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Snappers: worthy of aquaculture?
By definition, a potential species for aquaculture must have the following characteristics:

• It can be bred in captivity. This permits genetic selection of stock and reduces 
dependence on recruitment from the wild, hence, stabilizing the fry market.

• It must be hardy and easy to culture in the hatchery and grow-out phases.
• It can be fed economically. If species is low on the food chain (e.g., tilapia and 

milkfish) and can be grown on low-cost feed, it can be sold in quantity at a low price. 
In  contrast, species high on  the food chain (e.g., sea bass and grouper) require high- 
protein diets and can be sold only as highly priced luxury food.

• It must be adaptable to crowding.
• It must grow fast.
• It must be resistant to disease and pollution (JE Bardach, JH Rhyther, WO McLarney. 

1972. Aquaculture: the farming and husbandry of freshwater and marine organisms. Wiley- 
Interscience, New York: p . 9-12).

Do snappers fulfill the above criteria? Little research or data has been done or gathered on the 
snappers and these are presented in this issue: spawning, larval rearing, and grow-out culture. Some 
baseline studies conducted by SEAFDEC Aquaculture Department on the induced breeding and 
taxonomy of snappers in the Philippines are also included.

SPECIAL FEATURE

What the future holds for aquaculture

This year-end issue also touches on the future of aquaculture technology. The views of former 
SEAFDEC/AQD Chief Dr. Flor Lacanilao on the direction of aquaculture as a sustainable technology 
is contrasted with those of some scientists who envision high-technology systems.



How important are snappers?
The Food and Agriculture Organization in 

1990 reported that only three countries in Asia 
produce substantial amounts of snappers: 
Singapore, Indonesia, and the Philippines.

SINGAPORE

Status of culture: developing
Species cultured: John's snapper
Culture method: floating cage
Source of seed:-artificial and wild (imported)
Yield/ha: 44 mt/ha
Production area: 35 ha
Market: domestic
Major constraints: limited fry supply; 

high cost of fry; limited labor

History and status. Coastal seafarming 
started in 1970 and originated from palisade 
trapping (kelongs) where fish were captured 
with lift nets. Market-sized snappers were sold 
immediately, while undersized ones were 
stocked in fixed holding cages suspended from 
the kelongs, or from floating wooden frames. 
These were raised to marketable size on trash 
fish trapped in the kelongs. Since the imple­
mentation of the Marine Fish Farming Scheme 
in 1981, aquaculture techniques have improved 
and larger and more sophisticated floating cages 
came into operation. There are at present 70 
floating fish farms, covering 35 of the 300 ha 
available for seafarming in Singapore. The 
total seafarming production in 1988 was 1,973 
m t , of which 24% was contributed by fishes, 
and 2.5% by the snapper, Lutjanus johni. 
Research on formulated feeds is being con­
ducted by the government. Major constraints 
affecting the expansion of snapper culture are 
shortage of labor and fry, and seasonality of 
market demand and price.

Culture practices. Culture is done in 
floating cages made of a simple wooden frame 
kept afloat by plastic buoys. A single farm is 
typically 1,500 m2 anchored within an area of 
5,000 m2. Cages vary in dimension, but most 
are 2 x 2 x 2 m, 3 x 3 x 2-3 m, or 5 x 5 x 2-3 m.

The seed are mostly from Malaysia and Indo­
nesia. Fingerlings (2-5 g) are initially stocked at 
100-150/m2 and then reduced to about 44/m2 
when they have attained body weights of 80- 
100 g. The snappers are fed chopped trash 
fish, and the feed conversion is 5-7 kg trash fish 
to 1 kg snapper. Culture period is 6-8 months 
when the fish have attained a body weight of 
600-800 g.

INDONESIA

Status of culture: developed
Species cultured: Red snapper 

and John's snapper
Culture method: floating cage
Source of seed: wild
Yield/ha: no data
Production area: no data
Market: domestic
Major constraints: limited seed supply 

and lack of high-quality feed

Status. Snappers are well known and 
appreciated marine fishes in Indonesia, and 
are often a by-product of shrimp trawlers. These 
species have a high local and export demand, 
and command relatively high market price. 
Snappers are usually cultured in floating cages 
and pens in areas around the Riau Archipel­
ago, Bangka and Belitung Islands. The main 
constraint related to its seafarming is the limited 
availability of fry which are collected entirely 
from the wild. Further, there is lack of high- 
quality feed and trained personnel. More re­
search is required to refine culture techniques, 
and more extension work to familiarize local 
fishermen with such an alternative activity.

Culture practices. Snappers are cul­
tured in floating cages, stake cages, or in pens. 
In the floating system, cages are fixed on a 
wooden frame kept afloat by plastic o r oil drums. 
In the stake system, cages are fixed to wooden 
poles which have been driven into the bottom. 
Polyethylene net cages of various dimensions 
are used, usually 5 x 5 x 3 m  or 3 x 3 x 3  m. The
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snappers are fed chopped trash fish in the 
morning and afternoon. The amount of feed 
given is about 8-10% of the total weight of the 
fish stock. During culture, cages are changed 
every month to guarantee good water flow. 
Market-sized fish are harvested by pulling the 
net to one side of the frame unit and slowly 
concentrating the fish by lifting the net over the 
edge of the frame. The fish are scooped into 
holding tanks in boats.

PHILIPPINES

Status of culture: developing
Species cultured: John's snapper
Culture method: floating cage
Source of seed: wild
Yield/ha: no data
Production area: no data
Market: domestic and export
Major constraints: hatchery and culture
techniques; lack of suitable artificial diet

Status. Production at present is only 
from capture fisheries. In 1987, over 19,000 mt 
were fished from coastal waters around the

country. Culture potential is great as snappers 
are widely distributed and appreciated highly in 
the local and export market. Proper manage­
ment techniques for grow-out have yet to be es­
tablished including feed requirements and seed 
production.

Although commercial culture of snap­
pers is not yet practiced, culture trials using 
floating cages have been attempted. Potential 
culture sites have been identified in some lo­
calities throughout the country. The cage design 
and construction is the same as that used for 
other marine fishes. A farm consists of a 
number of interlocked floating cages sus­
pended in a bamboo and/or wooden frame. 
The farm is kept afloat either by a bamboo raft 
or styrofoam floats, and is held in place by 
heavy anchors. The cages are of different 
sizes and mesh, depending on the initial size of 
fingerlings. Hapa cages made of fine-mesh net 
are used to rear fry to the fingerling size. 
Snapper fry are fed twice daily with finely 
chopped trash fish or green mussel.

Source: Regional seafarming resources at­
las. FAO/UNDP Regional Seafarming Development 
Project. RPS/SG/024/Jan. 1990.

Lutjanus 
j ohni

Lutjanus 
argentimaculatus
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What species are marketed?
The fam ily Lutjanidae is divided into four 

s u b -fa m ilie s , nam e ly  Lu tjan in ae , P a ra d i­
cichthyinae, Etelinae, and Apsilinae  represent­
ing 103 species in 17 genera. The genus 
Lutjanus  in the sub-fam ily Lutjaninae  has 65 
species, of which 39 have been documented in 
the Indo-W est Pacific. Thirty-two species of 
Lutjanus  have been described in the Philip­
pines.

A market survey of snappers of the genus 
Lutjanus was conducted by the SEAFDEC 
Aquaculture Department to identify the spe­
cies from Panay and Palawan waters. Bi­
weekly sampling was conducted for one year at 
the Iloilo Fishing Port starting July 1990. The 
fishing port was visited between 12:45 AM - 
3:00 AM when the majority of fish were landed. 
Fish were sourced for location of capture through

interviews. Specimens were identified, photo­
graphed, then preserved in 10% formalin for fu­
ture reference. From October 1990, the Iloilo 
Centra! Market was included in the sampling 
schedule, and thereafter the fishing port and 
the market were each sampled once a month.

Thirteen species of snappers were iden­
tified. They were Lutjanus argentimaculatus, L. 
boutton, L. carponotatus, L. decussatus, L. 
fulviflamma, L. malabaricus, L. monostigma, L. 
quinquelineatus, L. rivulatus, and L. vitta. Inci­
dence of lutjanids was year-round w ith a peak 
in May. Most abundant and commonly ob­
served were L. vitta, L. gibbus, and L. argenti­
maculatus. High-value species such as Lutjanus 
m alabaricus were not captured in waters off 
Panay, but were reported from  Palawan.

Source: R. Cheong, W. Gallardo, J. Toledo. 
1992. A m arket survey o f snappers (Genus Lutjanus) 
from  Panay and  Palawan waters. The Philippine  
Journal of Science  121 (1): 1-14.

Although lutjanids were present 
year-round, it can be seen that 
the number of species increased 
in April with a peak in May. The 
high number of species that 
occurred during this time may be 
the result of the spawning 
season. This incidence of 
snapper throughout the year may 
serve as a guide for the availabil­
ity of species in the Philippines.

4 Aqua Farm News X (6) November - December 1992



Do they grow well?

Thailand reports its progress on floating 
cage culture of the red snapper, Lutjanus argen­
tim aculatus :

Red snapper is one of the commercially 
important species in Thailand, but culture of 
this species has not been established yet. 
Cage culture was first conducted in 1976 using 
w ild juveniles. Experimental seed production 
and study on larval development were con­
ducted in 1983 and the first successful induced 
spawning was achieved in 1984. Larvae were 
successfully reared to juvenile stage.

Ninety juveniles (9 ±1 cm  in total length 
and 14 ±  5 g in body weight) were selected from 
a naturally spawned group and stocked (180/ 
m3) in a floating cage (1 x 0.8 x 0.8 m) made of 
mosquito net. After one month, the juveniles 
were transferred to a bigger cage of polyethyl­
ene net, 4.0 x 4.0 x 2.5 m, at a stocking density 
of 2.75/m3. W ater exchange rate was 40%  per 
day.

Water conditions were as follows: 28.8°C 
average temperature (range, 26.5-31.2°C) and 
28 ppt average salin ity (range, 24.5-32 ppt). 
During the first month, juveniles were fed minced 
fish, and subsequently chopped fish.

Age-total length and age-weight relationships of red snapper, Lutjanus argentimaculatus. 
The red snapper has a high potential to be a suitable species for aquaculture.
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After 120 days of culture, fish gained 
8.25 cm  in mean total length and 81.52 g in 
mean body weight. Survival was 85.6%.

Total weight gain was 6.09 kg against 
52.85 kg of total weight of feed given to the fish. 
Food quotient (total weight of feed/total weight 
gain of fish) was 8.68.

The above baseline study showed that 
the growth rate was relatively high, and that 
snappers may be suitable for culture. How­
ever, to establish the culture system, the fo l­
low ing are needed:

1. Establishm ent of mass seed produc­
tion technology to provide a constant supply of 
fry and juveniles for culture.

2. Feed and nutrition studies to look for 
biologica lly and econom ically suitable food for 
optim um  growth.

3. Ecological, physiological, and patho­
logical studies for the establishment of opti­
mum culture conditions and disease control 
methods.

Sources: (1) P. Bonlipatanon. 1988. Growth 
and survival of red snapper Lutjanus argentimacu­
latus in captivity; and (2) S. Maneewong, T. Tat­
tanon, and Y. Yashiro. 1988. Experiment on the cage 
culture of red snapper. In: Report of Thailand and 
Japan Joint Coastal Aquaculture Research Proj­
ect (Feb. 1986- Mar. 1987). No.3. Dec. 1988. Na­
tional Institute of Coastal Aquaculture, Department 
of Fisheries (Thailand) and Japan International Coop­
eration Agency. (3) S. Maneewong, T . Tattanon and 
Y. Yashiro. 1986. Progress report on floating cage 
culture of red snapper, Lutjanus argentimaculatus. 
In: Report of Thailand and Japan Joint Coastal 
Aquaculture Research Project (Apr. 1984-Jan 
1986). No. 2. April 1986. Japan International Coop­
eration Agency.

Notes on snappers

Gonzales LW  and Celaya J . 1986. Socio-economic 
diagnosis o f the medium range snapper-grouper fish­
eries o f the Nueva Esparta  state. Contrib. C ent. 
Nucl. Nueva Esparta Univ. Oriente, Porlamar No. 8. 
Univ. Oriente, Venezuela.

The social welfare and living conditions of 
fishermen are not in accordance with the eco­
nomic benefits they perceive from the fishing 
activity, which is relatively well compensated.

Perez Puentes C. 1986. Protection of the Cuban shelf 
fishery resources 5. Scale fishes. MAR PESCA No. 
255, pp. 40-43.

This briefly reviews the biology, reproduc­
tive cycle, spawning grounds, stock size, and 
regulations for the fisheries of the lane snapper, 
mullet, and mangrove snapper.

Correa Ivo CT and CA Sobreira Rocha. 1988. Hook 
selectivity o f  the Caribbean red snapper, Lutjanus

purpureus Poey, in northern Brazil. Arq . Cienc. 
Mar. 27:49-56.

The study used six different hook sizes 
numbered 618 to 613. A length distribution for 
each hook number showed a normal distribu­
tion from which it was possible to estimate the 
kind of hook to be used in the Caribbean red 
snapper fishery. For protecting juveniles, only 
hook numbers 615 , 614, and 613 should be used.

Pramokchutima Somsak and Vadhanakul Surapon. 
1987. The use o f artificial reefs as tool for fisheries 
management in Thailand. Symposium on the exploi­
tation and management o f marine fishery resources 
in Southeast Asia; 16-19 February 1987; Darwin, 
Australia. FAO Reg. Off. fo r  Asia and the Pacific, 
Bangkok: 427-441.

The (Thai) Department of Fisheries has con­
structed 34 artificial reefs at a depth of 4-18 m 
along the coast of the Gulf of Thailand and in the 
Andaman Sea. The reefs are reported to be fished 
on a regular basis by small-scale fishermen from 
nearby villages, and the catch are mainly grou­
pers, snappers, rabbitfish, and parrrotfish.
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Can they be bred in captivity?
LUTJANUS JOHNI

The John’s snapper (Lutjanus john i), also 
known as golden snapper, is a popular food 
fish in Singapore. It may be distinguished from 
other lutjanids by its golden color, and a distinct 
dark spot on each scale, form ing dark streaks 
along the body. The fish is found in coastal 
areas in the North Andaman Sea and the South 
China Sea and may be caught in large schools 
with trawl. At present, the John’s snapper is the 
third most important farm  fish next to grouper 
and sea bass in Singapore. The seed supply 
for farm ing comes from  the w ild and is limited 
and irregular. Breeding experiments have been 
conducted on the John's snapper in Singapore.

The broodstock are held in floating cages 
5 x 5 x 3 m deep at a density of 6-7 kg/m 2, or a 
total of 30-50 fish per cage. Males and females 
are kept together in the same cage. The 
broodstock are fed once daily, in the morning, 
with trash fish at 2.5%  of body weight.

In general, fem ales attain maturity at the 
age of 3-4 years (3.5-4.5 kg), while males 
mature at 2.5-3 years (2.3-3.0 kg). Gonadal 
development is monitored monthly to detect 
onset of spawning. Ovarian development is 
determ ined by sampling from  2-3 females with 
a polyethylene cannula (2.5 mm in dia) and 
examining oocytes under a microscope. The 
maturity of males is based on the m ilting condi­
tion. Milting males are available almost through- 
ou t the year, whereas, ripe females with oocytes 
at yolk globule stage can only be obtained 
during January to August. This period is 
considered the spawning season of John's 
snapper in Singapore.

Two spawning methods have been de­
veloped so far fo r John’s snapper. Both meth­
ods use the hormone human chorionic gona­
dotropin or hCG at 100-500 IU/kg for the first in­
jection and 250-500 IU/kg for the second injec­
tion (24 h later). The artificial spawning method 
employs manual stripping of eggs and milt 
followed by artificial fertilization. This method 
was first used on John’s snapper in the late 
1970s, and has since been improved and re­
fined to give relatively consistent results. The

spontaneous spawning m ethod consists of 
spontaneous ovulation and natural fertilization 
in either 10-m3 circular fiberglass o r 40-m3 rec­
tangular concrete tank. The m ethod was 
developed for John's snapper in the early and 
mid-1980s.

Artificial spawning usually produces 0.58- 
0.81 million eggs per female (average, 0.69 m il­
lion eggs). A significant portion of the eggs is 
either premature or over-ripe, indicating non- 
simultaneous maturation.

In spontaneous spawning, the fecundity 
and spawning pattern of John ’s snapper differ 
w ith the type of spawning tank. In the 10-m3 
tank, the eggs are discharged all at one time, 
on average 0.92 m illion per fem ale. In the 40- 
m3 tank, spawning is spread over 4 days, at 
average fecundity of 2.83 m illion. The mean 
percentage of buoyant eggs obtained from 
spontaneous spawning in 40-m 3 tank is 67%, 
higher than in 10-m3 tank and from  artificial 
spawning (44-48%). Apparently, spontaneous 
spawning is a better method fo r John's snap­
per in terms of fecundity and egg quality.

Development of the eggs at 27.5-28°C 
and 29 ppt is detailed in the figure on p. 8.

Source: L.C. Lim, L. Cheong, H.B. Lee, and 
H.H. Heng. 1985. Induced breeding studies of the 
John's snapper, Lutjanus johni (Bloch), in Singapore. 
Singapore J. Pri. Ind. 13(2): 70-83.
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The fertilized egg (A) of John’s snapper is trans­
parent, spherical, and non-adhesive. The surface of 
the egg shell is smooth and non-segmented. The yolk 
is also non-segmented. Fertilized egg is usually buoy­
ant and a single oil globule is present, whereas sunken 
eggs usually have multiple oil globules. The perivite­
line space is narrow. The egg diameter ranges from 
0.77-0.85 mm with mean 0.80 mm. The diameter of oil 
globule is about 20% of the egg diameter, with a range 
of 0.15-0.17 mm and mean 0.16 mm.

The embryonic development is similar to many 
other pelagic eggs. At 27.5-28.0PC and 29 ppt, the 
one-cell stage (B) appears within 10 min after fertiliza­
tion while the first cleavage (C) occurs within 20 min 
after fertilization. Subsequent cleavages (D-G) occur 
at every 10-15 min. Cleavage continues until the 
multiple-celled (H) stage is reached at 1 h 25 min. The

blastula stage (I) occurs at 2 h 5 min. The early 
gastrula (J) stage is reached at 4 h 25 min. The neural 
groove appears at the late gastrula stage (K-L) a t  7  h 
10  min. The neurula stage (M) is reached a t 8h 20 min. 
At 9 h 25 min, the early embryo (N) is formed. The first 
movement of the embryo (O-R) occurs at 14 h 40 min. 
The movement becomes more vigorous towards hatch­
ing. First hatching (S) occurs at 17 h after fertilization. 
The larva breaks egg membrane, and the head emerges 
first. All the larvae would have emerged by 17 h 30 min.

The hatching time of John's snapper is highly 
temperature dependent, being 14.5-15.0 h at 29.0- 
29.5°C and 17.0-17.5 h at 27.5-28.0°C. The hatching 
rate varies with the method of spawning: 30-55% in 
artificial spawning, 50-75% in spontaneous spawning 
in 10-m3 tanks, and 70-85% in spontaneous spawning 
in 40-m3 tanks.

8 Aqua Farm News X (6) November - December 1992



LUTJANUS ARGENTIMACULATUS

The red snapper, Lutjanus argentim acu­
latus, was spawned at the AQD Tigbauan Main 
Station for the first time on 20 August 1992 by 
Dr. Arnil C. Emata, study leader for snapper 
broodstock development.

The spawners (female of body weight 
4.25 kg and male of 3.6 kg) were held in a 
circular concrete tank (4-m dia. by 1.5-m deep) 
and injected w ith 1500 IU human chorionic go­
nadotropin per kg of body weight. The fish 
spawned between 5:00 to 5:30 PM, 27 hours 
after injection. A total of 1.3 million eggs were 
collected by seining and by means of an air-lift 
egg collector installed in the tank. Fertilized 
eggs were spherical (0.7-0.8 mm dia.), buoy­
ant, transparent, and w ith a single oil globule 
0.08-0.18 mm in diameter. Fertilization rate 
was 95%. Hatching occurred 16 hours follow­
ing spawning. A total of 305 000 larvae were

produced (hatching rate, 23%). Larvae were 
reared to 25 days using AQ D ’s fish hatchery 
techno-logy.

Prelim inary work on gonadal develop­
ment indicates that w ild-caught red snapper 
held in concrete tanks and floating net cages 
are sexually mature from early May to late 
October. Males and fem ales used fo r induced 
spawning can remature in three weeks. Mature 
females weigh more than 3.5 kg and can 
spawn 1.3 million eggs. Further research should 
now focus on developing reliable techniques 
for spawning and larval rearing.

This first recorded spawning of snapper 
in the Philippines holds prom ise fo r the aquac­
ulture industry. Snapper fry are not abundant in 
the wild, and they may have to come from  the 
hatchery. Snappers have enorm ous potential 
as cultured species and have excellent market 
value locally. Infofish International indicates 
that the market fo r snappers is grow ing in Hong 
Kong, Singapore, and Japan.

Dr. Arnil C. Emata (left), study 
leader for snapper broodstock de­
velopment at SEAFDEC/AQD, said 
that the Philippines now joins Sin­
gapore, Malaysia, and Thailand in 
having successfully matured and 
spawned snappers in captivity.

Available soon!

The Proceedings of the Aquaculture Workshop for SEAFDEC/AQD 
Training Alumni will be available in early 1993. The workshop was 
held 8-11 September 1992 at Tigbauan, Iloilo, Philippines. The vol­
ume includes the experiences of the training alumni (from three 
SEAFDEC Member Countries - Malaysia, Thailand, and the Philip­
pines) in shrimp and marine fish seed production, grow-out culture, 
fish disease problems, and fish nutrition. SEAFDEC/AQD research, 
training, and information activities are also covered.
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How about hatchery production?
Hatchery production of John's snapper 

has been tried in Singapore. Larval rearing is 
conducted in 5-m3 circular fiberglass tanks (1.4 
m dia. x 0.8 m high). The eggs are stocked in 
the late embryo stage at densities of 20 000 - 
25 000/m 3.

The larvae hatch w ithin 1 -2 h after egg 
transfer. Newly hatched larvae (day 0) have 
uniform  size of 1.6-1.7 mm TL (total length). 
Each larva carries an elongated yolk sac with a 
single oil globule. On day 1, the yolk is partially 
absorbed and only the posterior half is left. On 
day 2, the yolk sac is greatly reduced, and by 
day 3, only a small oil globule is present. Pig­
mentation of eyes starts on day 1 and both eyes 
are fully p igm ented by day 3. The mouth of the 
larvae is open by day 3 (2.87 mm TL) and at this 
time, the larvae are ready to begin feeding.

The feeding regime is shown below. The 
larvae are fed green mussel larvae, rotifers, 
brine shrimp nauplii, w ild zooplankton, moina, 
m inced mussel, trashfish, and A ce tes  over the 
40-day rearing period.

The w ater quality in the rearing tanks is 
m aintained through partial exchange of fresh 
seawater from  day 1-8 and continuous flow of 
seawater from  day 9 onwards till metam orpho­
sis. The flow  rate is 4 l/m in (or 1.4 changes/ 
day) on day 9 and it is gradually stepped up to 
30 l/m in (10.8 changes/day) on day 30. Seawa­
te r used for rearing is first sandfiltered. W ater 
is d ischarged through a 0.30 mm mesh bag (24 
cm  dia. x 1.2 m long). Uneaten food, dead

larvae, and debris on the tank bottom are 
siphoned out daily.

Chlorella  (green water) is added every 
morning to maintain a cell density of 2.5-5.0 x 
105cells/ml. W ater temperature of the rearing 
w ater ranges 27-29°C, sa lin ity 28-30 ppt, 
dissolved oxygen 6.6-8 mg/l, pH 7.85-8.17, 
and ammonia-nitrogen <  0.10 mg/l.

The mean larval survival of John’s snap­
per from  hatching to the stage of metamorpho­
sis is 1%, w ith best result at 5%. There are two 
critical periods during the 35-day larval rearing 
cycle. The first critical period occurs at day 4- 
7. Total mortality at this stage is common 
among larvae from artificial spawning, proba­
bly due to the difficulty of synchronizing oocyte 
development w ith stripping. A lthough larval 
survival is improved in spontaneous spawning, 
mortality at day 4-7 is still high, usually more 
than 80%. About 60-70%  of the snapper larvae 
can feed on mussel larvae during this period 
but still appear starved. Mussel larvae alone 
may be nutritionally inadequate for the growth 
and survival of the larvae during this period. 
The second critical period occurs at day 18-28. 
During this period, many larvae die after dash­
ing about. They float lopsided at the water sur­
face, swim erratically in semi circles, and then 
sink slowly with heads down. Some of the dead 
larvae have deflated swimbladders, a phe­
nomenon usually associated w ith deficiency of 
essential fatty acids in the food for marine fish 
larvae. O ther larvae may be unable to cope

Feeding regime of 
John's snapper 
larvae.
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with morphological and physiological changes 
before m etam orphosis. C anniba lism  also 
occurs among different-sized larvae and this 
contributes to the larval mortality after day 25.

The trials reported here demonstrates 
that the John’s snapper can be reared in the 
hatchery. The lim ited success in larval rearing 
indicates that further research is required be­
fore mass production of fry can be realized.

Recommendations

Major research efforts in the hatchery of 
John's snapper will be directed at the improve­
ment of egg quality through broodstock diets, 
and the provision of more suitable food for the 
early larvae, including the improvement of the 
nutritional quality of the various live food used 
at different stages of larval rearing.

Source: L.C. Lim, L. Cheong, H.B. Lee, and 
H.H. Heng. 1985. Induced breeding studies of the 
John's snapper, Lutjanus johni (Bloch), in Singapore. 
Singapore J. Pri. Ind. 13 (2): 70-83.

Postscript
The research done on snappers attest to 

the ir cultivability. To summarize (with reference 
to p. 1):

economic importance: positive (+)
growth rate: +
breeding in captivity: +
hatchery and growout: +
feeding: +

However, a great deal of research still 
needs to be done to verify and fine-tune the 
techniques so far reported.

At SEAFDEC Aquaculture Department, 
the snappers are one of the priority species for 
research for 1992-1994. Studies will be on 
inventory and taxonom y; identification of suit­
able species for culture; developm ent of rear­
ing techniques for hatchery, nursery, and grow- 
out; broodstock development; feed develop­
ment; and fish health control. The Department 
has already made progress in inventory and 
taxonom y as well as in breeding techniques 
(see p. 4 and 9, this issue).

Notes on snappers

Declining catch

The development of the Caribbean red 
snapper (Lutjanus purpureus) fishery during 1967- 
1987 was studied. Results showed that this 
fishery has three phases of population change: 
the first is of increasing catch averaging 3,178 t 
(1967-1973), the second is a stabilization period 
with catch averaging 5,964 t (1974-1981), and the 
third is declining catch averaging 4,601 t (1982- 
1987). The optimum fishing effort which produced 
the maximum sustainable yield of 5,937 t was es­
timated in 2,074 x 103 hook day. Some regulatory 
measures for this fishery, such as reducing the 
fishing effort by 27.6% down to its optimum value 
and increase of the hook size for protecting the

juveniles, are recommended. (Source: Correa Ivo 
CT and MJ Batista de Sousa. 1988. Synopsis of data on 
the Caribbean red snapper, Lutjanus purpureus Poey, 
off north and northeastern Brazil. Arq. Cienc. Mar. 
27:57-67.)

Red snapper fishing limited

The federal authority that oversees fishing 
in the Gulf of Mexico lowered the number of red 
snapper (Lutjanus campechanus) that commer­
cial and sport fishermen may catch in 1991, 
reports the San Antonio Light; however, there 
were no efforts made to regulate the shrimpers. 
What red snapper sport fishermen may take was 
lowered from seven to six per person, per day. 
The commercial quota was dropped to 2.5 million 
pounds. (Source: Tropical Fish Hobbyist 39 (4), Dec. 
1990.)
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Special Feature

SCIENCE and the future of 
AQUACULTURE

The year's end always makes people aware that the next year is something yet to behold. The 
astute aquaculturist w ill have to be more attentive to the application of existing technologies in order 
to achieve new breakthroughs in production and profits. This issue's special feature focuses on 
technologies -- biological and physical -- that will make an impact in and eventually direct future 
aquaculture systems. Lest technology's ultimate aim -- better quality of life -- be forgotten, the views 
of form er SEAFDEC/AQD Chief Dr. Flor Lacanilao are also presented.

Biological technology

The biological sciences in general and 
biotechnology in particular will play an 
increasing role in aquaculture. The trend 
will be driven by international competition 
and consumer preferences. The R and D 
that will be conducted will vary according to 
the stage of development of the particular 
aquaculture species in relation to the mar­
ket. With new species, the emphasis is 
often on basic culture through the life cycle. 
Species that have entered the market un­
dergo a rapid research with emphasis on 
solving production problems and increas­
ing survival and growth. In species whose 
production in some areas of the world has 
leveled off, the emphasis is on increasing 
production efficiency.

New species. 
Given that there are 
over 20 000 spe­
cies of fish on earth 
and over 15 000 
species of mollusc 
many of which are 
sought as food 
items, it is ex­

pected that aquaculture researchers constantly 
test new species for culture. The selection of a 
new species is usually associated with strong 
market demand linked with high value and a

limitation of natural stocks. Consumer demand 
for high quality aquaculture products in Japan, 
Western Europe, and North America based on 
perceived health benefits and lifestyle factors is 
expected to continue. This demand will lead to 
the economic feasibility of culturing additional 
species. In the culture of tropical freshwater 
fish, certain carps, tilapias, and catfish pre­
dominate. But recent years have seen the 
emergence of aquaculture of other indigenous 
species. Examples are the culture of the pacu 
Colossoma sp. and other indigenous fishes in 
Brazil, and the culture of the indigenous carp 
Puntius gonionotus in Thailand.

Nutrition. Future research on nutrition is 
expected to focus on (1) the search for alterna­
tive protein and lipid sources for making cost- 
effective feeds for high production; (2) nutri­
tional requirements of cultured species and in­
gredient digestibility of feeds, and (3) the opti­
mization of quality and nutritional value at har­
vest. The latter 
topic has become 
very important in 
light of the benefits 
of omega 3 poly­
unsaturated fatty 
acids (PUFA) in hu­
man health. These 
health benefits
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have led to increased fish consumption. Thus, 
it must be ensured that fish products from aq­
uaculture contain satisfactory levels of PUFA. 
A recent comparison has shown that the lipids 
of wild catfish contain 27.6%  omega 3 PUFA 
compared to 10.2% in farm ed catfish. When 
expressed as the omega 3 to omega 6 ratio, the 
ratio in w ild catfish is 2.5 versus 0.6 in cultured 
catfish. There is a clear need to develop fin ish­
ing diets that w ill optim ize nutritional value as 
well as physical quality at harvest.

G row th . In 
animal husbandry, 
re d u c tio n  of the 
p ro d u c tio n  cyc le  
through increased 
growth rates has, 
fo r economic rea­
sons, always been 
a key area for ge­
netic and endocrine 

research. The relatively long production cycles 
of cultured animals currently range up to sev­
eral years. Genetic selection has resulted in 
s ign ifican t im provem ents in grow th rates. 
Endocrine techniques that could vastly im­
prove growth rates are also currently under 
development. Results to date indicate that the 
hormone somatotropin (from the pituitary gland) 
is the most promising factor fo r growth accel­
eration. Mammalian and bird somatotropins 
produced from  biotechnology can accelerate 
growth of Pacific salmon, both the freshwater 
juveniles and the seawater grow-out stage. 
Initial success has also been achieved in the 
catfish. In  the future, research will focus on four 
areas: (1) efficient methods of administration 
of somatotropin by implant, the oral route, or by 
immersion; (2) development of somatotropin 
analogs having a higher potency; (3) develop­
ment of fish somatotropins by biotechnology; 
and (4) further investigation of o ther growth fac­
tors.

Gene banks. 
While the technology 
now exists to cry ­
opreserve fish sper­
m atozoa, the con­
cept of gene banks 
has, to date, been 
little utilized in aquac­

ulture. In the future, gene banks can be used 
for: (1) indefinite storage of genetic information 
from  w ild strains of a variety of species for 
incorporation in breeding programs and devel­
opment of genom ic libraries; (2) storage of 
spermatozoa from selectively bred fish for use 
in future crosses; (3) storage of gam etes for the 
production of monosex stocks; (4) the storage 
of sperm from  one breeding season to the next 
to increase the effective size of the breeding 
population and thus reduce inbreeding; (5) the 
maintenance of control lines in selective breed­
ing programs; (6) the development of in ter­
specific crosses.

Transgenic fish. Transgenic fish are 
produced by the introduction of fore ign DNA 
into the egg or embryo in such a m anner that it 
is incorporated into the genome. Mice develop­
ing from eggs m icroinjected w ith the growth 
hormone gene grew faster and larger than nor­
mal mice. There has followed a surge of re­
search to develop transgenic fish w ith en­
hanced production characteristics. In research 
conducted to date, a DNA sequence has been 
microinjected into goldfish, and fusion and 
g ro w th  ho rm one  
genes into rainbow 
trout. The presence 
o f s o m a to tro p in  
and a c c e le ra te d  
growth in individual 
second generation 
transgenic carp has 
been  d e m o n ­
strated.

W hile the emphasis to date has been on 
the development of fast-grow ing stra ins of 
transgenic fish, research is also underway on 
freezing resistance in Atlantic salmon. Future 
research will focus on the im provement of such 
factors as flesh color, external appearance, 
disease resistance, fatty acid content, and ability 
to utilize low-cost dietary ingredients. It may 
also be possible to produce sterile fish by ex­
pressing in the gonad a gene that prevents 
gonad development.

Production characteristics influenced by 
single genes are the most likely to be improved 
by the development of transgenic fish, whereas 
characteristics regulated by multiple genes are 
more amenable to selective breeding.
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Integration of biological technologies. 
There is a need for integration in aquaculture 
R & D, either of research from separate disci­
plines to solve major problems, or of several 
technologies into production systems. An 
example of the former is the investigation of the 
role of genetics, nutrition, and stress in the 
disease susceptibility of cultured organisms. 
An example of the latter is the integration of 
endocrine and genetic technologies to pro­
duce monosex populations.

In the case of production systems for 
coho salmon, studies on the production of age 
0 smolts, and of sterile age 1+ smolts were con­
ducted separately. 
Androgen treatment 
in terfe res with 
smoltification. Thus, 
when the two proce­
dures were in te ­
grated at the pilot 
production level it 
was necessary to 
time the androgen 
treatment, temperature, and photoperiod ma­
nipulation to avoid negative interaction.

Physical technologies

Oxygen and aeration. The aeration of 
ponds has increased yields as much as 30-fold. 
The application of oxygen in raceway or tank 
culture has increased production easily by a 
factor of 7 to 10 and almost all conventional fish 
farms could double production through the 
proper application of the newer types of oxygen 
injection systems.

Oxygen is now readily available either as 
liquid oxygen as supplied by the major produc­
ers o r it can be generated on location by new 
m odern and efficient oxygen generating equip­
ment. The key requirement for oxygen genera­
tion is a dependable supply of electricity.

New methods of oxygen injection in­
clude pressure systems which produce super 
satura ted  w a te r and/or t in y  m icrobubbles. Con­
tainerized m ixing devices known as packed 
colum ns operate very efficiently w ith little or no 
energy required. These new devices transfer 
oxygen into w ater at efficiencies ranging from

80 to 95% . Past 
technology only pro­
vided transfer effi­
ciency of 30 to 60%, 
s u b s ta n t ia lly  in ­
creasing cost of oxy­
gen supp lem en ta ­
tion.

Benefits from 
oxygen supplementation include nitrogen strip­
ping, substantially increased stocking densi­
ties hence yields, improved fish health, less 
medication, and improved feed conversions.

Superoxides of oxygen. By treating 
w ith either electrical or photochemical energy, 
oxygen molecules are transform ed into super­
oxides of oxygen which have very powerful 
oxidizing properties. These superoxides, prop­
erly introduced into aquaculture systems, can 
act as sterilant and oxidant. Benefits include 
significant reduction in bacterial numbers in 
w ater supplies; the oxidation of unionized 
ammonia to less toxic nitrates; the oxidation of 
organics includ ing harm ful chem ica ls and 
agents which induce off flavors; and a reduction 
in surface tension. Successful applications of 
superoxides include oyster depuration, efflu­
ent treatm ent in recycling systems, and reduc­
tion of virus and improved survival of shrimp 
larvae in hatcheries.

Tem perature managem ent. Since the 
metabolic rate and growth of cold-blooded ani­
mals is determ ined by tem perature and each 
species has its own preferred temperature at 
which it performs the best, temperature man­
agement in aquatic systems will receive more 
attention. Oxygen supplementation allows the 
animal to grow faster at higher temperatures 
which were previously thought to be harmful.

The principles of therm al engineering 
are well established. Heat pumps and heat ex­
changers are readily available. The challenge 
will be to use the best 
available technolo­
gies in a cost-effec­
tive manner to take 
advan tage  o f the 
economic potentials 
derived from  proper 
temperature control.
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Effluent managem ent. The single most 
important resource for aquaculture develop­
ment is water. This resource, if properly man­
aged, is renewable. Because it is in the best 
interests of the aquaculture industry to protect 
this resource, we anticipate that the industry 
will respond positively and constructively to 
manage effluent water. The only option to 
voluntary action will be regulated compliance.

The single most important source of water 
pollution is feed, either as wasted uneaten feed 
or as metabolites produced by fish from con­
sumed feeds.

Emphasis in feed form ulation will shift 
from cost optim ization to “precision form ulat­
ing” such that feed conversion efficiency is 
high. Less nitrogen, phosphorus, and organic 
substances will go into pond water. High d i­
gestibilities result in less wastes and lower oxy­
gen demand. These new feeds w ill cost more, 
but will be cost-effective compared to other 
methods of effluent management.

New and im­
proved devices 
and techniques to 
settle, suck, spin, 
filte r, and/or float 
out se ttlab le  and 
suspended solids 
are constantly ap­
pearing in the mar­
ket. Removal effi­

ciencies are being improved. A new filtration 
device reports the removal of about90% of sus­
pended solids, 80%  of the phosphorus, and 
40% of the nitrogen.

Dissolved solids can be removed bio logi­
cally using biofiltration technology or through 
the addition of waste converting bacteria, a new 
tool that has trem endous potential. The chem i­
cal oxidation of organics using superoxides is 
also a viable alternative. Imagine potable water 
from fish farms.

Through the application of these new 
technologies, more farm s will use recycle sys­
tems. A lthough the technologies for effective 
effluent management exist, what is lacking is 
the econom ic analysis and demonstration of 
the proper linkage of these technologies in 
typical farm ing operations.

Handling, grading, and counting. In­
ventory management must be done properly

for any business to 
succeed. It is now 
poss ib le  to m ove, 
g ra d e , s o rt, and 
count aquatic  an i­
mals accurately and 
safely. The need to 
count is of primary 
importance and new 
products and technologies are appearing each 
year to perform  this process faster and more ef­
ficiently.

The ultimate objective is to count animals 
in their natural environm ent w ithout handling 
them We are not quite there yet, but there is no 
reason why this problem can ’t be solved.

Feeding system s. There are feeders 
and feeding systems available fo r alm ost every 
application and the challenge becom es finding 
the best suited for current and future needs.

Stand alone type feeders such as de ­
mand feeders o r  those powered by m echanical 
springs, rechargeable batteries, or solar power 
will be very popular because they are highly 
dependable, very flexible, and more affordable.

In those farm ing operations where highly 
controlled and managed production is an oper­
ating standard, mechanical type feeders linked 
to control systems will be preferred. Another 
advantage of program controlled feeding is that 
water quality parameters are m aintained within 
more narrow ranges. This in turn can affect the 
design and cost of effluent m anagem ent sys­
tems.

An electronic 
demand feeder will 
soon be available.
R e g u la tin g  fe e d  
supp ly  based on 
animal behavior is 
a very sound prin­
ciple. Electronics 
allows for precision 
adjustm ent, m oni­
toring, and feed delivery control. This device 
will be invaluable in research.

Com puterization. The degree of com ­
puterization will depend on w hether the busi­
ness is a fish farm  or a fish factory, the form er 
being influenced by more natural environmental 
factors whereas the latter would be com pletely
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and environm entally managed and controlled.
Certainly, the com puter w ill play an ex­

panded role in the area of research and devel­
opm ent as it has a trem endous capacity to 
collect and assim ilate data.

Bioelectronics. In the future, it is pos­
sible to monitor fish physiology and fish health 
through sensing devices attached to a sample 
of the population. The electronic transm issions

allow prediction of 
anim al conditions 
and responses be­
fore visual and d i­
agnostic observa­
t io n s  c o u ld  be 
made. Robotics, la­
se rs , fibe r op tics , 
super conductors, 
and high-tech ce­

ramics have not been included although most 
assuredly, they w ill be part of the technology of 
the future.

Conclusions. Environmental constraints 
plus the more effective applications of new 
technologies w ill move aquaculture develop­
ment towards land-based systems. These 
system s perm it more control and predictability 
and allow more intensive culture operations to 
succeed. These systems w ill not be highly so­
ph isticated or com plicated but instead w ill 
concentrate on good design, simplicity of op­
eration, and effective management. Regard­
less of w hat system  is used, they all must focus 
on producing h igh-quality, very desirable 
products fo r the consum er market.

W ater reuse and recycling systems will 
develop more rapidly due to increased interest 
and promotion. The agricultural community is 
looking for and certa in ly needs complimentary 
enterprises to support s trugg ling  agribusi­
nesses. Agriculture farm ers understand animal 
husbandry, they are creative and they are 
w illing to test these 
new systems. W a­
ter recycling sys­
tem s w ill be used 
near fish markets 
to a llow  prom pt de ­
livery of live o r fresh 
p roducts  to  co n ­
sumers.

Another opportunity fo r aquaculture is to 
link the aquatic animal systems with plant cul­
ture. This provides the benefit of greater nutri­
ent utilization w ith practically no effluent prob­
lems.

It would be well fo r all of us to heed the 
advice of a world famous scientist who com­
mented “ Imagination is more important than 
knowledge.” His name? Albert Einstein.

Sources: (1) E.M. Donaldson. 1988. Science 
and the future of aquaculture. p. 299-309; (2) T.R. 
Zeigler. 1988. Aquaculture technology in the future. 
p. 311-315. In: Aquaculture International Con­
gress Proceedings; British Columbia, Canada; 6-9 
Sept. 1988.

Technology and the environment

There is no question that research plays 
a role in developing the aquaculture industry in 
the region. This was seen in the utilization of re­
search by the shrim p industry. The fast devel­
opment of aquaculture in Southeast Asia is ex­
em plified by shrimp culture, particularly in 
Tha iland, Indonesia , and the  Philippines. 
Thailand’s shrimp aquaculture production, for 
example, has grown from  12,000 tons in 1986 
to over 110,000 tons in 1991.

However, the uncontro lled spread of 
shrimp farm ing has resulted in massive envi­
ronmental deterioration. In the Philippines, the 
negative consequences are that: (1) the bene­
fits of shrimp aquaculture do not trickle down to 
the poor people in the area, (2) intensive shrimp 
farm ing marginalizes small-scale fishermen, 
(3) the culture system does not generate desir­
able alternative employment for displaced fish­
ermen, and (4) large-scale shrimp culture com­
promises the local environment, resulting in 
salinization of arable land, lowering of ground- 
w ater level, pollution of coastal areas, and 
health hazards. In effect, the coastal folk bear 
the social costs of large-scale aquaculture 
development, including loss of traditional liveli­
hood fo r the fishing community, ejection from 
their residence site, and degradation of natural 
coastal resources. Add to this the social con­
flict resulting from resource use, that is, the fish 
culturists as against the fishermen.
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The above examples only show that while 
aquaculture offers econom ic benefits, these 
are overweighed by harmful environmental and 
social effects.

Research in the future should em pha­
size development of technologies that are en­
vironmentally friendly and that provide equi­
table social benefits. Sustainability should char­
acterize every culture system that is devel­
oped.

W hen developing production systems, 
priority should be given to small-scale over 
large-scale, labor- over capital- intensive, pol­
yculture and integrated culture over monocul­
ture, and extensive over intensive systems. In 
addressing disease problems, studies should 
be on prevention rather than control, o r biologi­
cal rather than chem ical control. In feed devel­
opment, it should be supplemental feed over

balanced diet formulation. In the choice of 
culture species, objectives should be for high- 
volume over high-value crops and for produc­
tion of native rather than exotic species. Stud­
ies on culture systems should include environ­
mental and social impacts.

Environmental and social considerations 
should also be made an integral part of training 
and extension. Only then can research institu­
tions address the com plex socioeconom ic, en­
vironmental, and even political problems facing 
aquaculture o r those resulting from  its growth.

Excerpted from the address of Dr. Flor La­
canilao, SEAFDEC Aquaculture Department Chief 
(1986-April 1992), during the turn-over ceremony 
for the incoming Department Chief held 8 April 1992 
at the Tigbauan Main Station.
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Aquaculture clinic
Q UERY  With the present problems of the shrimp industry, it is not profitable 
to culture shrimps using the intensive system. An alternative to intensive culture 
is the so-called crop rotation of shrimp and milkfish. How is this done?

REPLY  SEAFDEC Aquaculture Department has not conducted a study on this 
area, but the crop rotation technique has been applied successfully at the Brack­
ishwater Aquaculture Center of the University of the Philippines - Visayas. This 
involves the culture of shrimps during the wet months (May to October) when 
salinity is low and the culture of milkfish during the dry months (November to 
March) when salinity is high. The organic sludge from feeding shrimps can be a 
substrate for natural food that is grown for the next crop of milkfish. Milkfish are 
efficient in grazing lab-lab or plankton and feeding on organic debris in the pond, 
and need not be fed pelleted diets. There is no need for scraping the black mud 
from shrimp culture.

According to Professor Valeriano Corre of U.P.V., 50-100 g milkfish is 
stocked at 1,500 to 2,000 per ha. Harvest size is 300 to 500 g with a total produc­
tion of 500-750 kg per ha after 3-4 months of culture. Milkfish survival rate is 
often 95% or more. Shrimp (PL 13-15), on the other hand, is stocked at 8 to 15 
per m2 and reared using the semi-intensive method. Shrimps are harvested at 31- 
35 g, with a production of 2.5-3.5 tons per ha. Survival rate ranges 75-90% after 5 
months of culture.

For more information, contact: Prof. V.L. Corre, Brackishwater Aquacul­
ture Center, Institute of Aquaculture, College of Fisheries, UP - Visayas, Leganes, 
Iloilo. (-Ed.)

D ea r  r ea d ers :

We welcom e an y  suggestions you might have fo r  topics that will 
be featured in this newsletter. Please w rite the Editor, Aqua 
Farm  N ews, SEAFDEC/AQD, P.O. Box 2 5 6 , 5000 Iloilo City, 
Philippines.
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Fish breeding and seed 
production confab slated in Iloilo

The Aquaculture Department of the 
Southeast Asian Fisheries Development Cen­
ter (SEAFDEC/AQD) and the Government of 
Japan w ill sponsor a Sem inar-W orkshop on 
Breeding and Seed Production o f Im portant 
Cultured Finfishes in  the Philippines on 4-5 
May 1993 at SEAFDEC/AQ D’s main station in 
Tigbauan, Iloilo.

The sem inar-workshop will convene lo­
cal and foreign scientists and technicians to 
exchange inform ation and views on finfish 
breeding and seed production. Research pri­
orities in this area will be discussed and recom­
mended to partly address the lack of a reliable 
and adequate seed supply, which restricts the 
farm ing of econom ically important fishes in the 
country and in Southeast Asia. Discussion 
topics related to reproduction and fry produc­
tion of both freshwater and marine fishes in­
clude hormones in aquaculture, fish gonadal 
maturation and spawning, broodstock man­
agement and nutrition, feeding biology of fish 
larvae, larval nutrition and growth, larval rear­
ing, and hatchery management.

The meeting w ill consist of plenary lec­
tures, poster and oral presentations of research 
findings, and a general workshop to further 
discuss major topics. Noted research scien­
tists, Dr. Toong Jin Lam, chairm an of the Zool­
ogy Department of the National University of 
Singapore and Dr. Kunihiko Fukusho of the 
National Research Institute of Aquaculture of 
Japan, are plenary speakers. Researchers 
and technicians from  other Southeast Asian 
countries including local scientists have been 
invited to participate. Travel support from  the 
organizers may be requested by local partic i­
pants intending an oral or poster presentation 
during the meeting.

For pre-registration form s and o ther in ­
quiries, contact: The Secretariat, Finfish Breed­
ing and Seed Production Seminar-W orkshop, 
SEAFDEC/AQD, 5021 Tigbauan, Iloilo, Tel. 
271 -009, Fax: 271-008; o r  SEAFDEC/AQD Ma­
nila Office, 17 Tim es Street, W est Triangle, 
Quezon City, Tel. 9245511 to 13.

Watch for 
AQD's 
newest 
extension 
manual

1993 Regular Short-Term Courses

Culture o f Natura l Food 03 Mar - 01 Apr
Fish Health M anagem ent 21 Apr - 31 May
Marine Finfish Hatchery 01 Jun - 21 Jul
Aquaculture M anagem ent 21 Sep - 20 Oct
Fish Nutrition 21 Oct - 01 Dec

For more information, contact: TRAINING AND INFORMATION DIVISION, 
SEAFDEC/AQD, P.O. BOX 256, 5000 ILOILO CITY, PHILIPPINES.
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Better life through aquaculture

A
qu

a 
Fa

rm
 N

ew
s 

- 
a 

pr
od

uc
tio

n 
gu

id
e 

fo
r f

is
hf

ar
m

er
s 

- 
is

 p
ub

lis
he

d 
bi

m
on

th
ly

 
by

 A
V

-P
rin

t S
ec

tio
n,

 
Tr

ai
ni

ng
 a

nd
 

In
fo

rm
at

io
n 

D
iv

is
io

n,
 

Aq
ua

cu
ltu

re
 D

ep
ar

tm
en

t, 
So

ut
he

as
t A

si
an

 F
is

he
rie

s 
D

ev
el

op
m

en
t C

en
te

r 
P.

O
. B

ox
 2

56
 

Ilo
ilo

 C
ity

 5
00

0 
P

hi
lip

pi
ne

s

En
te

re
d 

as
 se

co
nd

 cl
as

s m
ai

l m
at

te
r a

t t
he

 Il
oi

lo
 C

ity
 P

os
t O

ffi
ce

 o
n 

A
ug

us
t 3

, 1
98

4


