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Abstract 

This study aims to estimate the welfare gains of the Philippine milkfish industry in establishing local 
fry hatcheries to reduce imports from Indonesia and Taiwan. It also seeks to identify the industry 
stakeholders who gain from this import substitution endeavour. The economic surplus model was 
used to estimate the welfare gains from the commercialization of the hatchery-bred milkfish fry in 
the fishery sector. Specifically, the changes in consumer and/or producer surplus per stakeholder 
were compared to determine who the biggest gainers are. Results of the study showed that the 
consumer surplus from the milkfish fry industry was larger than its producer surplus. On the other 
hand, the reverse was true for the grow-out industry. It is interesting to note that the consumers in 
the fry industry and the producer in the grow-out industry were the same set of stakeholders, i.e., 
the milkfish grow-out operators, who gained the most from this development. The study also 
showed that commercializing the local milkfish hatchery technologies can bring about more 
benefits to the country than importing fry and fingerlings. Hence, the development of local 
hatcheries for other aquaculture species can be expected to bring similar welfare gains. More 
importantly, the technical and financial assistance that were extended by the government’s fishery 
institutions through the GAINEX project as pioneered by DOST-PCAARRD can serve as an effective 
catalyst to prospective hatchery operators in reducing the risks, especially when setting-up a new 
enterprise like the hatchery-bred fry for an emerging aquaculture species in the country. 

Keywords: Commercialization; import substitution; welfare gain; consumer surplus; producer 
surplus; milkfish; hatchery technology; hatchery-bred fry. 
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1. Introduction 

Milkfish or Chanos chanos is the largest farmed fish species in the Philippines, contributing 
50% to total food fish aquaculture in 2017 (PSA, 2018). Early records of milkfish farming 
in the country revealed 400 years of culture history (Bagarinao, 1999). Interestingly, 
milkfish is geographically confined only in the Asia-Pacific regions due to its intolerance to 
extremely low temperatures. Hence, aside from the Philippines, commercial aquaculture 
of milkfish occurs only in Indonesia, Taiwan and some parts of the Pacific Islands. 

Up to 2009, the Philippines was the largest world producer of milkfish (Figure 1). By 2010 
onwards, Indonesia had claimed the world production record. In 2016, Indonesia’s 
milkfish production had reached 690,720 mt with the Philippines trailing behind at 
398,088 mt. Taiwan ranks third with production of only 44,548 mt.  To date, most of the 
world supply of milkfish came from aquaculture, i.e., Indonesia’s supply of milkfish is 
100% from aquaculture. On the other hand, about 98.8% of milkfish supply from the 
Philippines was contributed by aquaculture with only 1.2% coming from coastal fishing. 
Taiwan likewise reported wild capture of milkfish, but with negligible amount of only 
0.01% of their total production. These data imply that supply of milkfish from major 
producing countries is generally sourced from aquaculture production. 

 
Figure 1 Trend in milkfish production (mt) in the Philippines, Indonesia and Taiwan, 1950-2016 

Source: FAOSTAT, 2018 
 

Since 1950 to 1983, the Philippine milkfish production was steadily rising with an average 
growth rate of 8.1% (Figure 2). However, not all was rosy in the milkfish industry, since 
the production between the period 1984-1996 started to decline at an average growth 
rate of  -3.7%. The deteriorating performance of the milkfish industry for more than a 
decade caused serious concern among the milkfish stakeholders, i.e., grow-out operators, 
traders and consumers including the country’s policymakers in the fishery sector. 
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Incidentally, since the early days of milkfish farming in the country, grow-out operators 
had been largely dependent on wild-caught and imported fry as seed stock. However, as 
early as the 1980s, supply of wild milkfish fry rapidly declined due to several reasons, i.e., 
a) decrease in the number of wild sabalo or breeder stock; b) degradation of traditional 
fry grounds due to over fishing and c) pollution of coastal waters due to industrialization 
(Ahmed et.al., 1987). Imported fry, on the other hand, was on the rise during this period, 
which increased the cost of inputs in milkfish grow-out operation. 

 
Figure 2 Trend in Philippine aquaculture production of milkfish, 1950-2016   

 
Source: FAOSTAT, 2018 
 

In 1997, the Philippine Council for Aquatic and Marine Research and Development 
(PCAMRD) initiated the project entitled “GAINEX4 Milkfish Broodstock Development and 
Fry Production in Ponds and Tanks” with funding from the United Nations Development 
Programme (UNDP) and the Department of Science and Technology (DOST). This project 
(hereinafter referred to as the GAINEX project) sought to launch the commercialization of 
the technology for hatchery-bred fry in the Philippines. Specifically, it aimed to augment 
the dwindling supply of wild-caught fry in the country and reduce dependence on 
imported fry from Taiwan and Indonesia.  

In 2017, the milkfish industry in the country is approximately worth Php50B, based on the 
aquaculture production of 411.1 M mt at the retail price of Php124.07 per kg (PSA, 2018). 
The relative share of the fry industry in the milkfish sector was around 2% amounting to 
Php750M. This value was computed based on the estimated fry demand in the country 

                                                           
4 GAINEX is a coined word referring to a UNDP project whose aim is increased agricultural production 
to “gain export”. 
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totalling to 2.5B valued at the average price of Php 0.30 per fry. In the last two decades 
ago, the country has no hatchery-bred fry industry; hence this value is the potential cost 
saving in the milkfish industry if local hatchery-bred fry can be made available to the grow-
out operators. Only after 2001, the Philippines was able to successfully commercialize the 
milkfish hatchery technology, which ushered the local fry industry in the country. From 
only two milkfish hatcheries in 1997, which were ran by the Aquaculture Department of 
the Southeast Asian Fishery Development Centre (SEAFDEC-AQD) and the hatchery giant 
FinFish Hatchery Inc of the Alcantara Group of Companies in Sarangani province, there 
are now more than 34 commercial hatcheries in the country. More than half of these 
hatcheries are run privately while the rest are operated under the mandate of the Bureau 
of Fisheries and Aquatic Resources.  

This study sought to estimate the welfare gains of the Philippine milkfish industry in 
establishing local fry hatcheries to reduce imports from Indonesia and Taiwan. It also 
seeks to establish the industry stakeholder, i.e., either the hatchery operators, grow-out 
operators or milkfish consumers, who gain the most from this import substitution 
industrialization. This concept was applied in this study in the context of commercializing 
a local milkfish hatchery to reduce dependence on imported fry and fingerlings.  

By using the economic surplus model, the welfare gains from commercializing the local 
hatchery-bred fry was estimated. Specifically, the total economic surplus which is derived 
from adding the consumer surplus and producer surplus per stakeholder were compared 
to determine who the biggest gainers are. The results of this study can be useful to policy 
makers from the fishery sector to target the group of stakeholders who urgently need 
strategic support and public interventions to boost the milkfish aquaculture sector in the 
country. 

 

2. Review of the Development of Milkfish R&D in the Philippines 

This section presents the previous R&D initiatives and the continuing researches that 
supported and strengthened the milkfish industry in the Philippines up to the present. 
Historically, the milkfish hatchery technology was chronologically developed in the 1970s 
by SEAFDEC-AQD in Iloilo, Philippines; Kaoshiung, Taiwan; and Gondol, Indonesia. 
However, commercialization of hatchery-bred fry was first initiated in Taiwan in the 1990s 
followed by Indonesia and lastly by the Philippines. In 1975, SEAFDEC-AQD pioneered the 
research on milkfish broodstock management and larval rearing techniques in 
collaboration with scientists from Philippines, Canada, Taiwan, Japan and India with 
funding from the International Development Research Centre (IDRC). By 1980, SEAFDEC-
AQD had succeeded in the maturation and spontaneous spawning of captive milkfish 
broodstock in marine cages. The objective of this initiative was to produce sea-based 
hatchery-bred fry. 
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One year later, the newly developed milkfish broodstock and hatchery technology was 
replicated by the National Bangus5  Breeding Program (NBBP) of the Bureau of Fishery and 
Aquatic Resources (BFAR) in 12 milkfish broodstock stations across the country. In turn, 
this program aimed to mass produce milkfish fry to augment the declining supply of wild-
caught fry and address the rising demand of grow-out operators for imported seed stock.  

By 1990s, R&D on milkfish broodstock and hatchery operations continued simultaneously 
at SEAFDEC-AQD and BFAR-NBBP with the intention of refining the existing milkfish 
hatchery operations. Unfortunately, the BFAR-NBBP project failed to accomplish its goal 
of mass-producing milkfish fry due to insufficient funding from the government and lack 
of interest from the private sector to venture into the milkfish hatchery business. 
However, the NBBP project resulted to considerable supply of milkfish broodstock that 
can sufficiently support the milkfish fry industry in the country.  

Due to the alarming decline in the supply of wild-caught milkfish fry, the importation of 
fry from Indonesia and Taiwan ballooned from 20M fry in 1994 to 150M fry  in 1995 
(GAINEX Project, 2001). At that time, the milkfish industry was in dire need for local source 
of milkfish fry. In 1998, SEAFDEC/AQD established the Integrated Fish Broodstock and 
Hatchery Demonstration Complex in Tigbauan, Iloilo which supplied some hatchery-bred 
fry to grow-out operators from neighbouring provinces. In the same year, The UNDP-
DOST GAINEX project on Milkfish Broodstock and Fry Hatchery was initiated by the 
Philippine Council for Aquatic and Marine Research Development (PCAMRD) and the 
University of the Philippines Visayas (UPV). The project piloted the land-based milkfish 
hatchery technology with four hatchery collaborators, of which three were privately 
owned while the last one was a BFAR national centre located in the Ilocos Region. At the 
completion of the GAINEX project in 2001, the commercialization of the local milkfish 
hatchery industry in the country was initiated.   

To support the new hatchery-bred fry industry, BFAR though the National Integrated 
Fisheries Technology Development Centre (NIFTDC) launched the Phil-Bangus 
Development Program in 2002. It is important to note that during the GAINEX project, 
BFAR-NIFTDC (one of its hatchery collaborators) was tasked to conduct all technology 
dissemination activities of the project through hands-on trainings and seminars to 
prospective business operators. Even after the GAINEX project was finished, BFAR-NIFTDC 
continued to conduct similar trainings on larval rearing and natural food production for 
milkfish fry and fingerlings to all interested parties. To date, BFAR-NIFTDC was able to 
establish nine central hatcheries and eight satellite hatcheries all over the country.  

At present, milkfish R&D from different concerned institutions continue to be refined and 
perfected. In 2012, The Philippine Council for Agriculture and Aquatic Resources Research 
and Development (PCAARRD) launched the Milkfish Industry Strategic Plan which funded 
21 projects spanning across genomic researches, broodstock and hatchery enhancement, 
new feed formulation, mechanization of feeding operation, prediction of fishkill and 
control of off-flavour in milkfish (PCAARRD, 2012). Similarly, BFAR had updated its Milkfish 
                                                           
5 Bangus is the common name of Milkfish in the Philippines. 
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Roadmap which was publicly released in 2015. Recent research and policy initiatives of 
BFAR and PCAARRD for the milkfish sector are focused on increasing the pond and cage 
yields of milkfish aquaculture; reduce feed-conversion ratio for more cost-effective 
production and boost the production of fry and table-sized milkfish in the country.  

 

3. Methodology  

3.1. Estimation of Welfare Gains through Economic Surplus Model 

The estimation of economic surplus in this study rests on the assumption that the supply 
curve of milkfish in the market will shift to the right due to increase production brought 
about by the adoption of a new technology which reduces the cost of production. 
Specifically, there are two levels of industries that were affected by the commercialization 
of the milkfish hatchery technology, i.e., the fry industry which was benefitted by the 
increase production of milkfish fry; and the milkfish industry, which gained economically 
from increase production of table-size milkfish due to lower cost of seedstock, i.e., fry and 
fingerlings.  

Theoretically, the total economic surplus can be decomposed into the consumer surplus 
(CS) and producer surplus (PS). The area ABEF in Figure 3 corresponds to the consumer 
surplus while the area EFCD pertains to the producer surplus. For the milkfish fry industry, 
the consumers are represented by the grow-out operators who use milkfish fry as seed 
stock. Generally, they are benefitted by the commercialization of the hatchery technology 
through increased access to milkfish fry and lower fry price in the market. On the other 
hand, the hatchery operators who are represented by the producers in the fry industry 
are also benefitted by this initiative through increase revenues due to mass production of 
milkfish fry and reduction in unit cost per fry. 

 

Figure 3 Consumer and producer surplus generated from the commercialization of the hatchery-
bred milkfish fry 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

Source: Alston et. al, 1995 
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The consumer surplus and producer surplus are expected to change due to the shift in the 
supply of table-sized milkfish brought about by the introduction of the cheaper hatchery-
bred fry. The size of the vertical shift in the supply curve due to the price decrease in the 
fry input is generally referred to as the K-shift in the welfare literature. The respective 
change in the consumer surplus (∆CS) and producer surplus (∆PS) were estimated using 
the formula given below. Note that their sum is the change in the total economic surplus 
(∆TS) brought about by the commercialization of the hatchery-bred fry in milkfish 
aquaculture.  

Consumer Surplus 

Producer Surplus 

Total Economic Surplus 

∆CS = P0Q0 Z (1 + 0.5Zη)…………………….(1) 

∆PS = P0Q0 (K - Z) (1 + 0.5Zη) …………….(2) 

∆TS = ∆CS + ∆PS = P0Q0 K (1 + 0.5Zη)...(3) 

Where:  

Po -  real price of the wild fry in Php at year zero 

Qo - quantity of local hatchery-bred fry produced in pieces at year zero 

η   - own price elasticity of demand for milkfish fry by grow-out operators 

   - supply elasticity for milkfish fry 

Z  -  value of the K shift weighted by the relative size of supply elasticity () with respect 

to the sum of demand and supply elasticities of milkfish fry (η+). The formula of the Z6 is 

given as follows: 

……………………………………………………………………………………………………………(4) 

 

In the case of milkfish industry, the estimation of the change in consumer (∆CS) and 
producer surplus (∆PS) uses the same formula except that the definitions of the 
parameters were changed as follows:  

Po -  real price of table-sized milkfish in Php at year zero 

Qo - quantity of table-sized milkfish produced in kgs at year zero 

η   - own price elasticity of demand for table-sized milkfish by consumers  

   - supply elasticity for table-sized milkfish  

                                                           
6 The value of the Z was found to follow the behavior of the K shift since it was weighted by the ratio 
of the supply elasticity with the sum of the demand and supply elasticities (x/x+ η), which is actually 
a constant value. 

Kξ
Z =

ξ + η
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Since there are no existing literature that provides demand and supply estimates for 
milkfish fry, the study estimated the respective demand and supply elasticities by running 
double logarithmic regressions on the total production/demand of milkfish fry in the 
country against its real price. Given the double log specification of the demand and supply 

equations below, the slope parameters, β1 and 1, are automatically interpreted as 
demand and supply elasticities, respectively (Leftwich, 1970). 

Demand:   ln(Total Fry Demand) = βo + β1 ln (Fry Price) + ε1  ……………………………………(5) 

Supply:      ln(Hatchery Supply)    =o + 1 ln (Fry Price) + ε2  ………………...................(6) 

On the other hand, in the case of table-sized milkfish, there is an existing study that 
estimated the demand elasticity for milkfish as food fish at different income levels, i.e., 
extremely poor, poor, lower middle, upper middle- and high-income group (Garcia, Dey 
and Navarez., 2005). The average demand elasticity for all income groups was used in this 
study. In the case of the supply elasticity for milkfish as food fish, it was estimated using 
a similar double logarithmic regression on total production of milkfish against its real retail 

price and is represented by the parameter 1 in the equation below: 

Supply:      ln(Milkfish Production)  = o + 1 ln (Real Retail Price) + ε3  …………………..(7) 

The estimated changes in consumer and producer surplus in both components of the 
milkfish industry were aggregated to represent the total welfare gain of the respective 
stakeholders. These welfare gains were compared to establish who among the industry 
stakeholders gained the most from the commercialization of the milkfish hatchery 
technology.  

3.2. Sources of Data 

Data used in this study were generated from the existing documents of the DOST-
PCAARRD GAINEX project, Philippine Statistics Authority (PSA) for milkfish production and 
price data and FAOSTAT of the Food and Agriculture Organization (FAO) for global 
production data. Key informant interviews (KIIs) of hatchery collaborators were 
conducted and focused group discussions (FGDs) were organized to solicit the opinions of 
other stakeholders in the milkfish industry. Since there are no published data for milkfish 
fry demand (nor supply) in the country, the annual milkfish fry production was estimated 
in this study by employing the backward estimation procedure using technical production 
parameters that were universally accepted by milkfish scientists on fry survival rates 
during various stages of rearing, transport and storage. The estimation procedure was 
adopted from the study of Israel (2000) and Ahmed et. al. (2001). This impact assessment 
study was conducted in the same project sites of the milkfish GAINEX project, i.e., 
Pangasinan (Region 1); Iloilo, Cebu and Aklan (Region 6) and Bohol (Region 7). 
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4. Discussion of Results 

To estimate the welfare gains in the milkfish fry industry, the total demand for local 
hatchery-bred fry needs to be estimated first based on the total production of milkfish in 
the country. The total fry demand was placed at 1.4B in 1979. It exhibited an unstable 
trend until 1998, which was similar to the performance of total milkfish production (Figure 
4). After the commercialization of milkfish fry hatchery in the country, milkfish 
aquaculture production and fry demand both exhibited increasing trend. In 2012, total fry 
demand was placed at 2.4B. 

 
Figure 4 Trends in milkfish production and estimated fry demand, 1979-2013,  Philippines 

Source: BAS, 2014 
 

Based on the estimated fry demand, the local production of hatchery-bred fry was in turn 
estimated by deducting the percentage shares of wild and imported milkfish fry. The 
remaining fry supply was then allocated as the production of local hatcheries. The 
distribution of these three sources of fry supply (i.e., wild fry, imported fry and locally 
produced fry) from 1997-2013 is shown in Figure 5. It is important to note that before the 
commercialization of the milkfish hatcheries in the country, milkfish fry supply was largely 
sourced from the wild or imported from Taiwan and Indonesia. 
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Figure 5 Trend in the share of wild, imported and local hatchery-bred milkfish fry, Philippines, 1997-
2013 

Source: BAS, 2013; NFRDI, 2013; GAINEX project documents; and KII with milkfish experts 
 

Records from the GAINEX project documents showed that imported fry in 1994 was 
placed at 20M which increased to 150M in 1995. Given the estimated fry demand in the 
country, the shares of fry imports were calculated to be 1% and 10% in the respective 
years. Over time, the share of imported fry continued to increase reaching 60% in 2003 
(PRIMEX, 2005). On the other hand, the share of wild caught fry had diminished from a 
high of 99% in 1994 to less than 1% at present. Since 2001, the supply of local hatchery-
bred fry in the country started to pick up and was estimated to be 61% by 2010. 

4.1. Computation of Economic Gains for Milkfish Fry Industry 

To estimate the total welfare gains from the commercialization of the milkfish hatchery, 
the reduction in the cost of producing milkfish fry needs to be established. In the case of 
the milkfish fry industry, the lower price of hatchery-bred fry compared to the price of 
wild-caught fry was identified as the source of the shift in the supply of milkfish fry in the 
country. Due to the lower price of local hatchery-bred fry, the cost of production 
decreased for the grow-out operators, which brought about welfare gains for both the 
producers and consumers in the milkfish fry industry. Therefore, the total welfare gains 
can be derived by combining the changes in consumer and producer surplus brought 
about by the vertical shift of the fry supply curve due to cheaper fry supply from local 
hatcheries. 

4.2. Estimation of the K Shift for the computation of Welfare Gain in the Fry 
Industry 

The K shift in the milkfish fry supply curve is estimated using the equation below: 

………………………………………………………………………………..(8) 
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where: 

Price of milkfish fry – the difference in the real price of wild-caught fry and the hatchery-
bred fry per piece  

Price of milkfish – the real price of table-sized milkfish per kilo 

To compute for the value of the K shift, the real prices of milkfish, hatchery-bred fry and 
wild-caught fry were computed by deflating their respective nominal prices using the fish 
consumer price index (PSA, 2014). The difference in the fry price from the wild and local 
hatchery in 2002 was Php 0.05. This means that the real price of hatchery-bred fry was 5 
centavos cheaper than the wild-caught fry. In turn, this price reduction was computed to 
be 0.07% of the real price of milkfish, which actually is the measure of the K shift. This 
value suggests that the percent reduction in production cost of milkfish grow-out 
operators per fish was 0.07% lower in 2002 due to cheaper price of fry in the market.  

Up to 2001, there was no price difference between the hatchery-bred fry and wild-caught 
fry since there was very little supply of the former in the market (Figure 6). Starting 2002 
up to 2010, the wild-caught fry proved to be more expensive than the hatchery-bred fry, 
which encouraged continuous harvesting of wild fry from the country’s fry grounds. 
However, since 2011, the reverse was true, which eventually diminished the interest of 
coastal communities in gathering wild fry. At the same time, the real retail price of table-
sized milkfish showed a declining trend up to 2003. However, from 2004-2013, real price 
of milkfish stabilized to an average value of about 70 Php per kg. 

 

Figure 6 Trend in the real price of milkfish, wild fry and local hatchery-bred fry, Philippines, 1997-
2013 

Source: PSA, 1997-2013 (Fish CPI and Milkfish Price); Ahmed et. al., 1997 (Prices of wild fry) and 
BFAR, 2013 (Prices of hatchery-bred fry) 
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Given the behaviour of the real retail price of milkfish and the respective trends in the 
prices of hatchery-bred and wild-caught fry, the K shift was computed to exhibit a pattern 
found in Figure 7. Initially, the value of the K was zero up to 2001 when the prices of 
hatchery-bred and wild-caught fry were the same.  Then it showed an increasing trend up 
to 2007 which eventually declined reaching negative values since 2011. Generally, the 
values of the K shift were positive suggesting welfare gain in using hatchery-bred fry. This 
benefit stems from the cost reduction in the procurement of seed stock since the price of 
the hatchery-bred fry was lower than the wild-caught fry. The value of the K shift ranged 
from 0.01% to 0.17% and was highest during the period of 2005 to 2006.  

 

Figure 7 Trend in the value of the K shift for the milkfish fry industry, Philippines, 1997-2013 

Source: Author’s synthesis 

 

However, since 2011, the values of K shift became negative showing that the wild caught 
fry was now cheaper than the hatchery-bred fry. This is the reason why the welfare gain 
computation of the study was carried out only up to 2010. The negative K values after 
2011 suggest that the welfare gain from using hatchery-bred fry had already dissipated 
since the price of the wild-caught fry had declined to the level of the price of the imported 
fry, which was way lower than the local hatchery-bred fry. The low price of fry imports 
from Indonesia and Taiwan was one of the reasons for the continuous decline in the 
supply of wild-caught fry since it reduced the incentive for fry gatherers to participate in 
this activity. At present, the use of wild-caught fry as seed stock is no longer sustainable 
since supply of wild-caught fry in the country had become too limited, i.e., less than 1% 
of the national supply of milkfish fry. On the other hand, the imported fry continues to 
compete with the local hatchery-bred fry. Despite the lower price of imported fry, the 
local grow-out operators preferred to use the local hatchery-bred fry due to two reasons, 
namely: a) same sizes of the fry stock during stocking; and b) higher survival rate of fry 
and fingerlings due to less fish stress compared to imported fry that needs to be 
transported internationally. 
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The estimation of the total economic gains in the fry industry requires the computation 

of the changes in the consumer (CS) and producer surplus (PS) associated to the shift 
in the supply of milkfish fry. As mentioned earlier, the shift in the supply of milkfish fry 
was due to the commercialization of the milkfish hatchery technology, which eventually 

led to a decrease in the price of milkfish fry in the country. To compute for CS and PS 
defined in equations 1 and 2, the demand and supply elasticities for milkfish fry was first 
estimated. The demand and supply elasticities were derived from the estimated slope 
coefficients of equations 5 and 6, respectively. Table 1 presents the estimates for these 
parameters from the respective regression runs.  

Based on the values of 1 and 1, the elasticity of fry demand is η = -0.31, while the 

elasticity of fry supply is  = 0.72. It is important to note that the values of both elasticity 
estimates were less than one indicating that the demand and supply for milkfish fry were 
both inelastic. This suggests that the demand and supply for milkfish fry have low 
responsiveness to price changes. These results reiterate the importance of milkfish fry in 
the grow-out production of milkfish. Although supply elasticity was also estimated to be 
inelastic, its magnitude was found to be twice the size of the demand elasticity. This 
further suggests that the hatchery supplier of milkfish fry tended to respond more to price 
changes compared to the grow-out operators. 

 
Table 1 Estimated parameters of demand and supply functions for milkfish fry, Philippines, 1997-
2013 

Regression Parameters Estimated Parameters Standard Error t-value 

Demand    

βo 20.97** 0.025 824.02 

β1 -0.31** 0.022 -13.87 

Supply    

o 19.86** 0.171 116.21 

1 0.72** 0.147 4.89 

** significant at =1% 

Source: Author’s synthesis 
 

Table 2 presents the estimated changes in consumer, producers and total economic gain 
for the milkfish fry industry. Based on the results, the estimated consumer surplus was 

found to be greater than the producer surplus, i.e., CS=36.1 M Php > PS=15.5 M Php.  
Furthermore, the relative size of the consumer surplus was more than twice (i.e., 2.3X) 
compared to the size of the producer surplus (Figure 8). Since the consumers in the fry 
industry are the grow-out operators, this means that welfare gain derived by the grow-
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out operators from the cheaper price of hatchery-bred fry was 2.3 times higher than 
hatchery operators who are producing them.  

Interestingly, prior to 2002 and after 2011, the CS and PS have values equal to zero 
due to the similarity of the price for wild and hatchery-bred fry. Note that only between 

2002 to 2010 were the periods where the CS and PS generated positive values due to 
the cheaper price of hatchery-bred fry compared to wild-caught fry. Also note that after 
the commercialization of the hatchery-bred fry, the price of the wild-caught fry had 
declined drastically hence the advantage of cheaper hatchery-bred fry had disappeared. 
This means that the benefits of cheaper fry price can continue to generate welfare gains 
only when the price of hatchery-bred fry is lower than the wild-caught fry. It is also 
important to note that before the commercialization of the local milkfish hatchery, the fry 
price in the market was dominated by the supply of wild-caught and imported fry since 
there was very limited quantity of fry coming from local hatcheries during that period. 

 
Table 2 Estimated producer, consumer and total economic surplus associated to the 
commercialization of milkfish fry hatcheries in the Philippines, 1997-2013 
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Figure 8 Trend in the estimated change in consumer and producer surplus in the fry industry due 
to the commercialization of hatchery-bred fry, Philippines, 1997-2013 

Source: Author’s synthesis 
 

4.3. Estimation of Economic Gains for the Table-sized Milkfish Industry 

Similar to the case of the fry industry, the supply curve of table-sized milkfish was 
expected to shift rightwards due to the reduction in the price of fry which is one of the 
key inputs in milkfish aquaculture. This shift generates welfare gains for the producers 
and consumers of milkfish as food fish. Specifically, the producer surplus pertains to 
welfare benefits of milkfish grow-out operators due to lower cost of production brought 
about by cheaper price of input, i.e., reduction in the price of milkfish fry due to more 
supply from local hatcheries. On the other hand, the consumer surplus is expected to 
emanate from welfare benefits of milkfish consumers due to the lower price of table-sized 
milkfish in the market brought about by cheaper production cost.  
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In the estimation of the change in consumer and producer surplus for the table-sized 
milkfish industry, the same values of the K shift in the fry industry was used, i.e., the 
reduction in fry cost as proportion of the milkfish price. However, different values of the 

demand (η) and supply () elasticities were used since the analysis now pertains to a 
different market, i.e., milkfish as food fish.         

In the case of demand elasticity, the study used the existing estimates of Garcia, Dey and 
Navarez (2005) for milkfish consumption of different income groups with an average value 
of η=-2.14 (Table 3). The demand elasticity was found to be elastic, i.e., η>-1.0 with 
decreasing absolute values as income increases. This implies that milkfish demand tends 
to be more price responsive for lower income groups compared to higher income groups. 
Intuitively, this means that milkfish as food fish is considered as a luxury fish by the poorer 
households while the more affluent households considered it as an ordinary fish 
commodity. 

 
Table 3 Demand elasticities for milkfish by income groups, Philippines, 2005 

Consumer Groups Demand Elasticity 

Lowest income group -3.61 

Low income group -2.26 

Middle income group -1.79 

Upper middle-income group -1.57 

Highest income group -1.46 

Average -2.14 

Source: Garcia et. al, 2005 
 

On the other hand, the supply elasticity was estimated using the model defined in 

equation 7. Results showed that the slope parameter of the model 1, which is 
interpreted as the supply elasticity, was equal to 1.08 (Table 4). This implies that although 

the supply elasticity was found to be elastic, i.e., >1.0, it was very close to one, hence 
deemed to be almost unitary elastic. This suggests that the supply of milkfish had a one-
to-one correspondence with the increase in the real price, i.e., if the real price of milkfish 
will increase by one percent, production of milkfish will likewise increase by one percent. 

 
Table 4 Estimated parameters for the milkfish supply function, Philippines, 1997-2013 

Regression Parameters Estimated Parameters Standard Error t-value 

o 7.62** 0.791 9.63 

1 1.08** 0.179 6.03 

** significant at =1% 

Source: Author’s synthesis 
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The estimated demand elasticity for milkfish was found to be twice that of the supply 

elasticity, i.e., η=-2.14 vs. = 1.08. These results suggest that the consumers of milkfish 
were more responsive to price changes than the producers. This has important 
implications on the welfare gains from the consumer and producer surplus that can be 
derived from the lower cost of production brought about by cheaper fry cost.  

Table 5 presents the estimated changes in consumer, producers and total economic 
surplus for the table-sized milkfish industry. Based on the results, the estimated producer 

surplus was found to be greater than the consumer surplus, i.e., PS=31.8 M Php > 

CS=16.0 M Php. Specifically, the producer surplus was about twice (i.e., 1.98X) the size 
of the consumer surplus. Note that in the table-sized milkfish industry, the producers are 
the grow-out operators while the consumers are the households who consume milkfish 
as food fish. Therefore, these results suggest that welfare gain derived by grow-out 
operators from lower price of hatchery-bred fry was higher than the consumers who buy 
them as food fish. Since the same values for the K shift were used in the estimation of the 

CS and PS in this industry, they exhibited the same pattern as in the case of the fry 

industry (Figure 9). The CS and PS were also found to be increasing until 2006 and then 
declined to zero by 2010.  

To identify the stakeholder that reaped the most benefits from the commercialization of 
the local hatchery-bred fry, the estimated total economic gains of the respective 
stakeholders from the two industries were compared. Basically, there were three 
beneficiaries from this initiative, namely: a) hatchery operators; b) grow-out operators; 
and c) household consumers of milkfish. It is important to note that the consumers in the 
fry industry and the producer in the milkfish industry are the same set of stakeholders, 
i.e., the grow-out operators. Hence, to obtain the total economic gains of the grow-out 

operators, i.e., the CS from the fry industry and PS from the milkfish industry were 
aggregated to represent their total welfare gains. Figure 10 shows the relative distribution 
of benefits for these three stakeholders. Based on the graph, the grow-out operators 
gained the most from this initiative of the government. The figure also shows that the 
benefit shares of the hatchery operators and milkfish consumers were relatively the same. 
Although, they were smaller than the share of the grow-out operators, their welfare gains 
were nevertheless positive which indicate that these stakeholders also benefitted from 
this intervention. 

 
Table 5 Estimated producer, consumer and total economic surplus for the milkfish industry 
associated to lower cost of milkfish production due to cheaper fry price in the Philippines, 1997-
2013 
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Figure 9 Trend in the estimated consumer and producer surplus in the milkfish industry due to 
cheaper price of hatchery-bred fry, Philippines, 1997-2013 
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Source: Author’s synthesis 
 
Figure 10 Trend in the estimated economic surplus of different stakeholders in the milkfish and 
fry industries due to cheaper price of hatchery-bred fry, Philippines, 1997-2013 

Source: Author’s synthesis 
 

 

5. Conclusion and Recommendation 

This study concluded that the commercialization of the milkfish hatchery technology in 
the Philippines proved to be beneficial to the milkfish industry as a whole, with the grow-
out operators reaping the most welfare gains. This initiative can be emulated for other 
aquaculture species in the country where hatchery operation is not yet fully 
commercialized, hence are still import dependent on seed stock supply. For example, 
there is strong demand for grouper, seabass, pomfret, mudcrab, sea cucumber and 
abalone fry among the local grow-out operators. All of these high-value species have 
strong aquaculture potential but there is lack of private interest to set up local hatcheries 
to produce the seed stocks at commercial scale. Therefore, what is needed is a sound 
commercialization strategy, similar to the GAINEX experience provided by PCAARRD-
DOST project, to encourage the private sector to enter into the hatchery business. 
Specifically, the subsidy and close technical assistance that was extended to both the 
private and public hatchery operators proved to be an efficient catalyst that helped in 
reducing the risks of venturing into a new enterprise like the hatchery business for new 
aquaculture species.    

Finally, to further boost the milkfish fry industry in the country, the ban on fry export 
should be lifted to allow the local hatchery operators to compete in the world market for 
milkfish fry. During peak season (April to June), the Philippines has excess capacity in fry 
production. According to the KIIs with hatchery operators, excess production of eggs and 
fry were often released at sea due to insufficient demand from grow-out operators. 
Ideally, the excess production of milkfish fry can be exported. However, the current 
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Philippine Fishery Law banned any exportation of live fish, either in the form of fry or 
broodstock (Fisheries Code of the Philippines, 1998). The ban originated at the time when 
the supply of milkfish fry was only sourced from the wild, hence it became a sensitive 
trade item for the country. Now that milkfish fry can be easily produced from local 
hatcheries, there are clamors from the local hatchery operators to allow the exportation 
of excess fry production especially during peak season. This will not only bring in 
additional foreign exchange for the country but can also help to increase the industry’s 
competitiveness in milkfish fry production. Given the opportunity to export the local 
hatchery-bred fry, the hatchery operators need to find ways and means to raise their 
productivity in order to sell the fry at competitive prices. The lower price of hatchery-bred 
fry will not only encourage export but it can further generate economic benefits for all 
the stakeholders in the milkfish industry as was shown in the comparative welfare analysis 
of this study. 
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