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CASE STUDY 5: 
FARMING TILAPIA IN PONDS IN CENTRAL LUZON, PHILIPPINES 

 
A. Background 
 

1. Scope and Purpose 
 
1. This case study was prepared 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 ways in which the poor can benefit.1 The 
history, biophysical, socioeconomic, and institutional characteristics of Central Luzon are 
described, followed by accounts of the technology and management of tilapia farming, with 
detailed profiles of fish farmers and other beneficiaries. Transforming processes are then 
discussed with respect to markets, institutions, support services, policy and legal instruments, 
natural resources management, and environmental issues.  
 

2. Methods and Sources  
 
2.  The following methods were used: (i) review of secondary documents; (ii) semi-
structured interviews with key informants from government agencies, nongovernment 
organizations, academic personnel, small- and large-scale tilapia farmers, input suppliers, and 
traders; (iii) a survey of 248 households—124 adopters (tilapia farmers) and an equal number of 
nonadopters, i.e., small-scale rice farmers; and (iv) triangulation. Survey sites were selected 
using the following criteria: (i) existence of tilapia farming in ponds; (ii) being representative of 
small-scale operations;2 (iii) stable peace and order conditions that allow unhindered and 
authorized access; and (iv) inclusion of agroecological zones that typify irrigated and 
nonirrigated areas, to account for resource variations.3 
 
3. Presurvey activities covered site reconnaissance and rapid appraisal, pretesting and 
revision of the household survey instrument, preparation of the sampling frame, training of field 
enumerators, and a survey dry run and its feedback. The survey took place in Nueva Ecija and 
Pampanga provinces on 13 July–23 August 2003. The tilapia farmers were selected randomly 
from a list of tilapia farms in Central Luzon from the Bureau of Fisheries and Aquatic Resources 
(BFAR).4 The nonadopters were drawn randomly from the most recent lists of rice farmers 

                                                           
1 B. Katon led a survey of farm households in Central Luzon. N. Bestari, P. Edwards, B. Katon, A. Morales, and R. 

Pullin collaborated on the methodology, information analyses, and preparation of the report.  
2 Tilapia farming has hatchery/nursery operations for supplying seed (fry and fingerlings) and growout operations in 

which fish are raised to market size. For this study, small-scale operations were defined as those using ponds of 
1 ha or less for tilapia growout; and for nonadopters, rice farms of 3 ha or less. 

3 The study provinces were Pampanga and Nueva Ecija, major producers of freshwater tilapia in Central Luzon. The 
survey sites included 10 municipalities with small-scale operations. In Nueva Ecija, these included (i) Aliaga, 
(ii) Guimba, (iii) Muñoz, (iv) Quezon, (v) Talavera, and (vi) Cabiao. In Pampanga, the sites were (i) Porac, (ii) Sta. 
Rita, (iii) Guagua, and (iv) Floridablanca. Half of all these sites were predominantly rainfed and half were largely 
irrigated. The sample size of 124 tilapia farmers was based on a reliability/confidence level of 95% and a sampling 
error of 10%. Likewise, 124 nonadopters from Nueva Ecija and Pampanga were interviewed to facilitate a 
comparative analysis of tilapia farmers and nonadopters, making a total of 248 respondents from both groups. The 
sampling method used was proportional stratified random sampling.  

4 Source: BFAR, Region 3 Office.  
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provided by the Municipal Agriculturist Office in various municipalities.5 Differences between the 
two groups and between time periods were tested for statistical significance.6 
 

3. History 
 
4.  Central Luzon, known as Region III, comprises the seven provinces of Aurora, Bataan, 
Bulacan, Nueva Ecija, Pampanga, Tarlac, and Zambales. Pond farming of tilapia began here in 
the 1950s, following introduction of the Mozambique tilapia (Oreochromis mossambicus), which 
did not perform well. Nile tilapia (O. niloticus) was first introduced in the early 1970s and hailed 
by farmers and consumers as a much better fish for farming. Supported by national and 
international research and technology development, tilapia farming in the Philippines expanded 
rapidly, with Central Luzon ponds (especially those in Pampanga, Bulacan, and Nueva Ecija) 
the main source of production since the 1980s. National tilapia production from freshwater 
ponds increased from 13,874 metric tons (t) in 1985 to 65,968 t in 2002, with Central Luzon 
expanding its share from 75% to 87% over this period.7  
 
B. Biophysical Characteristics 
 

1. General Characteristics of Central Luzon 
 
5. Central Luzon is an agricultural region of 21,366 square kilometers (km2). In 2002, it 
contributed about 17% of the Philippines' total production of rice. Its rice lands comprise 13.7% 
of the country's total of 4.05 million hectares (ha).8 It contributes significantly to maize, fish, and 
vegetable production. Central Luzon contains the Philippines' largest areas of contiguous 
lowlands, bordered by the Sierra Madre to the east and the Zambales mountains (including 
Mount Pinatubo) to the west. Forest cover is low (<16%). Conversion of agricultural land for 
human settlements, recreational, and industrial purposes is increasing. In the south of the 
region (Bataan and Bulacan) industrialization has increased, with expansion of Metropolitan 
Manila into these provinces. 
 
 
 
 

                                                           
5 The choice of rice farmers as nonadopters was based on the finding, during the reconnaissance, that many tilapia 

farmers were formerly rice farmers who had converted their rice lands into tilapia ponds. Thus, those rice farmers 
who had continued to plant rice, but had not grown tilapia, were considered nonadopters for survey purposes and 
were selected randomly from the same villages from which the tilapia farmers were drawn. 

6 The Statistical Package for Social Sciences was used to generate descriptive statistics (frequency counts, 
percentages, and means) as well as inferential statistics (t-test and chi-square [χ2]) for analyzing survey data. The 
paired t-test was used for testing the significance of differences between two time periods (e.g., 5 years ago versus 
present); the independent sample t-test was used for testing the significance of differences between two 
independent samples (e.g., adopters versus nonadopters). For qualitative variables, chi-square was used for 
testing the hypothesis of independence between samples of respondents. Statistically significant differences 
existed if the level of significance was less than 5% or 1% (p<0.05 and p<0.01). 

7 In 2002, freshwater tilapia ponds in Pampanga produced 43,411 t. This was a 48% increase over 2001 and 
comprised 66% of total national tilapia production from freshwater ponds (65,968 t) and 36% of all national tilapia 
production from aquaculture (122,316 t). The corresponding 2002 harvests from ponds in the other Central Luzon 
provinces were: Bulacan, 5,900 t; Nueva Ecija, 5,241 t; Tarlac, 2,217 t; Aurora, 465 t; Bataan, 315 t, and 
Zambales, 77 t. This gives a total of 57,626 t for Central Luzon. Bureau of Agricultural Statistics, Department of 
Agriculture. 2003. Fisheries Situation. Vol. 7, No. 10. January–December 2002. Quezon City.  

8 In 2002, Nueva Ecija was the province with the largest rice area harvested (239,127 ha) and the largest production 
in Central Luzon and in the country (968,754 t). Philippine Rice Research Institute. 2003. Rice Statistics. 
http://www.philrice.gov.ph. 
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2. Waters 
 
6. Central Luzon contains one major river basin, that of the Pampanga River (9,579 km2; 
annual run-off, more than 10,000 million cubic meters [m3]). There are about 40 other significant 
rivers. Surface waters in the Philippines are broadly classified as (i) public water supply; 
(ii) recreational; (iii) fishery water (including aquaculture); and (iv) agriculture, irrigation, livestock 
watering, etc. Note the overlap (iii and iv) here with respect to pond farming, if irrigation water is 
used. Many of the rivers and streams of Central Luzon dry up or have low flow rates in the dry 
season. They are not well monitored for water quality and their classification depends largely 
upon sporadic and out-of-date measurements. The limited data available9 suggest that most 
rivers (25) are "nonpolluted," others (12) "slightly polluted," and 5 "dead," but these data are out 
of date and probably optimistic.  
 
7. Central Luzon has no large lakes and only two large reservoirs: the Angat dam in 
Bulacan and the Pantabangan dam in Nueva Ecija. The latter irrigates about 94,300 ha of 
farmlands and the Angat dam, 31,485 ha. The Candaba swamp, Pampanga (5,040 ha), is an 
important wetland for fisheries and aquaculture in Central Luzon. Its annual flooding restricts 
some of fishpond operations there to one crop per year. The Candaba swamp is also largely 
used for rice farming in the dry season.  
 
8. Annual rainfall in Central Luzon is close to 2 meters (m) and run-off exceeds 1 m. 
Central Luzon is classed as a "favorable" groundwater area.10 It has large "lowland" 
groundwater resources and volcanic groundwater basins in Bataan and Zambales. Alluvial 
deposits cover about 35,000 km2 and the river valleys are covered with dense, irregular deposits 
up to 200 m deep. Annual recharge to unconsolidated lowland aquifers is from 0.3 to more than 
1 m. They provide seasonally abundant, high-quality groundwater at a rate of 10–260 m3/hour. 
There are more than 2,000 small farm reservoirs in Central Luzon, with average size of about 
1,000 m2. They have potential for tilapia farming,11 but their main function is supplementary 
irrigation of ricefields in the dry season. 
 
9.  Published regional and provincial data on the distribution of fishponds by size are not 
available. An indicative estimate derived from BFAR’s list of tilapia farms in 2002 revealed that 
freshwater ponds of 1 ha and less accounted for about 34% of the total water surface area of 
4,745 ha at the present study sites in Pampanga and Nueva Ecija.12 Small-scale pond farmers 
outnumbered large-scale pond farmers (79% versus 21%). Larger ponds are found in parts of 
Pampanga, particularly in Candaba, Macabebe, San Luis, Bacolor, and Sta. Ana, among other 
municipalities. 
                                                           
9 Current literature includes 

 (i) Pinlac, Estelito M., and Cesar S. Siado, Jr. 1998. Status of Philippine Rivers and Water Quality Standards. In 
Riverine Resources in the Philippines, edited by Rolando B. Eda, Eduardo V. Manalili, and Loureeda C. Darvin. 
Los Baños, Laguna: Philippine Council for Aquatic and Marine Research and Development. p. 15–44. 

(ii) Department of Environment and Natural Resources (DENR). 1997. The Philippine Environmental Quality 
Report 1990–1995. Quezon City: Environmental Management Bureau, DENR.  

10 Torres, Aniano D., and Hernando P. Quiazon. 1997. Groundwater in the Philippines. In Groundwater Resources, 
Utilization and Management in the Philippines, edited by Eduardo B. Manalili, Adelaida T. Calpe, and Loureeda C. 
Darwin. Los Baños, Laguna: Philippine Council for Aquatic and Marine Research and Development. p. 1–15. 

11 Current literature includes 
(i) Torres, Lillia D., Janet O. Saturno, and Redel Gutierrez. 2002. Tilapia Culture in Small Farm Reservoirs. Muñoz, 

Nueva Ecija: Central Luzon State University. 
(ii) Gutierrez, Redel L., Janet O. Saturno, and Lilia D. Torres. 2002. Water Quality Analysis and Utilization of Small 

Farm Reservoirs (SFRs) for Aquaculture in Region III. Muñoz, Nueva Ecija: Central Luzon State University. 
75p. 

12 The Bureau of Agricultural Statistics estimated the total tilapia farm area in Central Luzon in 2002 at 6,500 ha.  
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10. The surface water and groundwater of Central Luzon are of generally good quality for 
tilapia farming. Most are moderately hard (average total hardness, 81.41 milligrams per liter 
[mg.l-1]). Heavy metal contamination is well within safe limits for fish and consumers. During the 
last decade, the promotion of integrated pest management has lessened some of the profligate 
use of pesticides and herbicides. The extent to which these pollute surface waters will vary 
according to future pest and disease challenges and chosen control measures. The water 
quality in fishponds, small farm reservoirs, and other waters used for tilapia farming varies 
greatly with the intensity of operations (fish stocking density, feed, and fertilizer inputs) and local 
sources of pollution. 
 
C. Socioeconomic and Institutional Perspectives 
 

1. Poverty 
 
11.  The annual per capita poverty line in Central Luzon in 2000 was P13,843 ($314 at 
$1=P44.10 in 2000), requiring a family of 6 to have a minimum annual income of P83,058 to 
meet food and nonfood needs. The proportion of families living below the poverty line in Central 
Luzon increased from 14% to 17% in 1997–2000.13 These income-based poverty measures do 
not reveal the circumstances faced by poor farmers or the operating environment of their 
livelihood. In general, the rural poor are dependent on agriculture, have low educational levels, 
and have poor access to credit. Smallholders, leaseholders, and tenants are included among 
the rural poor. Those whose incomes are precariously above the poverty line are vulnerable to 
economic shocks. 
 
12. The samples of small-scale farmers in the present survey contained higher proportions 
of poor households than the regional average. Roughly 43% of the tilapia farmers and 71% of 
nonadopters were below the provincial poverty line (Table 1). 
 

Table 1: Distribution of Poor and Nonpoor Household Respondents in Central Luzon, 
Based on Income from All Sources in 2002 

 
Annual Household Income Tilapia Farmers Nonadopters All 
From All Sources (P) No. % No. % No. % 
       
Less than P83,058  49 39.5 85 68.5 134 54.0 
83,058–88,530a 4 3.2 3 2.4 7 2.8 
88,531–90,000 6 4.8 1 0.8 7 2.8 
90,001–100,000 9 7.3 4 3.2 13 5.2 
100,001–150,000 13 10.5 10 8.1 23 9.3 
150,001–200,000 2 1.6 8 6.5 10 4.0 
200,001–250,000 6 4.8 8 6.5 14 5.7 
250,001–300,000 16 12.9 1 0.8 17 6.9 
300,001–500,000+ 19 15.4 4 3.2 23 9.3 

Total 124 100.0 124 100.0 248 100.0 
       

a The poverty line in Nueva Ecija and Pampanga is P88,530 per year for a family of six. For Central Luzon 
as a whole, it is P83,058 per year. 

 

                                                           
13 National Statistical Coordination Board. 2003. Poverty Statistics. http://www.nscb.gov.ph/poverty.  
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2. Demographic and Social Attributes 
 
13.  The 2000 Philippine Census of Population and Housing indicated that Central Luzon 
was the third most populated region in the Philippines in 2000, with 8.0 million people. Its 
population grew at 2.6% annually (1995–2000), surpassing the national rate of 2.1%. Population 
density was 422 people per km2, up from 340 people per km2 a decade earlier. Males (50.4%) 
slightly outnumbered females (49.6%) in 2000. The 15–59 years age bracket comprised 59% of 
the population, the 0–14 age bracket 35%, and the 60 years and older group only 6%. Literacy 
was generally high at 95%. Most households (87%) depended on electricity for lighting and had 
access to piped water (96%) for drinking and cooking. About 76% of households owned their 
housing units.  
 

3. Human Health and Nutrition  
 
14.  Fish are not only an important source of animal protein in human diets, but also of 
micronutrients (vitamins and minerals) and healthy lipids. In Central Luzon, the average annual 
intake of fish in 1993 (latest statistics available) was about 28 kg per person,14 but regional data 
did not reflect the types of fish consumed. Cereals (124 kg) and vegetables/fruits (78 kg) 
dominated food intake. Milk products and meat accounted for 27 kg and 16 kg per person per 
year, respectively. On average, the daily energy intake (1,758 calories) and the daily protein 
intake (51 g) per person were close to the national averages. 
 
15.  Consumption of Tilapia: Tilapia Farming Households versus Nonadopters. The 
survey of 124 tilapia farming households and 124 nonadopter households for this study 
indicated that tilapia is an important fish in the diets of tilapia farming households and 
nonadopters alike. The main reasons given for eating tilapia were taste, freshness, availability, 
and low price. Other reasons included the presence of few fish bones,15 familiarity with the fish, 
and perception of a healthy alternative to meat. Given the proportion of poor, small-scale farm 
households (Table 1), the survey shows that tilapia farming provided nutritional benefits to poor 
households. Food accounts for roughly 52% of the total household expenditures of the poor;16 
thus, these poor people have gained from the availability of tilapia as an affordable food fish. 
 
16.  Consumption of Tilapia and Nonfish Items. In 2002, the most frequent average 
consumption of tilapia by respondent households was 3 days a week, and the least frequent 
consumption was 2 days a week. Given these frequencies and the mean size of 5 fish per kg 
(200 grams per fish), annual tilapia consumption would be 21–31 kg per person at tilapia 
producing sites, if tilapia were eaten every week. In 2003, about 85% of all respondent 
households ate tilapia 1–4 days a week (the reference period was the 7 days before interview). 
The mean consumption frequency was 3 days a week. Almost half of the households preferred 
a size of 5–6 fish per kg largely due to equity considerations (one fish per household member). 
Others chose larger sizes because these had more flesh and were easier to clean. Only 10% of 
the households preferred smaller tilapia (7–8 fish per kg). The correlation between fish size and 
poor households was weak (p>0.05), implying that poor households did not necessarily opt for 

                                                           
14 Food and Agriculture Organization (FAO) of the United Nations. 2001. Nutrition Country Profiles: Philippines. 

Rome. The profile drew its consumption statistics from the 1993 National Nutrition Survey of the Philippines.  
15 Tilapias belong to the fish family Cichlidae, the species of which (unlike carps, milkfish, and other widely farmed 

freshwater species) have no intramuscular bones in the somatic muscles used for fillets, which are, therefore, 
completely bone free.  

16 In the absence of official data, the indicative share of food in the household expenditures of the poor can be 
inferred from the percentage spent on food by households in poor Philippine provinces. See 
http://www.nscb.gov.ph/poverty 
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smaller fish. Tilapia farmers and nonadopters shared similar preferences. The survey indicated 
that in 2003, households consumed vegetables more frequently (5 days a week) than milk, 
eggs, and meat. On average, they consumed milk and eggs on 3.0 days a week, and meat on 
2.6 days a week. The frequent consumption of vegetables is not surprising; farmers at the study 
sites also grow vegetables.  
 
17.  Months with Inadequate Food. Two thirds (67%) of the respondents experienced food 
deficits in 2002. The most difficult months were August (43%) and September (38%). These 
months coincided with the completion of major farming activities (pond preparation, rice 
planting, etc.), marked by an absence of income and a slackening of on-farm employment. They 
also coincided with the occurrence of typhoons in this area. Food deficits were significantly 
longer for nonadopters than for tilapia farmers (2 months versus 1 month).  
 
D. Technology and Management 
 

1.  Genetic Improvement of Tilapia  
 
18. Since the late 1980s, substantial research and technology development for genetic 
improvement of farmed tilapia have been undertaken on the campus of Central Luzon State 
University (CLSU) at its Freshwater Aquaculture Center (FAC) and at the adjacent National 
Freshwater Fisheries Technology Center (NFFTC) of BFAR.17 Tilapia genetic improvement has 
become a highly dynamic and competitive field of research and private enterprise. Central 
Luzon tilapia farmers now have access to a wide range of tilapia strains, produced by public 
agencies, public-private partnerships, private corporations, and small-scale hatcheries. 
Increasingly, the developers of tilapia strains are entering into agreements with other hatcheries 
to become accredited suppliers. These agreements are often accompanied by technical support 
services to encourage customer loyalty.18 
 
 
 
 
 
 
 

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

ADB under 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. The 
initiatives on research, development, and dissemination of GIFT (1988–1997) were supported by ADB and UNDP, 
and implemented by the International Center for Living Aquatic Resources Management (ICLARM, Manila) in 
partnership with Philippine agencies and institutes (BFAR, CLSU, and the University of the Philippines Marine 
Science Institute) and with other partners, principally AKVAFORSK of Norway (http://www.akvaforsk.no). 
Development of new strains of tilapia continues, with extensive use of genetic material derived from these projects; 
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). To date, there is no standard strain nomenclature and no independent 
strain certification. The result is a confusing mixture of marketing claims. BFAR distributes its seed and broodstock 
to BFAR multiplier stations and to affiliated private hatcheries that are encouraged to breed their own fish and to 
feedback information and superior breeding material. Genomar Supreme Philippines 
(http://www.genomar.com/supreme.asp) holds eight current members of its preferred partner hatchery network (six 
hatcheries in Central Luzon) to contracts that preclude the unauthorized breeding of strains other than its GST 
strain. These Genomar partner hatcheries distribute only all-male, sex-reversed tilapia seed to farmers.  

18 Technical services include training, performance monitoring, on-site consultation, and sharing of good practices.  
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 2. Seed Supply  
 
19. Tilapia seed (fry and fingerlings)19 is raised from captive broodstock in hatcheries and 
nurseries, which may be on the same premises. In Central Luzon, hatcheries nurse fry to 
fingerlings and there is no significant nursery subsector. Nile tilapia are sexually mature within 
6 months and are easy to breed. Their courtship behavior and spawning require a surface upon 
which the female deposits eggs. The eggs are fertilized externally by release of sperm from the 
male and immediately 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. 
 
20. There are two other basic characteristics of tilapias that are of great importance for seed 
supply and growout. First, their prolific breeding in ponds can lead to unpredictable harvests, 
including significant quantities of undersized fish. Second, the males grow faster than females. 
These two factors led to decades of research on how best to produce all-male tilapia seed. 
From a wide range of possible methods,20 so-called "sex reversal" is by far the most widely 
practiced. It requires that the feed given to swim-up fry in the first 25–30 days contain an 
androgenic hormone (usually methyltestosterone) and results in 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. Hatchery reputations depend upon 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.21 Another approach to mass production of all-male 
tilapia seed was pioneered at the University of Wales Swansea, United Kingdom, and further 
developed in collaboration with FAC/CLSU in 1991–199422 and subsequently with the 
commercial company FishGen.23 
 
21. There are at least 142 tilapia hatcheries in Central Luzon, of which 53 are in Pampanga 
and 45 in Nueva Ecija. Official statistics are not available on the seed production of these 
hatcheries but, based on key informant interviews, monthly production per hatchery ranges from 
100,000 fingerlings for smaller hatcheries to more than 5 million fingerlings for larger 

                                                           
19 BFAR uses a nationwide system of size (and price) categories for its tilapia seed. The code numbers used are 

based upon 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 P0.15–0.25, respectively, in 2000. "Size 17" fingerlings 
(0.468–1.200 g) and "size 14" fingerlings (1.30–2.96 g) cost P0.35–0.45. These prices pertain to the GET 2000 
fingerlings of BFAR, effective 14 August 2000.  

20 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. 

21 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. 

22 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, U.K., School of Biological Sciences, University of Wales Swansea. Using an Egyptian strain of Nile 
Tilapia developed at the University of Wales Swansea, this project successfully produced YY males and females.  

23 Available: http://www.fishgen.com 
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hatcheries.24 In 2003, the eight Genomar-accredited hatcheries jointly produced 20–40 million 
fingerlings per month. The NFFTC hatchery in Central Luzon produces about 96 million 
fingerlings per year.25  

 
3. Growout  

 
22. Reasons for Engaging in Tilapia Farming. For the majority (71%) of tilapia farmers 
surveyed, profitability was the main driving force, highlighting the role of tilapia in generating 
cash income for the household rather than food for home consumption. Other motivating factors 
cited were the influence of other farmers (31%) and extension workers (20%). To some extent, 
advice from family members and observation of other tilapia farms also influenced decision 
making.  
 
23.  Barriers to Starting Tilapia Farming. Both tilapia farmers and nonadopters considered 
that the most formidable barrier to starting tilapia farming was the lack of capital (57%) for 
financing pond construction and operating expenses. Seen as further deterrents were high input 
prices, particularly of feeds (16%); unsuitable farm location, i.e., flood prone and no access road 
(9%); fear of bankruptcy (6%); lack of technical expertise (4%); unreliable water supply (4%); 
limited land (2%); and low farm gate price of tilapia (2%). 
  
24.  Tilapia Farming Practices. Nearly all respondent small-scale tilapia farmers (96%) 
raised at least one crop of tilapia in 2002. Fewer farmers (72%) had a second cycle of tilapia, 
due largely to inadequate water supply during the dry season. (Even if tilapia farmers had water 
pumps, the amount of water that could be drawn was less during the dry season than during the 
rainy season). The most common fingerling size used for stocking was size 22 (footnote 19). 
These cycles typically last about 4 months. A third cycle was possible in Pampanga as reported 
by 6% of the respondents, but the growing period was relatively short (3.0–3.5 months). Some 
farmers used relatively large fingerlings (sizes 17 and 14) during the third cycle to reduce 
mortality and shorten the growing period. In Pampanga, farmers procured their fingerlings from 
local hatcheries (70%) as well as from Nueva Ecija and Bulacan. In Nueva Ecija, almost all 
farmers purchased their fingerlings locally. The months for raising tilapia varied, but most 
                                                           
24 The estimated demand for tilapia fingerlings in Central Luzon is 227–455 million fingerlings per cycle, derived by 

multiplying a mean stocking density of 70,000 fingerlings per hectare (based on survey results) by the total 
fishpond area (low assumption of 50% and high assumption of 100% utilization of 6,500 ha). The annual demand 
for fingerlings in Central Luzon could be 454–910 million. 

25 Source: National Freshwater Fisheries Technology Center, BFAR.  

Small tilapia hatchery using hapas (nets/cages) Large tilapia hatchery using concrete tanks 
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farmers stocked their ponds in January/February as well as in August/September so their 
harvest would coincide with religious events (particularly Holy Week in March or April), town 
fiestas, and other festivities.  
 
25. Freshwater tilapia ponds can be conveniently divided into three size groups: ponds of 
less than 1,000 m2, 23% of all ponds surveyed;26 ponds of 1,000–5,000 m2, 43%; and those of 
5,001–10,000 m2, 34%. Ponds had a mean water surface area of 0.50 ha and a depth of 1.5–
2.0 m. The stocking density was 6–7 fingerlings per m2, close to the BFAR-recommended 
stocking densities of 9–15 fingerlings per m2 for intensive aquaculture (total reliance on 
commercial feeds) and 4–8 fingerlings per m2 for semi-intensive aquaculture (fertilization plus 
supplemental feeding). The survival rates were 71–82%. Most farmers (62%) used SRT, which 
generally had better growth and feed conversion, and often came with advisory services from 
better-organized hatcheries. BFAR does not sell SRT, but BFAR-registered hatcheries may 
produce SRT as an option. For the BFAR GET strain, sex reversal increases the retail cost by at 
least P0.10 per fingerling, according to some hatchery operators. 

 
26.  The most popular tilapia strains at the sites surveyed were the BFAR GET strain (64% of 
responses) and Genomar Supreme Tilapia (28%). Genetically male tilapia and other strains 
accounted for the balance (8%).27 On the choice of strain, most tilapia farmers (91%) placed a 
premium on fast growth. The price of fingerlings was secondary. Other factors that influenced 
the choice of strain were proximity of the hatchery, advice from the supplier of fingerlings, and 
advice from other farmers. Having a choice of strain was seen as important (50%) to very 
important (45%). About half indicated that they would purchase tilapia seed based only on 
claims about its performance whereas about half would not, suggesting differences in level of 
risk aversion among farmers. 
 
27.  The majority of tilapia farmers (68%) preferred to feed their fish with commercial feeds 
(intensive tilapia farming). The extent of dependence on commercial feeds was more 
pronounced in Pampanga than in Nueva Ecija (79% versus 58%) due, in part, to existing credit 
lines with feed suppliers. Only a quarter of the farmers (27%) combined the use of commercial 
feeds, pond fertilization, and feeding with rice bran, and very few (2%) relied solely on natural 

                                                           
26 These backyard ponds were more common in Nueva Ecija than in Pampanga (37% versus 8%) and usually 

provided secondary income to rice farmers. 
27 This survey finding applies to small-scale tilapia farms. Key informants from large-scale farms outside the study 

sites reported the use of FAST, Genomar Supreme Tilapia, and other tilapia strains. 

Backyard tilapia pond and rice farm Large tilapia ponds in Pampanga 
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production of pond plankton to feed their fish. Overall, the mean feed conversion ratio28 for 
semi-intensive ponds was 1.1, and for intensive ponds, 1.3. Farmers fed their tilapia twice (31%) 
or three times a day (62%). Feeds comprised the main cost component—about 72% of the total 
variable cost of production for intensive tilapia farming—and comprised mainly imported 
ingredients, especially fishmeal. Lowering tilapia feed costs and improving feeds are major 
issues, together with the search for suitable substitutes for fishmeal. 
 
28.  Most tilapia farmers (92%) reported that they used fertilizers largely for basal application 
to their ponds, and 76% used inorganic fertilizers, such as urea and ammonium phosphate, 
which could be purchased at the town centers more readily than the organic fertilizers (mainly 
chicken manure) used by some (22%). A few tilapia farmers (2%) did not use any fertilizers at 
all, believing that their pond soil was fertile enough and relying on commercial feeds. They also 
perceived that fertilization could lead to off-flavors in harvested fish.  
 
29.  Complete harvesting of a pond was the most common practice (72%) for tilapia destined 
for sale. Partial harvesting, where harvesting is done more than once regardless of fish size, 
accounted for the remainder of tilapia farmers. Selective harvesting, where size selection 
matters and where harvesting takes place more than once, was the least common practice 
(10%) among farmers.  
 
30.  Unwanted Tilapia Breeding in Growout Ponds. About half (52%) of the surveyed 
tilapia farmers had not experienced tilapia breeding in their growout fishponds, but for the 
remainder (48%) the extent of unwanted breeding was substantial. This resulted in slower fish 
growth and smaller fish, attributed largely to overcrowding in the pond and the presence of 
slower-growing female tilapia.  
 
31.  Yields, Sales, Production Cost, and Net Income. The average tilapia yields recorded 
were 7.8 t and 8.8 t per hectare (ha) for the first and second crop cycle, respectively. For a two-
crop cycle in 2002, the average gross income per ha was approximately P656,734 (Table 2), at 
a mean farm gate price of P42.45 per kg. Expenses per ha for a two-crop cycle were P421,346: 
72% on feeds; 11% for fingerlings; 7% labor; diesel, water, and other expenses, 6%; and 
fertilizer and chemicals, 4%. Total net income was about P235,388 per ha, much higher than 
the average P57,869 per ha from two-crop rice farming. 
 
32.   The annual net income (P56,619—108,505) from tilapia farming, however, was lower 
than that on a per-ha basis because farmers’ ponds had an average water area of 0.5 ha per 
crop and only about 70% had a second crop. The others had inadequate water supply in the dry 
season due to weak water pressure. Inadequate water for a second crop was also an issue for 
small-scale rice farmers. The annual net income of rice farmers in 2002 was P29,499—77,524. 
The farm gate price of paddy rice per kg was P8.50–8.92. On average, rice yields were 4.0 t 
and 4.7 t per ha for the first and second crop, respectively. 
 
33. Tilapia farming contributed an average of 39% of the total income of farmers’ 
households. Small-scale tilapia farmers sold about 91% of their harvests, confirming tilapia as a 
cash crop. The rest was given away (5%) or consumed (4%). Respondents felt that sharing part 
of the tilapia harvest and fostering good community relations were important. Rice contributed 
66% of total household income of nonadopters. These farmers sold on average 60% of their 
rice, with 21% consumed in their households, 6% given away, and 13% saved as seed for the 
next crop. 
                                                           
28 FCR = weight of feed given: weight of fish harvested. 
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Table 2: Comparative Net Incomes per Hectare in 2002 from Tilapia Ponds 
and Rice Farms in Central Luzon (P) 

 
Cycle/Crop Mean Gross 

Income per 
Hectarea 

Mean Production 
Cost per Hectare  

Net Income 
per Hectare  

    
Tilapia Pond    
 First 336,582 212,729 123,853 
 Second 320,152 208,617 111,535 

Total 656,734 421,346 235,388 
    
Rice Farm    
 First 39,205 17,107 22,098 
 Second 47,875 12,104 35,771 

Total 87,080 29,211 57,869 
    

P = Philippine pesos. 
a Includes both cash and noncash income. Noncash income, or the monetary equivalent of 

fish that were either consumed or given away, accounted for 9%. In the case of rice 
farmers, the mean cash income from the sale of paddy accounted for 60%, and noncash 
income or monetary equivalent of rice consumed, given away, and saved as seed, 40%. 

Source: Special evaluation study survey of 248 farms.  
 
34.  Farmers' Problems and Future Plans. The most common problems of tilapia farmers 
were: (i) high feed prices (88%); (ii) high fertilizer prices (73%); (iii) declining net profits (72%); 
(iv) high cost of pond construction (65%); and (v) presence of tilapia predators, such as Channa 
striata (snakehead), Clarias spp. (catfish), and bullfrogs (54%). Nonadopters cited high fertilizer 
prices, insufficient water supply, pests and diseases, dwindling profits, destructive typhoons, 
and floods as constraining their rice farming operations. Most tilapia farmers were optimistic 
about their future operations: 59% planned to continue and 15% to expand operations due to 
attractive financial returns; however, 16% were uncertain about the future and 10% planned 
either to discontinue or to reduce their operations because of fish kills and financial losses. Most 
nonadopters (52%) did not see themselves engaging in tilapia aquaculture in view of perceived 
risks and their limited financial resources. About 20% of them were undecided but the remainder 
were open to venturing into tilapia farming.  
 
35. Tilapia farmers perceived the following as being the principal threats to tilapia farming: 
(i) declining farm gate prices of tilapia29 amid rising feed costs (43%); (ii) increasing number of 
tilapia growers (9%); (iii) water pollution (4%); (iv) lack of unity among small operators (4%); and 
(v) climatic change (2%). Financial losses and price monopoly by traders were mentioned by 
1% each. In Nueva Ecija, poisoning of tilapia by unfriendly people was an issue. The rest did not 
perceive any threats. Nonadopters shared broadly the same views on threats.  

 
4. Fish Health  

 
36.  Tilapia farming in the tropics is relatively free from serious disease problems and the 
hatchery and pond growout operations of Central Luzon fit this general pattern. Most fish 
mortalities are caused by adverse environmental conditions and poor husbandry and not by 
parasites or pathogens. Among the tilapia farmers, 32% reported fish kills, which occurred more 
frequently in the hot months of March, April, and May. Fish kills were higher in Pampanga than 

                                                           
29 The farm gate price per kg of tilapia at the special evaluation study sites declined from P51 to P42 in 1998–2002. 

Feed prices increased from P15 to P17.2 per kg over the same period, i.e., from P375 to P430 per 25-kg bag. 
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in Nueva Ecija (50% versus 13%). The Pampanga farmers attributed fish kills to the lack of 
dissolved oxygen (33%), water pollution (30%), and high water temperature (20%). The only 
notable fish disease reported was fungal infection (20%).  
 
E. Profile of Tilapia Farmers 
 
37.  The study illustrates that access to water and land, along with linkages with input 
suppliers and service providers, opens up opportunities for farming tilapia. Nonownership of 
land does not always deter entry to tilapia farming. Owner-operators have secure tenure to their 
land but others, such as caretakers and lessees, can nonetheless farm tilapia as a source of 
livelihood if adequate tenure rights can be obtained and if constraints on access to input and 
output markets do not discourage investment. The ability to purchase the required inputs 
depends on access to funds, whether from one's own savings or from external sources. Most 
small-scale tilapia farmers (66%) use their own resources to finance their operations. For those 
who have inadequate family resources, the financial barrier can be overcome by credit lines with 
feed suppliers, friends, relatives, or financiers.  
 

1. Human Capital 
  
38.  Type of Operators. Most respondent small-scale tilapia farmers in Nueva Ecija and 
Pampanga were owner-operators (86%). Lessees and caretakers accounted for 8% and 4%, 
respectively, and laborers with a fixed salary made up 2%. Pampanga had a higher proportion 
of lessees than did Nueva Ecija (15% versus 2%). Nonadopters were also predominantly 
owner-operators (79%). The rest were lessees (16%), caretakers (3%), and sharecroppers 
(2%). Tilapia farmers and nonadopters differed significantly in many attributes, except 
household size, for which both groups had on average slightly more than 5 members (Table 3). 
Tilapia farmers were younger, had completed more years of high school education, and had 
shorter years of residence in the village than nonadopters. Their average length of experience in 
tilapia farming was relatively short (4.7 years).30 Nonadopters, by contrast, had almost 30 years 
of rice farming experience. Among farmers who own land, tilapia farmers had on average larger 
landholdings than nonadopters (2.5 ha versus 1.3 ha). About 39% of tilapia farmers were 
previously rice farmers. In general, most respondents (74%) were born in their villages.  
 

Table 3: Characteristics of Tilapia Farmers and Nonadopters in Central Luzon 
 

Variable Tilapia 
Farmer 

Nonadopter p 

    
Age (years) 51.0 56.9 0.001a 
Education (years) 9.6 7.3 0.000 a 
Length of Residence (years) 40.4 50.8 0.000 a 
Household Size (number) 5.3 5.5 0.502 
Length of Experience in Present 
   Occupation (years)  4.7 29.7 

 
0.000 a 

Length of Experience in Previous 
   Occupation (years) 16.8 8.0 

 
0.000 a 

Land Ownership (hectares) 2.5 1.3 0.003 a 
    
p = probability. 
a Significant, p < 0.01. 

 
                                                           
30 Based on key informant interviews with eight large-scale tilapia farmers, their mean length of experience in tilapia 

farming is 9.2 years, almost double that of small-scale farmers.  
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39. Occupations and Related Risks. Most (89%) of the heads of tilapia farming 
households reported more than one occupation, indicating occupational diversification as a 
survival strategy among small-scale farmers as well as a means of spreading risk in case of 
crop failure. Overall, tilapia farming was the primary occupation of nearly half (46%), with 
secondary and other occupations as follows: rice farming (21%), vegetable farming (12%), and 
livestock raising (12%). Other occupations included driving, vending/trading, office employment, 
and carpentry. Some tilapia farmers (36%) have continued to plant rice in separate plots. This 
practice is more common in Nueva Ecija, where rice farming is traditionally dominant, with home 
farm production considered important. Most tilapia farmers (82%) reported no associated health 
problems. Those who did mention health problems gave, as the most common complaints: 
fatigue, hypertension (aggravated by heat), arthritis, and gastric ulcers. Among heads of 
nonadopter households, 61% reported having more than one occupation. Their secondary and 
other occupations included livestock raising (23%), vegetable farming (20%), driving (6%), 
carpentry (6%), and vending/trading (5%). 
 
40.  Gender Participation. Tilapia pond farming in Central Luzon is predominantly male-
oriented, particularly in relation to pond preparation, input procurement (fingerlings, fertilizer, 
and feeds), and application of basal fertilizer. Much (80%) of these activities is done exclusively 
by males. However, males and females share responsibilities for feeding the fish (18%), 
contacting harvesters (14%), harvesting (22%), marketing (29%), and record keeping (19%). 
 

2. Natural Capital  
 
41.  Access to Land and Water. Access and tenure rights to land and water are 
fundamental for tilapia farming. The survey showed that tilapia farmers had access to land 
either through ownership or lease arrangements. On average, they devoted 0.5 ha of their 
owned land to fish growout and about 2 ha to other uses (rice, vegetables, etc.). Their lands 
were generally acquired through inheritance and purchase. For those who leased land from 
others for tilapia growout, the mean area leased was 0.7 ha.31 For tilapia farmers who did not 
own ponds (12%), access was acquired through guaranteed user rights, lasting 1–5 years. 
Some lessors even allowed indefinite use, for as long as the user needed the pond. In lease 
arrangements, the pond user paid about P10,000–P25,000 per ha per year. For relatives of 
pond owners, lease payments were not required, but the net profit was often divided equally 
between the owner and the tilapia operator. Pond caretakers shared at least 10% of the net 
profit, in addition to their monthly salary from the pond owner or financier.  
 
42.  Sources of Water. Most tilapia farmers (89%) obtained a reliable water supply through 
deep wells. This lessened water-related conflicts with rice farmers, who depended heavily on 
irrigation. Such water use conflicts were rare (3%). Pampanga, in particular, has substantial 
groundwater reserves32 that can be extracted through pumps. Other water sources noted by 
respondents were irrigation (18%), rain (8%), rivers/streams (3%), and small water 
impoundments (1%). For most tilapia farmers, neither water availability nor the cost of good 
quality water limited their tilapia farming. However, 19% reported water problems, mainly 
unreliable water supply (half those with problems), together with seasonality of water supply 
(one third) and weak water pressure (10%) during the relatively drier months of March to April. 
More nonadopters than tilapia farmers (51% versus 19%) regarded insufficient water supply as 
                                                           
31 For small-scale tilapia farms, land leased from others was 0.2–1.2 ha. For large-scale tilapia farms, the range was 

3–7 ha.  
32 About 60% of the provincial area is estimated to be high yielding in terms of groundwater. Pampanga's deep 

groundwater areas are generally sedimentary formations, 90% of which are aquifers. Provincial Planning and 
Development Office. 2001. Socioeconomic Profile of Pampanga. San Fernando, Pampanga, Philippines. 
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a serious problem and discouraged them from tilapia pond farming. For nonadopters, water-
related problems included seasonality (67%), unreliability (27%), poor water quality (3%), and 
climate change (3%). Nonadopters depended on various sources of water for their rice farms as 
follows: irrigation (21%), rain (46%), and rivers/streams (5%). Some nonadopters, particularly in 
Pampanga, have begun to use water from deep wells for a more predictable water supply.  
 

3. Social Capital 
 
43.  Access to social capital hastens the acquisition of information, training, and advisory 
services for tilapia farming. Most tilapia farmers (82%) traced the origin of their tilapia farming 
practices to their own province, disseminated through an informal network of farmers, 
government agencies, and private sector groups (hatcheries, feed suppliers, etc.). Through 
these links, more than two thirds of them have received training, specifically in pond preparation 
(65%), tilapia husbandry (43%), tilapia nutrition (6%), and tilapia seed production (2%). The 
length of training reported was 1–6 days, with a mean of 2 days. The key players in the 
provision of training were feed suppliers, hatcheries, and government, including FAC/CLSU. 
 
44.  Most tilapia farmers (82%) were not affiliated with any livelihood association. However, 
for those who were members (18%), multipurpose cooperatives were the most popular choice 
(43% of the responses). Tilapia growers' associations accounted for 26% and the rest were rice 
farmers' groups (13%), women's groups (13%), and irrigation associations (13%). The 
associations’ role in technology dissemination was that of coordination with government and 
nongovernment organizations on the provision of training and technical assistance. Tilapia 
growers' associations imparted technical information directly to their members. Most 
nonadopters (85%) lacked affiliation with any livelihood association, but reported links to other 
farmers, friends, and input suppliers. Fewer nonadopters (47%) than tilapia farmers (68%) have 
received formal training. 
 

4. Physical Capital 
 
45.  Ownership of Assets and Access to Facilities. Nearly all (94%) respondents owned 
their dwelling units. However, significantly more tilapia farmers than nonadopters had sturdy 
housing materials (cement for walls and galvanized iron sheets for roofs) (74% versus 59%) and 
owned water pumps (82% versus 63%). Almost all tilapia farmers and nonadopters owned 
television sets, electric fans, and water-sealed toilets. However, tilapia farmers had significantly 
more assets than nonadopters in terms of refrigerators (77% versus 58%), telephones/cellular 
phones (73% versus 52%), gold jewelry (71% versus 56%), and vehicles (39% versus 17%).33 
Overall, tilapia farmers were relatively better off than nonadopters in terms of ownership of 
physical capital. Both tilapia farmers and nonadopters enjoyed easy access to roads and 
transport facilities, but tilapia farmers had better access than nonadopters to reliable water 
supply (73% versus 49%), markets (63% versus 54%), and communication facilities (63% 
versus 54%). 
 

5. Financial Capital 
 
46.  Access to Funds for Farm Operations. Two thirds of the respondent small-scale 
tilapia farmers (66%) were self-reliant, drawing on their own funds. The absence of financial 
assistance from external sources was attributed to the lack of access to formal credit, high 
interest rates, lack of financial assistance from the government, and adequacy of family 
                                                           
33 All these differences were statistically significant. 
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resources. Among the 34% who received financial assistance, funds mainly came from feed 
suppliers (51%) and relatives/friends (20%). The rest borrowed from moneylenders, financiers, 
banks, cooperatives, and feed dealers. Because feeds comprised nearly three quarters of the 
cost of tilapia production, some tilapia farmers borrowed feeds to reduce their cash outlay. The 
feed costs were payable upon harvest, with a mark-up of P10–20 per bag of feed. For those 
who borrowed in cash, the interest rate was 5–10% per cycle of 4 months. More than half the 
nonadopters (57%) did not receive external financial assistance for their rice farms, for the same 
reasons; for those who did borrow, the more common sources were relatives and friends, input 
suppliers, cooperatives, and traders. The mean amount of external financial assistance sought 
was lower for nonadopters than for tilapia farmers (P29,289 versus P128,000) because of the 
lower production cost of rice farms. Tilapia farmers received loans of P10,000–220,000 per 
cycle.  
 
47.  Household Income. The mean contribution from tilapia farming to total household 
income was 55% in Pampanga and 22% in Nueva Ecija (average 39%). This difference was 
due, in part, to the more commercial nature of tilapia farming in Pampanga. Apart from tilapia, 
farmers in the two provinces drew 29% of their income from rice and 6% from vegetables. Office 
employment, carpentry, trading, trucking operations, and driving were the other income sources. 
For nonadopters, the main income sources were rice farming, vegetable farming, and 
wages/salaries. The mean contribution from rice farming to total income was 66% and from 
vegetable farming, 9%. Wages contributed around 10%. 
 
48.  Remittances. Remittances34 accounted for 5% of the total household income of tilapia 
farmers and nonadopters. More tilapia farmers than nonadopters (31% versus 26%) received 
remittances from family members and relatives. Nonadopters received a significantly higher 
average amount per month (P9,023 versus P6,351). About half (54%) of the respondents who 
had remittances received them every month, while 21% received them every 2–6 months.  
 
F. Transforming Processes 
 

1. Output Markets 
 
49. Tilapia production from freshwater ponds 
is largely market-driven. The marketing of tilapia 
was relatively easy for most respondent tilapia 
farmers (89%); traders normally picked up their 
harvested tilapia at the farms. Most tilapia farmers 
(77%) sold to wholesalers-assemblers. The rest 
sold to retailers, consumers, and brokers. The 
wholesalers-assemblers transport live tilapia in 
aerated tanks to various markets within and 
beyond the borders of the study sites. In this way, 
harvests from small-scale tilapia farms enter 
larger consumer markets, allowing the farmers to 
participate in opportunities generated by the 
growth and dynamism of tilapia farming, 
enhanced by good physical infrastructure (roads, 
transport, and communications) and by expanded market linkages.  
 
                                                           
34 Funds sent by overseas workers to their families and relatives in the Philippines.  

Signboard of a tilapia dealer 
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50.  Choice of tilapia market outlets is a function of preference for cash as the mode of 
payment, existence of a buyer-seller relationship, best price offered, and convenience. About 
half (52%) the respondent tilapia farmers felt that the buyer was the final decision maker on 
price; fewer (32%) believed that they were the decision makers on pricing. Not many (16%) felt 
that the buyer and the tilapia producer determined the price jointly. A deterrent to seeking 
alternative market outlets, as reported by 25% of the surveyed tilapia farmers, was the premium 
on trust that had been built with their buyers. There were cases in the past when buyers took 
the fish but failed to pay the farmers. This experience made producers more cautious and 
insistent on cash transactions. Other deterrents, as mentioned by a few (less than 10%) of the 
respondents, were the convenience of current marketing arrangements, satisfaction with the 
farm gate prices offered by current buyers, lack of alternative market contacts, and the 
expenses entailed in searching for other tilapia buyers. Nevertheless, 28% of the respondents 
saw no barrier at all to seeking other market outlets, while 15% were not interested in finding 
other buyers.  
 

2. Labor and Employment 
 
51.  Tilapia growout at the study sites provided self-employment for farmers and their family 
members as well as outside employment for caretakers and laborers. Based on this survey, the 
working hours per worker on small ponds were 4–7 hours daily, generally spent on feeding the 
fish, cleaning the farm surroundings, and guarding the fish from poachers. Overall, the mean 
estimate was 2.4 persons per ha, which is relatively high because unpaid family labor is 
included. Small ponds comprised about 34% of ponds in the study area of 4,745 ha. This 
suggests direct employment of about 3,872 people. For large ponds, which occupied the 
remainder of the study area, the average employment generated was only 1.1 persons per ha—
large farms had to optimize their resource use in order to stay profitable, given high operating 
costs and declining farm gate prices of tilapia, such that their direct employment was 
approximately 3,445 people. Thus, the ponds in the study area generated a combined 
employment of about 7,300 people. Roughly 24,000 people in Pampanga and Nueva Ecija, 
inclusive of tilapia workers and their household members, are likely to depend directly on tilapia 
farming.35  

 
52.  Caretakers and salaried 
workers on small tilapia farms 
earned P2,000–3,000 per month. 
In addition, they sometimes 
received free food and 10% of net 
profits. Some large-scale tilapia 
farmers hired caretakers at 
P3,000 per month and gave them 
15–20% of net profits. Thus, tilapia 
pond farming provided both 
employment benefits and income 
benefits to poorer workers who 
were not in a position to establish 
their own ponds. Tilapia farmers 
also hired seasonal labor during 
pond preparation and harvesting 

                                                           
35 Based on 7,300 tilapia workers and 3.3 dependents per worker. 

Traders, with aerated tanks, awaiting the arrival of tilapia 
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at P150–250 per day for at least 10 days per cycle. The actual number of seasonal workers is 
difficult to estimate.  
 
53.  Tilapia growout operations have backward linkages (hatchery/nurseries and suppliers of 
feeds and other inputs) and forward linkages (harvesting, postharvest handling, processing, and 
marketing), all of which also absorb labor. Such indirect employment could be substantial, but is 
difficult to quantify in the absence of accurate data.  
 
54.  Among tilapia farmers, the perceived constraints to finding employment elsewhere 
included old age (31%), uncertainty of finding an alternative job (23%), and limited skills for 
another job (3%). Others were simply not interested in considering other job options or 
abandoning their farms.  

 
3. Public and Private Institutions  

 
55.  The Fisheries and Aquatic Resources Management Councils (FARMCs), policymaking 
bodies for fisheries and aquatic resources in the Philippines, have national and local roles. The 
national FARMC assists in formulating policies for the protection, sustainable development, and 
management of fishery and aquatic resources.36 The municipal FARMC assists in preparing 5-
year municipal fishery development plans; recommends the enactment of fishery ordinances to 
the local legislative council; and assists in enforcing fishery laws, rules, and regulations in 
municipal waters. The creation of FARMCs 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. There are as yet no FARMCs in the tilapia freshwater pond farming 
areas of Central Luzon.37 FARMCs are not mandatory in these areas, but efforts to organize 
them have begun in Pampanga. 
 
56.  Local government units have complete jurisdiction over municipal waters and are 
responsible for the management, conservation, development, protection, and utilization of 
fishery and aquatic resources within their respective waters. They are tasked with 
institutionalizing the participation of stakeholders in determining the direction and extent of 
fisheries development and resolving conflicting usage of common resources. Outside municipal 
waters, BFAR has jurisdiction.  
 
57.  Linkages between public and private organizations are vital for research and 
development efforts on freshwater tilapia. Private seed companies and input suppliers are not 
only improving their products, but are also advising farmers on appropriate practices. Initiatives 
taken by the private sector to support the effective uptake of genetically improved tilapia seed 
include research (on-station and on-farm trials), extension, farmer financing, risk-sharing 

                                                           
36 National FARMC members come from the Department of Agriculture; Department of Interior and Local 

Government; small-scale and commercial fishing, aquaculture, and processing sector; academe; and 
nongovernment organizations. Municipal FARMC members come from fishers organizations, nongovernment 
organizations in the locality, local government units, local development council, private sector, and the Department 
of Agriculture. Fisheries Administrative Order No. 196, series of 2000. Guidelines on the Creation and 
Implementation of FARMCs. Quezon City, Philippines: Department of Agriculture. 

37 The study area contained 7 municipal FARMCs: 6 with jurisdiction in coastal municipalities in Pampanga, for 
brackishwater aquaculture and marine fisheries, and 1 at the Pantabangan dam in Nueva Ecija, for freshwater 
tilapia cage farming.  
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arrangements with feed suppliers and financiers, and collaboration with the public sector.38 The 
rapid commercialization of tilapia farming has been accelerated by development and distribution 
of new tilapia breeds, government support for research and extension, collaboration between 
the government and private sector, support from international organizations, favorable market 
conditions, and availability of pelleted feed.  

 
4. Support Services, Facilities, and Infrastructure 

 
58. Collection and publication of statistics for freshwater pond aquaculture are the 
responsibility of the Bureau of Agricultural Statistics (BAS) and BFAR.39 Comprehensive 
collection of rural aquaculture statistics is difficult and costly. Those published for tilapia 
production in freshwater ponds are probably underestimates, especially with regard to small-
scale producers in Central Luzon and elsewhere. 
 
59.  As mentioned, tilapia farming in Central Luzon ponds has benefited enormously from 
substantial and continuous research, technology development, training, and extension, 
especially those undertaken at CLSU (FAC and College of Fisheries) and NFFTC/BFAR.40 In 
2002, these agencies, along with the GIFT Foundation International and Phil-Fishgen, 
established the Tilapia Science Center, located at CLSU, to foster collaboration in the support of 
tilapia farming in Central Luzon and countrywide. The subsequent creation of Philippine Tilapia 
Inc. in 2003 has provided a venue for stakeholders in the tilapia industry to work together 
through advocacy, participation in the tilapia congress, trade fairs, promotion of tilapia 
consumption, and implementation of a tilapia industry development plan. Central Luzon stands 
to benefit from these broad-based efforts.  
 
60.  The present survey showed that the most important providers of advice to small-scale 
tilapia farmers were other farmers (49%), government (35%), friends (30%), and relatives 
(27%). Input suppliers, such as feed dealers (30%) and hatcheries (10%), also emerged as 
players in technology transfer and information dissemination and complemented government 
extension efforts. The proximity of private tilapia hatcheries to growout farmers has helped lower 
tilapia seed transport costs and mortality. 
 
 5. Policy and Law 
 
61. 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 

                                                           
38 Rodriguez, Basilio Jr. 2003. Private Sector Initiatives to Support the Effective Uptake of Genetically Improved 

Tilapia Breeds. Paper presented at the Workshop on Public-Private Partnerships for Delivery of Tilapia Genetics 
Research Outputs to End Users, 25–27 June 2003, Oasis Hotel, Pampanga, Philippines. Sponsored by the 
WorldFish Center and the Tilapia Science Center with funding from the International Development Research 
Centre of Canada.  

39 Fisheries statistics collection in the Philippines is described by Vallesteros, Cynthia C. 2002. Data System for 
Fisheries. Paper presented at the 12th Agricultural Policy Forum "Agricultural Statistics," 18 January 2002, 
Philippine Institute for Development Studies, Makati City, Philippines. BAS, Quezon City. 

40 International support from bilateral donors for CLSU/BFAR-based work has included substantial funding for 
infrastructure and equipment, provision of expertise, and graduate study opportunities, principally from Belgium, 
Canada, Japan, Norway, the United Kingdom, and the United States. The results have been dramatic. For 
example, the number of fish distributed from the BFAR-NFFTC increased from 2,000 in 1981 to more than 
30 million in 1996. Source: Stickney, Robert R., and James T. Davis. 1998. Tilapia Production by BFAR: A USAID 
Success Story in the Philippines. World Aquaculture 29(3): 50–53. 



                      89 

and confusing legislation.41 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 local government units, 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. Recent 
surveys42 suggest that fish farmers in Central Luzon are aware of only the few administrative 
orders that relate to illegal fishing practices. Awareness of other regulations is limited and 
compliance poor. For instance, farmers with fishponds larger than 300 m2 are required to secure 
an environmental compliance certificate from the Department of Environment and Natural 
Resources. Very few farmers are aware of this. Limited budgets, the voluntary nature of a code 
of practice for aquaculture,43 and weak enforcement capabilities of national and local 
governments constrain enforcement of environment-friendly regulations. Legal instruments have 
been prepared recently under the Fisheries Code,44 but it is hard to envisage that many small-
scale farmers will comply. 
 
G. Natural Resources Management 
 
62.  Interrelationships with Agriculture. Central Luzon tilapia ponds (for hatchery, nursery, 
and growout) are surrounded by irrigated or rainfed agriculture, principally wetland rice farming. 
Tilapia farming here has always been pursued as a specialized farm enterprise for fish as a 
cash crop, with ponds made and managed for that single purpose. Despite much historical and 
ongoing research and development at FAC/CLSU, integrated rice-fish farming and crop-
livestock-fish farming systems with farm ponds as pivotal, multipurpose assets, are not found in 
the region, or indeed anywhere in the Philippines, with the exception of some upland, 
subsistence farms in remote areas. Moreover, their future prospects seem limited, apart 
perhaps for some use of ricefields for nursing tilapia fry to advanced fingerlings, and even this is 
doubtful because one of the major thrusts in current rice research is to reduce water 
requirements and water depths in rice farming. Pond farming in Central Luzon is mostly driven 
to maximize fish production through intensive stocking and commercial feeds, and not to 

                                                           
41 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;" Water Code (Presidential Decree 1067); Civil Code Provisions on Waters (Republic 
Act 386); Local Government Code of 1991 (Republic Act 7160) with respect to ecosystems, inland fisheries, 
and freshwater aquaculture; Pollution Control Law (Presidential Decree 984); (v) Water Classification (DENR 
Administrative Order 34–90); Effluent Regulations (DENR Administrative Order 35, Series of 1990); and several 
instruments concerning water utilities. 

(ii) Rivera-Guieb, Rebecca, Alexander Boyd-Hagart, 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). This document discusses individual rights of fishers and farmers under the 
1987 Philippine Constitution and related laws, and the roles and responsibilities of local government units and 
the Sanggunian.  

42 Marzon, Eduardo G. Jr., and Wilfredo E. Jamandre. 2002. Economic Evaluation of Freshwater Aquaculture 
Technologies and Policies in Selected Production Systems, Annual Technical Report (1 October 2001–
30 September 2002). Muñoz, Nueva Ecija: Central Luzon State University. 

43 Fisheries Administrative Order No. 214, series of 2001. Code of Practice for Aquaculture. Quezon City, Philippines: 
Department of Agriculture. 

44 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 DENR 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. 
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integrate farm enterprises, with the pond as a water and fertilizer supplier, waste recycler, and 
fish producer. The principal natural resources for tilapia ponds in Central Luzon are land and 
water. Feeds and fertilizers are sourced almost entirely off-farm, from agricultural companies.  
 
63. Land ownership, or security of tenure if leased, is vital for a farmer wanting to invest in 
constructing tilapia ponds.45 With heightened interest in tilapia pond farming, because of its 
potential for higher income, rice lands are targets for conversion into fishponds. The exemption 
of aquaculture from the coverage of agrarian reform provides an added incentive for conversion 
of land to ponds.46 In terms of expected financial returns, tilapia farming is about 4 times more 
profitable per ha than rice farming, but it is much more capital intensive and much less 
predictable in generating returns due to hazards (especially floods, poaching, and predators).  
 
64. There is little evidence in Central Luzon of conflicts over water use between small-scale 
tilapia farmers and rice farmers, as the former rely mostly on groundwater, pumped from deep 
wells. There are, however, some indications of water conflicts between large-scale pond farms 
and rice farmers.47 Farming fish in ponds has been cited as a more efficient use of water 
resources than rice production; partial sharing/reuse of water between rice and fish enterprises, 
where manageable, could be attractive.48 Most farmers totally drain their ponds at harvest time, 
but this is not possible in some areas (e.g., east Pampanga) in the wet season because of the 
high water table.  
 
H. Environment 
 

1. Fishponds 
 
65. Small-scale tilapia ponds have no significant, negative environmental features in Central 
Luzon. Indeed, if managed for the purpose, they can serve as sources of water (often nutrient-
rich) and fertile mud for application to rice and vegetable farming. However, nutrient-rich water 
discharges from groups of medium- and large-scale ponds into watercourses can cause 
pollution (high biochemical oxygen demand, elevated nitrogen phosphate, and suspended 
solids), especially in the dry season. The use of sodium cyanide in the preparation (elimination 
of predatory species) of medium- and large-scale ponds is also a cause for concern, particularly 
in Pampanga. This practice is banned but cyanide is widely available and the ban is not 
enforced.  
 

                                                           
45 The current cost of constructing a pond is roughly P15–20 per m2, equivalent to P150,000–200,000 per ha, using 

bulldozers and backhoe. Bulldozer rental alone is at least P1,200 per hour, requiring about 100 hours.  
46 Sevilleja, Ruben C. 1996. Freshwater Aquaculture Development in the Philippines: The Case of Tilapia. Swansea, 

UK: University of Wales Centre for Development Studies.  
47 Water conflicts among large pond operators and irrigated rice farmers include protests about the National Irrigation 

Authority charging pond operators only 75% of the fees charged to rice farmers. See Clarke, Gerard, and Graham 
C. Mair. 1998. The Philippines: Blue Revolution? The Rural Extension Bulletin October 1998: 19–24. (Asian 
Institute of Technology, Bangkok, Thailand; and Institute for Aquaculture, University of Stirling, Scotland, UK). 
Pumping water for large fishponds may reduce domestic water supply in some urban areas. 

48 It has been estimated that about 5 cubic meters of water are required to produce 1 kg of wetland rice, compared to 
1.5–2.0 cubic meters to produce 1 kg of fish, although there are wide variations among production systems. 
Source: Clarke, Gerald and Graham C. Mair. 1998 (footnote 47). Their sources of data were (i) for rice 
production—Tuong, T.P., and S.I. Bhuiyan. 1994. Innovations Towards Improving Water Use Efficiency of Rice. 
Paper presented to the World Bank's 1994 Water Resources Seminar, Landsdowne Conference Resort, Virginia, 
13–15 December 1993; (ii) for fish production—Beveridge, Malcolm C.M., Michael J. Phillips, and R.M. Clarke. 
1991. A Quantitative and Qualitative Assessment of Wastes from Aquatic Animal Production. Advances in World 
Aquaculture (3), edited by D.E. Brune and J.R. Tomasso. Baton Rouge: World Aquaculture Society. p. 506–533. 
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66.  In Central Luzon, the environmental issues that adversely affect tilapia pond aquaculture 
relate to conditions within the farming system and the effects of external environments on 
aquaculture. The respondents reported that the sustainability of tilapia farming was threatened 
by water pollution in ponds (31%) as well as by natural calamities, such as floods and typhoons 
(24%) and drought (4%). Apart from natural conditions, social conditions that affect tilapia 
farmers are theft/poaching of tilapia, unstable peace and order condition in some locations, and 
poisoning of fish by other people. Less than 5% of tilapia farmers considered that the increasing 
number of tilapia farmers was a threat. According to tilapia farmers, measures were being 
pursued to address natural environmental threats, namely, waste treatment, reduction of the 
use of chemicals, improvement of infrastructure/pond repair, and control of water that enters the 
pond. 
  

2. Climate and Natural Disasters 
 
67. El Niño-Southern Oscillation (ENSO) conditions occurred in the Philippines in 1982–
1983, 1990–92, and 1997–98. ENSO years are typified by droughts and usually have fewer 
typhoons than normal years, but their impacts on freshwater aquaculture are generally 
negative.49  
 
68.  In June 1991, the eruption of Mount Pinatubo in Zambales Province adjacent to 
Pampanga had severe impacts on Central Luzon. In Pampanga, lahar (the term for the slurry of 
volcanic ash and water) buried about 10,000 ha of agricultural lands.50 The paucity of recent 
and disaggregated provincial data precludes a comparison of current fishpond areas with pre-
eruption levels, but lahar deposits have altered the topography. The beds of many watercourses 
and river tributaries are now higher than the old riverbanks and the clogging of river channels, 
creeks, and canals has obstructed the natural flow of floodwaters and caused perennial flooding 
in low-lying areas. Although river dredging has begun, the enormous volume of lahar deposits 
will require years to dredge before former capacities to absorb floodwaters are restored.  
 

3. Biodiversity and Alien Species 
 
69. Tilapias are alien species in Central Luzon and throughout the Philippines. In general, 
Nile tilapia introductions for aquaculture worldwide have caused far fewer adverse 
environmental impacts than those of some other tilapias, but the species is potentially 
invasive.51 It was introduced into the Philippines for aquaculture because there were 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 the 1998 
Fisheries Code and preexisting legislation—but the controls have been inadequate because of 
                                                           
49 In the 1997–98 ENSO, more than 5,000 ha of freshwater fishponds in Central Luzon and 4,000 pond farmers were 

affected by water shortages. In January–March 1998, 30–40% of freshwater ponds in Central Luzon ceased 
operation and the total loss for 1998 was 13,000 t, valued at about P650 million. As a contribution to disaster relief, 
BFAR then distributed 9.6 million tilapia fingerlings to less affected areas. 

 Source: Marquez, Sally. 1999. Assessments of the impacts of El Niño in Region 3. 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. p. 109–116. 

50 Based on the Socioeconomic Profile of Pampanga (footnote 32). Comparative pre- and post-eruption data (1990 
versus 1996) showed that Pampanga's wetland areas (swamps, marshes, and fishponds) fell from 42,341 ha to 
40,681 ha. No breakdown is available on the area of fishponds lost due to lahar. Land devoted to rice production 
declined from 68,455 ha to 65,333 ha over this period. 

51 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. 
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lack of resources and lack of public awareness and concern. Philippine fish farmers, institutes, 
and the aquarium trade introduce alien aquatic species in contravention of national regulations 
and of the international conventions and codes of conduct to which the Philippines is party.52 
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.53 There is no evidence that Nile tilapia has had negative 
impacts on the aquatic environment and biodiversity in Central Luzon, which has few pristine or 
other waters containing native species to which it could conceivably pose any significant threats 
additional to those from pollution, siltation, and water abstraction. Only 8% of tilapia farmers in 
this survey reported tilapia escaping into ricefields. Most of tilapia farmers (89%) believe that 
tilapia escapees from farms have no effects on the natural environment.54  
 
I. Fish Quality 
 
70. There is no postharvest processing of tilapia harvested from small-scale ponds in 
Central Luzon. Fish are not fed for the 24 hours before harvest. Whole, ungutted fish are taken 
fresh killed, moribund on ice, or live in aerated tanks, from farm gate to market. Off-flavors are a 
well-known problem in farmed freshwater fish, particularly those raised in ponds and lakes 
where there is no possibility of managing the diversity and abundance of plankton.55 In this 
study, 13% of tilapia farmers reported off-flavors, probably due to heavy reliance on commercial 
feeds (69%), rather than pond plankton produced by pond fertilization (2%).56 Almost all 
respondents felt that producing tilapia of marketable quality, along with fish safety, was not a 
problem. Tilapia farmers recognized that the top three determinants of tilapia quality were 
genetic strain (44%), feeds (37%), and water quality (24%). The importance of genetic strain 

                                                           
52 The 1993 Convention on Biological Diversity (www.bidiversity.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. 

53 The GIFT initiatives (footnote 17) established at BFAR/NFTTC a quarantine unit in which tilapia introduced from 
Africa and other locations were held under observation and treated for up to 6 months to remove any parasites and 
diseases. The unit was completely isolated from all other fish and waters, and its own water sterilized before 
disposal. The GIFT project also assessed the possible environmental impacts of dissemination of genetically 
improved Nile tilapia. See Bentsen, Hans B., Trygve Berg, and Peter J. Schei. 1992. Environmental Effects of 
Release and Dissemination of Improved Nile Tilapia. Report prepared by the Agricultural University of Norway for 
the United Nations Development Programme, Division of Global and Interregional Programmes. 10p. Distribution of 
GIFT germplasm followed voluntary biosafety protocols of the International Network on Genetics in Aquaculture. At 
the same time, policy and practices of ICLARM on alien species and related biosafety and conservation issues 
were published by ICLARM. See Pullin, R. 1994. Exotic Species and Genetically Modified Organisms in 
Aquaculture and Enhanced Fisheries: ICLARM's Position. Naga The ICLARM Quarterly 17(4): 19–24. Manila. 

54 The alien species most feared by farmers are piranhas and African catfish (Clarias gariepinus). The latter was 
introduced to the Philippines with no official permission or controls, and is probably established in open waters, 
including the Candaba swamp. 

55 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 
cyanobacteria. Source: Tucker, Craig S. 2000. Off-flavor Problems in Aquaculture. Reviews in Fisheries Science 
8(1): 45–88. 

56 To deal with off-flavors, some tilapia farmers dissolve 1 kg of salt in 4 gallons of water, dip feed pellets in the salt 
solution, and feed tilapia with these pellets 1 week before harvest. Others hold the fish in a separate pond with 
flowing water for 2–3 days. 



                      93 

suggests that research and development efforts to improve freshwater tilapia strains have 
influenced tilapia farmers positively.  
 
J. Crisis and Coping Strategies 
 
71.  Less than half of the tilapia farmers surveyed reported any crisis in the last 12 months. 
The main crises cited were natural calamities, with frequencies of reporting as follows: typhoons 
(41%), drought (27%), and floods (19%). Other types of crisis that upset the cash liquidity of 
households were illness in the family (40%), financial loss (28%), and death of a household 
member (14%). To cope with these crises, households often fell back on their own savings 
(64%) or borrowed money from friends and relatives (45%). A few secured loans from 
moneylenders, pawned their jewelry, or mortgaged their land. There were certain instances, 
however, when illness or prolonged hospitalization of a family member depleted financial 
resources sufficiently to stop small-scale tilapia farming. Both tilapia farmers and nonadopters 
experienced similar types of crisis and used similar coping strategies, but significantly more 
nonadopters than tilapia farmers reported vulnerability to typhoons (69% versus 41%) and 
floods (42% versus 20%). Nonadopters were also more likely to sell livestock as a crisis-coping 
strategy (18% versus 10%). Livestock raising (goats, pigs, cattle, and chickens) provides some 
financial reserves to a household when natural calamities occur and when family or social 
obligations warrant extra cash outlays in times of illness or death.  
 
K. Outcomes 
 
72.  Asked to compare their present situation with that 5 years ago,57 respondent tilapia 
farmers perceived significant improvements in the following outcome indicators: cash income 
from tilapia farming, employment in tilapia operations, capacity to invest in tilapia operations, 
and household tilapia consumption. Improved cash income from tilapia farming was attributed to 
profitable operations (41%), good harvest (35%), and adequate capital (10%). It was also linked 
to knowledge of tilapia farming and having sufficient water. Tilapia farmers said that, over the 
last 5 years, their personal capacity to invest has improved with higher savings (37%). These 
farmers also perceived significant improvements in technology dissemination, technology 
adoption, overall condition of natural resources, shelter, access to credit, and overall food 
consumption in their households. They anticipate further positive changes in the next 5 years, 
but are not as optimistic about the overall condition of natural resources. Acidic soils, polluted 
water, and floods are perceived as main concerns in the future. 
 
73.  Nonadopters, in assessing outcomes 5 years ago and at present, also perceived 
significant gains in all outcome indicators, except access to credit for farm operations and 
overall state of natural resources. The former concern can be attributed to a perceived lack of 
affordable financing schemes for rice farming, and the latter to the occurrence of floods, 
siltation, and water pollution. Nonadopters, in general, are optimistic about most outcomes in 
the next 5 years, but fear a possible deterioration of natural resources.  
 

                                                           
57 Respondents compared their situations 5 years ago with the present and 5 years hence using a technique that did 

not need baseline data. 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.  
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74.  Tilapia farmers felt that there was now more active information exchange/dissemination 
on tilapia farming than in the past. Both tilapia farmers and nonadopters agreed that more 
households were engaged in tilapia farming now compared to 5 years ago.  
 
L. Conclusions  
 
75.  Tilapia pond farming is a profitable livelihood that can contribute to reducing poverty in 
Central Luzon. The contributing factors have been (i) access to land (through land ownership 
and lease arrangements with guaranteed tenure rights); (ii) reliable water supply and water 
pump ownership; (iii) access to working capital (from family savings and/or from external 
sources, such as feed suppliers, relatives, friends, and financiers); (iv) availability of 
infrastructure and other related facilities (roads, transport facilities, and communication 
facilities); (v) access to markets and positive financial returns from tilapia farming; 
(vi) dissemination of improved tilapia breeds through various hatcheries; and (vii) provision of 
training, extension, and related services by private and government organizations. 
 
76.  Large-scale hatcheries are key players in tilapia seed supply. Given the volume of tilapia 
seed that they produce and the geographic extent of the areas that they cover, they are major 
determinants of the choices of tilapia strains available to farmers. 
 
77.  The entry of harvests from small-scale tilapia farms into larger consumer markets has 
brought about direct benefits. From the survey results, small-scale farmers feel better off now 
than 5 years ago in terms of cash income from tilapia farming, employment, and consumption, 
and anticipate further positive changes in the next 5 years. Poor tilapia consumers (nonadopters 
in this case) have also benefited from the availability of tilapia as an affordable food fish and as 
a source of protein, micronutrients, and healthy lipids. Tilapia is regarded as a healthy 
alternative to meat and is sought for its taste, freshness, and low price. Central Luzon is of 
increasing importance in supplying tilapia from growout ponds to other population centers. At 
present, it is the country's top producer of tilapia from freshwater ponds. 
 
78.  There is considerable scope for further growth of tilapia pond farming in Central Luzon, 
given the above conditions and a rapidly growing population/consumer base. The enforcement 
of environmental safeguards to reduce fish mortality and to ensure acceptable water quality, 
however, is extremely important. A stable peace and order condition is also a prerequisite for 
further growth of tilapia production. Lowering production costs, particularly feed costs, through 
less dependence on fishmeal-based feeds, along with reducing vulnerability to risks and 
changing economic conditions, are the major future challenges.  
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