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CASE STUDY 6: 
TILAPIA CAGE FARMING IN LAKE TAAL, BATANGAS, PHILIPPINES 

 
A. Background 
 

1. Scope and Purpose 
 
1. This case study was undertaken as part of an Asian Development Bank (ADB) special 
evaluation study on small-scale, freshwater, rural aquaculture development. The study used 
primary and secondary data and published information to document the human, social, natural, 
physical, and financial capital available to households involved in the production and 
consumption of freshwater farmed fish and to identify channels through which the poor can 
benefit.1 The history and biophysical, socioeconomic, and institutional characteristics of Lake 
Taal, Batangas, Philippines are described, followed by accounts of the technology and 
management used for tilapia cage farming and nursery operations, with detailed profiles of fish 
farmers and other beneficiaries. Transforming processes are discussed with respect to markets, 
labor, institutions, support services, policy, legal instruments, natural resources and their 
management, and environmental issues. The main conclusions and implications for poverty 
reduction are then summarized.  
 

2. Methods and Sources  
 
2. A survey was conducted of 100 tilapia cage farmers and 81 nursery pond farmers from 
the municipalities of Agoncillo, Laurel, San Nicolas, and Talisay, around Lake Taal, Batangas 
Province, Philippines. These four municipalities account for at least 98% of the total number of 
cages in the lake and associated nurseries. The survey was conducted in July–August 2003. 
Rapid appraisal of tilapia cage farming in Lake Taal, site visits, meetings, and interviews with 
key informants were undertaken prior to this survey. Survey respondents were identified through 
stratified random sampling based on the latest official records of each municipality. Separate 
sets of pretested questionnaires were used to obtain information from the two groups of 
respondents. Semi-structured questionnaires were used to interview other key informants and 
stakeholders, including fish traders, input suppliers, and fisheries groups. The study included 
meetings and interviews with Municipal Fisheries and Aquatic Resources Management Councils 
(MFARMCs) and the Integrated Fisheries and Aquatic Resources Management Council 
(IFARMC),2 and regulatory/government agencies at regional, provincial, and municipal levels. 
Secondary data, both quantitative and qualitative, supplemented the discussions.  
 
 
 

                                                           
1 A. Morales led the survey of tilapia cage farmers and nursery pond farmers in Lake Taal. N. Bestari, P. Edwards, 

B. Katon, A. Morales, and R. Pullin collaborated on the methodology, information analyses, and preparation of this 
report.  

2 The establishment of Fisheries and Aquatic Resources Management Councils (FARMCs) is mandated under the 
Fisheries Code of the Philippines (Republic Act 8550). They are policymaking bodies for fisheries and aquatic 
resources in the Philippines at national and local levels. The national FARMC assists in formulating policies for the 
protection, sustainable development, and management of fishery and aquatic resources. Municipal FARMCs assist 
in preparing 5-year municipal fishery development plans; recommend the enactment of fishery ordinances to the 
local legislative council, and assist in enforcing fishery laws, rules, and regulations in municipal waters. FARMC 
members include representatives from fishers’ organizations/cooperatives, local nongovernment organizations, 
local government units, local development council, private sector, and the Department of Agriculture. The creation 
of FARMC is mandatory at the municipal and village levels or as an integrated council when dealing with a lake, 
dam, river, bay, or gulf shared by two or more municipalities or cities. 
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3. History 
 
3. Tilapia cage farming in Lake Taal began in the 1970s, encouraged by the rapid 
development of fish cage and pen culture in nearby Laguna de Bay, the Philippines' largest 
inland lake.3 Aquaculture in Lake Taal could not copy closely the development experience in 
Laguna de Bay because of fundamental differences between the two lakes. Laguna de Bay is a 
shallow lagoon, with an average depth of 2 meters (m). It is highly eutrophic (nutrient enriched, 
resulting in dense plankton and organic detritus) because of the influences of agriculture, 
human settlements, and industry, and is ideal for the construction of pens for milkfish (Chanos 
chanos), locally called bangus. By 1976, Laguna de Bay had 7,000 hectares (ha) of milkfish 
pens, yielding about 7 metric tons (t) per ha annually, based substantially on natural food 
organisms. Cage farming of Nile tilapia (Oreochromis niloticus) also developed rapidly in 
Laguna de Bay, with proliferation of adjacent hatcheries and nurseries.4 In comparison, Lake 
Taal is the deep, flooded caldera of one of the Philippines' largest and still active volcanoes. It 
lacks shallow, soft-bottom substrates suitable for milkfish pens and is less eutrophic than 
Laguna de Bay. Aquaculture in Lake Taal developed mainly as cage farming of Nile tilapia (and 
to a limited extent milkfish and other species) with almost total reliance on artificial feeds. 
Production rose from 13,197 t in 1995 to 21,189 t in 2000.5 
 

                                                           
3 ADB. 1989. Project Performance Audit Report on the Laguna de Bay Fish Pen Development Project in the 

Philippines. Manila. From 1979 to 1988, ADB supported the development of milkfish pen and tilapia cage culture in 
the 90,000-ha Laguna de Bay through Loan 371-PHI: Laguna de Bay Fish Pen Development Project, for $9 million, 
approved on 1 December 1978 (ADB. 1978. Report and Recommendation of the President to the Board of 
Directors on a Proposed Loan to the Republic of the Philippines for the Laguna de Bay Fish Pen Development 
Project. Manila). The project objectives were to improve the socioeconomic conditions of small-scale fishers and to 
expand pen and cage culture for fish supply to Metropolitan Manila. This project was unsuccessful, largely because 
of severe typhoons in 1986 and 1987. 

4 Tilapia hatcheries and nurseries around Laguna de Bay took advantage of available and highly suitable lands and 
water (groundwater, springs, and the lake margins), and the high demand for tilapia seed from growers in the lake. 
By late 1982, more than one third of the 300 households in Sto. Domingo, Bay, Laguna, were involved in backyard 
tilapia hatchery operations, with substantial poverty reduction. They prospered for about 10 years, but then 
declined, mainly because of lack of land tenure, rising land values, and competition from larger hatcheries 
elsewhere. Sources: (i) Gaite, Corazon B., Jose N.A. Morales, Olga C.R. Orilla, and Bernadine B. Pili. 1985. The 
Adoption of Tilapia Farming and Its Impact on the Community of Sto. Domingo, Bay, Laguna, Philippines. In 
Philippine Tilapia Economics, edited by Ian R. Smith, Enriqueta B. Torres, and Elvira O. Tan. ICLARM Conference 
Proceedings 12. Manila. p. 44–69; (ii) Yater, Luz, R., and Ian R. Smith. 1985. Economics of Private Tilapia 
Hatcheries in Laguna and Rizal Provinces, Philippines. In Philippine Tilapia Economics, edited by Ian R. Smith, 
Enriqueta B. Torres, and Elvira O. Tan. ICLARM Conference Proceedings 12. Manila. p. 15–32. 

5 Data from (i) Bureau of Agricultural Statistics; (ii) Basiao, Zubaida U. 2003. Environmental, Biological, Social and 
Governance Issues of Fish Cage Farming in Lakes. Los Baños, Laguna, Philippines: Philippine Council for Marine 
and Aquatic Resources Research and Development. 21 p. 
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4. Lake Taal has been much studied6 and was included in a recent comparative study of 
five tropical lakes and reservoirs.7 
 
B. Biophysical Characteristics 
 

1. General Characteristics of Lake Taal  
 
5. Lake Taal covers a total area of about 26,000 ha. It has a water area (total area less 
islands) of about 24,400 ha and a shoreline of about 120 kilometers (km). The annual average 
rainfall is 2,026 millimeters most of which falls in the wet season, May to October. The surface 
water temperature range is 22–35 degrees centigrade (oC). Its drainage basin extends over 
64,000–68,000 ha (footnote 6 [v]). The average depth is 60–65 meters (m) and its maximum 
depth, 180 m or more (footnote 6 [v and vi]). As is common for deep lakes, the waters are 
stratified.8 The lake has a climate typical of the humid tropics. About 37 streams feed Lake Taal, 
but only a few flow year-round. There is an outlet to the sea at Balayan Bay via the 8.2-km long 
Pansipit River, which allows the entry and exit of migratory fish. The average flow rate for this 
river is reported to be about 15 cubic meters (m3) per second, but average flows do not mean 
much, given the large wet and dry season differences. Taal Volcano is active and has erupted 
about 40 times from 1592 to 1977.9  
  
 
 
                                                           
6 Studies include: (i) Department of Tourism. 1993. The Tagaytay-Taal Integrated Master Plan. Volume 4: 

Aquaculture and Fisheries Program. Manila; (ii) Zafaralla, Macrina T., et al. 1999. Southern Tagalog Studies: 
Development of Aquatic Ecosystem, Health and Restoration Strategies for Stressed Freshwater Bodies. Quezon 
City, Philippines: Center for Integrated Development Studies, University of the Philippines; (iii) Yambot, A.V. 2000. 
Problems and Issues of Tilapia Cage Farming in Taal Lake, Philippines. In Proceedings of the First International 
Symposium of Cage Aquaculture in Asia, edited by I-Chiu Liao and C. Kwei Lin. Manila: Asian Fisheries Society; 
and Bangkok: World Aquaculture Society—Southeast Asian Chapter. p. 241–252; (iv) Santiago, Corazon B., Ma. 
Lourdes Cuvin-Aralar, and Zubaida U. Basiao, editors. 2001. Conservation and Ecological Management of 
Philippine Lakes in Relation to Fisheries and Aquaculture. Iloilo, Philippines: Aquaculture Department, Southeast 
Asian Fisheries Development Center; Los Baňos, Laguna, Philippines: Philippine Council for Aquatic and Marine 
Research and Development; and Quezon City, Philippines: Bureau of Fisheries and Aquatic Resources; (v) Bureau 
of Fisheries and Aquatic Resources. Biological and Fisheries Assessment of Seven (7) Major Lakes in the 
Philippines. Terminal Report. A Spanish Grant Project, Government of Spain 1997–2000. Quezon City, Philippines: 
Philippine Bureau of Fisheries and Aquatic Resources (Undated); (vi) Simon, David, Castor C. de Jesus, P. 
Boonchuwong, and K. Mohottala. 2001. The Role of Reservoir and Culture-Based Fisheries in Rural Development: 
Comparative Evidence from Sri Lanka, Thailand and the Philippines. In Reservoir and Culture-Based Fisheries, 
Biology and Management, edited by Sena S. de Silva. Canberra: Australian Centre for International Agricultural 
Research. p. 56–65; and (vii) Amarasinghe, Upali S., Annie Duncan, Jacques Moreau, Fritz Scheimer, and 
Jacobus Vijvenberg. 2001. Promotion of Sustainable Capture Fisheries and Aquaculture in Asian Reservoirs and 
Lakes. Hydrobiologia 458: 181–190. 

7 Publications from this study include: (i) de Jesus, Castor C. 2001. Philippine FISHSTRAT Socio-Economic 
Component. Alternative Management Scheme(s) for Sustainable Use of Taal Lake. Preliminary Report. Los Baños, 
Laguna, Philippines: Philippine Council for Aquatic and Marine Research and Development; (ii) Guerrero, Rafael D. 
III. 2002. The Fisheries of Lake Taal and Its Management for Sustainability. Paper presented at the FISHSTRAT 
Users' Meeting, 19–20 February 2002, Bangkok.  

8  The deeper waters of the lake (e.g., at 80 m) tend to be 0.5 to 2.0 oC cooler than the surface waters and the 
dissolved oxygen at the warm surface is less than that of cooler, deeper waters. Guerrero (2002) (footnote 7 [ii]) 
suggested a typical dissolved oxygen concentration gradient of surface water of 8 milligrams per liter (mg l-1), rising 
to 10 mg. l-1 at 10 m depth and 12 mg.l-1 at 20 m. 

9 The status of Taal Volcano is monitored by the Philippine Institute for Volcanology and Seismology 
(http://www.phivolcs.dost.gov.ph/vmepd/qrn/taal.html), which has recognized that fish kills are among the historical 
"known precursors to eruptions." The history of Taal Volcano eruptions, the origin of Lake Taal, and the changes in 
its topography have been reviewed by Emmanuel Ramos. 1999. Origin and Geomorphic Features of Taal Lake 
(footnote 6 [ii]). A further general account, including changes in the locations and size of human settlements around 
the lake was written by Hargrove, Thomas T. 1991. The Mysteries of Taal. Metro Manila: Bookmark Publishing.  
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2. Water Quality  
 
6. Data on the water quality of Lake Taal are scattered among many publications, some of 
which are difficult to access. The most recent and comprehensive compendium includes data 
from 1905 to 1995.10 The water is generally suitable for tilapia, but many of the key water quality 
parameters that influence fish growth and survival (especially dissolved oxygen) are highly 
variable with location, volcanic activity, season, and human influences, especially the 
overcrowding of intensively-fed fish cages. Reduced fish growth, fish health conditions, and 
survival, and occasional mass mortalities (fish kills) contribute to present risks.  
 
C. Socioeconomic and Institutional Attributes 
 
7. Lake Taal had an average annual tilapia cage production of 18,850 t in 1995–2002, 
valued at P952 million.11 It is the biggest producer of tilapia from freshwater cages and ranks 
next to Pampanga Province in terms of production of farmed tilapia. Average tilapia wholesale 
prices in Batangas were P44–57 per kg during the same period. Capture fisheries landings from 
the lake in 1998 were only 1,681 t, representing a quarter of total landings in 1992.12 This 
continuing decline in capture fishery production is largely attributed to overfishing and increased 
pollution.  
   
8. Batangas Province had a population of 1.9 million in 2000, growing by 3% per annum.13 
The average annual per capita consumption of fish and fish products was 32 kg.14 The poverty 
incidence of families in Batangas was 21%.15 The 2000 Family Income and Expenditure Survey 
for Batangas placed average annual family income at P139,072, an increase of 50.6% from the 
1994 estimate of P92,305. Over the same period, average family expenditure grew from 
P73,594 to P114,894. At least 50% of families obtained their incomes from wages and salaries, 
compared to 28% and 21% of families who relied on entrepreneurial activities and other 
sources, respectively.16 Literacy and unemployment rates were 96% and 12%, respectively.17  
 
9. Five privately operated processing plants utilizing fish and fishery products are located in 
Batangas Province. Facilities operated by the Philippine Department of Agriculture—Bureau of 
Fisheries and Aquatic Resources (BFAR) include an experimental fish farm, a hatchery/nursery, 

                                                           
10 Zafaralla, Macrina T., Rowena A.V. Santos, Rolando P. Orozco, Fhel Ann Mercado, and Regina Banaticla. 1999. 

Taal Lake: Limnological Characterization and Sources of Ecological Perturbations (Chapter 41 in footnote 6 [ii]). 
Surface water temperature range is 25–36.5 ºC, with an average around 29 ºC. The lake is slightly to moderately 
alkaline: pH 8.7–9.2 and total alkalinity 131–170 mg. l-1 calcium carbonate. Reduction in the lake's transparency 
(e.g., 4.5 m in 1989 to 1.75 m in 1998) is indicative of increasing eutrophication. By some accepted classification 
criteria, the lake was already eutrophic in 1979, with net primary productivity measured at 0.5 g of carbon fixed per 
square meter per day. Nutrients from surrounding human settlements and agriculture, as well as from fish cages 
(uneaten feed, feces, dead fish) are the major causes. The presence of nitrite and ammonia are normally at near 
zero levels in the lake (footnote 6 [v]). However, ammonia can rise to high levels where there is decomposition of 
accumulated organic material; e.g., during fish kills (3.0 mg. 1-1 total ammonia in the August 1998 fish kill) and 
possibly during some volcanic activity (footnote 6 [iii]). 

11 Bureau of Agricultural Statistics. 2003. 
12 Magistrado, Leticia, and Maria Theresa M. Mutia. 1999. Status of the Open fisheries and Aquaculture Productivity 

in Taal Lake. (footnote 6 [ii]).  
13 National Statistics Office (NSO) 2000. Census of Population and Housing: Province of Batangas. 
14 Provincial Fisheries Profile. 2000. 
15 Available: http://www.nscb.gov.ph/poverty/2000/povertyprov.asp. This indicates the proportion of families below the 

poverty line. The annual per capita poverty threshold for Batangas was P15,305 in 2000.  
16 Other income sources include cash receipts, gifts, and remittances from abroad.  
17 National Statistical Coordination Board (NSCB). Region IV. (http://www.nscb.gov.ph/ru4/) 
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and a fish health laboratory. Batangas Province has a major fishing port, 8 major fish landing 
markets, and 6 ice plants with a rated capacity of more than 70 t/day.18  
 
10. Lake Taal is a protected area under the National Integrated Protected Areas System by 
virtue of Presidential Proclamation Number 906. Responsibility for management of the lake is 
assigned to a Protected Area Management Board (PAMB).19 MFARMCs are present in selected 
municipalities and together they comprise the IFARMC of the province. Other fishery-related 
associations, including credit and multipurpose cooperatives, are present in some 
municipalities.  
 
11. Human Health and Nutrition. Survey respondents reported that fish were consumed 5–
6 times a week in their households. On average, tilapia was consumed 4–5 times a week by 
cage farming households and at least 4 times a week by tilapia nursery households. Among all 
respondents, during peak consumption periods, tilapia was eaten daily by 30% and at least 3–
4 times a week by 33% of households. During lean consumption months, 49% consumed tilapia 
on 1–2 days a week. At least 83% of cage farmers and 93% of nursery operators experienced 
periods of food inadequacy in 2002, particularly during July (43%) and August (74%). July is the 
month after heavy expenditures on school fees; in August, tilapia farming is often affected by 
typhoons. 
 
12. The main reasons given for eating tilapia were good taste (86%), freshness (83%), and 
familiarity with the fish (57%). The generally preferred size of tilapia of the respondents was 3–
4 fish per kg. The prominence of tilapia in the diets of these households probably reflects its 
easy accessibility. Fish were preferred to vegetables in the daily food intake of the households.  
   
D. Technology and Management  
 

1. Seed Supply 
 
13. Tilapia seed (fry and fingerlings),20 is raised from captive broodstock in hatcheries and 
nurseries, which may be on the same premises. Nile tilapia are sexually mature in about 5–
6 months and are easy to breed. They mature in growout cages but cannot normally breed 
there. Nile tilapia courtship behavior and spawning require a surface on which the female 
deposits eggs. These would fall through the mesh of a growout cage, even if spawning and 
fertilization were successful. The eggs are fertilized externally by release of sperm from the 
male. The fertilized eggs are immediately then taken into the female's mouth and incubated 
there until they hatch, and thereafter until they become yolksac larvae and then swim-up fry that 
eventually feed independently, no longer taking refuge in her mouth. All the tilapia species in 
genus Oreochromis show this behavior. 
  
14. There are two other basic characteristics of tilapias that are of great importance for seed 
supply and growout. First, their prolific breeding, especially in ponds, can lead to unpredictable 

                                                           
18 Provincial Fisheries Profile. Office of the Provincial Agriculturist, Batangas. The five processing plants are engaged 

in fish paste and fish sauce production (2), fish drying (2), and smoked fish (1).  
19 Republic Act 7586 mandates the creation of a PAMB for making decisions related to planning, resource protection, 

and general administration of the protected area, including the promulgation of rules and regulations promoting 
sustainable development. 

20 BFAR uses a nationwide system of size and price categories for its accredited tilapia seed. The code numbers 
used are based on the mesh sizes of the nets used to grade the fish. For example, "size 24" fry (individual weight 
0.045–0.096 grams (g) and "size 22" fry (0.129–0.145 g) cost P0.15 and P0.25, respectively, in 2000. "Size 17" 
fingerlings (0.468–1.200 g) and "size 14" fingerlings (1.30–2.96 g) cost P0.35 and P0.45, respectively.  
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Nursery pond in San Nicolas, Batangas 

harvests, including significant quantities of 
undersized fish. Second, the males grow faster 
than females in ponds and cages. These two 
factors led to decades of research on how best to 
produce all-male tilapia seed. From a wide range 
of possible methods, so-called "sex reversal of 
tilapia" is by far the most widely practiced.21 It 
requires that the only feed available to swim-up 
fry, which are at that stage sexually 
undifferentiated, contain an androgenic hormone 
(usually methyltestosterone) and that this be their 
only feed for 21–28 days. With careful 
management, starting this treatment as close as 
possible to first feeding, feeding regularly, and 
keeping facilities clean to prevent access to 

natural feeds, the technique can yield reliably 95–100% male seed, called sex-reversed tilapia 
(SRT). Buyers expect SRT seed to be at least 98% male in order to avoid significant and 
unwanted breeding during growout. Some SRT hatcheries collect eggs from their female 
broodstock and transfer them to artificial incubators. Hatchery reputations depend on achieving 
the highest possible percentage of male seed. The SRT technique works with all tilapia strains 
and is safe for the fish and for consumers.22 There are no detectable hormone residues in the 
fish long before they reach harvestable size. SRT is a process, not a strain name. Based on this 
survey, 45% of the tilapia cage farmers have used SRT, citing fast growth as the primary 
reason. Nonusers are deterred by the price of SRT seed, which is usually P0.10–0.15 higher 
than the price of mixed-sex seed. 
 
15.  A new approach to mass production of all-male tilapia seed, genetically male tilapia 
(GMT) was pioneered at the University of Wales Swansea, United Kingdom, and further 
developed in collaboration with the Freshwater Aquaculture Center (FAC) of the Central Luzon 
State University (CLSU) in 1991–1994, and later with FishGen (http://www.fishgen.com).23  
 
16. Among the respondent tilapia cage farmers of Lake Taal, 42% have relied on seed 
produced in the hatcheries and nurseries of neighboring provinces, especially Laguna. A few 
small-scale, backyard tilapia hatcheries are now in operation close to the Pansipit River. More 
importantly, tilapia nursery ponds on the lake's marginal lands and nursery hapas (fine mesh 
cages) in the lake have become major sources of fingerlings for 38% of the surveyed tilapia 

                                                           
21 The possible methods include hand sexing and discarding females (laborious and wasteful); stocking predatory fish 

species to eat the unwanted fry produced during growout (difficult to manage and forfeits the male growth 
advantage); and interspecific hybrid crosses that produce skewed sex ratios, sometimes 99–100% male (difficult to 
manage). These methods were compared by the Filipino developer of SRT: Guerrero, Rafael D. III. 1982. Control 
of Tilapia Reproduction. In The Biology and Culture of Tilapias, edited by Roger S. V. Pullin and Rosemary H. 
Lowe-McConnell. ICLARM Conference Proceedings 7. Manila. p. 309–316. 

22 According to a Joint FAO/NACA/WHO Study Group: "Hormones are employed principally in hatcheries to induce 
spawning (e.g., carps) and to control sex of offspring, especially for tilapias. In view of the stages in the production 
cycle in which the hormones are used and the rates at which they are excreted by fish, there is no risk to 
consumers of the products of aquaculture." Source:  World Health Organization (WHO). 1999. Food Safety Issues 
Associated with Products from Aquaculture. WHO Technical Report Series 883. Geneva. 55 p. 

23 Mair, Graham C., and David O. F. Skibinski. 1994. Genetic Means for the Production of Monosex Tilapia. Final 
Report. Muñoz, Nueva Ecija, Philippines: Freshwater Aquaculture Center, Central Luzon State University; and 
Swansea, United Kingdom: School of Biological Sciences, University of Wales, Swansea. 



101 

farmers.24 These tilapia fingerlings are sold at sizes that assist farmers to reduce the growout 
period in cages and, consequently, improve fish survival. 
 
17.  The majority (80%) of tilapia nurseries that serve Lake Taal usually have 2–3 fingerling 
production cycles per year, each lasting 1.5–3.5 months depending on the desired fingerling 
size. The first cycle is usually January–March, and the second April–June. The nursery ponds 
are 48–2,100 square meters (m2) with an average of 261 m2, and are about 1 m deep. For 91% 
of nursery pond operators, the average stocking density is about 1,312 per m2 using fry (size 
38) or fingerlings (size 32). All nursing (99%) relies on commercial feeds, usually given three 
times a day. Pond fertilization is less common, with organic and inorganic fertilizers used by 
10% and 32% of respondents, respectively, reportedly because other farmers are not 
experienced in using fertilizers and regard the pond soil as already fertile. However, more 
nursery farmers plan to use fertilizers in the future. Nursery pond production was 774–
813 fingerlings per m2 per cycle, indicating 59% survival from stocking. Most nursery pond 
operators (61%) harvest a pond completely at one time. Only 11% of the surveyed nurseries 
have considered producing SRT, but they are concerned about the implied costs and 
profitability, indicating risk aversion to technologies that they have not yet tried. 
 
18. Most nursery ponds were formerly small ricefields, converted to increase incomes and to 
diversify income sources. The primary reasons given for engaging in nursery operations around 
Lake Taal were profitability (94%), discussions with or encouragement by other farmers (53%), 
learning from observing a government-assisted demonstration farm (33%), and advice from 
family members and friends (25%). Social networks, aside from profitability, were thus important 
motivating forces for starting nursery operations. The barriers to entry were said to be lack of 
capital (61%), natural calamities (8%), and low fingerling prices (7%). Nursery farmers 
encountered the following input-related problems: high prices of feeds (65%) and of seed (45%), 
and inadequate supply of seed (39%). Their main production-related problems were bird and 
fish predators (85%), fish diseases (61%), and high seed mortality (51%). Problems related to 
profitability and to the environment were typhoons (90%), declining profits (74%), floods (72%), 
and pollution (56%).  
 
19. Most (82%) nursery respondents plan to continue tilapia nursery operations in the next 
5 years, because of their profitability. Of these, 56% said they will continue their present scale of 
operations and the others are planning to expand. Other respondents (11%) were undecided, 
mainly because of the uncertainty of financial sources, particularly financiers. The rest of the 
respondents might reduce (5%) or totally cease (3%) operations because of past financial 
losses. Confidence in the tilapia nursery business clearly depends on confidence in the future of 
tilapia growout. The main perceived threats to sustainable operations were reported to be 
natural calamities (22%), low price of tilapia (22%), the Government’s dismantling or prohibiting 
cages (21%), water pollution (15%), tilapia overproduction (6%), high feed prices (4%), and fish 
kills (3%). 
                                                           
24 Nursery ponds are particularly well established in the municipality of Laurel, where their operators enjoy good 

access to suitable land and good water supply from watercourses and small impoundments. Many tenant farmers 
here, who are also recipients of Certificate of Land Ownership Award, converted, wholly or partially, their rice farms 
to tilapia nursery ponds. These certificates issued under the Philippines Comprehensive Agrarian Reform Program, 
which redistributes land ownership to tenants, giving access to resources and security of tenure. Most nursery 
pond operators buy small fry (size 38–32) which in 2003 cost P0.04–0.05 each from Laguna hatcheries—about half 
of their historical prices because of high availability and competition from hatcheries in other provinces. The 
fingerlings nursed in ponds are normally sold to growout operators on reaching sizes 12–17 (footnote 20), although 
some farmers stock smaller fry and fingerlings directly into growout cages. Prior to stocking, size 17–20 fingerlings 
are often nursed for 2–4 weeks to size 14 in large hapas located within larger growout cages. These nursing hapas 
are used infrequently and can last for 3 years. 
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2. Genetic Strains 
 

20. Since the late 1980s, substantial genetic 
improvement of farmed tilapia has been achieved 
in the Philippines.25 Tilapia genetic improvement 
is a highly dynamic and competitive field of 
research and of private enterprise. Tilapia 
hatchery/nursery operators and fish farmers have 
access to a range of tilapia strains produced by 
public agencies and by public-private 
partnerships, private corporations, and small-
scale hatcheries. Increasingly, the developers of 
a given tilapia strain are entering into agreements 
with other hatcheries to enroll them as accredited 
suppliers,26 and with farmers, offering a wide 
range of credit and technical support services to 
encourage customer loyalty.27 

 
21. The availability of tilapia strains from nurseries near the lake as well as in neighboring 
provinces was considered important by 92% of cage farmers and 72% of nursery farmers. The 
Genomar Supreme Tilapia (GST) strain was used by 42% of the cage farmers. Others reported 
use of so-called Nilotica (19%) and Tagalog (18%) strains, the breeding history and provenance 
of which are unclear. In 2002, the strains most commonly used by nursery farmer respondents 
around the lake were Tagalog (31%), GMT (28%), and GST (18%). Choice of tilapia strain was 
based mainly on expected growth performance and seed price. However, most farmers (63% of 
cage farmers and 72% of nursery farmers) would avoid buying seed of a given strain based 
solely on claims about its performance. 
 

3. Growout  
 
22. Tilapia cage culture in Lake Taal is intensive, with almost total reliance on inputs of 
commercial feeds and improved tilapia breeds. The number of fish cages in the lake increased 

                                                           
25 Through selective breeding, the development of genetically improved farmed tilapias (GIFT) was partly financed by 

ADB under technical assistance (TA) 5279-REG: Genetic Improvement of Tilapia Species in Asia, for $475,000, 
approved on 8 March 1988. ADB also supported dissemination of GIFT through TA 5558-REG: Dissemination and 
Evaluation of Genetically Improved Tilapia Species in Asia (DEGITA), for $600,000, approved on 14 December 
1993. Development of new strains of tilapia continues, with extensive use of genetic material derived from the 
GIFT, for example, the Genomar Supreme Tilapia (GST) and the BFAR strain (GET 2002 EXCEL). FAC sells its 
own strain known variously as FAC-selected, FAST, and IDRC strain (acknowledging support from the International 
Development Research Centre of Canada). The Tagalog or "native Philippine" strain is used widely in Lake Taal. 
Its provenance is uncertain but its appearance and performance suggest GIFT and/or other genetically improved 
strains in its breeding history. There is no standard strain nomenclature and no independent strain certification. The 
result is a confusing mixture of marketing claims.  

26 Licensing and accreditation arrangements vary. BFAR distributes seed and broodstock to BFAR multiplier stations 
(the nearest to Lake Taal being at Bay, Laguna) and to private hatcheries that are encouraged to breed their own 
fish and to provide information and superior breeding material back to  BFAR. Genomar Supreme Philippines holds 
the 8 current members of its Preferred Partner Hatchery Network (the nearest to Lake Taal being at Cabuyao, 
Laguna) to contracts that preclude the unauthorized breeding of strains other than its GST strain.  

27 Tilapia hatcheries provide incentives for customers to increase sales and patronage in the forms or combination of 
(i) increased mortality allowance (i.e., increase in the number of fingerlings given away on top of the volume 
ordered), (ii) guaranteed mortality replacements within a specific time period, (iii) technical assistance during 
stocking, (iv) regular farm visits, (v) fingerling price discounts, (vi) flexible payment terms, and (vii) free deliveries. 

Nursery sales point beside Lake Taal 
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from 1,601 in 1993 to 10,567 in 1999, declining 
to 6,843 in 2002. The total number is greater 
than these official records, because of illegal 
cages. These are clearly visible, particularly in 
areas where cages are prohibited.28 The cages 
are of two types: fixed (9%) or floating (91%). A 
floating net cage consists of a floating frame with 
a synthetic net enclosure below. Bamboo is the 
most common material used for the frame and 
also provides floatation. Recently, a few floating 
cages in Laurel were constructed with plastic 
drum flotation and metal frames. The life span of 
a bamboo frame varies with location: 1.5–2 years 
in calm waters; 1 year in rough waters. The 
synthetic nets last for at least 2 years. The 
design and operation of tilapia cages in Lake Taal seem to have remained relatively standard 
apart from progressive intensification of feeding and deepening of cages where possible.29 Most 
cages are 10 m x 10 m, with depths of 6–7 m and sometimes 15 m depending on location.30 
 
23.  Stocking density varies with cage type and dimension and with farmers' practices. The 
stocking density used by respondents was 71–76 fingerlings per m3. The fingerling sizes used 
were 14 (65%) and 17 (20%). Seed survival at harvest was 58–63%. Feeding was done twice 
(56%) or three times (39%) a day, usually in the early morning and late afternoon, using 
commercial feeds of varying formulations. The feed conversion ratios, that is, the weight of feed 
given divided by the weight of fish harvested, were poor (1.9) compared with those of intensive 
cages in general (about 1.0), indicating overfeeding and inefficiency. Fertilizers were not used 
for the cages. Tilapia were grown throughout the year, usually in 2 cycles. Some farmers (47%) 
stocked their cages in January to meet the huge tilapia demand during the Holy Week (March or 
April) and the fiesta season (May and June).31 The growing period was typically 5–6 months per 
cycle (61%), longer than the 3–4 months of the earlier history of tilapia cage farming here. This 
was attributed to deteriorating water quality. Cage farmers practiced selective harvesting (49%) 
more than complete (30%) and partial (21%) harvesting.  
 
24. Among the respondents, profitability (100%), food security (70%), and discussions with 
other farmers (29%) were the principal reasons given for entry into tilapia cage farming. 
Farmers considered tilapia farming as very profitable in comparison with the limited livelihood 
                                                           
28 The construction of illegal cages, particularly at the edges of the Pansipit River, has been a perennial problem for 

local government officials, exacerbated by lack of effective monitoring and political will to control the situation. 
29 The Tagaytay-Taal Integrated Master Plan (footnote 6 [i]) contains the following requirements: "The size of the 

cages should be standardized and their positions rearranged in such a way that a 3-m distance between cages will 
be maintained in order to allow unimpeded water circulation between the cages and serve as navigational lanes. 
The number and dimension/size of cages that an individual can operate should be regulated/controlled to allow 
equitable allocation of cage areas and maintain free water movement in the area to preserve its ecology. Individual 
ownership should be limited to only five cages with dimensions of 20 m by 10 m by 5 m, or 10 cages of the 10 m by 
10 m by 5 m size. No other size of cage should be allowed outside these dimensions in order that they can be 
properly arranged in such a way that maximum water circulation is allowed between the cages and serve as 
navigational lanes. Only 1–2 rows of cages should be allowed for construction parallel to the shoreline within the 
fish sanctuary. The area occupied by the cages should not exceed 50 m offshore measured from the edge of the 
lake at its lowest water level. This way, only a narrow strip of water parallel to the shoreline will be occupied by the 
cages to reduce obstruction to water circulation inside the fish sanctuary. Accumulation of unconsumed feeds and 
fecal matter of the stocks underneath the cages will be minimized, if not totally prevented." 

30 Cage depth is site specific. Some operators use deep nets and adjust them by tying off a portion. 
31 Celebrations (fiestas) are held annually in most local communities, usually in May–June.  

Floating cages and feed bags 
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opportunities around the lake. The major impediments to entering tilapia cage farming were 
absence of capital (50%), water pollution (18%), natural calamities (12%), low market price 
(5%), and high feed cost (5%). Heavy competition, absence of training, and strict municipal 
ordinances were also perceived as barriers to entry.  
 
25. The high costs of inputs—feed (80%) and seed (61%)—were also identified as major 
problems affecting the tilapia cage farmers. Shortage of seed supply was mentioned as a 
constraint by half (51%) of them. This reflects the fact that most of the major seed producers are 
distant from the lake. Other production problems were high fish mortality (93%), diseases 
(89%), bird predation (82%), parasite infestation (74%), poor water quality (74%), ineffective 
zoning enforcement (23%), and theft (18%). Most respondents also reported declining profits 
(95%) and natural calamities, such as typhoons (92%) and flooding (50%).  
 
26. The majority of respondents (69%) said they would continue tilapia cage farming for the 
next 5 years, and a few (8%) plan to expand operations. Some respondents (29%) cited tilapia 
farming as "the only job they know." Profitability (19%) and continued involvement of financiers32 
(7%) were also reported as key factors that would assure the continuity of fish farming. Those 
who were undecided about the future (25%) were concerned about pollution, finding capital, and 
declining profits. The respondents perceived the following threats to tilapia farming: natural 
calamities (33%), water pollution (30%), fish kills (15%), declining tilapia prices (14%), 
increasing costs of feeds (8%), and overproduction (4%). A few respondents (2%) mentioned 
withdrawal of financiers and government decisions to dismantle cages as significant threats to 
their farms. 

 
4. Fish Health  

 
27. For tilapia in Lake Taal, the most serious fish health problem is infestation by the 
facultative parasitic isopod crustacean, Alitropus typus (locally called timud).33 Poor water 
quality stresses fish and makes them also susceptible to bacterial and fungal infections.34 Three 
quarters (74%) of cage farmers cited parasite infestation as a major impediment and risk.  
 
28. There are plans to develop enterprises in Batangas to supply freshwater aquarium and 
ornamental fish. Hatchery operations for koi carp and other species are already established in 
the province. These development initiatives can pose serious risks to aquaculture, fisheries, and 

                                                           
32 The financiers are from various places, either neighboring towns or Metro Manila. 
33 This parasite infests farmed milkfish and tilapia in Indonesia, Malaysia, and Philippines. The timud attach to their 

host fish at fin bases, on the head, in the gill cavity, on the tail, and near the anus, feeding on blood and causing 
debility and death. When not attached to host fish, timud are free-living, occurring in dense patches of aquatic 
weed. For further general information, see Kabata, Z. 1985. Parasites and Diseases of Fish Cultured in the 
Tropics. London: Taylor and Francis. According to an unpublished report by Eliodora C. Mercene, obtainable from 
BFAR, Ambulong station, Talisay, there was 40–80% timud infestation of Lake Taal tilapia cages in 1995 and 
substantial losses and damage to tilapia fingerlings and adults in 2000. Perennial infestations continue. 

34 Aeromonas hydrophila is the principal bacterium known to cause damage to (ulceration, fish rot, eye opacity, etc.) 
and death of caged tilapia in the lake. This ubiquitous fish bacterial pathogen has its most severe effects under 
conditions of high stress. Parasitic fungi cause periodic losses of tilapia seed and adults. In 1997, a bacterial 
septicemia was responsible for fish kills in Lake Taal tilapia and streptococci were implicated. According to BFAR, 
however, no streptococci were found in samples collected in 1999. Streptococcal infections are a serious problem 
in aquaculture in general. See: Shoemaker, Craig, and Phil Klesius. 1997. Streptococcal Disease Problems and 
Control. In Tilapia Aquaculture: Proceedings from the Fourth International Symposium on Tilapia in Aquaculture, 
edited by Kevin Fitzsimmons. Ithaca NY: Northeast Regional Agricultural Engineering Service. p. 671–680. 
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biodiversity of the lake if they allow the introduction of more alien species and their diseases 
and parasites.35  
 

5. Production and Income 
 
29. The average annual tilapia production from a 10 x 10 x 6–10 m cage was about 3 t per 
cycle or 6 t per year. Almost all (98.5%) of the harvested fish were sold for cash, with only 0.5% 
consumed at home and 1.0% given away to friends, relatives, and neighbors. Tilapia cage 
farming is capital intensive but profitable. The average net income derived from a cage was 
P29,000 per cycle or P58,000 per year,36 almost entirely in cash. The average annual operating 
expenses were P107,000 per cycle or P214,000 per year.37 These expenses comprised feeds 
(79%), seeds (18%), labor (2%), and fuel and miscellaneous items (1%). At least two thirds of 
the surveyed cage farmers earned not less than P30,000 per cage per year, and 15% of them 
earned P10,000–30,000 per cage. In 2002, 41% of the cage farmers stocked 1 or 2 cages and 
49%, 3–6 cages. Some farmers became owner-operators and invested in cage farming by 
drawing from savings generated from past earnings as caretakers, or entering into financing 
agreements with input suppliers. However, most of the cage farmers were comfortable to 
remain caretakers instead of becoming owner-operators because of the financial capital 
requirements that acted as a major barrier to entry.  
 
30. For tilapia nursery ponds, the average annual number of fingerlings harvested and sold 
from three production cycles was at least 2,000 per m2. The gross value of average annual 
sales of nursed fingerlings was P579 per m2, with average annual operating expenses at 
P328 per m2. On average, nursery farmers spent P60,236 annually per pond, apportioned as 
follows: seed (47%); feeds (40%); labor (6%); fertilizer and chemicals (4%); and other 
expenses, such as fuel, plastic bags, rubber bands, and oxygen (3%). Their mean annual net 
income was P39,525 per year or P13,175 per cycle. In 2002, 43% of nursery farmers owned or 
operated 1 or 2 ponds, 27% had 3 or 4, 15% had 5 or 6, and the remainder had 7 ponds or 
more.  
 
E. Profiles of Tilapia Cage and Nursery Farmers  
 

1. Human Capital 
 
31. Tilapia farming in and around Lake Taal is presently dominated by caretakers, for both 
nursery ponds (65%) and growout cages (64%). The remainder were owner-operators (34%) 
and caretaker-laborers38 (1–2%). Most activities (75%) in both cage and nursery farming were 
male dominated. However, feeding and record keeping were performed by both males and 
females. The average age of all farmer respondents was 45 years, with 8 years of formal 
education and average household size of 6. Most farmers (76%) were local residents and the 
rest were from other parts of Luzon (22%) or elsewhere in the country (2%). For cage farming 
and nursery respondents, the average lengths of residence in the area were 37 and 39 years, 
respectively, and they had about 8 years of experience in tilapia farming. 

                                                           
35 This applies particularly to species of the family Cichlidae that are used extensively in the aquarium trade. All 

tilapias belong to this fish family. 
36 The average net return per cage per cycle for cage farming was P26,926–35,288 and for nursery farming, 

P12,879–16,667.  
37 The average operating expenses per cage per cycle for cage farming were P111,865–115,356 and for nurseries, 

P23,842–24,742. 
38 Caretaker-laborers are caretakers who opt to receive a fixed monthly salary instead of entering into profit sharing 

arrangements without receiving wages or fixed remuneration. 
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32. Tilapia cage farming was reported as the main occupation of the surveyed cage farmers 
(93%) and 72% had a second occupation: fishing (21%) or livestock raising (18%). Other 
secondary occupations included crop farmer (5%), trader (3%), driver (3%), electrician (2%), 
carpenter (1%), shop mechanic (1%), and government employee (1%). Thus, cage farming is 
not a full-time job; cage farmers maximize their use of natural capital by combining farming and 
fishing, while multiple employment reduces risks and provides additional financial security.  
 
33. Nursery operators reported also more than one occupation. Tilapia nursery farming 
(63%) and rice farming (16%) were the main primary occupations. Their main secondary 
occupations were fish or cage farming (36%) and livestock raising (27%), with other types of 
employment similar to those of cage farmers.  
 
34. To improve their skills, 49% of cage farmers and 19% of nursery farmers had received 
training in one or more of the following: tilapia farming in general, feeding, farm management, 
and fish breeding. Most training was completed within a day. To some extent, all farmers 
received extension services, either from feed and seed suppliers or government agencies, or 
both. 
 

2. Natural Capital  
 
35. The waters of Lake Taal are owned by the state, not by individual fishers and farmers. 
Cage farming sites are leased for a fixed term. The Philippine fisheries, local government, and 
water codes provide for open access to aquaculture zones in Lake Taal, and these should not 
exceed 5–10% coverage of the total water area. The 10% benchmark is currently regarded as 
the administrative and legal limit, but this is a guess at what might be environmentally and 
publicly acceptable and was not scientifically derived. Based on this limit, the lake should be 
providing about 1,200–2,400 ha of legally approved water space for fish cages. Favorable cage 
sites require shelter from storms, high water exchange, road and boat access, and security. 
Such sites are limited and crowded, which reduces their water quality and increases the risks of 
disease transmission. The marginal farmlands that are used for nursery ponds and for support 
facilities for the cages are under private ownership. 
  
36. The waters of Lake Taal have several uses—fishing, tourism and recreation, and fish 
farming. Fish cage farming and cage ownership are limited to residents of the adjacent 
municipalities, particularly members of fishing cooperatives. However, most local residents are 
unable to finance cage operations; thus, they make arrangements with nonresident financiers or 
absentee-investors and serve either as caretakers or permanent cage workers for cage farms 
that are usually registered under their names. A license is needed to operate a fish cage and it 
must be renewed annually.39  
 
37. Tilapia cage and nursery farmers have small landholdings around Lake Taal. A 
respondent cage farmer owned, on average, 0.5 ha of land and a nursery farmer had 0.27 ha. 
Some (24%) nursery farmers were land tenants. Cage caretakers usually worked in tilapia 
farming because they lacked substantial land and other assets. For tilapia cage and nursery 
farmer respondents who owned land, the ownership was either acquired through inheritance 

                                                           
39 Licenses are issued by the municipal government to farmers whose cage(s) is/are within their territorial jurisdiction. 

The license fees comprise a municipal mayor's permit fee, a lake user fee, and other charges as prescribed under 
the existing ordinances of the municipality concerned. Annual license fees for a cage are P100–160; different 
municipalities apply different rates.  
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(27%), purchase (25%), or through land reform (7%). Some nursery farmers were using their 
parents’ lands (8%). 
  
38. The availability of water was not considered a major concern by 88% of the nursery 
farmers. At least two thirds of nurseries depended on the lake, rivers, and streams for their 
water supply. Others obtained water from irrigation canals (20%) and groundwater (10%). The 
majority of cage and nursery farmers felt that no dominant or influential groups controlled 
access to water (92%) or to land (93%) in and around Lake Taal. Moreover, 98% of all 
respondents reported no conflicts over the use of resources.  
 

3. Social Capital 
 
39. Social networks are common and strong among tilapia cage farmers in Lake Taal. Most 
(77%) of the respondents learned their fish farming practices from sources within Batangas 
Province, 10% from within the province and elsewhere, and 13% solely from outside the 
province. Farmers reported that they obtained information on tilapia farming from various 
sources, including a network of fellow farmers (60%), friends (56%), relatives (48%), their own 
experience (52%), government agencies (15%), feed suppliers (10%), seed suppliers (5%), 
financiers (3%), media (3%), educational institutions (2%), and nongovernment organizations 
(1%). Social networking plays a crucial role in accessing assets for tilapia farming, particularly 
with respect to the fish farmers' dependence on external financiers. Mutual trust is paramount in 
a financier-caretaker relationship. Farmers of good reputation, belonging to a large social 
network, have good chances of obtaining access to financial resources and to farming 
opportunities through referrals and contacts established through the associations. 
 
40. At least 60% of the cage farmer respondents were members of a livelihood-related 
association, with 47% belonging to multipurpose cooperatives that cater mostly to cage farmers. 
Some municipalities require membership in an association as a prerequisite for issuing cage 
licenses, following the recommendations of the Presidential Commission on Tagaytay and Taal. 
Other types of associations include FARMCs, fishers’ groups, and irrigation and drivers 
associations. Associations serve as a channel for information exchange among farmers; 35% of 
the respondent cage farmers attested to the role of associations in conducting training and 
seminars, and serving as channels for discussing resource management issues, including 
monitoring of the lake and cages. In contrast, the majority (88%) of nursery farmer respondents 
were not members of any livelihood-related association. They relied on their own social 
networks for information and advice on tilapia farming.  
 

4. Physical Capital 
 
41. Most respondents had lived in the area for more than 3 decades, and 91% of cage 
farmers and 98% of nursery farmers owned their dwelling units. Caretaker-laborers, hired from 
other areas (4%), were given accommodation as part of their remuneration. Many respondents 
(85% of cage farmers and 89% of nursery operators) had houses built with permanent 
structures.40 Most respondents owned modest household appliances and facilities, such as a 
television, radio, electric fan, refrigerator, and water-sealed toilet. More cage farmers (77%) than 
nursery farmers (47%) owned gold jewelry. Further, 64% of cage farmers and 51% of nursery 
farmers had telephones or cellular phones. Nursery farmers had more bicycles (41% versus 
34%) and more tricycles (20% versus 10%) than cage farmers, but both groups were equal in 
ownership of motorized vehicles (31%). As expected, more cage farmers (77%) owned boats 

                                                           
40 Construction materials include cement, bricks, expensive wood products, and galvanized iron sheets.  
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than did nursery farmers (14%), and more nursery farmers owned water pumps than cage 
farmers.  
 
42.  The respondents reported that their access to facilities ranged from fair (neither easy nor 
difficult) to very easy. Most cage farmers and nursery farmers shared this view in terms of road 
access (75% and 78%, respectively), transport facilities (84% and 83%), communication 
facilities (84% and 64%), market access (94% and 85%), and reliable water supply (96% and 
93%).  
 

5. Financial Capital 
 
43. Tilapia cage farming in Lake Taal is sustained largely by external sources of financing. 
High operating costs and the inherent risks of fish farming deter the local inhabitants from using 
their own limited financial assets for fish farming. These conditions have given rise to the 
emergence of financier-caretaker relationships, which have gained local acceptance: 64% of the 
cage farmer respondents were caretakers and recipients of financial assistance provided by 
financiers. These relationships depend on an agreement between a financier (usually a 
nonresident) and a local resident (caretaker). The former is expected to provide the financial 
resources while the latter manages the fish farm. The net proceeds after each crop cycle are 
then distributed between both parties, based on their initial agreement.41 
 
44. The other respondent cage farmers (35%) received financial assistance other than from 
financiers. They mobilized their financial capital by obtaining credit from feed suppliers, relatives 
and friends, local moneylenders, and farmer cooperatives. For cash loans, the monthly interest 
rate was 1.5–20.0%, with repayment periods of 1–30 months. Feed suppliers typically sell feeds 
on credit, with payment after harvest or over an agreed period. Feed suppliers mark up their 
retail feed prices to cover their costs of capital. The same financial arrangements apply to tilapia 
nurseries. At least 65% of nursery farmers were direct recipients of financial assistance from 
financiers. For nursery owner-operators who were able to obtain their financial capital from 
elsewhere (15%), the sources were relatives, friends, feed suppliers, and banks.  
 
45. In 2002, the main sources of income for cage farmer respondents were cage farming 
(74%), trading (6%), and fishing (6%). Only 10% of them received remittances from family 
members either on a monthly (2%), quarterly (4%), or annual (4%) basis.42 Remittances 
averaged 2% of their household income during the year.  
 
46. The main sources of income for nursery farmer respondents in 2002 were tilapia farming 
(62%), rice farming (13%), and livestock raising (10%). As with the cage farmers, only a few 
(6%) received remittances, from family members (5%) and friends (1%). Reliance on 
remittances is clearly uncommon among cage and nursery farmers in Lake Taal.  
 
 
 

                                                           
41 Existing financier-caretaker sharing arrangements on net profits are either 50:50, 60:40, or 80:20 in favor of the 

financier. Sometimes, a caretaker works for another caretaker (primary), and they divide the share of the primary 
caretaker. In other cases, caretaker-laborers opt to receive a fixed monthly income, or a fixed income and a small 
incentive derived from net profits. For some partnerships, financial losses from the previous cycle are carried over 
the next cycle under an arrangement known as a "roll-back" system. This roll-back system requires caretakers to 
share with the financiers the risks of cage farming.  

42 Remittances are transfer payments to the Philippines, usually wages and salaries sent home by Filipinos employed 
outside the country.  
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F. Transforming Processes 
 

1. Markets 
 
47. The growing acceptance of tilapia among Filipinos has increased the demand for the 
product, leading to the development of new technologies, market expansion, and the opening of 
opportunities and services, including those for the poor. Market competition has played a 
significant role in transferring improved technologies, offering competitive prices, and increasing 
access to tilapia for poor consumers. Cage and nursery farmers have a wide choice of tilapia 
strains. Increased competition has triggered seed suppliers to offer technical and special 
services to customers, thus benefiting small-scale farmers in terms of information and skills 
transfer for improved farm management.43 Competition among tilapia buyers, particularly 
wholesalers, has given farmers assured markets, even before harvest. Marketing promotion by 
input suppliers has also provided small-scale farmers with easier access to inputs, particularly 
feeds.  
 
48. Robust markets have encouraged the entry of more market intermediaries who facilitate 
product flow. Most tilapia cage farmers (79%) preferred selling directly to wholesalers, with 
whom many have established good business relationships. Wholesalers usually paid in cash 
and picked up the fish at the farm gate. Many respondents (53%) appreciated these cash 
payment arrangements, and 19% regarded selling at the farm as highly convenient. Selling 
directly to wholesalers reduced the risk of marketing a perishable product. Fish farmers were 
generally satisfied with their existing buyers. The main reasons farmers refrained from seeking 
other markets were good relationship with their current buyers (48%), satisfactory prices offered 
by their buyers (20%), and perceived transaction costs of looking for other buyers (7%). Fish 
farmers recognized that tilapia marketing has opened opportunities for agents and brokers and 
retailers as direct market outlets. More importantly, markets for farmed tilapia from cages have 
expanded into major population centers, such as Metro Manila and nearby towns, thus 
increasing access and opportunities for small-scale farmers and benefiting urban consumers.  

 
49. Decision making on product pricing was attributed by the respondents to farmers (43%), 
financiers (23%), and wholesalers (34%). Prices were determined by fish size using an 8-tier 

                                                           
43 The special services, such as discounted prices, higher mortality allowances, and better payment terms, are 

beneficial; these increase patronage and establish good business relationships.  

Harvesting a cage Sorting the harvest 
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structure.44 This has encouraged small-scale farmers to grow tilapia to bigger sizes. However, 
the growing number of unorganized intermediaries, particularly wholesalers, and tilapia 
oversupply in markets have decreased prices received by small producers and market 
intermediaries. Mechanisms to improve product flow are badly needed. 
 

2. Public and Private Institutions 
 
50. Tilapia farming in Lake Taal has benefited greatly from public and private research and 
technical support. Choices of tilapia strains and improved management practices are products 
of such collaboration through various networks. In Batangas, there are two BFAR stations45 that 
have provided research, training, and information dissemination in support of tilapia farming and 
related issues in Lake Taal, particularly on coexistence with fisheries and environmental 
aspects, such as fish kills and the upwelling of noxious deep waters. The presence of these 
institutions has increased farmer awareness and understanding of the natural hazards of the 
lake.  
 
51. FARMCs were created to increase fishers' and farmers' participation in managing 
fisheries and aquatic resources in a sustainable manner. The presence of an IFARMC in 
Batangas Province and municipal FARMCs around Lake Taal has led to increased participation 
of both fishers and farmers in the management of the lake. A resolution for the harmonization of 
the diverse municipal policies and ordinances pertaining to tilapia cage farming in the lake was 
endorsed to the Batangas Provincial Council in 2003 by the IFARMC and concerned 
municipalities. The resolution seeks to increase benefits for farmers and the local communities 
and aims to improve lake management. FARMCs are also active participants in the provincial 
government's drive to eliminate illegal structures along the Pansipit River in order to improve 
water flow and the passage of migratory fish. Tilapia cage farmers are expected to benefit from 
the anticipated improvement in water quality through increased farm productivity. 
 
52. The fisheries and fish farming in Lake Taal are not currently represented in the PAMB, 
which is the legally mandated body for managing the lake and its resources. The PAMB of Lake 
Taal is currently modifying its mode of operations to enable adequate consideration of the 
interests of fisheries and aquaculture. The modification contains provisions for establishing 
subcommittees to address specific concerns. The PAMB is expected to contribute to more 
sustainable management of the lake and its resources. 
 
53. The fish farming cooperatives in Lake Taal facilitate information exchange and 
aquaculture-related training and discussions.46 They help in monitoring the condition of the lake 
and cage farmers' compliance with local regulations. They also help farmers to apply for loans 
to finance their operations. Similarly, fishery-related cooperatives serve as conduits for local 
government units (LGUs) in implementing assistance programs for fish farmers.47 
 
 
 
 
                                                           
44 In general, the number of fish per kg determines price. The top price is for tilapia of 1–2 fish per kg  (individual 

weight, 500–1,000 g) and the lowest (8th tier) is for 10 fish per kg (about 100 g each). 
45 These are the Ambulong Fisheries Station in Tanauan and the Butong Fisheries Biological Complex in Taal.  
46 The cooperatives were created initially to comply with licensing requirements and to operate fish cages. There are 

currently at least five fish cage cooperatives in Laurel, Batangas.  
47 The local government of one municipality is seeking assistance from the provincial government to finance cage 

culture operations.  
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3. Labor and Employment  
 
54. Tilapia cage and nursery farming 
generate employment opportunities for small-
scale operators, caretakers, laborers, and their 
households. In addition, fish farming has created 
spin-off jobs, including cage making, harvesting, 
handling, fish trading and vending, and nursery 
fishpond preparation. Local economies have 
improved with the entry of input suppliers, 
especially feed companies; their presence has 
increased local employment in retailing, 
transporting, and distributing feed. Table 1 
summarizes the estimated employment in tilapia 
farming in Lake Taal. 
 
55. Based on the present survey, the average 
monthly salary of regular workers or laborers in tilapia cage farming and nurseries in 2003 was 
P2,000. These workers also received benefits in terms of rice, other food provisions, and, to 
some extent, housing. For seasonal laborers, the average daily wage was P138. The 
perceptions of tilapia farmers about their prospects of changing employment were mixed. Some 
(21%) anticipated no constraints in this regard. Others were worried about employment 
prospects due to either unfamiliarity with other jobs (16%), old age (12%), or lack of capital to 
start a new business (11%). 

 
Table 1: Employment Generated by Tilapia Cage Farming in Lake Taal, Batangas 

 

a These estimates do not include laborers working specifically for pond preparation. Employment in hatcheries was 
excluded because Batangas nursery and cage operations are mostly dependent on outside seed suppliers. 

 
4. Support Services, Facilities, and Infrastructure 

 
56. Some tilapia cage farmers (23%) and nursery farmers (11%) regarded government 
extension services as weak sources of information and advice. In two municipalities, there had 
been reduction in extension personnel because of reduced budgets, which resulted in part from 

Type of Employment Number of 
People 

Employeda 

Assumptions 

   
Cage Caretaker/Operators 2,280 3 cages per farmer, with about 6,840 cages in 2002 
Family Members 4,560 2 family members assisting each cage operator/caretaker 
Wholesalers/Traders 30 Based on key informant interviews and survey estimates 
Harvester Group 360 Each wholesaler has a group of harvesters of at least 12 people 
Drivers and Helpers 90 A wholesaler has a driver and 2 helpers to deliver to the main markets 
Cage Makers 90 About 4 persons can make 1 cage per day; 300 workdays per year 
Tilapia Vendors/Retailers 260 Survey estimates 
Nursery Farmers 350 Estimates based on municipal records 
Family Members 700 2 family members assisting each nursery farmer 

Total 8,720  
   

Making cages from bamboo 
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decentralization of government services. As mentioned, social networks have been effective in 
disseminating information on tilapia farming among small-scale farmers, including technology 
and market information. Seed and feed suppliers also provide technical support to both cage 
and nursery farms.  
 
57. The national Government has a credit program that extends financial assistance to 
small-scale farmers and fishers through the Quedan Rural Credit and Guarantee Corporation 
(QUEDANCOR). These loans are available to fish farmers in Lake Taal, facilitated by LGUs and 
provided to eligible farmer groups at an annual interest of 12% and a service fee of 3%. The 
provincial BFAR office supervises the implementation of national fisheries and aquaculture 
programs, including tilapia farming. In coordination with the regional office of the Bureau of 
Agricultural Statistics, BFAR also monitors fish production and prices in Batangas. 
 
58. Private service facilities, such as ice plants, supply the marketing needs of tilapia cage 
farmers and traders. Ice is critical to keep products fresh until they reach the market. Some 
entrepreneurial tilapia farmers rent out their boats to other farmers to transfer feeds bought in 
bulk. Wholesalers who pick up harvested tilapia at the farm gate use their own trucks. Different 
levels of government develop and maintain facilities and roads, particularly from farms to 
markets. Most respondents regarded their present access to roads, transportation, markets, and 
water supply as fair. Access to cellular phones has greatly improved communications.  
 

5. Policy and Law  
 
59. Official policies for freshwater aquaculture in the Philippines are markedly pro-poor with 
numerous provisions that favor small-scale operations and community welfare, but these 
policies are not implemented effectively. They are hindered by vested interests and by complex 
and confusing legislation.48 The Fisheries Code of 1998 [Republic Act (RA) 8550] is the main 
legal framework and the basis of all Fisheries Administrative Orders. RA 8550 gives to 
municipal or city LGUs, in consultation with local farmers and subject to review by the 
appropriate provincial Sanggunian (council), the authority to make ordinances and decisions 
and to appropriate funds for general welfare and for environmental protection. The results have 

                                                           
48 Current reviews include 

(i) Oposa, Anthony. 2002. A Legal Arsenal for the Philippine Environment. Muntinlupa City: Batas Kalikasan 
Foundation. Oposa reviewed, among other instruments: Republic Act No. 8435, "Aquaculture and Fisheries 
Modernization," which provides a framework  "to enhance profits and incomes ... particularly the small farmers 
and fishers, by ensuring equitable access to assets, resources" and to plan for "increased income and profit of 
small farmers and fishers"; the Water Code (Presidential Decree 1067); Civil Code Provisions on Waters 
(Republic Act 386); the Local Government Code of 1991 (Republic Act 7160) with respect to ecosystems, 
inland fisheries, and freshwater aquaculture; the Pollution Control Law (Presidential Decree 984); (v) Water 
Classification (Department of Environment and Natural Resources, Administrative Order 34–90); Effluent 
Regulations (Department of Environment and Natural Resources, Administrative Order 35, Series of 1990); and 
multiple instruments concerning water utilities. 

 (ii) Rivera-Guieb, Rebecca, Boyd-Hagart Alexander, Jocel Pangilinan, and Ronet Santos. 2002. Aquatic        
Resources in the Philippines and the Extent of Poverty in the Sector. Quezon City, Philippines: Voluntary 
Service Overseas (Philippines). The authors discuss individual rights of fishers and farmers under the 1987 
Philippine Constitution and related laws, and the roles and responsibilities of LGUs and the Sanggunian.  
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been mixed.49 At the municipal level, there have been more than 20 legislative instruments of 
relevance to fishing and aquaculture in Lake Taal. Fishers and farmers are not fully aware of 
these and many have not been effectively implemented.50 More legal instruments have been 
prepared under the Fisheries Code,51 but it is hard to envisage that compliance with these will 
be swift or widespread.52  
 
G. Natural Resources Management 
 
60. Official statistics on inland capture fisheries are the responsibility of BFAR and the 
Bureau of Agricultural Statistics. Their accuracy has been questioned in an FAO report.53 For 
Lake Taal, the number of fishers and their catches are probably significantly higher than those 
officially reported, even with the general decline in the lake's fisheries. In 1999, BFAR recorded 
a total of 1,180 fishers in Lake Taal. They were most numerous in the three municipalities that 
also have the most cage farmers.54  
 

                                                           
49 For example, Mercene-Mutia (2001), using 1997 data, assessed the effects of local government implementation of 

the national open-access policy for municipal fisheries. The verdict was essentially negative. Open access was 
said to have resulted in unregulated entry of fish farming practices like fish cage culture, which tend to increase the 
pollution load in the lake. The main solution recommended was that "national government agencies (Department of 
Agriculture, BFAR, Department of Environment and Natural Resources) should form an agreement with local 
government units for a continuing assessment of the fishing resources in Lake Taal." Mercene-Mutia, Ma. Theresa. 
2001. Assessment of Local Government's Implementation of Open Access Policy in Taal Lake, Philippines. p. 123–
132 in footnote 6 [iv]. 

50 Mercene-Mutia (footnote 49), noted that most fishers and cage operators were aware of very few ordinances: e.g., 
prohibition of active fishing gears, registration of fish cages, and registration of boats (fees are paid for both), 
regulation of cage construction, and prohibition of waste disposal in the lake. It was reported that 64% of those 
interviewed felt that local fishing ordinances were either not strictly implemented or were ignored. Similarly, the 
Department of Tourism (footnote 6 [i]) noted "Non-Enforcement of Fishing Regulations" and that fishers "stubbornly 
insist their unlawful methods of fishing."  

51 These include (i) Fisheries Administrative Order 214, Series of 2001, Code of Practice for Aquaculture, which calls 
for, among other provisions, an environmental impact assessment to be submitted to the Department of 
Environment and Natural Resources before initiating any aquaculture development; and (ii) Fisheries 
Administrative Order 218, Series of 2001, Yearly Report on Aquaculture Projects, in which all owners/operators of 
fish cages, pens, ponds, hatcheries, etc., must report to BFAR their annual production by species, by 31 January of 
the succeeding year. 

52 Laws and regulations have been widely ignored in and around Lake Taal. For example, Fisheries Administrative 
Order No. 217, Series of 2001, Obstruction to Defined Migration Paths provides for the freedom of passage of 
migratory species though the Pansipit River. Rafael Guerrero (footnote 7 [ii]) mentioned the "political will" that has, 
from time to time, made possible the clearance of the obstructions (fish cages and traps) in the Pansipit River, but 
emphasized the need for "full enforcement of existing fisheries laws and ordinances.... full implementation of the 
regulatory measures with utmost "political will" (and) a study to determine the carrying capacity of the lake."  

53 Coates, David. 2002. Inland Capture Fisheries of Southeast Asia: Current Status and Information Needs. RAP 
Publication 2002/11. Bangkok: Asia-Pacific Fishery Commission and the FAO Regional Office for Asia and the 
Pacific (RAP). For the Philippines, it was reported that much of the statistics were based on projections rather than 
on accurately collected data and that there were insufficient financial and human resources to remedy this. Inland 
capture fisheries production in Southeast Asia was considered to be underestimated by a factor of 2.5–3.6. 

54 These municipalities (with numbers of registered fishers) are Laurel (120), Agoncillo (160), and San Nicolas (420). 
The other seven municipalities had 36–96 registered fishers. Fisher respondents to a BFAR 1999 survey 
mentioned the presence of fish cages as a problem for them and that the cages caused "pollution." A later study 

(footnote 7 [ii]) recorded 3,761 fishers (20,000 households) and cited survey findings (footnote 7 [i]) that 58% of 
these obtained their primary income (average P182/day) from fishing and regarded the presence of "too many fish 
cages" as a major problem. 
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61. Many measures have been designed to 
contribute to the sustainable management and 
conservation of the lake’s fisheries.55 In 1975, a 
1,289-ha fish sanctuary was established for 
conservation purposes under Fisheries 
Administrative Order No. 118. In 1996, the entire 
area of Taal Volcano and Lake Taal was 
designated under the Philippine National 
Integrated Protected Areas System as a 
"protected area," in which ecological processes, 
genetic diversity, and sustainable use of natural 
resources must be maintained. Despite such 
measures, overfishing and the use of illegal 
gears have continued, and obstructions in the 
Pansipit River have reduced the number of 

migratory fish species in the Lake Taal from 31 in 1927 to 5 in 1996 (footnote 7 [ii]). Moreover, 
there has been a decline in the fisheries catch, the most visible and widely reported aspect of 
which concerns the fishery for the lake's unique endemic freshwater sardine, Sardinella tawilis 
(locally called tawilis).56  
 
62. The abolition of the Presidential Commission on Tagaytay and Taal in 2000 has meant 
that policies and decision making related to sustaining and conserving the lake are now the 
responsibility of the PAMB. LGUs are expected to take the lead in implementing policies and 
regulations. A major challenge is how to reconcile and to strike a balance among the competing 
uses of the lake. Lake Taal is a major tourist destination. The existing Tagaytay-Taal Integrated 
Master Plan was conceived for this purpose (footnotes 6[i] and 29). To date, however, tilapia 
cage farming has not been adequately managed in terms of its relationships with other lake 
users and its environmental impacts.  
 
63. There are reports of longstanding conflicts between the lake's fishers and the tilapia 
cage farmers (footnote 7 [ii]). The former, their own illegal practices aside, blame the latter for 
the decline in the lake's fisheries, citing impeded navigation, lowered water quality, and 
obstruction of the Pansipit River. Moreover, it is a source of frustration for the fishers to see the 
fish sanctuary heavily occupied by fish cages. Fish cages, like most structures in open waters, 
attract wild fish, and this attraction is particularly strong in Lake Taal because of the output of 
uneaten feed and fecal matter from the cages. Fishers are naturally attracted to fish near the 
cages, but are repelled by cage farmers who fear poaching and sabotage. During the present 
survey, respondents reported no such conflicts—although this might be because they were 
reluctant to make public their personal interests or problems.  
 
 
 
                                                           
55 For example, in 1993, the Provincial Council of Batangas approved Fisheries Ordinance 4, Series of 1993, 

"Ordinance Providing for the Protection and Rehabilitation of Taal Lake's Fisheries and Ecosystem" which prohibits 
"active and other forms of destructive fishing gear/method" and delineates areas in which fish cages and fish traps 
can be operated. It also set limits for structures in the Pansipit River that would impede fish migrations and 
recruitment to fished populations in the lake—one among many instruments enacted to protect this river's role in 
sustaining the lake's fisheries. 

56 The total fisheries catch of the lake declined from 8,792 t in 1993 to 1,681 t in 1998 and tawilis catches dropped 
from 29,000 t in 1984 to 6,000 t in 1995 (footnote 6 [iii]). However, the reasons for fluctuating tawilis catches are 
poorly understood. It almost disappeared in the 1960s, when aquaculture could not have been a contributory 
cause.  

Overcrowded cages 
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H. Environment 
 

1. Water Quality, Fish Cages, and Nutrient Loading 
 
64.  Lake Taal is not a stable environment for tilapia farming. The unpredictability of the 
volcano and associated seismic activity, with sulfide and ammonia releases from the lake floor, 
mean that fish in the lake are always at risk. More importantly, the daily addition of artificial 
feeds to the cages adds large amounts of nitrogen and phosphorus to the lake.57 The lake's 
increasing eutrophication has been broadly welcomed as an "enrichment" (footnote 6 [i]) that is 
expected to increase fisheries production by providing more zooplankton as feed for tawilis 
(footnote 6 [v]). This is a simplistic view. The contributions of denser plankton to feeding caged 
tilapia will be uncertain58 and water quality (especially dissolved oxygen) is likely to fluctuate 
more widely. Moreover, the ecology and biodiversity of the lake will change, with uncertain 
consequences for wild fish.  
 

2. Fish Kills 
 
65. Fish kills were known in Lake Taal before aquaculture began there, but the numbers of 
fish killed were small and no records were kept. Lake Taal, as is common for volcanic lakes, 
experiences periodic upwellings or overturns59 (locally called duong) in which deep (sometimes 
sulfide- and ammonia-loaded) waters containing little oxygen come to the surface because of 
certain combinations of atmospheric conditions, winds, and currents. Fish are killed mainly by 
low dissolved oxygen, with sulfide and ammonia poisoning sometimes as contributory factors. 
Overturns often follow heavy rains that make surface waters colder and heavier, causing them 
to sink and to be replaced by deeper waters. Southeasterly winds (locally called salatan) are 
also major causes of overturns in Lake Taal. Since 1997, fish kills from overturns in the lake 
have caused serious losses to fish farmers and probably also to fishers—although the quantities 
                                                           
57 Assuming a feed conversion ratio of 1.5  (weight of dry feed given: weight of fish harvested), about 64% of the 

nitrogen and 81% of the phosphorus in the feeds is released into the lake environment. This estimate is based on 
data published by Edwards, Peter. 1993. Environmental Issues in Integrated Agriculture-Aquaculture and 
Wastewater-fed Fish Culture Systems. In Environment and Aquaculture in Developing Countries, edited by Roger 
S. V. Pullin, Harald Rosenthal, and Jay L. Maclean. ICLARM Conference Proceedings 31. Manila. p. 193–170. 
According to Yambot (2000) (footnote 6 [iii]), 16 kg of phosphorus are released into Lake Taal for every 1.5 t of 
feed given. Dela Vega (2001) Feeds and Feeding of Tilapia in Cages in Taal Lake. Paper presented during the 5th 
Southern Luzon Zonal Research and Development Review, Development Academy of the Philippines, Tagaytay 
City, 4–5 October 2001, as cited by Basiao (2003) (footnote 5[ii]) estimated that the average wastage of tilapia feed 
in Lake Taal was 2.6 kg (dry weight) per cage (presumably 10 x 10 x 5–7 m) per day; i.e., "624 t for one culture 
period with 2,000 units of cages." 

58 The value of plankton as a source of food to caged tilapia depends on its density and species composition. The 
Nile tilapia gut is highly acidic and adapted to the digestion of blue-green algae (cyanobacteria); it cannot digest 
green microalgae to the same extent. The composition of Lake Taal phytoplankton has been reported as 
containing significant proportions (31%) (footnote 10) or very low proportions (2.4%) (footnote 6 [v]) of blue-green 
algae. There will be considerable variation with location and season. The lake's zooplankton is typically tropical.  

59 Overturns in deep volcanic lakes are different from the low dissolved oxygen conditions that cause fish kills in 
shallow, unstratified waters with dense fish populations, such as the fish pens and cages of Laguna de Bay. In 
Laguna de Bay, the low dissolved oxygen that causes fish kills results almost entirely from the high oxygen 
demand (by the fish and other lake biota) exceeding the oxygen supply from photosynthesis (by phytoplankton) 
and from oxygen diffusion at the water's surface. Such dissolved oxygen conditions normally occur in still, hot 
weather and when photosynthesis is greatly reduced or absent, as with extensive cloud cover and at night. The 
phytoplankton then use oxygen but supply little or none. Overturns in Lake Taal occur in both hot and cold weather. 
Water with much reduced oxygen content is brought to the surface. The dense caged fish populations and the 
plankton around them (denser than in open waters) already have a high oxygen demand, which then cannot be 
met. The problem is again exacerbated at night and under heavy cloud cover, when photosynthesis is absent or 
reduced. Low dissolved oxygen also has chronic sublethal effects in suppressing fish growth, but this does not 
appear to have been studied in Lake Taal. 
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of fish lost in open waters are less easily estimated than those in cages. Table 2 summarizes 
some records of fish kills for which overturns were suspected as the main cause. The severity of 
low dissolved oxygen as a cause of fish kills and poor growth performance is exacerbated by 
other factors: poor fish health (parasitic infestation and bacterial infection) and poor water 
quality (especially elevated ammonia). The majority of cage respondents (78%) reported that 
they had experienced fish kills, which they attributed to lack of oxygen (71%), polluted water 
(59%), and diseases and parasites (31%). Most of the fish kills occurred in May (29%) and June 
(26%). 
 

Table 2: Summary Data on Significant Fish Kills in Lake Taal 
from Oxygen Depletion during Overturns 

 
Year 
(months) 

Location Fish Total Quantity 
Lost (t) 

    
1997 (June–July) Agoncillo and San Nicolas Tilapia (market size) 52 
1999 (May) Laurel Tilapia (market size) 20 
2000 (April) Cuenca Milkfish (2 fish per kilogram) 63 
2000 (April) Talisay Tilapia (market size) 2 
2000 (May) Agoncillo, San Nicolas, 

Leviste, Laurel 
Milkfish, tilapia, and various benthic 
species (sizes not given) 

>1,200 

2000 (June) San Nicolas, Pansipit River Tilapia and milkfish (and snails) 50 
2000 (August) Various Milkfish (all sizes) and tilapia (market 

size) 
>100 

Source: Mercene, Eliadora C. Fish Kill Investigation in Taal Lake. BFAR, Ambulong, Talisay, Batangas. 
Unpublished document. 

  
3. Climate and Natural Disasters 

 
66. El Niño-Southern Oscillation (ENSO) conditions have occurred in the Philippines in 
1982–1983, 1990–1992, and 1997–1998. ENSO years are typified by droughts and they usually 
have fewer typhoons than normal years, but their impacts on freshwater aquaculture are 
generally negative.60 Clearly, the main threat of a major disaster in Lake Taal is that of the 
periodic activity of the volcano (footnote 9). The eruption of Mount Pinatubo caused ash to fall 
on Lake Taal, but no serious effects were recorded. 
 
  4. Biodiversity and Alien Species 
 
67. Tilapias are alien species throughout the Philippines. They were introduced for 
aquaculture because there are no comparable native species. The introduction and use of alien 
aquatic species, and related inspections and quarantine, have long been the responsibilities of 
BFAR under RA No. 8550 (the 1998 Fisheries Code) and preexisting legislation, but lack of 
adequate resources and of lack of public awareness and concern have made effective controls 
impossible. Philippine fish farmers, institutes, and the aquarium trade introduce alien aquatic 
species in contravention of national regulations and of the international conventions and codes 

                                                           
60 The 1997–1998 ENSO caused the water level of Lake Taal to fall by 2–3 m, stranding some tilapia cages at the 

lake's margins. Cage productivity declined to about 1–2 t per cage per cropping cycle, compared with the normal 
3–4 t. About 6.5 ha of tilapia nursery ponds were affected by water shortages, with the loss of about 3 million 
fingerlings. Source: Luistro, Aida P. 1999. The Impact of El Niño on the Fisheries in the Southern Tagalog Region 
(Region 4). In Fisheries Production and the El Niño Phenomenon, edited by Herminio R. Rabanal. PCAMRRD 
Book Series No. 27/1999. Los Baños, Laguna, Philippines: Philippine Council for Aquatic and Marine Research 
and Development (PCAMRRD). p. 117–128. 
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of conduct to which the Philippines is a party.61 This situation poses potential threats not only to 
biodiversity and the natural environment but also to tilapia farming, because of the risks of 
introducing diseases and parasites. Introductions that are not officially sanctioned are rarely 
accompanied by a precautionary approach or by adequate quarantine measures. In general, 
Nile tilapia introductions have caused far fewer adverse environmental impacts than those of 
some other tilapias, but it is potentially invasive as an alien species and a potential threat to 
native aquatic biodiversity in pristine and other waters.62   
 
68. Tilapias (including Nile tilapia) have been implicated in the decline and even extinction of 
some Philippine endemic freshwater fishes, for example, some cyprinid species of Lake Lanao, 
Mindanao. Much of the literature tends to blame alien species as the sole or principal cause for 
such losses, while neglecting other major causes such as siltation (from logging of watersheds), 
pollution, overfishing, and the interactions of these factors. Nile tilapia is not known to be a 
significant predator on other fish. It eats primarily blue-green algae, other plankton, and detritus. 
It is unlikely that it could cause significant depletion or extinction of any of Lake Taal's native 
species. Moreover, the lake has only limited areas of the shallow soft bottom habitats that are 
essential as breeding grounds for tilapias. There is, however, speculation to the contrary.63 The 
possibility that Nile tilapia populations in Lake Taal pose threats to its natural biodiversity should 
be more thoroughly investigated. Lake Taal contains water hyacinth (Eichornia crassipes), an 
invasive floating weed that can seriously hamper fish cage operations, as it has in many other 
lakes. The other potentially problematical floating weed, Pistia stratiodes, is probably absent 
from Lake Taal (footnote 6[i]). Cage farmer respondents (64%) reported that tilapia escape from 
their cages. The majority (86%) believed that this had no effect on the environment. Piranha 
(30%) and sharks (28%) were the alien species that farmers feared most as potential 
introductions. 
 
I. Fish Quality  
 
69. The timing of cage harvests depends largely on destination markets. This is undertaken 
to ensure product freshness and quality on reaching the next market channel. For instance, if 
the fish are intended for local and neighboring markets, harvesting starts before dawn so they 
are available before markets open. Tilapia intended for Metro Manila markets are usually taken 
in the afternoon to consignment markets that start early in the evening. Tilapia are taken fresh 
killed, or moribund on ice, from farm gate to market. Cage respondents attribute the good 
quality of harvested tilapia to water quality (96%), genetic strain (81%), and the quality of feeds 
used (38%). Off-flavors are a well-known problem in farmed freshwater fish, particularly those 
                                                           
61 The 1993 Convention on Biological Diversity (www.biodiversity.org), ratified by the Philippines, requires parties to: 

"Prevent the introduction of, control, or eradicate those alien species which threaten ecosystems, habitats or 
species."  Responsible use and control of species introduced for aquaculture and fisheries are guided by FAO, of 
which the Philippines is a member state. They are part of the FAO Code of Conduct for Responsible Fisheries 
(http://www.fao.org/fi/agreem/codecon/codecon/asp). Prior appraisal of the possible impacts of alien species 
introductions is a major aspect of the FAO Technical Guidelines for Responsible Fisheries-Precautionary Approach 
to Capture Fisheries and Species Introductions (http://www.fao.org/DOCREP/003/W3592E/W3592E00.HTM). 
These have not yet been adequately applied in the Philippines. 

62 Pullin, Roger S.V., Maria Lourdes Palomares, Christine V. Casal, Madan M. Dey, and Daniel Pauly. 1997. 
Environmental impacts of tilapias. In Tilapia Aquaculture. Proceedings from the Fourth International Symposium on 
Tilapia in Aquaculture, edited by Kevin Fitzsimmons. Ithaca, NY: Northeast Regional Agricultural Engineering 
Service. p. 554–570. 

63 For example, Zafaralla et al. (1999) (footnote 6 [ii]) have commented: "Predation by tilapia has drawn the sinarapan 
population to extinction in Lake Buhi. Will it do the same to the tawilis?"  However, the problem alluded to in Lake 
Buhi has multiple environmental causes. Similarly, Basiao (2003) (footnote 5 [ii]) noted that important natural 
fishery resources in the Philippines, including tawilis in Lake Taal, "might have been threatened because of 
introduced species associated with cage farming." 
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raised in ponds and lakes where there is no possibility of managing the diversity and abundance 
of plankton.64 In Lake Taal, respondents perceived that no off-flavor problems exist (98%). 
There appear to be no serious human health concerns related to tilapia cage farming and 
nursery operations. 
 
J. Crisis and Coping Strategies 
 
70. In the 12 months before the present survey (i.e., mid-2002–mid-2003), the five major 
types of crisis reported by all respondents were: typhoon (75%), flood (45%), financial loss from 
livelihood occupation (41%), illness in the family (39%), and drought (20%). The others were 
death of a household member, loss of job, eviction, and fish kills. Farmers coped with these 
crises by relying on family savings (51%), obtaining loans from friends and relatives (40%), 
selling livestock (18%), getting a loan from a money lender (9%), selling household assets (6%), 
and pawning jewelry or mortgaging land (3%). Farmers are very vulnerable to external risk, 
especially natural calamities, which have severely affected their financial situations and their 
capacity to continue tilapia farming. Exposure to such risks might explain why most farmer 
respondents are caretakers.  
 
K. Outcomes 
 
71. Respondents were asked to assess their situation over time, using a baseline-
independent method.65 Comparing their situation at present with that 5 years ago, tilapia cage 
farmers perceived that they have continued to benefit from tilapia farming in terms of 
employment and positive incomes. However, while employment gains have remained favorable, 
cash incomes have declined over the period. These perceived differences were statistically 
significant,66 as were those for perceived declines in the state of natural resources, in farm 
investments, and in access to credit. Nevertheless, farmers perceived improvements in 
technology dissemination and access to information. Moreover, their incomes had enabled them 
to acquire household assets and improve their homes.  
 
72.  Nursery farmers believed that tilapia nursing had been instrumental in increasing their 
food consumption, employment, farm investments, and shelter improvements over the past 
5 years. Nursery farming was presently seen more favorably than cage farming for several 
reasons: the local demand for nursed fingerlings was very high and local production was not 
sufficient to meet it, and nursery operations were less risky and less capital intensive than cage 
farming. The survey also indicated that nursery farmers were learning new techniques to 
improve production. This shows the dynamism of the nursery operations and substantiates 
other statistically significant perceptions of nursery farmers that access to technology at village 
level had improved over that 5 years ago, and had helped new entrants to nursery farming. 
Nursery farmers shared with cage farmers the perception that the lake's resource base was 
deteriorating. Nursery farmers knew that their survival depended on stable and continuous cage 
operations.  
                                                           
64 The most common off-flavors [an earthy muddy taste from geosmin (trans–1, 10–dimethyl–trans–(9)–decalol) and 

a musty taste from 2–methylisoborneol] are acquired by fish from a wide variety of bacteria, especially blue-green 
algae. Source: Tucker, Craig S. 2000. Off-flavor Problems in Aquaculture. Reviews in Fisheries Science 8(1): 45–
88. 

65 The baseline-independent method was drawn from Pomeroy, Robert, Richard Pollnac, Brenda Katon, and Canesio 
Predo. 1997. Evaluating Factors Contributing to the Success of Community-Based Coastal Resource 
Management: The Central Visayas Regional Project I, Philippines. Ocean and Coastal Management Journal 36(1–
3): 97–120.  

66 The test of means was the statistical method used. The difference between the two periods being compared was 
statistically significant (p<0.01) at the 1% level.  
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73.  Cage farmers felt that technology dissemination, its adoption in the villages, and 
household shelter improvement will continue to improve over the next 5 years. They expect the 
resource base to continue to deteriorate, but are hopeful that tilapia farming will remain a major 
source of employment for their families. Nursery farmers are very optimistic that tilapia nursing 
will continue to improve their overall food and tilapia consumption, provide additional 
employment and cash incomes, and increase their capacity to invest in tilapia farming. They 
also expect that access to tilapia technology will further improve, with increased adoption in their 
respective communities. 
 
L. Conclusions  
 
74. Tilapia cage farming in Lake Taal, Batangas contributes to reducing poverty by providing 
direct employment: for cage farmers and caretakers, for those working in the lakeside nurseries 
that supply tilapia seed to the cages, and in fish handling and marketing and fish feed supply. 
Cage farmer respondents continue to earn their incomes and gain additional employment from 
tilapia farming, but their current income benefits have declined compared to those 5 years ago. 
Respondents from nursery farms said that they were better off now than 5 years ago in terms of 
food consumption, employment, investments, and home improvements, but were well aware of 
their dependence on the continuation of the cage growout operations. Both types of 
respondents believed that tilapia farming would remain their primary source of livelihood for the 
next 5 years. In addition, they expected continuous improvements and access to tilapia 
technology and adoption.  
 
75. For both cage growout of tilapia and associated nurseries, access to livelihood assets, 
together with robust markets (input, output, and labor markets), available services and 
infrastructure, and supportive policies and institutions, are vital factors for success. The main 
factor that initiated and caused the rapid expansion of tilapia cage farming in the lake was its 
provision of water space owned by the Government and, therefore, available for occupation by 
would-be tilapia farmers that had no land. Moreover, the lake water was of good quality for 
tilapia cage farming, apart from ever-present risks of volcanic activity, overturns of noxious deep 
waters to the surface, and typhoons—risks that farmers appear willing to carry for want of other 
opportunities to farm fish. However, the expansion of cage farming in the lake has been largely 
unconstrained by attempts to limit entry and to manage cage farming in concert with the other 
uses of the lake, principally fishing and tourism. The very success of cage farming in Lake Taal 
threatens its future because of overcrowded cages, declining water quality, fish kills, and poor 
feed conversion efficiency that all contribute to worsening harvests and eroded profit margins. 
These problems are, however, beginning to be addressed though improved policies and 
management to reduce the numbers of and areas occupied by cages to sustainable limits and 
to lessen conflicts.  
 
76. Cage farming of tilapia in Lake Taal is an important contributor to keeping tilapia prices 
stable, thus helping to make tilapia more affordable to poor consumers. Lake Taal tilapias have 
a high reputation for quality. It is important that their contributions to rural and urban food 
security be maintained. Well-sited and well-managed tilapia cage farms and nurseries merit 
strong efforts to safeguard their future against further mismanagement, environmental 
deterioration, alien species, fish diseases, fish kills, and rising feed costs. Only if these 
manageable risks can be addressed effectively can cage farming operations in Lake Taal be 
sustainable and sufficiently profitable to withstand the inevitable occasional losses from adverse 
natural events. 
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