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ABSTRACT 

Research on the maturation of Penaeus monodon at AQD has 
focused on three broad areas, namely, reproductive biology and ecolo-
gy, induced maturation and broodstock management. Studies on repro-
ductive biology provided information on the life cycle, ovarian matura-
tion stages, courtship and mating behavior, minimum size at sexual 
maturation (sperm occurrence, first spawning), and morphological egg 
types. Induced maturation has mainly been done through the eyestalk 
ablation method. Nutritional and environmental parameters were 
studied to enhance reproductive performance or as an alternative to 
ablation. Pond-reared and wild broodstock sources and marine pen and 
land-based tanks as maturation systems were also tested and compared. 
Size, shape, color, substrate material and other aspects of tank design 
and construction, sex ratio, stocking density, water management, and 
other parameters of the management system were also studied and 
refined. 

Early techniques in larval and postlarval rearing of P. monodon at 
AQD were based on the community culture method of growing natural 
food in larval tanks. However, low and inconsistent survival led to a shift 
in rearing methods toward pure phytoplankton culture grown in sepa-
rate tanks as food for the larvae. Henceforth, refinement of rearing 
methods have been conducted to improve larval survival through effec-
tive water management, nutrition, and disease control. Efforts are con-
tinuously being geared toward making the technology affordable to 
Filipino farmers. 

INTRODUCTION 

In 1973, when the Aquaculture Department was first established, 
there was no commercial prawn culture in the country to speak of -
prawns and shrimps were harvested as incidental crops from milkfish 
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ponds. Recognition of penaeids as an important aquaculture commodity 
is evidenced by the start of prawn research that very same year. Since 
then, continuing research on prawn biology and culture at AQD has ge-
nerated technology particularly in the areas of maturation and larval rear-
ing which are highlighted in this paper. 

BBROODSTOCK DEVELOPMENT AND MANAGEMENT 

Reproductive Biology and Ecology 

Much of the available information on the life cycle of Penaeus mono-
don, can be traced to the five-year study of Motoh (1981) on the 
fisheries biology of the species. He described five ovarian maturation 
stages - undeveloped (1), developing (2), nearly ripe (3), ripe (4), and 
spent (5) - based mainly on progressively increasing mean egg diameter 
(35-235 mm) and external appearance. Other workers (Santiago 1977; 
Pudadera and Primavera 1981; Primavera 1982, 1983) also used external 
and dissected appearance of ovaries and histology to classify maturation 
stages. More recently, Tan and Pudadera (unpublished) gave a compre-
hensive classification into four stages using histological (egg diameter, 
gonadosomatic index) and histochemical criteria: 

1. previtellogenic stage - oogonia and oocytes in chromatin nucleo-
lus and/or perinucleolus eosinophilic, 

2. vitellogenic stage - eosinophilic yolky oocytes, 

3. cortical rod stage - oocytes with peripheral rod-like bodies, and 

4. spent stage - remaining oocytes with yolk and/or cortical rods, 
thicker follicle layer, and few dark irregular perinucleolar 
oocytes. 

Motoh (1981) found that over a three-year period, occurrence of 
wild P. monodon spawners peaked in March and October in Tigbauan, 
Iloilo (Southern Panay Is.) and in February, July, and November in 
Batan Bay, Aklan (Northern Panay Is.). Minimum spawner size was 48 
mm carapace length (CL) and mean size was smaller (62 mm CL) in 
Batan Bay, a river mouth, compared to large sizes (64-72 mm CL) in the 
offshore waters of Tigbauan, Iloilo and Himamaylan, Negros Occidental 
(Motoh 1981). 
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Table 1 summarizes data on minimum size of P. monodon at sexual 
maturation: functional maturity or ability to mate of the male (petasma 
jointed) and female (presence of sperm in thelycum) and physiological 
maturity or production of eggs and sperm (Motoh et al 1976; Motoh 
1981; Primavera 1978). Interestingly, pond stock reached maturity at 
sizes smaller than wild animals. 

Table 1. Minimum size at first sexual maturation of Penaeus monodon (Motoh et 
al 1976, Primavera 1978, Motoh 1981) 

Maturity 

Functional 

Physiological 

Male 

jointed petasma 
= 34 mm CL wild 

+ sperm, testes 
= 37 mm CL wild 
= 31 mm CL pond 
= 40 g BW pond 

Female 

+ sperm, thelycum 
= 47 mm CL wild 
= 39 mm CL pond 

maturation, spawning 
= 48 mm CL wild 
= 75 g BW wild 

Copulation in closed thelycum penaeids, such as P. monodon, re-
quires molting of the female. Primavera (1979) described three stages in 
the courtship and mating behavior of P. monodon starting with the pa-
rallel swimming of female and male or males up to the insertion of sper-
matophores inside the thelycum by one successful male. Such informa-
tion has been valuable in designing maturation systems. 

Based on his observations, Motoh (1981) concluded that first 
mating occurs at 4-5 mo in brackishwater areas where ovarian maturation 
also commences but full maturation is completed followed by spawning 
only after migration to offshore waters at around 10 mo. 

A positive correlation was established between fecundity and 
female size in terms of CL (Motoh 1981) and body weight (Villegas et 
al 1986). Development of P. monodon eggs was described by Motoh 
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(1981); incubation period or hatching is 12-15 hr after spawning. Incu-
bation period and hatch rate of eggs were observed under different 
temperature-salinity conditions (Reyes 1981). Time to hatching was 
inversely proportional to temperature whereas salinity did not affect it. 
Conversely, salinity affected hatch rate of eggs, but not temperature. 

Based on morphology and hatch rates, Primavera and Posadas 
(1981) developed an egg classification system (Fig. 1) useful in predict-
ing the number of nauplii from a given prawn. There is a highly signifi-
cant linear relationship between the proportion of good (A1) eggs and 
hatch rate. 

Spawners are disinfected with 50-100 ppm formalin and spawning 
water with 10 ppm chlorine. Treatment of spawned eggs with 10 ppm 
detergent gave significantly higher hatch rates (97.2%) compared to 
those treated with other fungicides and untreated controls (Po and San-
victores 1986). 

IInduced Maturation 

Three basic approaches have been employed to induce ovarian 
maturation in penaeid shrimps: endocrine stimulation by ablation, nut-
tritional, and environmental. So far, maturation and successful spawning 
have been reported only for eyestalk-ablated P. monodon although diet 
and environmental parameters may also enhance reproductive per-
formance. 

Completion of the cycle of P. monodon was first achieved in 1975 
(Santiago 1977). Maturation was observed in both unilaterally and bila-
terally ablated females but the latter did not spawn and suffered total 
mortality. Unablated females as controls did not mature. 

Although cutting, tying and cautery have been tried the preferred 
ablation method is by incision-pinching because of its convenience and 
lack of stress on the prawn (Primavera 1978, 1983). 

Monitoring of tagged (Rodriguez 1976) ablated females shows an 
increase in rematuration rates in 1977-1979 from 10.4 to 23.2% for 
second spawnings and from 1.6 to 5.9% for third spawnings (Primavera 
1982). 

Nutrition plays an important role in maturation. In the wild, 85% 
of ingested food of adult P. monodon consisted of small crabs and 
shrimps and molluscs (Marte 1980). The more frequent occurrence 
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of molluscs and other non-crustaceans during months of higher feeding 
index may reflect changes in dietary requirements related to gonad deve-
lopment during the spawning season (Marte 1982). 

Wild immature P. monodon females showed an increase in ovarian 
lipid levels upon reaching full maturity from 5.8 to 17.0% and from 
7.5 to 21.9% in unablated and ablated females, respectively (Millamena 
et al unpublished). The fatty acid profile showed 12.1-24.9% and 11.8-
21.5% total fatty acids in unablated and ablated females, respectively, 
consisting of 20 :4w6 , 50 :5w3 and 2 2 : 6 w 3 fatty acids. The same poly-
unsaturated fatty acids (PUFA) were reflected in the spawned eggs, 
indicating their importance in the reproductive process. 

A study of different feeding regimes showed highest larval produc-
tion and hatch rates when ablated P. monodon were fed with molluscs 
(squid, mussel) in combination with a pellet (Primavera et al 1979). 
More recently, Millamena et al (1986) obtained the best reproductive 
performance from ablated females given pellets with cod liver oil (longer 
chain C2 0 and C 2 2 PUFA and higher w3:w6 ratio) compared to those 
with soybean lecithin (C18 PUFA and lower w3:w6 ratio). 

A few environmental studies at AQD have focused on light. In an 
early study, unablated P. monodon attained only partial maturation 
under blue and natural light but not under red light (Pudadera and 
Primavera 1981). Only ablated females reached full maturation and 
spawned. An ongoing study incorporating recent improvements in 
broodstock management and nutrition will verify these results. 

BBroodstock Management and Maturation System 

Broodstock from the wild or pond source may be stocked in matu-
ration tanks or pens, and retrieved as gravid females, eggs or nauplii 
(Primavera 1985). 

Broodstock source. P. monodon broodstock may be obtained from 
the wild or from ponds. Wild broodstock are caught from coastal waters 
by trawler or motorized pumpboat such as a baby trawler and from es-
tuaries by tide-dependent stationary gear such as fish corrals, lift nets, 
and lever nets (Motoh 1980, Primavera 1983). Age at ablation from 
spawning varies from 5 mo (Primavera 1978) t o l 5 mo (Santiago 1977). 
Satisfactory maturation, spawning, and metamorphosis of larvae to post-
larvae have been obtained from females with a minimum age of 8 mo 
(Primavera 1982, unpublished; Millamena et al 1986). In the wild, P. 
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monodon attains full maturity and spawning at 10 mo (Motoh 1981). 

Early studies showed poor reproductive performance of pond stock 
compared to wild stock with the proportion of good eggs and cor-
responding hatch rates lowest from pond-ablated followed by wild 
ablated and best hatching from wild spawners (Primavera and Posadas 
1981). Hence for the last three years, studies at AQD have concentrated 
exclusively on pond stock. 

Even with production of good quality larvae and postlarvae from 
pond-reared P. monodon, the state-of-the-art is to use wild broodstock 
for three reasons. First, the non-availability of pond broodstock-
holding the prawns beyond the 3-4 mo cropping period means a loss to 
the farmers. Second, wild broodstock give a faster turnover producing in 
6 weeks the same number of nauplii pond broodstock can yield in 12 
weeks. Lastly, pond stock require a maturation pellet often not com-
mercially available (Millamena et al 1986) whereas wild broodstock can 
be maintained on natural food alone. 

Maturation systems. Primavera (1983, 1985) traced the evolution 
of a suitable maturation system for P. monodon dating back to the Igang 
pens in 1975 through varying sizes of land-based tanks to the present 
12 m3 tank. The tank system offers advantages of security and con-
venience in maintenance and broodstock sampling over the pen. 

Tanks may be made of cement, ferrocement, fiberglass, and plastic 
or canvas-lined aluminum or wooden tanks. Tank size is a compromise 
between the biological requirements of the broodstock and the con-
venience of the hatchery personnel as can be seen in the popularity of 
the 10-12 m3 circular tank. In a recent study, Primavera et al (unpub-
lished) observed consistently higher total egg and nauplii production and 
hatch rates from females in a black-walled tank compared to those in un-
painted tanks. A white sand substrate gave significantly higher nauplii 
production and hatch rates from ablated P. monodon compared to black 
sand (Pudadera et al 1980a). 

Ideally, maturation tanks should have a flow-through water system 
with 100-400% daily exchange rate. However, water should be recircu-
lated when flow-through is not feasible as when sea water is polluted or 
turbid during typhoons (Primavera 1983). 

Depending on water quality and exchange rate and prawn size, 
stocking density of P. monodon is 2-7 / m2 (Primavera 1985). Sex ratios 
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of 1-2 females to 1 male are more economical because they maximize 
egg and larval production per tank (Pudadera et al 1980b). 

Although ablated P. monodon can mature and spawn at a salinity 
range of 15-32 ppt, full salinity is required for incubation and hatching 
of eggs (Posadas 1986). 

MMonitoring and Retrieval 

Nauplii collectors have been tested for P. monodon (A.T. Young 
pers. comm,), but spawner retrieval gives the advantages of individual 
records of body measurements, egg numbers and hatch rates, and easier 
processing of eggs (Primavera 1983). Examination of broodstock and 
retrieval of spawners is more manageable in 10-12 m3 tanks than in tanks 
larger than 20 m3 ,and more efficient with frequent monitoring of brood-
stock. Nightly checking of a 12 m3 tank yielded 48 spawnings pro-
ducing 6.8 × 106 nauplii compared to only 3.0 × 106 nauplii from 29 
spawnings with thrice weekly monitoring (Pudadera et al 1980a). 

The maturation requirements for P. monodon including size and 
age, feeding and tank parameters are summarized in Table 2. 

Table 2. Summary of maturation requirements for Penaeus monodon, SEAFDEC 
Aquaculture Department, 1975-1987 

Size 
Source 
Age, pond 
Ablation 

Feeding 

Regime 

Lipid source 
(pellet) 

Light intensity 
Light quality 
Tank size 

Tank color (inner walls) 
Substrate 
Water 
Density 
Sex ratio 

70-150 g female, 45-120 g male 
Pond or wild 
Minimum 10 mo (from spawning) 
Required 

Pellet + natural food 
(mussel, squid, annelids) 

6% cod liver oil 

Reduced ( ~ 100 lux) 
Ongoing study 
12 m3 tank, circular 

Black 
White sand 
100-400% flow-through 
3-5/m2 (300-400 g/m2) 
1-2 females to 1 male 
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LLARVAL AND POST-LARVAL REARING 

Rearing Facilities 

Seed production of Penaeus monodon in SEAFDEC AQD started in 
1975 with rearing techniques similar to those used in the MSU-IFRD. 
Larvae were reared in rectangular 50, 120, and 200-t concrete tanks 
installed under a structure with translucent plastic roofing (Platon 1979). 
With the barangay hatchery concept, a more compact hatchery model 
was introduced in 1977. The basic unit consisted of 2-t larval rearing 
tanks, 2 units 1-t algal tanks, 2 units 1-t Brachionus culture tanks, and 
1 unit 1-t Chlorella culture tank, a small compressor or blower for aera-
tion, and 2 sets of water pump. Larval tanks were made of marine ply-
wood shaped into a cylinder with an octagonal cross section and a 
conical bo t tom fitted with a drain valve to facilitate draining and har-
vesting (Platon 1978). 

In 1981, the use of shallow (not more than 1 m deep) bathtub-
shaped larval tanks made of concrete, wood or fiberglass was recom-
mended. Instead of gate valves, 2 inch PVC drain pipes were installed for 
draining and harvesting. Brachionus and Chlorella culture tanks were no 
longer necessary as the feeding scheme was modified. Aeration was pro-
vided by portable electric aerators (Gabasa 1981). 

The continuous search for low-cost materials for tanks led to the 
use of locally-available materials such as bamboo and wooden slats with 
polyethylene plastic sheet linings (Anon. 1984). There was more flexibi-
lity in the materials and shapes of larval tanks to be used as shown in 
Table 3. 

Rearing Methods 

Seed production of P. monodon at SEAFDEC AQD started with 
techniques adopted from the community culture method where phyto-
plankton was allowed to bloom in the larval rearing water as food for 
the animals. A modification in the system was the hatching of eggs in 
the spawning tank and not in the larval tank (Anon. 1975). Water was 
introduced to the larval tanks to a depth of 2 m and was fertilized so 
that there will be a diatom bloom by the time animals molt to the zoea 
stage. Nauplii were stocked at a density of 6 000/t as mass mortality 
occurred at densities beyond this. Baker's yeast was introduced at the 
zoea and Artemia nauplii or rotifers (Brachionus) at the mysis stage 
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(Table 4). About 20% of the total water volume was changed daily start-
ing at mysis stage. Survival rate at harvest (P9 ) was very low and incon-
sistent, attributed to the non-selective production of natural food and 
uncontrolled blooms that fouled the water. 

An important innovation in the feeding method was initiated in 
1976. Diatoms such as Chaetoceros or Skeletonema were grown in 
separate algal tanks and concentrated with the use of a sand filter before 
feeding (Yap 1979). This lessened the possibility of unwanted algal 
blooms and allowed the culturist to choose the species of phytoplankton 
to be fed. 

To scale down the hatchery technology to a level which can be 
adopted by local farmers with a minimum of financial and technical in-
put, the barangay hatchery was conceptualized in 1977. Smaller tanks 
and a more compact hatchery model was used (Platon 1978). Stocking 
density of larvae was increased to 30-50/1 and harvest was at P 5 . The 
1977 barangay hatchery feeding scheme in Table 4 was used. However, 
the basic concern was the culture of natural food which needs specific 
technical skill and which involved use of more tanks and synchronization 
of mass production of food with larval rearing. Studies on optimization 
and simplification of production techniques were thus conducted. 

Optimization studies included testing of media for phytoplankton 
production (Anon. 1977) and screening of phytoplankton species for lar-
val food (Aujero et al 1983). Simplification of production techniques in-
volved studies on the use of preserved natural food so these may be cul-
tured during off-culture periods of larvae. 

The use of 100 ppm alum or lime or NaOH to raise the pH of the 
phytoplankton medium and cause floc formation was tried. The 
harvested phytoplankton were successfully preserved by freezing at -20 
to -22°C with a cryoprotectant but had to be neutralized before use (Au-
jero and Millamena 1981). This technique was not adopted by private 
operators as this entailed use of a pH meter which is quite costly. 
Frozen rotifers and sun-dried phytoplankton were also tested as food but 
did not perform as well as live phytoplankton (Anon. 1979). 

Other attempts in lessening phytoplankton requirement or depen-
dence on this were made by testing possible phytoplankton supplements 
such as baker's yeast (Villegas and Kanazawa 1980), marine yeast 
(Aujero et al 1984), whole egg, brown mussel meat, trash fish, soybean 

cake (Quinitio et al 1983) and egg yolk (Quinitio and Reyes 1983).The 
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most popular among those tested was the eggyolk introduced by Gabasa 
(1981). Using the feeding scheme in Table 4, an average survival rate of 
52.9% (P5) was obtained while only 2.5% resulted from the previous 
scheme (Gabasa 1981). The stocking density of nauplii was increased to 
50-100/1, so more larvae could be reared in a given volume of the tank. 
Furthermore, tanks for Chlorella and Brachionus cultures were no longer 
necessary. The ratio of algal tank to larval tank volume, therefore, de-
creased (Table 5). With this technology, rearing of P5 for 10-15 more 
days in nursery tanks before transferring to ponds was recommended. A 
further modification of this culture method (Anon. 1984a) is presented 
in Table 4. This allowed more freedom in selecting the phytoplankton 
species to be given as food to the larvae. 

Later studies, however, revealed that egg yolk was deficient in po-
lyunsaturated fatty acids which was shown to be an important compo-
nent of larval diet (Millamena and Quinitio 1984.) This was one of the 
causes of the shift toward the use of commercially available micro¬ 
particulate diets (Table 4 present feeding scheme). Use of locally availa-
ble feed such as powdered Acetes also gave promising results (Kungvan¬ 
kij et al 1983). However, feeding of these artificial diets still involved 
use of natural food (Table 4) . With the carageenan-microbound diet 
formulation, preliminary results showed that this could be used as a total 
phytoplankton substitute (Bautista and Millamena unpublished). 

The Aquaculture Department has also probed into the possibility of 
using substitutes for Artemia. But Brachionus, Moina sp. and Tisbintra 
as food for mysis and postlarvae did not perform as well and were not as 
convenient to use as Artemia (Anon. 1982). To make this expensive 
food item available locally, Artemia culture in tanks (Sorgeloos et al 
1980) and in salt ponds (De los Santos et al 1980; Primavera et al 1980; 
Jumalon et al 1983) has been successfully undertaken. 

Studies on biology and larval stage identification by Motoh (1979) 
were valuable as feeding and water management in a hatchery system 
vary with larval stage. Investigation of the larval tolerance to various en-
vironmental factors such as salinity (Reyes 1981) and nitrite and 
ammonia (Catedral 1977) also contributed to the determination of opti-
mal rearing conditions. 

DDiseases and Parasites 

Research on the prevention and control of diseases and parasites in-
cludes (1) isolation and identification of possible pathogens, (2) screening 
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Table 5. Feeding schemes at SEAFDEC AQD 

Feeding Scheme 

Modified Community 
Method (Anon. 1975) 

Barangay Hatchery 
Method (Platon 1977) 

Small-scale Hatchery 
Method (Gabasa 1981) 

Small-scale Hatchery 
Method (Anon. 1984) 

Present Method 

Food Items Used 
Until P5 Rearing 

Phytoplankton 
Baker's yeast 

Artemia or 
Brachionus or 
Copepods 

Diatoms 

Brachionus (to 
be fed with 

Chlorella) 
Tetraselmis 
Artemia 

Tetraselmis sp. 
Egg yolk 

Artemia 

Diatoms or 

Tetraselmis sp. 
Egg yolk 

Artemia 

Diatoms 

Microparticulates 

Artemia 

Ratio of Tanks for 
Natural Food Culture 
to Larval Tanks 

No separate tanks for 
natural food culture 

1-1.5:1 

0.5:1 

0.17-0.2:1 

0.17-0.2:1 

for a suitable prophylactic (prevention or chemotherapeutic (control), 
and (3) bioassay experiments to test larval tolerance to the chemothera-
peutic. 

Several microorganisms have been identified to cause mortalities in 
the larval stages. These include the suctorean parasite Ephelota gemmi¬ 
para (Gacutan et al 1977), the ciliates Zoothamnium, Vorticella, and 
Epistylis (Gacutan 1979), fungi of the Lagenidium (Baticados et al 1977) 
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and Haliphthoros philippinensis (Hatai et al 1980) species, and bacteria 
such as Leucothrix and Vibrio (Anon. 1985). Infestation by ciliates 
were, in many instances, cast off by successful molt. These pathogens 
were not very lethal to P. monodon (Gacutan 1979). 

Lagenidium and Haliphthoros were the most prevalent causes of 
larval mortalities in prawn hatcheries in the late seventies (Gacutan 
1979). Several chemicals were tested for the prevention and control of 
these mycotic agents. At its effective dose, malachite green was tolerat-
ed only by mysis and post-larvae (Lio-Po et al 1978) while furanace not 
only caused reduction in phytoplankton population (Baticados and Ga-
cutan 1977) but also caused deformities in the larvae (Gacutan et al 
1978). Mycostatic and mycocidal chemicals were identified by Lio-Po et 
al (1982 and 1985) as potential control agents. Tolerance experiments 
indicated that Treflan-R at a dose of 0.2 ppm was effective against both 
pathogens and did not cause significant reduction of larval population 
(Lio-Po and Sanvictores 1986). 

SSUMMARY 

Based on techniques used in the community culture and the Galves-
ton (separate culture of natural food) methods, SEAFDEC AQD has 
adopted the technology to suit local conditions. It has also scaled down 
the hatchery technology to a level local farmers can afford. 

Despite the achievements of the Department, several production 
constraints could be identified: 

1. lack of spawner or nauplii supply 
2. lack of technicians, and 
3. occurrence of disease. 

Research must, therefore, be directed toward improvement of the 
reproductive performance of pond-reared or wild broodstock and the op-
timization of rearing conditions for increased survival rate. 

164



PRAWN HATCHERY

RREFERENCES 

Aujero EJ, Millamena OM 1981. Viability of frozen algae used as food for larval penaeids. 
Fish. Res. J. Philipp. 6(1):63-69. 

, , Tech ET, Javellana SG. 1983. Nutritional value of five marine phyto-
plankton species isolated from Philippine waters as food for the larvae of Penaeus mono-
don. Rogers GL, Day R, Lim A. eds. Proceedings of the first international conference 
on warm water aquaculture — crustacea; 1983 February 9-11; Brigham Young University 
Hawaii Campus. Laie, HI: Brigham Young University: 324-332. 

, Tech E, Javellana S. 1985. Nutritional value of marine yeast fed to larvae of 
Penaeus monodon in combination with algae. Taki Y, Primavera JH, Llobrera JA, 
eds. Proceedings of the first international conference on the culture of penaeid prawns/ 
shrimps; 1984 December 4-7; Iloilo City, Philippines. Iloilo City: Aquaculture Depart-
ment, SEAFDEC: 161. 

Baticados MCL, Gacutan, RQ. 1977. Reduction in Chaetoceros population by furanace. 
Q, Res. Rep. Aquacult. Dep., SEAFDEC 1(3):9-12. 

Catedral FF, Gerochi DD, Quibuyan AT, Casalmir CM. 1977. Effect of nitrite, ammonia, and 
temperature on P. monodon larvae. Q, Res. Rep. Aquacult. Dep., SEAFDEC 1(3): 9-12. 

De los Santos C Jr., Sorgeloos P, Lavina E, Bernardino A. 1980. Successful inoculation of 
Artemia and production of cysts in man-made salterns in the Philippines. Persoone G, 
Sorgeloos P, Roels O, Jaspers E, eds. The Brine shrimp Artemia: proceedings of the in-
ternational symposium on the brine shrimp Artemia; 1979 August 20-23; Corpus Christi, 
Texas, U.S.A. Wetteren: Universa Press: 3:159-163. 

Gabasa PG Jr. 1982. Recent developments in design and management of small-scale hatchery 
for Penaeus monodon in the Philippines. Working Party on Small-Scale Shrimp/Prawn 
Hatcheries in Southeast Asia. Technical report; 1981 November 16-21; Semarang, 
Central Java, Indonesia. Manila: South China Sea Fisheries Development and Coor-
dinating Program: 77-86. 

Gacutan RQ. 1979. Diseases of prawns (Pests & diseases of sugpo). Technical consultation on 
available aquaculture technology in the Philippines: proceedings; 1979 February 8-11; 
Tigbauan, Iloilo, Philippines. Tigbauan, Iloilo: Aquaculture Department, SEAFDEC: 
170-179. 

, Llobrera AT, Baticados MCL. 1979. Effect of furanace on the development of larval 
stages of Penaeus monodon Fabricius. Lewis DH, Leong JK, comp. Proceedings of the 
second biennial crustacean health workshop; 1979 April 20-22; Galveston, Texas. Col-
lege Station, TX: Sea Grant College Program, Texas A&M University: 231-244. 

Jumalon NA, Estenor DG, Bombeo RF, Dadole AM. 1983. Studies on Artemia production in 
earthen ponds in the Philippines. Rogers GL, Day R, Lim A. eds. Proceedings of the 
first international conference on warm water aquaculture — crustacea; 1983 February 
9-11; Brigham Young University Hawaii Campus. Laie, HI: Brigham Young University: 
201-211. 

Kungvankij P, Tacon AG, Corre K, Pudadera BP, Taleon G, Borlongan E, Potestas IO. 1986. 
Acetes as prime food for Penaeus monodon larvae. Maclean JL, Dizon LB, Hosillos LV, 
eds. The first Asian fisheries forum; proceedings of the first Asian fisheries forum; 1986 
May 26-31; Manila, Philippines. Manila: Asian Fisheries Society: 581-584. 

Lio-Po GD, Sanvictores EG. 1986. Tolerance of Penaeus monodon eggs and larvae to fungi-
cides against Lagenidium sp. and Haliphthoros philippinensis. Aquaculture 51:162-268. 

165



AQUACULTURE DEVELOPMENT IN SOUTHEAST ASIA

, Lavilla CR, Trillo-Llobrera A 1978. Toxicity of malachite green to the larvae of 
Penaeus monodon. Kalikasan; Philipp. J. Biol. 7:238-246. 

, Sanvictores MEG, Baticados MCL, Lavilla CR. 1982. In vitro effect of fungicides on 
hyphal growth and sporogenesis of Lagenidium spp. isolated from Penaeus monodon 
larvae and Scylla serrata eggs. /. Fish Dis. 5:97-112.7-

, Baticados MCL, Lavilla CR, Sanvictores MEG. 1985. In vitro effects of fungicide 
on Haliphthoros philippinensis. J. Fish Dis. 8:359-365. 

Marte CL. 1980. The food and feeding habit of Penaeus monodon Fabricius collected from 
Makato River, Aklan, Philippines (Decapoda, Natantia). Crustaceana 38:225-236. 

. 1982. Seasonal variation in food and feeding of Penaeus monodon Fabricius (De-
capoda Natantia). Crustaceana 42:250-255. 

Millamena OM, Primavera JH, Pudadera RA, Caballero RV. 1986. The effect of diet on the re-
productive performance of pond-reared Penaeus monodon Fabricius broodstock. Ma-
clean JL, Dizon LB, Hosillos LV, eds. The First Asian fisheries forum; 1986 May 26-31; 
Manila, Philippines. Manila: Asian Fisheries Society: 593-596. 

, Pudadera RA, Catacutan MR, Pascual FP. 1986. The tissue lipid content and fatty 
acid composition of unablated and ablated Penaeus monodon broodstock from the wild. 
Tigbauan, Iloilo: Aquaculture Department, SEAFDEC. (Unpublished manuscript) 

, Quinitio ET. 1985. Lipids and essential fatty acids in the nutrition of Penaeus 
monodon larvae. Taki Y, Primavera JH, Llobrera JA, eds. Proceedings of the first in-
ternational conference on the culture of penaeid prawns/shrimps; 1984 December 4-7; 
Iloilo City, Philippines. Iloilo City: Aquaculture Department, SEAFDEC:181.(Abstract). 

Motoh, H. 1979. Larvae of decapod crustacea of the Philippines. III. Larval development of 
the giant tiger prawn Penaeus monodon reared in the laboratory. Bull. Jap. Soc. Sci. 
Fish. 45:1201-1216. 

. 1980. Fishing gear for prawn and shrimp used in the Philippines today. Tigbauan, 
Iloilo: Aquaculture Department, SEAFDEC: 43 p. Tech. Rep. no. 5, Aquaculture De-
partment, SEAFDEC. 

. 1981. Studies on the fisheries biology of the giant tiger prawn Penaeus monodon in 
the Philippines. Tigbauan, Iloilo: Aquaculture Department, SEAFDEC. 128 p. Tech. 
Rep. no. 7, Aquaculture Department, SEAFDEC. 

, Paraan O, Borlongan E, Caligdong E, Nalzaro G. 1976. Ecological survey of penaeid 
shrimps of Batan Bay and its adjacent waters, II. Tigbauan, Iloilo: Aquaculture Depart-
ment, SEAFDEC. 63 p. 

Platon RR. 1978. Design, operation and economics of a small-scale hatchery for the larval 
rearing of sugpo. Rev. ed. Tigbauan, Iloilo: Aquaculture Department, SEAFDEC. 30 p. 
Aquaculture extension manual, no. 1, Aquaculture Department, SEAFDEC. 

. 1979. Prawn hatchery technology in the Philippines. Technical consultation on 
available technology in the Philippines: proceedings; 1979 February 8-11; Tigbauan, 
Iloilo, Philippines. Tigbauan, Iloilo: Aquaculture Department, SEAFDEC: 128-138. 

Posadas, RA. 1986. The effect of salinity on the maturation and spawning of ablated Penaeus 
monodon Fabricius. Iloilo City: University of the Philippines in the Visayas. Thesis. 
50 p. 

Primavera JH. 1979. Notes on the courtship and mating behavior in Penaeus monodon Fab-
ricius (Decapoda, Natantia). Crustaceana 37: 287-292. 

166



PRAWN HATCHERY

. 1979. Prawn broodstock development and reproduction. Technical consultation on 
available aquaculture technology in the Philippines: proceedings; 1979 February 8-11; 
Tigbauan, Iloilo, Philippines. Tigbauan, Iloilo: Aquaculture Department, SEAFDEC: 
123-127. 

. 1982. Studies on broodstock of sugpo Penaeus monodon Fabricius and other 
penaeids at the SEAFDEC Aquaculture Department. Proceedings of the symposium on 
coastal aquaculture; 1980 January 12-18; Cochin, India. Cochin: Marine Biological 
Association of India: 1:28-36. 

. 1983. Broodstock of sugpo, Penaeus monodon Fabricius. 3rd ed. Tigbauan, Iloilo: 
Aquaculture Department, SEAFDEC. 25 p. Aquaculture extension manual, no. 7, 
Aquaculture Department, SEAFDEC. 

. 1984. Seed production and the prawn industry in the Philippines. Prawn industry 
development in the Philippines; proceedings of the national prawn industry development 
workshop; 1984 April 10-13; Iloilo City, Philippines. Tigbauan, Iloilo: Aquaculture De-
partment, SEAFDEC: 33-53. 

. 1985. A review of maturation and reproduction in closed thelycum penaeids. Taki 
Y, Primavera JH, Llobrera JA, eds. Proceedings of the first international conference on 
the culture of penaeid prawns /shrimps; 1984 December 3-7; Iloilo City, Philippines. 
Iloilo City: Aquaculture Department, SEAFDEC: 47-64. 

, Borlongan E. 1978. Ovarian rematuration of ablated sugpo prawn Penaeus mono-
don Fabricius. Ann. Biol. Bioch. Biophhys. 18:1067-1072. 

, Estenor D, Acosta P. 1980. Preliminary trials of combined Artemia rearing and salt 
production in earthen salt ponds in the Philippines. Persoone G, Sorgeloos P, Roels O, 
Jaspers E, eds. The brine shrimp Artemia: proceedings of the international symposium 
on the brine shrimp Artemia; 1979 August 20-23; Corpus Christi, Texas, U.S.A. 
Wetteren: Universa Press. 3:207-214. 

, Posadas RA. 1981. Studies on the egg quality of Penaeus monodon Fabricius, 
based on morphology and hatching rates. Aquaculture 22:269-277. 

, Borlongan E, Posadas RA. 1978. Mass production in concrete tanks of sugpo 
Penaeus monodon Fabricius spawners by eyestalk ablation. Fish. Res. J. Philipp. 3:1-
12. 

, Posadas RA, Aquino NC, Pudadera RA. 1987. Feeding rhythm in adult Penaeus 
monodon. Paper presented at the World Aquaculture Society Meeting. Guayaquil, 
Ecuador; 1987 January 18-23. 

Pudadera RA, Primavera JH, Borlongan E. 1980. Effect of substrate types on fecundity and 
nauplii production of ablated Penaeus monodon Fabricius. Philipp. J. Sci. 109:15-
18, 44. 

, , Young ATC. 1980. Effect of different sex ratios on maturation, fecundi-
ty and hatching rates of ablated Penaeus monodon wild stock. Fish. Res. J. Philipp. 
5:1-6. 

, . 1981. The effect of light quality and eyestalk ablation on ovarian matu-
ration in Penaeus monodon. Kalikasan; Philipp. J. Biol. 10:231-240. 

Quinitio E, Reyes E 1983. The effect of different feed combinations using chicken egg yolk 
in Penaeus monodon larval rearing. Rogers GL, Day R, Lim A, eds. Proceedings of the 
first international conference on warm water aquaculture — crustacea; 1983 February 
9-11; Brigham Young University Hawaii Campus. Laie, HI: Brigham Young University: 
333-336. 

167



AQUACULTURE DEVELOPMENT IN SOUTHEAST ASIA

, De la Pena D, Pascual F, 1983. The Use of substitute feeds in larval rearing of 
Pendens monodon. Rogers GL, Day R, Lim A, eds. Proceedings of the first interna-
tional conference on warm water aquaculture — crustacea; 1983 February 9-11; Brigham 
Young University Hawaii Campus. Laie, HI: Brigham Young University: 337-342. 

Reyes EP. 1981. The effect: of temperature and salinity on the hatching of eggs and larval 
development of sugpo, Penaeus monodon Fabricius. Diliman, Q.C.: University of the 
Philippines System. Thesis. 42 p. 

Rodriguez, LM. 1976. A Simple method of tagging prawns. U.P. Nat. Appl. Sci. Bull. 28:303-
308. 

Anon. 1976. Annual Report 1976. Tigbauan, Iloilo: Aquaculture Department, SEAFDEC: 
1976. 72 p. 

. 1978. Annual report, 1977. Tigbauan, Iloilo: Aquaculture Department: SEAFDEC: 
1978. 40 p. 

. 1984a. Working Committee on Prawn Hatchery. A Guide to prawn hatchery design 
and operation. Tigbauan: Iloilo: Aquaculture Department, SEAFDEC. 50 p. Aquacul-
ture extension manual ser., no. 9, Aquaculture Department, SEAFDEC. 

. 1984b. Prawn industry development in the Philippines; proceedings of the National 
Prawn Industry Development Workshop, 1984 April 10-13; Iloilo City, Philippines. 
Tigbauan, Iloilo: Aquaculture Department, SEAFDEC. 100 p. 

Sorgeloos P, Baeza-Mesa M, Bossuyt E, Bruggeman E, Dobbeleir J, Versichele D, Lavina E, 
Bernardino A. 1980. Culture of Artemia on rice bran: the conversion of a waste-pro-
duct into highly nutritive animal protein. Aquaculture 21:393-396. 

Tan JD, Pudadera RA. 198? A qualitative and quantitative study of the ovarian maturation 
stages of the wild giant tiger prawn Penaeus monodon Fabricius. Tigbauan, Iloilo: 
Aquaculture Department, SEAFDEC. 

Tolosa RT. 1978. Notes on the construction of a 12 cu m ferrocement maturation tank for 
prawn broodstock. J. Ferrocement 8:93-103. 

Villegas CT, Ti TL, Kanazawa A. 1980. The effects of feeds and feeding levels on the survival 
of prawn Penaeus monodon larvae. Mem. Kagoshima Univ. Res. Cent. S. Pac. 1:51-55. 

, Trino A, Travina R. 1986. Spawner size and the biological components of the re-
production process in Penaeus monodon Fabricius. Maclean JL, Dizon LB, Hosillos 
LV, eds. The First Asian fisheries forum; proceedings of the first Asian fisheries forum; 
1986 May 26-31; Manila, Philippines. Manila: Asian Fisheries Society: 701-702. 

Yap WG. Cultivation of live feed for the rearing of sugpo (Penaeus monodon) larvae. Bur. 
Maricult. Soc. Spec. Publ. 4:423-427. 

168


