries--including petroleum refi ng, petrochemicals, storage of liquid products, 
shipbuilding and repairing--and other heavy industries. veral of Singapore's power generation plants 
are also located in the area. The pressure to develop wate resources has impounded several of the rivers 
on this stretch of the mainland's coast. Concurrently, ajor efforts have gone into developing recre- 
ational and tourist facilities on Sentosa and many nearby slands. Three of the southernmost islands are 
reserved for military use. Much of the coastal area surro ding the south& Islands and the activities 
there have undergone tremendous changes over a very B rt period of time. This coastal area clearly re- 
quires a management plan to ensure, on the one hand, a t  vital development needs are not hampered 
and, on the other, that the consequences of environments pollution and degradation are controlled so as 

solution. 

I 
not to affect adversely other resource uses (both presed and potential) such as fishing, aquaculture, 
tourism and recreation, and education and research. Thee  are also cultural and aesthetic aspects of the 
area that should be preserved and enhanced. Ways slrouEd also be found to preserve the small commu- 
nity in Pulau Sakeng and to draw together the diverse dements of coastal area management. At this 
stage, the proposed management plan is intended to stimulate discussion rather than produce a final 
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ABSTIUCT 

Economic analysis of coaetal 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 taken 
in one part of that zone can affect other coastal resources and resource users. Economic analysis helps to 
explain 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 on 
various goods and services, some of which are not commonly bought or sold and (2) how to analyze vari- 
ous 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 envi- 
ronmental and resource goods and services; the use of these techniques is discussed. The process of com- 
paring alternatives, or evaluation, raises important questions about the physical boundaries of the anal- 
ysis, 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 the 
analysis of mangroves and a specific bay ecosystem in the Philippines. 
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ABSTRACT 

The Association of Southeast Asian Nations (ASEAN) donfronts many coastal management problems 
such aa the depletion and degradation of habitats, the +pletion of fish stocks, coastal flooding, water 
quality problems and the like. However, the social, econodic, 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 vely similar. Thus, t h e e  is much to be learned from comparing plan- 
ning and management experiences. 

However, each member-nation must carefully tailor its #wn program to include: 
0 an identification of specific coastal problems to be bddressed; 
a an identification of priorities among these proble s; 

an analysis of specific processes that caused these1 roblems; 
an identification of specific management techniq es (such as development guidelines) designed 
to mitigate these problems; 

ment program; and 

"a 
a set of organizational arrangements and adminittrative processes for implementing a manage- 

* the designation of a geographic area within whiehknanagernent will occur. 
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