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OVERVIEW

Since its establishment in 1973, AQD has 
shown sustained achievements in aquaculture, 
thus contributing greatly to the progress of the 
aquaculture industry in the region.

Continuing research on prawn culture at 
AQD has generated techniques in the areas of 
maturation, hatchery, nursery, and grow-out. 
Milkfish breeding technology developed at AQD 
is currently being verified at various sites in 
the Philippines. It is hoped that these tech­
nologies would significantly satisfy the de­
mands of the industry in the region.

The economic viability of hatchery tech­
niques developed for rabbitfish and refined for 
sea bass is being undertaken. Results of stud­
ies on other finfishes are being verified.

Significant research results are docu­
mented in numerous scientific papers pub­
lished in local and foreign journals. Verified 
results are packaged into extension materials 
and disseminated to the aquaculturists and 
fish farmers.

Research outputs of AQD researchers are 
being increasingly recognized by the research

and scientific communities. During the past 
two years, various awards for scientific papers 
were earned by AQD.

Specific for 1988 is the redirection of AQD's 
research thrust to reflect the regional research 
priorities identified during the Seminar on Aq­
uaculture Development in Southeast Asia held 
in the Philippines in September 1987. Like­
wise, training programs were prioritized based 
on training requirements in aquaculture in 
Southeast Asia as assessed during a seminar 
held in Thailand in May 1988.

Extension activities were revived and in­
tensified in order to help the small fish farmers 
raise their standard of living and contribute to 
the farmer's profitability campaign of the pres­
ent government.

AQD likewise continues to foster closer 
relationship with various governments and 
organizations.

T he A q u a c u ltu re  D e p a r tm e n t h a s  g e n e ra te d  te ch n iq u es  in  the  
areas o f  m a tu ra tio n , h a tch ery , n u rsery , a n d  g ro w -o u t...I t is 
h oped  th a t these  technologies w o u ld  s ig n if ic a n tly  s a tis fy  the  

d e m a n d s  o f  th e  in d u s tr y  in  th e  region... a n d  he lp  th e  sm a ll  f is h  
fa rm e rs  ra ise  th e ir  s ta n d a rd s  o f  liv ing .



RESEARCH

AQD intensified its research activities on fin- 
fishes and crustaceans, and resumed activities 
on seaweeds. The research activities were 
grouped into four main categories - breeding, 
farming systems, feed development, fish health 
- and reflected the recommended research pri­
orities identified during the Seminar on Aq­
uaculture Development in Southeast Asia 
(ADSEA ’87) held in Iloilo City, September 8- 
12, 1987. AQD also conducted research on 
economics of aquaculture systems. Sea bass juveniles feeding on pellets.

R esearch  S tu d ies

S ea  B a ss (Lates calcarifer)

•  A dvancem ent of gonadal m atu ration  and spawning in sea 
b a ss  by L H R H a and 17 -a lpha  m ethyltestosterone pelle t im ­
plantation.

Im plantation of pelleted lu tein izing  horm one-releas­
ing horm one analogue (LHRHa) and LHRHa plus m eth ­
yltestosterone (MT) (200 µg/kg) in early M arch significantly 
increased the num ber of sexually m atu re  females in April, 
w hereas th ree  m onthly im plantations of a lower dose (100 µg/ 
kg) of these pelleted horm ones proved effective in M ay. Sexual 
m atu ra tion  am ong m ale sea bass was significantly advanced 
in April and  May following two and th ree m onthly im plants of 
pelleted MT (100 µg/kg). Sea bass which were induced to 
m atu re  early  by these horm onal therap ies were successfully 
induced to spaw n in early  May by a single injection of LHRHa.

•  Ammonia and nitrogen excretion ra tes  in juvenile seabass: 
Effect of tem perature , salinity, and pH.

There was no significant difference in the growth and 
survival of sea bass juveniles reared  for 30 days in salinities 0, 
8, 16, 24 and 32 ppt. F reshw ater-adapted  fish showed signifi­
cantly higher am m onia excretion ra te  th an  seaw ater-adapted 
fish. A high negative correlation was established between 
body weight and  am m onia excretion ra te  for freshw ater- and 
seaw ater-adapted groups; it  is best described by the allometric 
equation Y=24.258X-0.494 for the form er and Y=20.824X-0.667 for 
the la tter, where Y  is the excretion ra te  in µgNH3-N/mg/hr and 
X  is the  body weight.

•  M anipulation of stocking density and feeding regimes for 
m ass production of sea bass juveniles.

Growth of sea bass larvae (day 14) stocked a t 5 indi­
viduals/l was h ighest compared to those stocked a t 10/l and

15/1. During the 30-day period, h a lf  of the  stock was reduced 
every 10 days in all treatm ents. Average standard  length (SL) 
and dry weight of the larvae after 30 days were 17.12 mm, 
0.299 g (5/1); 12.23 mm, 0 .117 g (10/1); and 13.06 mm, 0.138 g 
(15/l). Survival ra tes  did not differ significantly among tre a t­
m ents. A  feeding level of 5-6 Artem ia /m l given four tim es daily 
resulted in highest growth (SL 14.4 mm; 0.176 g dry wt) and 
survival (59%).

•  In tegrated  culture of sea bass and tilapia: The use of live 
tilapia as food for sea bass, Lates calcarifer (Bloch).

Two methods of rearing  tilap ia  as forage fish for sea 
bass juveniles were evaluated. Tilapia stocked a t 5000/ha at 
1:3 male-to-female were reared  two m onths prior to stocking 
sea bass juveniles. After 75 days, sea bass juveniles (initial 
body weight, 10-95 g) were bigger (49 g; 15.3 cm) in ponds 
where they mingled with tilapia compared to those in ponds 
(41 g; 13.7 cm) where they were separated  from tilapia by a 
1-cm m esh net enclosure.

•  A lternate sources of protein for fishm eal in Lates calcarifer 
diets.

Different p lan t and anim al proteins were evaluated 
as partia l substitu tes for fishm eal in diets of Lates calcarifer 
fry and juveniles. W eight gain of fry increased with the level 
of dietary protein (38, 4 3 , 47%) and lipid (8 , 12 ,  15%). Replace­
m ent of 20% fishm eal protein with shrim p head protein in 45% 
protein diet gave 0.22 g weight gain of fry in four weeks, better 
than  did sim ilar percentage protein substitu tions w ith m eat 
and bone m eal (0.19 g), soybean m eal (0 .18 g), yeast (0 .13 g), 
and all-fish m eal (0.20 g). For juveniles, up to 10% fishmeal 
protein could be substitu ted  w ith soybean m eal protein w ith­
out affecting growth. Animal protein diets (shrim p head meal, 
fishmeal, m eat and bone meal) gave better growth th an  did 
diets with yeast protein or yeast-anim al protein combina­
tion.
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In  progress:
•  Effect of tem pera tu re  and ration  size on growth and energy 

utilization of sea bass: Food consumption, feeding rate , sa ­
linity and tem pera tu re  tolerance of sea bass fry and finger- 
lings.

G rouper (Epinephelus sp.)
I n  p r o g r e s s :

•  I n d u c e d  s p a w n i n g  a n d  l a r v a l  r e a r i n g  o f  g r o u p e r ,  E p in e p h e l u s  

s p .

R ab b itfish  (Siganus gu tta tu s )
•  Reproductive performance of hatchery-bred Siganus g u t­

ta tus  broodstock fed different levels of fats.
The criteria  used to evaluate the effects of different 

levels of fats (1 2 , 15, 18%) on the reproductive performance of 
S. gu tta tus  on day 14 were: to tal num ber, size and weight of 
spawned eggs; fertilization and hatching rates; num ber of 
norm al larvae; larval length, size of yolk sac and oil globule; 
ra te  of yolk resorption; and larval survival. Of these, only 
num ber of norm al larvae and larval survival gave significant 
results. Broodstock fed diet w ith 18% fa t had  the highest 
num ber of normal larvae (368 x 103) with significantly higher 
survival (15%) compared to those fed diets with 12-15% 
fat.

•Effect of supplem ental diet on signals cultured in ponds with 
filam entous green algae.

Two commercial feeds w ith protein content of 20.8 
and 25.5% were given as supplem ental diet (2% fish biomass) 
to siganid juveniles reared  for one m onth in ponds grown with 
lum ut (Chaetomorpha sp.) as forage. The fish stocked a t 3000/ 
ha  and w ith average initial weight of 9.55 g were significantly 
bigger (ave. body wt., 81.6 g, P<0.05) after 3 m onths of feeding 
supplem ental diet containing 25.5% protein compared to 
those fed the commercial feed containing 20% protein (body 
wt., 55.5 g) and to those not fed the supplem ental diet (body 
wt., 48.8 g).

•  W eaning of siganid to artificial diets with varying protein- 
to-energy ratios.

Twenty-five-day old larvae were transferred  in 250-1 
fiberglass tanks a t a density of 3.3 ind/l and weaned gradually 
to isocaloric diets w ith 39, 41, 51, and 56% protein. Growth 
after 25 days was superior in larvae fed artificial diets as 
compared to larvae fed Artem ia  nauplii. Larvae in the artifi­
cial diet trea tm en ts did not differ significantly based on growth 
(body weight, percentage m etam orphosis) and percentage 
survival.

Six sem ipurified diets with different levels of protein 
(25, 35, 45%) and energy (3,161; 3,832 kcal/kg) were fed for 8 
weeks to Siganus gu tta tus  fry in 250-1 tanks a t a stocking 
density of 80 fish/tank. Growth increased with increasing 
protein (P<0.01) and energy (P<0.05). W ithin isocaloric diets, 
a positive correlation (r -0.96) was found between dietary pro­

tein-to-energy ratio  (P/E) and  fish grow th. P rotein  productive 
value (PPV) and protein efficiency ra tio  (PER) were negatively 
correlated w ith P/E (PPV=50.16-0.19X, PER=2.83-0.12X; X  is 
P/E). Based on growth ra te  and efficiency of protein u tiliza ­
tion, a diet with 35% protein and 3,832 kcal/kg energy density 
is best for siganid fry. Carcass fa t level increased in fish given 
3,832 kcal/kg energy density. Carcass protein and ash  re ­
m ained essentially constant and independent of d ietary  tre a t­
ment.

I n  p r o g r e s s :

•  Application of thyroxine (T4) to fem ale Siganus gu tta tus  
broodstock and its  effect on larval survival.

M ilkfish  (Chanos chanos)

•N ational Bangus Breeding Program  (NBBP).
M ilkfish m atu red  and spaw ned in four NBBP sites 

(Pangasinan, Zambales, Bohol, Davao del Sur). Egg collection 
using egg sweeper ne t a n d  hapa  net cage was consistently low; 
thus, m ilkfish larvae have not been reared  to day 21 a t all sites.

•N B B P pilot hatchery.
Thirty-four million eggs were collected from four 

broodstock cages from May to October. About 61% of 84 
spawnings had fertilization ra te s  above 80%. H atching ra te  
was 23-98%. Survival ra te s  in 3-ton canvas and  concrete tanks 
a t a density of 30 larvae/l were 41+11% and 32+16%, respec­
tively, w hereas a t 50-60 larvae/1 survival ra te  was 22+8%. 
A bout448,500 fry w ere harv ested  from 13  runs. Factors which 
may have contributed to the  highly variable resu lts  include 
diet, egg transport conditions, and sex ratio .

NBBP aims to supplement collection of milkfish fry in coastal areas.
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National Bangus Breeding Pro­
gram (NBBP): Rearing facilities at 
the Bureau of Fisheries and 
Aquatic Resources (BFAR) Pan­
gasinan site (left) and SEAFDEC/ 
AQD Tigbauan Research Station 
(bottom).

•  Socio-economic analysis of the N ational Bangus Breeding 
Program  (NBBP).

The productivity and economic viability of an in te ­
grated  m ilkfish b roodstock and hatchery  system was analyzed 
based on annual stocking of 100 m arket-sized individuals 
(200-250 g each) in cages. Discounted cash flow revealed the 
cost for capital outlay (in frastructu res and equipment), opera­
tions, and m aintenance for both broodstock and  hatchery op­
erations. Egg production sta rted  in year 5, investm ent for 
hatchery  facilities in year 4, and expansion to accommodate 
rearing  to fry stage in subsequent years. Economic m easures 
used were ne t p resen t value and in ternal ra te  of re turn . 
Sensitivity analyses were also done to determ ine operation 
profitability approxim ating industria l level.

•  Supplem ental feeding of m ilkfish juveniles reared  in m odu­
lar ponds.

M ilkfish fed practical SEAFDEC-formulated diet in 
the la s t m onth of rearing  averaged 141.6 g a t  harvest, whereas

fish fed natu ra l food (control) weighed 100 g. Survival was 
sim ilar for both trea tm en ts (96 and 97%). Out of 58 respon­
dents to a consumer test, 38 preferred SEAFDEC diet fed-fish, 
13 preferred control fish, and 7 had  no preference.

In progress:
•  LHRHa-induced spawning in milkfish: Dose response stu d ­

ies.

•  Isolation and characterization of a female-specific plasm a 
protein (vitellogenin) in milkfish, Chanos chanos Forsskal.

T ila p ia  (Oreochromis niloticus)
•  Development of salinity-tolerant strains/hybrids of Oreo­

chromis niloticus for brackish w ater culture. II. Growth per­
formance of O. niloticus, O. mossambicus and the ir F, 
hybrids a t various salinities.

Several families for each strain , O. niloticus (N=5), 
O. mossambicus (M=2) and their F 1 hybrids (MxN=8) in-
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cluding reciprocals (NxM=4) were grown a t 0, 10, 15, 20, 25, 
and 32 ppt salinities. Prelim inary resu lts showed th a t O. 
n ilo tic u s  and F 1 hybrids had  significantly higher growth than  
O. m o ssa m b ic u s  in all test salinities, with the highest a t 25-32 
ppt. S alin ity  h a d  no  effect on the ir survival ra tes. O. n ilo ticu s, 

on the other hand, grew best a t 10 ppt although not signifi­
cantly different a t 15-32 ppt. Survival ra tes, however, were 
significantly reduced a t 25-32 ppt.

•  Development of genetic evaluation and selection criteria  for 
tilapia broodstock: I. Effect of crowding on survival and 
growth of s tra in s of O reochrom is n ilo ticu s  juveniles.

A comparison of the effect of crowding on growth of 
tilap ia from 10 families derived from two strains, with a th ird  
(red) s tra in  as in ternal reference population, was completed. 
Grow-out was for 16 weeks w ith the last 8 weeks in cages in 
Laguna Lake. Between-group error variance was greatly 
decreased by the in ternal control procedure and increased the 
statistical power of stra in  comparison. Some families in one 
test strain  suffered m ortality and survivor fish grew unusually 
well. An environm ental effect usually increased variations 
among replicates.

•  Development o f  genetic evaluation and selection criteria 
for tilapia broodstock: II. Effect of salinity stress on 
survival and growth of s tra in s of O reochrom is n ilo ticu s  

juveniles.
Three stra ins were used, with a th ird  (red) stra in  as 

in ternal reference population. Tilapia was held in freshw ater 
for 2 weeks, acclimated for 4 days in 32 ppt, and reared  in 
seaw ater for 2 weeks. At 32 ppt, survival was 80-90% for the 
red stra in  and 20-50% for the Nile tilapia strains. The red 
tilapia also grew be tte r th an  did the  Nile strains.

•  Development of genetic evaluation and selection criteria  for 
tilapia broodstock: III. Effect of dietary stress on growth of 
O reochrom is n ilo tic u s  strains.

Four-week-old fry sorted by collimation and paired 
with red tilapia of the same size were stocked in 60-1 aquaria. 
T reatm ent fish were fed commercial fish pellets, then rice 
bran, and finally, commercial fish pellets for six weeks, shift­
ing diets biweekly. Control fish were fed commercial diet

throughout a t 20% of fish biom ass as for stress batches. Body 
length and weight m easurem ents as well as scales were taken 
for analysis. Fish exposed to dietary stress showed irregular 
circuli on the scales. Control batches showed norm al scale 
features. Uncorrected and corrected growth did not differ 
significantly between trea tm en ts. No significant difference 
was noted between stra in s in batches exposed to dietary 
stress.

In  progress:

•  Development of genetic evaluation and selection crite ria  for 
tilapia broodstock. IV. Effect of restric tive and non-restric­
tive feeding on growth of s tra in s  of O reo ch ro m is  n ilo ticu s .

C atfish  (C la r ia s  m a c ro c e p h a lu s )
In  progress:

•  Broodstock development and induced spaw ning of C la r ia s  

m a cro cep h a lu s  G unther.

B igh ead  Carp (A r is t ic h th y s  n o b ilis )

•  M onitoring of gonadal m aturation  and rem atu ra tion  of 
bighead carp (A r is tic h th y s  n o b il is ) broodstock reared  in 
floating cages in Laguna Lake.

Fem ales m atured  in March-April and A ugust-Sep­
tem ber. M aturation ra te s  were low in Ja n u a ry  (69%) and May 
(62%). For males, m aturation  was 0-40%. Four of five females 
were induced to spawn with a single injection of LHRHa (75 µg/ 

kg) together with domperidone (15 mg/kg), a dopam ine antago­
nist.

•  Effect of dietary protein levels on gonadal developm ent of 
bighead carp (A r is t ic h th y s  n o b il is ) reared  in floating cages.

N ine m onths of feeding resu lted  in m atu ra tion  of 62% 
of carp given 20% protein pellets and 75% of those given 40% 
protein pellets. Only 54% of the  fish fed n a tu ra l food (control) 
atta ined  sexual m aturity .

•  Effects of dietary protein levels on gonadal developm ent of 
bighead carp (A r is t ic h th y s  n o b il is ) reared  in floating cages: 
Reproductive perform ance of broodstock.

Based on a total of 18 fem ales induced to spawn, the 
highest num ber of eggs, fertilization ra te  and hatch ing  ra te  
were obtained from fish fed the 40% protein diet. The num ber 
of eggs was higher for fish fed the 20% protein diet than  for fish 
fed n a tu ra l food (control) bu t m ean fertilization and  hatching 
ra tes  were higher for the la tter.

•  D ietary protein requirem ent of bighead carp (A r is t ic h th y s  

n o b ilis ) fry.
Growth ra te  increased as the  dietary protein level 

increased from 20 to 30%. Growth ra te , however, was lower at 
protein levels higher than 30%.

•  The effects of dietary carbohydrates, lipid and energy on 
growth, feed efficiency, protein u tilization , an d  tissue
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composition of bighead carp (A r is t ic h th y s  n o b ilis ) fry.
At low protein level (34%), weight gain, feed efficiency 

and protein efficiency ratio  increased as lipid level increased 
from 7 to 10.5% and  decreased a t 14% lipid. At 42% protein, all 
th ree response param eters decreased as lipid level increased. 
D ietary carbohydrate levels (24 to 40%) did not show a clear 
effect on growth, feed efficiency and protein efficiency ratio.

G iant T iger  P raw n  (P en a eu s  m o n o d o n )
•  Effect of light quality  on m atu ration  and survival of P en a eu s  

m onodon .

Results from three experimental runs using wild brood- 
stock showed th a t (a) unablated  females m atured and spawned 
under various low-intensity light (green, cool white, blacklight 
blue, n a tu ra l daylight) w ith best resu lts  under green light, and
(b) ablated fem ales produced higher egg num bers and hatch 
ra tes  under n a tu ra l daylight (13.0 x  106 eggs, 75% HR) com­
pared to green (510 nm) light ( 10.5 x  106 eggs, 71% HR). Repro­
ductive perform ance of e ither unablated  or ablated females 
was not satisfactory under cool w hite (575nm) and blacklight 
blue (360-370 nm). U nder green light, ablated females pro­
duced 15 to 17 tim es m ore eggs and nauplii than  did unablated 
ones.

•  Comparison of different w ater trea tm en t schemes used in 
larval rearing  of P en a eu s  m o n o d o n .

P en a eu s  m o n o d o n  reared  from  nauplius to postlarva 
1 using different w ater trea tm en t schemes had  significantly 
g reater survival (P<0.01) when stocked a t 25 ind/l (68%) com­
pared to those stocked a t  100 ind/1 (42%). Results from two 
ru n s showed th a t  more larvae survived in w ater trea ted  with 
hypochlorite with daily w ater change (53% survival) than  with 
S terilizer (active ingredient said to be hum ic acid) adm ini­
stered once throughout th e  rea rin g  period without water change 
(18%) or in u n trea ted  w ater (22%). However, application of 
S terilizer twice (once a t nauplius, then  a t mysis stage) during 
the culture period resu lted  in survival ra te  (35%) higher than 
th a t obtained w ith a single application (12%) but was still 
lower th an  th a t obtained in hypochlorite-treated water 
(40%).

•  T em perature-salinity  tolerance of P en a eu s  m on o d o n  

larvae.
P. m o n o d o n  nauplii and zoea acclimated a t 28°C and 

32 ppt were abruptly  exposed to various tem peratures (22, 24, 
26, 30, 32°C) a t the  sam e salinity. Controls were held at 
acclimation conditions. Although survival ra te s  were sim ilar 
at all tem pera tu re  levels for each stage, m etam orphosis was 
delayed a t lower tem perature .

•  Effect of tem pera tu re  and salinity on survival, growth, and 
energy utilization of P en a eu s  m o n o d o n  postlarvae.

Low-tem perature tolerance of P. m o n o d o n  postlarvae 
(PL22) acclimated a t 30°C and 32 ppt salinity was examined. PL 
exposed to 10°C had 100% m ortality after 12 h. At 15°C, 25-40%

m ortality occurred after 72 h  and 90-100% m ortality  after 96 h. 
At 20°C, 5-10% m ortality occurred after 96 h.

•  Effect of stocking density and diet on P en a eu s  m on o d o n  

broodstock production in ponds.
Praw ns with initial body weight of 46-59 g were fed 

commercial diet for 2.5 m onths and SEAFDEC-formulated 
broodstock diet for another 1.5 m onths. Those stocked a t 0.25/ 
m2 atta ined  an average body weight of 82.6 g, w hereas those 
stocked a t 0.50/m2 weighed 92.2 g. Two females developed 
Stage II gonads after 4 m onths of rearing.

•  Prawn culture techniques for ponds with free-flowing tidal 
water.

The feasibility of adopting a Japanese culture 
system for tiger prawn using free-flowing tidal w ater in .01-ha 
brackishw ater pond near the m outh of Leganes, Gui-gui 
Creek was evaluated. W ater depth was 0.9-1.0 m a t low tide. 
A wooden secondary gate was installed on another side of the 
pond for flow-through drainage and harvesting. Juveniles 
(3.3 g  body weight, 71.1 mm body length) were stocked a t .9/ 
m2. Commercial feed was given 3-5 times daily a t 4-8% of total 
biomass. After 116 days of culture final m ean weight was 
32  g, daily growth increm ent 0.27 g/day, and survival ra te  
66%.

•  The effect of dietary astaxan th in  and vitam in A supplem en­
tation on reproductive performance of P en a eu s  m on o d o n  

broodstock.
Pond-reared P en a eu s  m o n o d o n  broodstock were fed 

form ulated diet with or w ithout supplem entation of astaxan ­
thin, vitam in A, or both.  M aturation  was h ighest a t 60% but 
was not improved by astaxanthin-vitam in A supplem entation. 
Spawning was h ighest a t 33% with astaxanth in  or vitam in A 
supplem entation. Fecundity was maximum a t 118,260 eggs/ 
spawner. However, eggs were not fertilized.

•  Chemical control of lum inous bacterium  (V ibrio  h a r ve y i) in 
prawn larvae.

Twenty chemicals were tested  for the ir in -v itro  ef­
fects on seven isolates of the lum inous bacterium  V . ha rvey i

Free-flowing tidal water in prawn pond, Igang, Guimaras Isl.
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Plate culture of Vibrio harveyi, causa! bacterium of luminous vibri­
osis in prawn hatcheries. Photo taken in total darkness to accentuate 
emission of light by bacterial colonies.

from hatcheries in Iloilo, Aklan, and Capiz. Only chloram­
phenicol, Furacin (9.3% nitrofurazone) and 10% sodium 
nifurstyrenate showed relatively lower bactericidal concen­
trations of 3-30 µg/ml. P. monodon larvae exposed to drug 
levels for in-vivo use (5-50 µg/ml) showed high survival rates 
but developed morphological deformities like bent setae and 
deformed carapace.

•  Pathogenicity of luminous bacterium (Vibrio harveyi) on 
larvae and postlarvae of Penaeus monodon.

Significant mortalities occurred among zoea chal­
lenged with initial bacterial density of 102 cells/ml after 24 h 
exposure. A higher initial dose (104 cells/ml) of bacteria was 
needed to effect significant mortality in postlarvae. Scanning 
electron microscopy showed significant build-up of bacteria on 
larval surfaces after exposure.

•  Effects of rotenone and saponin on the shell quality and 
survival of juvenile Penaeus mondon.

Only the higher levels of the pesticides (10-50 ppm 
for rotenone and 100 ppm for saponin) resulted in soft-shelling 
but did not cause any significant mortality in 10-15 g prawns. 
These levels are much higher than those commonly used in 
grow-out ponds to remove unwanted fish species.

•  Bacteria associated with tail rot in Penaeus monodon: Iden­
tification and electron microscopy.

An early form of tail rot was detected in pond-reared 
P. monodon samples collected from Negros. Microbial isola­
tion and screening resulted in the identification of 56 Vibrio 
and 2 Aeromonas isolates.

•  Pathological syndrome of aflatoxicosis in Penaeus mono­
don.

High incidence of reddening was observed in prawns 
fed the diet containing 150 and 200 ug of aflatoxin B1 per 
gram of feed. A highly significant decrease in the hepatoso­
matic index of prawns fed diet containing 200 ug of aflatoxin 
B1 per gram occurred 2 weeks after feeding as did severe

necrosis, fibriosis, and haemocytic infiltration in the hepato­
pancreas.

In progress:
•Effects of B -ecdysone on ovarian maturation and rematura­

tion of Penaeus monodon Fabricius.
•Verification studies on SEAFDEC-developed technology on 
Penaeus monodon hatchery and broodstock operations us­
ing formulated diet.

•  Evaluation of supplementary diets on growth, survival, and 
production of Penaeus monodon in ponds.

•Vibriosis of Penaeus monodon in hatchery: Epidemiology 
and control.

•Development of microbiological processing techniques for 
agricultural products and wastes as partial replacements for 
ingredients in compounded feeds for prawn.

White Shrimps (Penaeus indicus /  Penaeus merguiensis)
•  Determination of optimum larval rearing conditions for 

white shrimps (Penaeus indicus and P. merguiensis) with 
reference to salinity levels, feeds, and feeding.

Studies to determine the effects of salinity levels on 
spawning, hatching, larval survival, and 24-h salinity toler­
ance of postlarval stages had the following results: 1) P. indicus 
and P. merguiensis spawned at 10-32 ppt and 15-45 ppt, 
respectively; 2) hatching occurred at 20-32 ppt for both species 
with relatively high hatching rates at 25 ppt; and 3) larval 
survival in P. indicus was highest at 30 ppt (49±17%) and in P. 
merguiensis at 35 ppt (57+7%) although not significantly 
different at 25-35 ppt.

•Growth and survival of Penaeus indicus at different stocking 
densities using SEAFDEC-formulated feed.

P. indicus s stocked at 50,000; 100,000;and 150,000/ 
ha and fed SEAFDEC-formulated diets had similar mean 
weight gains (11.12, 10.82, 10.38 g, respectively) (P>0.05), 
indicating that stocking density did not affect growth as long 
as enough feed was provided to the animals. Significantly 
lower mean weight gain (7.13 g) P<0.05) was obtained when 
only natural food was available to shrimps stocked at 
50,000/ha.

• The effect of dietary lipid sources on reproductive per­
formance and tissue composition of Penaeus indicus brood- 
stock.

Broodstock diet (50% protein) with various lipid 
supplementation was fed for 53 days to 80 7-g unablated 
Penaeus indicus broodstock stocked at 1:1 male-female in 
concrete tanks. Maximum maturation (85%) and fecundity 
(26,564 eggs/spawner) were obtained with 1:1 (v/v) cod-liver 
oil-soya oil, spawning (43%) with cod-liver oil, and hatching 
(91%) with soya oil. Fresh squid diet (control) performed 
poorest with only 1% maturation. Results indicate the signifi­
cance of dietary lipid source in broodstock reproductive per­
formance.
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•  Evaluation of p lan t proteins as partia l replacem ent for 
anim al protein in  diets of Penaeus indicus juveniles.

Penaeus indicus juveniles were fed for 45 days with 
diets with 10-20% substitu tions of fishmeal protein with plant 
proteins from Candida utilis, soybean meal, and leaf meal of 
Ipomea aquatica, Carica papaya  and Cassia tora. Signifi­
cantly high weight gain was obtained with soybean meal 
(103%) and  C. tora (107%). Survival was higher with C. utilis 
and C. papaya  (70%) th an  with other p lan t protein substitu ­
tions (35-60%).

In  progress:

•Development and evaluation of larval diets for Penaeus in ­
dicus.

S eaw eed s (Gracilaria)
•Inventory and assessm ent of biomass production of Gra­
cilaria spp. in Panay Island.

Seventeen species of macrophytes based on 224 speci­
m ens from Panay Island belong to three orders of Chlorophyta 
(6 species), two of Phaeophyta (3 species), and four of Rhodo­
phyta (8 species). Peak Gracilaria production a t  Leganes 
(Iloilo), Ivisan (Capiz), and  B atan  (Aklan) occurred in August 
to October w ith a  slight peak in May a t Ivisan. Wet weight 
harvest from these sites ranged from 459 to 1282 g/m2.

•Prelim inary  studies on field cultivation of Gracilaria util­
izing hatchery-produced sporelings and vegetative frag­
m ents.

Evaluation of the productivity of vegetative frag­
m ents seeded on horizontal a n d  vertical lines a t  intervals of 10, 
15, and 20 cm showed th a t for the horizontal method of 
seeding, productivity decreased a t wider seeding intervals, 
whereas for the vertical method, productivity increased with 
wider seeding intervals. H atchery production of sporelings 
w as ham pered  by bacterial infection of carposporophytes. D ia­
toms also grew profusely in  the absence of germ anium  dioxide 
(GeO2), a diatom growth suppressor.

The red alga Gracilaria eucheumoides, a source of agar.

In  p ro g ress:

•  Production of Gracilaria spp. using different culture sys­
tems.

•  Characterization of agar extracted from different species of 
Gracilaria.

O thers
•Feeding of different nutritional quality Artem ia  to finfish 

and prawn larvae.
Usual m ortality a t  day 21 in the larviculture of sea 

bass was reduced from 95 to 0% when sea bass larvae were 
previously fed HUFA-enriched Artemia. Enrichm ent also 
improved significantly the performance of fish/prawn larvae 
during stress tests.

•  Optimal growth conditions of the m arine diatom Skele­
tonema costatum  in large outdoor continuous culture.

At low media flow ra tes  and high nu trien t concentra­
tions the system behaved like a  batch culture.

•Effects of different lim ing techniques on brackish w ater fish­
ponds.

Lime was applied on pond bottom and dikes by 
broadcasting (I), on dikes by broadcasting and to 15-cm depth 
on pond bottom by tilling  (II), and on pond bottom only (III). No 
lime was applied in control ponds (IV). Soil pH and  organic 
m atter increased while soil phosphorus and iron decreased 
after applying lime regardless of method. Growth of praw n ju ­
veniles stocked a t 10,000 fry/ha in these ponds is being moni­
tored.

•  Selectivity coefficient estim ate of cultured fish species in 
Laguna de Bay.

Tilapia had high preference for diatoms particularly 
Coscinodiscus sp. A filam entous blue-green alga, Lyngbya 
sp., was the dom inant species ingested in 20% of the tilapia 
examined. Tilapia and bighead carp had no specific preference 
for zooplankton. Percentage occurrence and abundance of 
ro tifers, copepods, and cladocerans in the stomach were sim i­
lar.

•  Pollution in Laguna Lake: Toxic heavy m etals in sediment, 
water, and selected finfishes.

Mercury levels in sedim ents ranged from 26.7 to 117 
ppm, with samples from Pasig and  Sucat generally having the 
highest concentration. W ater samples had  very low mercury 
levels (below detectable to 0.567 ppm). W ater conductivity 
and dissolved oxygen, bu t not turbidity were negatively corre­
lated with mercury level. Mercury burden in fish was below the 
maximum permissible level of 0.5 ppm set by WHO and 
USFDA.

•Costs and re tu rns analysis of newly developed aquaculture 
production systems in the Philippines.

(a) An economic analysis of the m odular pond system
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in milkfish production in  the  Philippines.
Pilot-scale production was done in Iloilo a t Leganes 

Brackishw ater S tation and th ree private commercial farms. 
Two to seven ru n s  were recorded in a year w ith per hectare 
ou tput ranging  from 278 to 341 kg per run . Input costs were 
based on actual figures and ex-farm m ilkfish price was P 21.00 
(4-6 pieces/kg). Average return-on-investm ent was 68.8%, and 
payback period for all sites was 1.25 years. The m odular pond 
system can help close the  gap between potential and actual 
yield through efficient use of pond capacity by increasing the 
num ber of cropping to seven per year.

(b) Technical and economic evaluation of monoculture 
of m udcrab (Scylla serrata Forsskal).

N inety-day m onoculture was done a t  stocking densi­
ties of 5,000; 10,000; 15,000; and  20,000 crabs/ha. H ighest 
m ean weight, percentage survival, growth increm ent, best 
feed conversion value (1.72) and net production (908 kg/ha/ 
crop) were obtained a t  5,000/ha stocking. Return-on-invest­
m ent, re tu rn -on-equity, payback period, ne t present value, 
benefit-cost ratio , and in ternal ra te  of re tu rn  were maximum 
also a t the sam e stocking level. P artia l budgeting a t higher 
stocking densities gave no increm ental benefit.

(c) Com parative economic analysis of different scales 
of praw n (Penaeus monodon) hatchery production systems.

All hatchery  system s (backyard, small scale, medium 
scale, large scale) in W estern Visayas (Region VI) were highly 
profitable business operations. Sm all hatcheries gave higher 
profit th an  did big ones due m ainly to high investm ent require­
m ents for in frastructures, equipm ent, and facilities for the 
la tte r. Sm all hatcheries generally required lower capital 
investm ent. The backyard type, for example, used tanks and 
related  facilities which are cheap and available locally.

(d) An economic analysis of the polyculture of praw n 
with tilap ia  in brackishw ater fishponds.

Polyculture a t 6,000 prawn-6,000 tilapia and 6,000 
prawn-4,000 tilap ia/ha was compared w ith m onocultures of 
both species a t 4,000-6,000/ha. Total production a t 283 kg/ha 
and income a t P6,532/run were maximum a t 6,000 prawn- 
4,000 tilapia. Return -on-investment, return-on-equity, pay­
back period, net p resen t value, benefit-cost ratio, and in ternal 
ra te  of re tu rn  were determ ined for all m onoculture and pol­
yculture system s.

•  Tolerance of selected phytoplankton species to furazol­
idone, nitrofurazone and chloramphenicol: Chaetoceros 
calcitrans.

Exposure to 0.5 ppm furazolidone and 2 ppm nitrofu­
razone significantly lowered the growth ra te  and chlorophyll a 
content and reduced cell size of C. calcitrans.

•  Regional research on the  relationship between ulcerative 
syndrome in fish and the environm ent.

Typical backyard prawn hatchery - a direct result of the success in 
spawning P. monodon in captivity and mass culture of natural food.

Highest incidence of the ulcerative disease syndrome 
(UDS) was observed during the period November-December 
when the w ater in the lake was coolest (22-26°C vs 26-34°C for 
the rest of the year), had  the h ighest level (550 cm vs 215 cm 
during sum m er m onths), and was highly tu rb id  (Secchi disc 
readings of 15-20 cm vs 30-70 cm during June-October). Heavy 
m etal levels in the w ater and fish tissues were generally below 
detectable levels, and sim ilar in both u lcerated  and non-ulcer­
ated fish. The ulcerative syndrom e was also observed during 
the period January-M arch bu t w ith lower incidence and sever­
ity than  during the November-December period. Alkalinity, 
chloride and hardness of the  w ater were lowest during the 
November-March period when UDS occurred. U lcerated fish 
samples collected were the snakehead (Ophiocephalus stria ­
tus), Thai catfish (Clarias batrachus), and goby (Glossogobius 
giurus).

In  p ro g re ss :

•  Use of rice straw  in the eradication of snails in brackishw a­
te r ponds.

•  Optimal growth conditions of the  m arine diatom Skele­
tonema costatum  in large continuous cu lture  for developing 
a continuous feeding appara tus for use in hatcheries.

•  N atural food succession in ponds using different organic fer­
tilizers.

•  U se  of rice straw  in the eradication of “bagongon” and “suso” 
in ponds.

•  N u trien t dynamics in Laguna Lake. I. The com partm entali­
zation of nitrogen and phosphorus in the  ecosystem.

•  Studies on the ulcerative fish disease in Laguna Lake: Asso­
ciated parasites.
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Abstracts of Research Publications

Scientific Journals

•  Alava, V.R. and Lim, C. 1988. Artificial diets for milkfish, 
Chanos chanos (Forsskal), fry reared in seawater. Aquacul­
ture, 71:339-346.

Milkfish fry obtained from the wild (0.009 g body 
weight, 10 mm total length) were stocked at 200 individuals 
in each of 18 fiberglass tanks containing 30 l of filtered 
aerated seawater. Mean salinity and temperature were 33 
ppt and 28.3°C, respectively. The fr y  were fed with six artificial 
dry diets containing a mean crude protein of 40.8%. The diets 
were fed at the rate of 20% of the biomass/day for the first 14 
days and 15% of the biomass/day for the last 14 days.

Results indicated that there were no significant differ­
ences among the treatment means (P>0.05). Milkfish fry had 
mean body weights of 0.173-0.202 g, mean total lengths of 29- 
31 mm, mean feed efficiency values of 0.94-1.16, and mean 
survival rates of 92-98%. The remarkably similar response of 
milkfish fry to the six diets demonstrated that the diets contain 
the essential nutrients necessary for a fast-growing fish. 
Soybean meal can replace com gluten meal and meat and bone 
meal can substitute shrimp head meal for up to 8% of the crude 
protein.

Final mean weight, to ta l length, specific growth rate, feed efficiency, 
and survival ra te  of milkfish fed different diets for 28 days1 (After 
Alava and Lim, Aquaculture  71:343.1988)

Diet
W eight 

±SD 

(g)

Total 
length ±SD 

(mm)

Specific 
growth ra te2 

(%day)

Feed 
efficiency3

Survival 
ra te  
(%)

I 0.202±0.123 3 1±7 11.11 1.16 97
II 0.198±0.122 30±7 11.03 1.09 92
III 0.184±0.138 29±8 10.77 1.03 96
IV 0.181+0.112 29±7 10.72 0.96 97
V 0.178±0.105 29±6 10.66 0.94 98
VI 0.173±0.127 29±8 10.56 0.97 97

1T re a tm e n t m eans a re  no t sign ifican tly  d ifferen t a t 
P>0.05:m ean±standard deviation of 150 fish (50 fish/replicate)

2Specific growth ra te  = ln (final w eight) - ln (initial weight) x 100
28

3Feed efficiency = g weight gain/g feed.

•Almendras, J.M., Duenas, C., Nacario, J., Sherwood, N.M. 
and  Crim, L.W. 1988. Sustained hormone release. III. Use 
of gonadotropin-releasing hormone analogues to induce 
multiple spawnings in sea bass, Lates calcarifer. Aquacul­
ture 74:97-111.

Two gonadotropin-releasing hormone analogues 
(GnRHa), [D-Ala6, Pro9 -ethylamide] mammalian GnRH and 
[D-Arg6, Pro9 -ethylamide] salmon GnRH, were shown to in­
duce spawning in sea bass. A single injection of GnRHa

induced one spawning, but multiple (two to four) injections 
spaced 24 h apart produced one to four spawnings in individ­
ual females. More striking were the seabass that spawned up 
to five times after an osmotic pump, which releases GnRHa for 
14days, was implanted. A less expensive, but equally effective 
method was implantation of GnRHa in pellets with a choles­
terol-cellulose matrix. Multiple spawnings in a single female 
were produced by only two pellets implanted at one time; 
individual fish released up to 7 million eggs with good fertility 
and hatching rates. Individual sea bass were shown to rema­
ture in the same season and produce multiple spawnings in 
both June and September if stimulated with GnRHa in pellets. 
Stimulation of multiple spawnings was not clearly different if 
the mammalian or salmon GnRH analogues were used or if the 
stimulation occurred at the new or first quarter moon. Fi­
nally, an individual male was shown to be capable of fertilizing 
the eggs of one female for at least four sequential spawnings, 
although the fertility and hatching rates were higher if two 
males were placed with a  female. In conclusion, pellets, pumps 
and repeated injections produced multiple spawnings in sea 
bass, but the pellets were more reliable, cheaper, and less 
stressful to the fish.

•  Bautista, A. Ma., Carlos, M.H. and San Antonio, A.I. 1988. 
Hatchery production of Oreochromis niloticus L. at differ­
ent sex ratios and stocking densities. Aquaculture 73:85- 
95.

The influence of various sex ratios and stocking den­
sities on hatchery production of Nile tilapia, Oreochromis 
niloticus L., was studied in land-based (concrete tanks) and 
lake-based (hapa nets) systems. In both hatchery systems, 
egg and fry production was maximum at a sex ratio of 4:1 
females to males and a density of 4 females per m2.

Seed production varied significantly among treat­
ments at different periods of the year. In concrete tanks, 
significantly high seed production of 12.98 and 11.77 eggs and 
fry per spawner per day was obtained in March and August, re­
spectively. In hapa nets, irrespective of sex ratios, 10.18 seeds 
per spawner were collected daily in March.

In relation to the broodstock density in concrete 
tanks, significantly bigger daily harvests of 13.41 and 13.00 
eggs and fry per spawner were produced in late February and 
March, respectively. In hapa nets, daily harvests of 8.95 
and 7.74 eggs and fry per spawner were the highest seed pro­
duction levels which occurred in April and March, respec­
tively.

Seed production was significantly higher in concrete 
tanks than in hapa nets while insignificant differences (P>0.05) 
were found among sex ratio and broodstock density treat­
ments.

•Bautista, M.N. and De la Cruz, M.C. 1988. Linoleic (w6) and 
linolenic (w3) acids in the diet of fingerling milkfish (Chanos 
chanos Forsskal). Aquaculture 71:347-358.

Feeding trials were conducted to determine the
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M ean seed production per tilap ia  spaw ner per day a t  different sex 
ratios and  broodstock stocking densities in two hatchery systems 
(February to January )  (After B au tista  e t  al ., Aquaculture  73:87.1988)

T reatm ents Concrete ta n k  hatchery Hapa  hatchery

Sex ratios (female:male)
4:1 8.41 4.96
7:1 6.96 4.24
10:1 5.18 5.04
Mean* 6.85a 4.75b
Stocking density (per m2)
4 8.76 5.77
7 8.04 2.52
10 4.11 2.17
Mean* 5.64* 3.49b

*Row m eans w ith different superscrip ts are significantly different 
(P<0.05).

effects of linoleic and linolenic acids on growth, survival, fatty 
acid composition and liver histology of milkfish. Five isocaloric 
semi-purified diets were formulated, either lipid-free or con­
taining the following lipids: 7% lauric acid (LA), 6% LA+1% 
linoleic acid, 6% LA+1% linolenic acid, and 6% LA+0.5% 
linoleic + 0.5% linolenic acids, and fed to milkfish with average 
weight of 1.55+0.25 g. There were no significant differences in 
growth or survival between fish fed the lipid-free and the LA 
diets in the five treatments tested. However, growth of fish fed 
with linoleic and linolenic acids was significantly higher 
(P<0.05) than that obtained in fish fed lipid-free and LA diets. 
The best growth response (233%) was attained with fish fed 
linolenic acid alone. Fatty acid analyses of the total lipid 
showed that lipid-free and LA diets increased the levels of 
monoenoic acids in the fish. The addition of linoleic and 
linolenic acids, alone or in combination, suppressed the levels 
of these monoenes and increased the levels of polyunsaturated 
fatty acids (PUFA). Histological analyses using light micros­
copy revealed slight abnormalities in the hepatocytes of fish 
fed lipid-free and LA diets. Both linoleic and linolenic acids are 
effective for good growth and survival of fingerling milkfish; 
however, the effect of linolenic acid on the growth of this 
species is better than that of linoleic acid.

•  Bombeo-Tuburan, I. 1988. The effect of stunting on growth, 
survival, and net production of milkfish Chanos chanos 
(Forsskal). Aquaculture 75:97-103.

The seasonal abundance of milkfish fry in the Philip­
pines has led to the practice of buying a sufficient supply 
during the peak season to compensate for the shortage during 
slack periods. Fry that are not immediately grown out are 
crowded and stunted in transition ponds until they are trans­
ferred to rearing ponds. Milkfish farmers believe that stunted 
fingerlings grow faster than newly grown ones and therefore 
yield extra croppings. To assess the efficiency of production 
schemes, stunted and non-stunted milkfish fingerlings were 
cultured in twelve 144-m2 ponds for a 3-month period. The 
treatments employed were: Treatment I, 2-month-old finger­
lings; Treatment II, 3- month-old fingerlings; and Treatment

III, 6-month-old fingerlings, with the initial weights of 3.3 g, 
7.8 g, and 43.1 g, respectively. Survival, net production, cumu­
lative and monthly weight gains did not differ significantly 
(P>0.05) among the three treatments. The results indicate 
that stunting did not illicit a significant increase, nor did it 
adversely affect the growth, survival, and net production of 
milkfish in a straight culture system. Stunting can therefore 
be practiced by farmers to provide an adequate supply of 
fingerlings for year-round operation.

W ater quality  param eters in  milkfish ponds (A fter Bombeo-Tuburan, 
Aquaculture 75:101 . 1988).
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•  Carlos, M.H. 1988. Growth and survival of bighead carp 
(Aristichthys nobilis) fry fed at different intake levels and 
feeding frequencies. Aquaculture 68:267-276.

This study was conducted to assess the effect of dif­
ferent levels of dietary intake and feeding frequencies on 
growth and survival of bighead carp, Aristichthys nobilis, fry. 
The feeding rates consisted of 10%, 20%, and 30% of body 
weight while feeding frequencies were one, three, and five 
times daily. Results showed that final weight, final length, 
and specific growth rate (SGR) differed in relation to feeding 
rate but not to feeding frequency. Highest values were 
obtained for fish on the 30% ration and fed once a day. A 
significant effect of higher feeding rate using lower feeding 
frequency on growth was manifested in final mean weight and 
SGR; increasing feeding rate resulted in increased growth.

Feeding frequency significantly influenced fry sur­
vival with highest values observed when fry were fed once or 
three times per day. Highest survivals were achieved by fry 
on the 30% ration fed once daily. At higher feeding rates using 
lesser feeding frequencies, better survival was noted. Sur­
vival rate had an inverse relationship to feeding frequency, 
but no overall relationship existed between feeding rate and 
survival rate.

Both ration and feeding frequency significantly in­
fluenced normalized biomass index (NBI). Highest values 
were again obtained on the 30% ration and feeding once daily. 
Higher NBI values were observed with higher feeding rates at 
lower feeding frequencies. Increasing ration resulted in a cor­
responding increase in NBI. •

•  Coloso, R.M., Benitez, L.V. and Tiro, L.B. 1988. The effect 
of dietary protein-energy levels on growth and metabolism 
of milkfish (Chanos chanos Forsskal). Comp. Biochem. 
Physiol. 89A:11-17.

Groups of milkfish juveniles (mean weight, 2.8 g) were 
fed diets containing white fishmeal and gelatin with varying 
protein-energy to total metabolizable energy (PE:TME) ratios.

Amino acids were incorporated in the diets to stimu­
late the pattern of milkfish protein. The control diet contained 
fishmeal as sole protein source and was not supplemented with 
amino acids.

Among the amino acid supplemented diets, best 
growth was observed at PE:TME ratio of 44.4%. However, the 
control diet gave better growth rate than any of the amino acid 
supplemented diets.

Specific activities of pyruvate kinase (PK) and gluta­
mate dehydrogenase ((GDH) increased significantly with in­
crease in dietary protein-energy level.

•  Duray, M.N. and Kohno, H. 1988. Effects of continuous 
lighting on growth and survival of first-feeding larval 
rabbitfish, Siganus guttatus. Aquaculture 72:73-79.

The effects of 24-h lighting on feeding, growth and 
survival of first-feeding larvae of Siganus guttatus were tested. 
Continuous light gave a higher mean survival (31.69%) with a 
maximum of 40.50% compared to natural daylight (17.10%). 
Larval size on day 7 also showed that continuous lighting gave 
improved results. Although feeding incidence increased with 
age of the larvae, a higher incident rate was observed for larvae 
held in continuous light from day 3.

•Fermin, A.C. and Recometa, R.D. 1988. Larval rearing of 
bighead carp, Aristichthys nobilis Richardson, using differ­
ent types of feed and their combinations. Aquacult. Fish. 
Manage. 19:283-290.

The effects of different types of feed, given singly or in 
combination, on the growth and survival of bighead carp, Aris­
tichthys nobilis Richardson, larvae reared for a period of

Growth of bighead carp fry fed a t  different ra tion  levels and m aintained on different feeding frequencies (A fter  Carlos, Aquaculture  68:271. 1988).
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12 weeks were determined. Growth was highest for fish fed 
with the combination of Moina and artificial feed followed by 
fish fed with artificial feed alone. Significantly lower (P<0.05) 
growth was found in fish fed with green water + Moina + 
artificial feed; green water + artificial feed; green water + 
Moina and Moina alone, in a descending order. Carp larvae 
reared in green water alone did not survive after the fifth day 
of feeding. Specific growth rates ranging from 0.59% day-1 to 
2.75% day-1 were exhibited by fish in all the remaining six 
treatments.

Although green water alone did not support the growth 
of the larvae, enhanced survival rates were observed when 
green water was given in combination with other feeds. Sur­
vival rate was highest in fish fed with the combination of green 
water, Moina and artificial feed, but was not significantly 
different (P>0.01) from those given Moina + artificial feed. 
Consequently, normalized biomass index was significantly 
high (P<0.05) in fish fed with the combination of green water, 
Moina and artificial feed.

•  Ferraris, R.P., Almendras, J.M. and Jazul, A.P. 1988. 
Changes in plasma osmolality and chloride concentrations 
during abrupt transfer of milkfish (Chanos chanos) from 
seawater to different test salinities. Aquaculture 70:145- 
157.

Milkfish juveniles (40, 120 or 260 g) were acclimated 
to 32 ppt seawater, then abruptly transferred to water with 
salinities of 0, 16, 32 (control) or 48 ppt. Blood samples were 
taken 0 , 1, 2, 3, 5 , 7 or 14 days after transfer. Survival rate was 
95% or greater in all salinities. Plasma osmolality in fish 
exposed to salinities other than 16 or 32 ppt deviated from 
control values immediately after transfer but were subse­
quently regulated to near normal levels after several days. 
Although these deviations were significant, they were rela­
tively small (≤ 20% of initial) as plasma osmolality changed by 
less than 0.07 mOsm/kg per unit change environmental salin­
ity. Plasma chloride values generally followed the same pat­
tern of changes as plasma osmolality. When these deviations 
were integrated across time, summed deviations (mOsm.day 
kg -1 or mEq.day 1-1) were proportional to the osmotic or ionic 
gradient but were inversely proportional to size. For 40-gfish, 
summed deviations were larger in 48 than in 0 ppt; for 120 or 
260 g fish, these deviations were larger in 0 than in 48 ppt. 
These results indicate that small milkfish tend to adapt better 
to fresh than to hypersaline water while larger milkfish are 
more likely to find hypersaline water less stressful than 
freshwater. Like other systems previously studied in milkfish, 
these size-dependent adaptations in osmoregulatory mecha­
nisms reflect natural habitat shifts during development. •

•  Garcia, L. Ma. B. and Gapasin, R.S.J. 1988. An inexpensive 
tag for short-term studies in milkfish (Chanos chanos 
Forsskal) and in sea bass (Lates calcarifer Bloch). J. Appl. 
Ichthyol. 4:101-104.

An opercular tag  for marking adult milkfish (Chanos

chanos Forsskal) and sea bass (Lates calcarifer Bloch) is 
described. High tag retention and relatively low mortality 
rates were observed in adult fish handled two to ten times 
during 14- to 60-day tests. The features and advantages of the 
tag for marking large-sized fish in short-term studies are 
discussed.

•  Garcia, L. Ma. B., Marte, C.L. and Travina, V.S. 1988. A 
collecting gear for naturally-spawned milkfish (Chanos cha­
nos Forsskal) eggs in circular floating net cages. Aquacul­
ture 68:83-86.

A collecting gear for naturally-spawned milkfish 
(Chanos chanos Forsskal) eggs in circular floating net cages is 
described. The gear has been shown to be effective in collecting 
large numbers of eggs. The collecting gear can be adopted for 
other broodstock fish species held in circular floating net 
cages.

•  Garcia, L.Ma.B. and Toledo, J.D. 1988. Critical factors 
influencing survival and hatching of milkfish (Chanos cha­
nos Forsskal) eggs during simulated transport. Aquaculture 
72:85-93.

The effects of loading density, length of transit time, 
temperature and salinity on milkfish (Chanos chanos Forsskal) 
eggs during simulated transport were examined. Rocking 
motion approximating conditions of transport of eggs collected 
from milkfish broodstock floating net cages to a hatchery was 
simulated using a laboratory orbit shaker. Loading densities of 
more than 7000 eggs/l in shipping bags resulted in decreased 
rates of survival and correspondingly lower hatching rates. 
Prolonged shaking simulating extended periods of egg trans­
port also resulted in low egg survival and hatching rates 
compared to fertilized eggs not subjected to simulated trans­
port. Egg survival after simulated transport at 20°C was lower 
than at 28°C, except at 20 ppt salinity, where survival was 
equal. Egg survival at 20°C progressively increased with 
declining salinity levels whereas high egg survival rates were 
observed after 2 h of simulated egg transport at 28°C and at the 
three salinities tested. Hatching rates of fertilized eggs after 
simulated transport were higher at 28°C than at 20°C regard­
less of salinity. Neither salinity nor its interaction with tem­
perature affected hatching rates of eggs after simulated trans­
port. These results indicate that survival and hatching of 
fertilized milkfish eggs after simulated transport is influenced 
by loading density, transport time, temperature and, to some 
degree, the salinity of the water. Based on these results, guide­
lines for handling and transporting milkfish eggs are given.

•  Gerochi, D.D., Lijauco, M.M. and Baliao, D.D. 1988. Com­
parison of the silo and broadcast methods of applying or­
ganic fertilizer in milkfish, Chanos chanos (Forsskal), ponds. 
Aquaculture 71:313-318.

The efficacy of the silo and broadcast methods of 
applying organic fertilizers in ponds for the production of pond- 
floor, microbenthic biological complex, a natural food source
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Growth, survival and net production of milkfish reared  in ponds 
fertilized by silo and broadcast methods (After Gerochi e t al., Aquac­
ulture 71:315.1988)

Treatm ent
Mean 
initial 
wt. (g)

M ean 
final 

wt. (g)

Relative growth 
increm ent 
(g/day/fish)

Survival
(%)

Net
production

(kg)

Silo method
1 20.70 298.66 3.08 95.13 790.3

2 5.45 226.80 2.45 97.40 646.6
3 9.06 188.21 1.00 98.10 526.7
Mean 11.74 237.89 2.51 96.88 654.5

Broadcast method
1 20.70 257.79 2.63 96.67 682.2

2 5.45 211.70 2.29 98.70 610.3
3 9.06 169.09 1.77 97.20 465.6
Mean 11.74 212.83 2.23 97.52 586.0

Treatm ents were not significantly different from each other 
(P>0.05).

known as lablab, was tested in 1-ha ponds, replicated thrice in 
time. Although there were no statistically significant differ­
ences (P>0.05) in milkfish growth, survival and production 
after 90 days tended to be higher in ponds prepared with the 
silo method. Advantages of the silo method are that it is less 
laborious, cheaper, and less time consuming than the broad­
cast method and results in consistent lablab growth until the 
end of the culture period.

•  Kohno, H., Hara, S. and Duray, M. 1988. Transition from 
endogenous to exogenous nutrition sources in larval rabbitfish 
Siganus guttatus. Nippon Suisan Gakkaishi 54:1083-1091.

The early larval development of Siganus guttatus was 
studied with emphasis on the transition from endogenous to 
exogenous feeding. Three rearing trials were conducted as 
follows: 1) rearing in a 5-ton concrete tank at 27.9-29°C (T-85 
trial); 2) rearing in a 0.5-ton fiberglass tank at 22.2-26°C (T- 
86A trial); 3) rearing in the same manner as in T-86A but 
without food (T-86B trial). On the basis of the developmental 
events and energy flow in T-86A trial, the early life history of 
the species could be divided into the following seven phases: 1) 
rapid larval growth due to rapid yolk resorption [from hatching 
to about 15 h after hatching (time after hatching:TAH)]; 2) slow 
growth and organogenesis based mainly on yolk energy (to 
about 50 h TAH); 3) slow growth based on energy of yolk, oil 
globule and exogenous food (to about 70 h TAH); 4) slow growth 
based on two sources of energy, oil globule and exogenous food 
(to about 90 h TAH); 5) the same mode of development and 
energy flow as in the preceding phase, but with a certain level 
of feeding amount (to about 120 h TAH); 6) accelerated larval 
growth and effective feeding and swimming based only on ex­
ogenous food (to about 150 h TAH); and 7) the same mode as 
in the preceding phase with accelerated increase of feeding 
amount (beyond 150 h TAH). Differences in developmental 
mode were observed in T-85 and T-86A trials, but it could not 
be ascertained in this particular study which of the environ­

mental factors played the greatest influence. The results of 
T-86A and B showed that the larvae, in order to survive, 
have to get over two obstacles on feeding, that is, to start 
feeding and to change from endogenous to exogenous feeding 
suitably.

•Licop, M.S.R. 1988. Sodium-EDTA effects on survival and 
metamorphosis of Penaeus monodon larvae. Aquaculture 
74:239-247.

The effects of Na-EDTA on growth and survival of 
Penaeus monodon larvae were determined for applications 
given daily or every 3 days. Application of 2.0, 5.0, and 10.0 
ppm were given on day 1, day 4 and day 7 in Experiment 1, 
and 5.0 and 10.0 ppm were given daily for 8 days in Experi­
ment 2. Larvae stocked at 100/liter were given a natural food 
diet of Chaetoceros calcitrans and Artemia salina nauplii. 
Chloramphenicol (2.0 ppm) and Treflan R (0.05-0.10 ppm) 
treatments were applied on the same days as Na-EDTA. 
Water change was 30% on day 4 and 50% daily thereafter.

Results showed that the applications of Na-EDTA at
5.0 and 10.0 ppm on days 1, 4 and 7 greatly improved the 
survival of P. monodon larvae. With daily application, the lar­
vae treated with 10.0 ppm showed the best survival rate 
during the 8-day culture period. Na-EDTA treatments at dos­
ages above 2.0 ppm seem to prevent significant mortality. It 
is believed that Na-EDTA improved survival rates by ch­
elating toxic elements in the culture medium. Growth (rate of 
metamorphosis) was not greatly improved except for nauplii

Survival of Penaeus monodon larvae a t stages MII and MIII for 
different Na-EDTA treatm ent levels and applications. Vertical lines 
indicate the 95% confidence intervals (A fter Licop, Aquaculture 74:244. 
1988).
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to zoea where the highest percent molts were observed with the
10.0 ppm treatment in both experiments.

•  Marte, C.L. 1988. An improved method for collecting natu­
rally spawned milkfish eggs from floating cages. Aquaculture 
71:387-392.

Natural spawnings of captive milkfish (Chanos chanos 
Forsskal) held in floating cages were observed in 1980, 1981, 
1983, and 1985. Frequency of spawnings increased from two 
in 1980 to 41 in 1985. Various collectors and collection 
methods were tried with only slight improvements in number 
of eggs collected. Although the number of eggs collected per 
spawning increased from 900 in 1980 to a maximum of 769,000 
in 1985, the numbers were not sufficient for mass-scale fry 
production. The most urgent problem was egg predators inside 
the floating cages during the spawning season. This paper 
presents an improved method of egg collection using fine-mesh 
net cages (hapa nets, 1 mm mesh) which effectively prevented 
entry of egg predators. Before hapa nets were installed the 
number of eggs collected ranged from 3,300 to 668,000. From
330,000 to 2,942,000 eggs were collected by using hapa net 
cages. With the new method mass-scale production of milkfish 
fry can be achieved. • •

N um ber of eggs collected in two milkfish broodstock cages w ith and 
without “hapa” cage (A fter M arte, Aquaculture  71:389.1988)

Cage

W ithout “hapa” W ith “hapa”
No. of 
spawns

Range of 
eggs 

collected

Total 
eggs 

collected

No. of 
spawns

Range of 
eggs 

collected

Total 
eggs 

collected

42 17 3,340- 2,141,000 14 330,000- 10,902,000
668,000 2,040,000

43 9 6,400- 329,500 14 292,000- 15,355,000
200,000 2,942,000

Total 26 2,470,500 28 26,237,000

•  Marte, C.L., Crim, L.W. and Sherwood, N.M. 1988. Induced 
gonadal maturation and rematuration in milkfish: limited 
success with chronic administration of testosterone and go­
nadotropin-releasing hormone analogues (GnRHa). Aquac­
ulture 74:131-145.

Nine experiments were conducted to investigate the 
influence of chronic administration of testosterone (T) and go­
nadotropin-releasing hormone (GnRH) analogues on first 
maturation of 4- to 6-year-old fish and rematuration of 6- to 
over 9-year-old spent/regressed fish.

Implantation of Tor Tin combination with luteinizing 
hormone-releasing hormone analogue (LHRHa) had no marked 
effect on maturation rate of 4-year-old milkfish. The percent­
age of maturing fish was low and similar to controls in Experi­
ment 1 (T, 31-35%; control, 35%) and Experiment 3 (T, 13%; T 
plus LHRHa, 28%; control, 22.2%). Most of the 4-year-old 
maturing fish were males; maturing females were obtained 
only from the T-implanted groups in Experiment 1. In Experi­

ment 3, T-implanted maturing females were able to retain 
yolky eggs whereas maturing control females did not, indicat­
ing that testosterone may have enhanced vitellogenesis and 
maintained the integrity of vitellogenic oocytes. Tank-reared, 
maturing 4-year-old females, about half the size of older first- 
maturing females, were induced to spawn. This is the first case 
of maturation and spawning of 4-year-old milkfish reared in 
tanks.

As in Experiments 1 and 3, the percentage matura­
tion of spent fish in Experiments 7 and 8 was similar for T- 
implanted and controls. On the other hand, the 4-year-old 
immature fish in Experiments 2 and 4, the 5- and 6-year-old 
immature fish in Experiments 5 and 6, and the spent 6-year- 
old fish in Experiment 9 were immature or regressed through­
out. The factors which may have influenced the results of these 
experiments include age and reproductive history of the fish, 
timing of hormone implantation, experimental and holding 
conditions, and stress.

Sperm iation index of testosterone-im planted and control m ales im ­
planted once w ith LHRH-A silastic pellet (A fter  M arte et al., 
Aquaculture 74:138.1988)

Fish 18 Apr 30 A pr 28 May 26 Ju n e 17 J u l 31 Ju l

Testosterone-im planted + LHRH-A
P2 + + + + + - - -
P3 + ++ + - NS + -
P6 + - + + + ++ - +
P12 + + + +
Blank pellet-im planted + LHRH-A
D 1 + + ++ + - - -
D7 + + + + NS + - -
D 10 + NS + - - -
Testosterone-im planted
P7 + - - - - -
S4 + + + + NS - + -
C3 + NS ++ + + - -
Blank pellet-im planted
D3 + - NS - - -
D6 + + NS + -

NS = Not sampled.

•  Marte, C.L., Sherwood, N., Crim, L. and Tan, J. 1988. 
Induced spawning of maturing milkfish (Chanos chanos) 
using human chorionic gonadotropin and mammalian and 
salmon gonadotropin-releasing hormone analogues. Aquac­
ulture 73:333-340.

The response of maturing female milkfish to D- 
Ala6-des Gly10 mammalian GnRH ethylamide (mGnRHa), D- 
Arg6-des Gly10 salmon GnRH ethylamide (sGnRHa) and 
human chorionic gonadotropin (hCG) was investigated. The 
GnRH analogues and hCG were equally effective when ad­
ministered by intramuscular injection at doses of 10 µg/kg and 
100 µg GnRHa/fish or 1000 IU hCG/fish. All of the females 
injected with hCG and 87.5% (7/8) of females injected with 
GnRHa spawned. Pellet implantation of the GnRH analogues,
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however, was less effective based o n  100 µg of pellet per fish, 
which provided from 20 to 36 ug  of analogue per kg fish. 
Fish im planted with m GnRHa or sGnRHa showed 
responses which varied from oocyte hydration to spawning. 
Only 3/7 im planted w ith mGNRHa and 1/7 im planted with 
sGnRHa spawned; in  the la tte r group, the average egg diame­
ter was 11-17% sm aller a t  the time of trea tm en t compared with 
the other trea ted  groups. Except for one, all fish with egg 
diam eters above 0.65 mm had  hydrated/ovulated oocytes or 
spawned. Fem ales which spawned had  egg diam eters above 
0.71 mm.

•M illam ena, O.M., Bombeo, R.F., Jum alon, N.A. and Simpson, 
K.L. 1988. Effects of various diets on the nutritional value 
of A rtem ia  sp. as food for the praw n Penaeus m onodon  

Fabricius. M ar. B iol. 98:217-222.
The nutritional value o f A rtem ia  sp. as food for marine 

fish and crustacean larvae has been linked to the level of its 
polyunsaturated fatty  acid (PUFA) content. Experiments in 
August 1984 were conducted to determ ine the effects of various 
artificial diets and  algae on fatty  acid composition of PUFA- 
deficient A rtem ia  sp. (U tah GSL strain) and their resulting 
value as food for postlarvae of the praw n Penaeus monodon  

(Fabricius). Nauplii of the brine shrim p were grown on 
extracts of corn, copra, soybean and rice bran containing 
precursors (C18) to long-chain PUFA and also on algal species 
containing different levels of long-chain PUFA (C20). The 
nauplii were then  used as food for P. m onodon  postlarvae. The 
results revealed th a t absence of C20 polyunsaturates from the 
feeds and the ir presence in  the algae were reflected in the poly­
unsatu ra ted  fatty  acid content of the tissues of A rtem ia  sp. 
When fed w ith brine shrim p fed on algae, P. m onodon  dis­
played b etter postlarval survival and significantly higher 
growth re la ted  to the content of polyunsaturated fatty  acids in 
A rtem ia  sp. A practical feeding approach in prawn hatcheries 
would be to grow A rtem ia  sp. on a  cheap diet such as rice bran, 
and then  to enhance its  nutritional value with a diet high in 
PUFA prior to harvesting, in order to improve hatchery pro­
duction. •

•  Santiago, C.B., Aldaba, M.B., Laron, M.A. and Reyes, O.S. 
1988. Reproductive performance and growth of Nile 
tilapia (Oreochromis n ilo ticus) broodstock fed diets 
containing Leucaena leucocephala  leaf meal. A quaculture  

70:53-61.
The effects of dietary Leucaena  leaf meal on reproduc­

tive performance and  growth of Nile tilapia were determined. 
In the prelim inary trial, sexually m ature  Nile tilapia were fed 
with a control diet or a  te s t diet which had Leucaena  leaf meal 
as the only protein source for 24 weeks. Fish fed with the 
Leucaena  diet lost some weight and  had significantly low 
(P<0.05) gonadosomatic index and fry production compared to 
those fed with the control diet. Subsequently, four iso-nitroge­
nous diets (20% crude protein) containing varying am ounts of 
Leucaena  leaf m eal (0 , 2 0 , 40 and  80%) were fed to Nile tilapia

broodstock. Mean weight gain of the female fish decreased as 
the level of Leucaena  leaf meal in the diets increased. Females 
fed with the 80% Leucaena  diet invariably lost weight. Mean 
weight gain of males fed with the control diet and the 20 and 
40% Leucaena  diets did not differ significantly (P>0.05). 
However, growth of m ales fed w ith the 80% Leucaena  diet was 
rem arkably low. Fry production was highest for those fed with 
the control diet and the 20% Leucaena  diet. Fry production 
decreased slightly in fish fed with the 40% Leucaena  diet and 
was significantly low (P<0.05) for those fed with the 80% 
Leucaena  diet. The low fry production was preceded by a 
decrease in body weight of the female fish. However, the 
gonadosomatic indices of the females and the males were not 
markedly affected by the diets. On the basis of both fry 
production and growth, Leucaena  leaf meal should not exceed 
40% of the diet of Nile tilapia broodstock. •

•Santiago, C.B. and Lovell, R.T. 1988. Amino acid require­
m ents for growth of Nile tilapia. J .  N u tr . 118:1540-1546.

A series of feeding experim ents was conducted in 
aquaria to determ ine the quantitative requirem ents of the 10 
essential amino acids for growth of young Nile tilapia (Oreo­

chrom is niloticus). The test diets containing casein and gela­
tin supplemented by crystalline L-amino acids to provide an 
amino acid profile sim ilar to 28% whole egg protein except for 
the test amino acid. Each set of test diets consisted of seven 
isonitrogenous diets containing varying levels of the amino 
acid to be tested. Weight gains analyzed by the broken line- 
regression method indicated the following requirem ents as a 
percentage of the dietary protein: lysine, 5.12; arginine, 
4.20; histidine, 1.72; valine, 2.80; leucine, 3.39; isoleucine,

Fry production of Nile tilapia fed with diets containing various levels 
of Leucaena leaf meal (After Santiago et al., Aquaculture 70:57. 1988).

16 SEAFDEC/AQD 1988 Annual Report



3.11; threonine, 3.75; tryptophan, 1.00; methionine with cys­
tine (0.54% of the protein), 3.21; and phenylalanine with 
tyrosine (1.79% of the protein), 5.54.

•Villaluz, A.C. and MacCrimmon, H.R. 1988. Meristic vari­
ations in milkfish Chanos chanos from Philippine waters. 
Mar. Biol. 97:145-150.

Variations in m eristic characters occur w ithin and 
between samples of milkfish Chanos chanos (Forsskal) col­
lected in June  1977 from five localities in  Philippine waters. 
The unbranched anal and ventral fin rays are the most plastic, 
and vertebral num ber is the most stable of nine meristic 
characters examined. The num ber of ventral fin rays is the 
only m eristic feature which differed consistently enough to 
suggest distinct population groups: South China Sea, compris­
ing samples from Ilocos and  Panay Island; Pacific Ocean from 
Bicol; and Celebes Sea, from Zamboanga and Davao. A 
discrim inant analysis which incorporated generalized dis­
tance (M ahanalobis D2) and percent overlap of a reduced set of 
characters indicated several morphometric subgroups of 
milkfish in Philippines w aters, although geographic subgroups 
were not clearly dem onstrated.

Edited Proceedings
•  Camacho, A.S. and Macalincag-Lagua, N. 1988. The Phil­

ippine aquaculture industry. Juario  JV, Benitez LV, eds. 
Perspectives in Aquaculture Development in Southeast 
Asia and J  apan: Proceedings of the Seminar on Aquacul­
ture Development in Southeast Asia; 1987 September 8- 
12; Iloilo City, Philippines. Iloilo: SEAFDEC AQD, 1988: 
91-116.

The aquaculture sector of the Philippine fishing in ­
dustry registered the highest growth ra te  of 12.5% in 1977- 
1986. The contribution of aquaculture to the total fish produc­
tion was equivalent to 24% in 1986 compared to only 85 in 
early 1970’s. In term s of quantity, the m ariculture subsector 
registered the highest growth ra te  of 10.2% in 1982-1986, 
whereas in term s of value the brackishw ater fishpond subsec­
tor showed the highest growth ra te  of 33%. Meanwhile, 
freshwater aquaculture production exhibited a negative growth 
rate  due to reduction of activities in Laguna de Bay and the 
slow expansion in  hectarage of the commercial freshw ater 
fishponds.

Research by several agencies concentrated heavily on 
the culture of milkfish (Chanos chanos), tilapia (Oreochromis 
niloticus), Chinese carps (Aristichthys nobilis and Hypoph­
thalmichthys molitrix), tiger praw n (Penaeus monodon), and 
seabass (Lates calcarifer). Innovations in seaweed, oyster, and 
mussel farm ing are also discussed.

Research directions are  presented to assure an ecol­
ogically sustainable growth in aquaculture with emphasis on 
countryside development.

•Carlos, M.H. and Santiago, C.B. 1988. Nursery and grow- 
out operations for tilapia and carp. Juario  JV, Benitez LV,

eds. Perspectives in Aquaculture Development in Southeast 
Asia and Japan: Proceedings of the Seminar on Aquacul­
ture Development in Southeast Asia; 1987 Septem ber 8-12; 
Iloilo City, Philippines. Iloilo: SEAFDEC AQD, 1988: 281- 
292.

Most researches conducted a t  the Binangonan F resh ­
w ater Station of the SEAFDEC Aquaculture D epartm ent were 
directed toward enhancing growth and  survival of the young 
tilapia and carp in the nursery as well as increasing yields in 
grow-out cages, pens, and ponds. Studies included the culture 
and evaluation of phytoplankton and zooplankton as feeds of 
the tilapia and carp fry to fingerlings; determ ination of protein 
and amino acid requirem ents of young Nile Tilapia; develop­
m ent of practical dry diets; evaluation of feeding regimes, 
feeding rates, and feeding frequencies; and the use of fertilizers 
in nursery ponds.

For the grow-out aspect, one of the earliest studies 
dem onstrated the profitability of the m onoculture of tilapia in 
cages which triggered the initial proliferation of tilap ia  cage 
culture by the private sector in  areas near the Station. Subse­
quently, supplemental feeds were developed and evaluated; 
non-conventional feedstuffs were tested  as feeds or feed com­
ponents; and the growth ra tes  of Nile tilapia fingerlings in 
cages a t varying stocking densities were evaluated a t  three 
distinct rearing periods covering one year.

Enrichment culture of brine shrimp (Artemia), a widely used live food 
for larvae of prawns and finfishes. (Inset: instar II nauplius.)
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Prior to the successful m ass production of bighead 
carp fingerlings a t  the S tation, studies on polyculture of tilapia, 
milkfish, and different species of carp were conducted in cages 
and pens with rem arkable results. This led to the technology- 
verification projects on polyculture a t various areas in Laguna 
Lake. W ith the availability of freshw ater fishponds for re ­
search purposes, studies on polyculture in ponds were also 
conducted.

•C orre, K.G. 1988. N ursery and grow-out operation and 
m anagem ent of Penaeus monodon (Fabricius). Juario  JV, 
Benitez LV, eds. Perspectives in Aquaculture Development 
in Southeast Asia and Japan:Proceedings of the Seminar on 
Aquaculture Development in Southeast Asia: 1987 Septem ­
ber 8-12; Iloilo City, Philippines. Iloilo: SEAFDEC AQD, 
1988:245-267.

The resu lts  of research on nursery and grow-out 
rearing  of praw n conducted by the SEAFDEC Aquaculture 
D epartm ent for over a  decade are reviewed. Different rearing 
facilities designed to accommodate hatchery-produced prawn 
fry are presented w ith corresponding data  on growth, survival 
and production. Studies on stocking density, fertilization/ 
na tu ra l food production, w ater m anagem ent, feeds and feed­
ing schemes and harvest/post-harvest handling are evaluated 
and viable technology identified. Diseases, pests and preda­
tors and other factors considered as production constraints are 
also mentioned.

The success in  hatchery operation for prawn coupled 
by the gradual emergence of nursery and grow-out rearing 
technology have triggered off a  technology-dependent prawn 
industry. W hen SEAFDEC AQD was established in 1973, 
there were very few commercial praw n monoculture ventures 
in  the country. Praw n pond production was mostly an  inciden­
tal crop in milkfish culture. At present, various prawn grow- 
out techniques ranging from extensive, semi-intensive and in ­
tensive culture system s are in practice. SEAFDEC AQD fo­
cused its  research on the extensive and semi-intensive culture 
system s which are  w ithin the reach of most farm ers in contrast 
to the intensive system th a t is highly capital-intensive.

There have been much work done in nursery and 
grow-out operations, bu t much rem ains to be done in research, 
among which are the development of nutritionally-efficient 
and low-cost feed, control of diseases, etc. •

•  Duray, M. and Juario , J.V. 1988. Broodstock m anagem ent 
and seed production of the rabbitfish Siganus guttatus 
(Bloch) and the sea bass L ates calcarifer (Bloch). Juario  JV, 
Benitez LV, eds. Perspectives in Aquaculture Development 
in Southeast Asia and Japan: Proceedings of the Seminar on 
Aquaculture Department in Southeast Asia: 1987 September 
8-12; Iloilo City, Philippines. Iloilo: SEAFDEC AQD, 1988: 
195-210.

This paper reviews results of studies conducted on the 
rabbitfish, Siganus guttatus (Bloch), and the sea bass, Lates 
calcarifer (Bloch), a t  the Aquaculture D epartm ent of the

Southeast Asian Fisheries Development Center. Studies in ­
clude broodstock development and m anagem ent, induced 
breeding, effect of handling stress and diet on egg quality, early 
life history, food, feeding strategy, weaning to artificial diets, 
effect of stocking density and salinity on egg development, 
larval growth and survival, and advancem ent of m etamorpho­
sis in sea bass by using thyroxine.

A seed production technique had  been developed for 
rabbitfish with survival ra tes  ranging from 5-35% while the

Eyestalk ablation of prawn broodstock to induce spawning (top), and 
roadside peddling of fry in plastic bags (bottom).
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Carp broodstock (right) are induced to mature 
sexually by injection of hormones (top) and reared 
to spawn in ponds, pens and cages at the Binango­
nan Freshwater Station on Laguna Lake.

seed production technique for sea bass developed in Thailand 
had been modified to suit local conditions. Based on results 
from recent morphological and physiological studies, the stock­
ing density, w ater m anagem ent, and feeding scheme for the 
production of rabbitfish and sea bass fry had  been modified to 
reduce cannibalism and improve survival.

•E stepa, F. and Honculada-Primavera, J . 1988. Broodstock 
m anagem ent and seed production of P enaeus m onodon  (Fab­
ricius). Juario  JV, Benitez LV, eds. P erspectives in  A q u a c ­

u ltu re  D eve lo p m en t in  S o u th e a s t  A s ia  a n d  J a p a n :  P roceed­

in g s o f  the  S e m in a r  on  A q u a c u ltu re  D eve lo p m en t in  S o u th ­

ea s t A s ia ;  1987 September 8-12; Iloilo City, Philippines. 
Iloilo: SEAFDEC AQD, 1988:149-168.

Research on the m aturation of P enaeus m onodon  a t 
AQD has focused on three broad areas, namely, reproductive 
biology and ecology, induced m aturation, and broodstock m an­
agement. Studies on reproductive biology provides informa­
tion on the life cycle, ovarian m aturation  stages, courtship and 
m ating behavior, m inimum size a t sexual m aturation (sperm, 
occurrence, first spawning), and morphological egg types. 
Induced m aturation  has mainly been done through the eye- 
stalk  ablation method. N utritional and environmental p ara ­
m eters were studied to enhance reproductive performance or 
as an alternative to ablation. Pond-reared and wild broodstock 
sources and m arine pen and land-based tanks as m aturation 
systems were also tested and compared. Size, shape, color, 
substrate m aterial and other aspects of tank  design and 
construction, sex ratio, stocking density, w ater management, 
and other param eters of the m anagem ent system were also 
studied and refined.

Early techniques in larval and postlarval rearing of 
P . m on o d o n  a t 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 separate tanks as 
food for the larvae. Thereafter, refinem ent of rearing  methods 
have been conducted to improve larval survival through effec­
tive water m anagem ent, nutrition , and disease control. Ef­
forts are continuously being geared toward m aking the tech­
nology affordable to Filipino farm ers.

•Ferm in, A.C. 1988. Broodstock m anagem ent and seed 
production of tilapia and carp. Juario  JV, Benitez LV, eds. 
P erspectives in  A q u a c u ltu re  D eve lo p m en t in  S o u th e a s t  A s ia  

a n d  J a p a n :  P roceedings o f  th e  S e m in a r  on  A q u a c u ltu re  

D eve lo p m en t in  S o u th e a s t  A s ia ;  1987 Septem ber 8-12; 
Iloilo City, Philippines. Iloilo: SEAFDEC AQD, 1988:211- 
230.

Bighead (Aristichthys nobilis) and silver (Hypoph­
thalmichthys molitrix) carps were reared  in  ponds, pens and 
floating cages in Laguna Lake until m aturity . Spontaneous 
gonadal m aturation  and rem aturation  of carp broodstock 
occurred within 2-2.5 years w ith average weight of 3-4 kg. 
Under lake conditions, broodstock were not given supplem en­
tal feeds. Induced spawning gravid females was done by in ­
traperitoneal injections using hCG combined with either 
common carp pitu itary  homogenates or LHRHa. Stripping 
and dry-fertilization of eggs were done 6-8 h r  after the final 
injection. Eggs were incubated in w ater containing 300-500 
ppm total hardness. Fertilization and hatching ra tes were 23- 
88% and 7-36%, respectively. Post-larval carps were reared  in 
tanks and fine-meshed nylon net cages installed  in m anured 
ponds. Tank-reared postlarvae were fed with Brachionus 
plicatilis and subsequently with Moina macrocopa in combina­
tion with powdered form ulated feeds containing 40% crude 
protein. Fry were harvested and stocked in nursery  cages after 
30-45 days of rearing  in tanks.
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F our-m onth old 50-100 g  tilap ia  (Oreochromis nilot­
icus) stocked in  hapa ne t cages, tanks or ponds were used for 
breeding. Egg and  fry production was significantly high a t 4 
females/m2 stocking density. Different sex ratios, however, 
did not affect fry production. Spawning frequency and total 
growth of broodstock was highest in  fry fed form ulated diets 
containing 50% crude protein. H arvesting of fry was done 
every 15 days during sum m er m onths and every 21 days 
during cold m onths. P ry  were reared  in tanks and hapa cages 
and  fed diets containing 35% crude protein. Supplemental 
feeding in  the  lake was suspended when productivity reached 
3 g C/m2/day.

•Lacanilao, P. 1988. C onstraints and  prospects in aquacul­
tu re  development. Ohnishi E, N agaham a Y, Ishizaki H, eds. 
Proceedings o f the First Congress o f the Asia and Oceania 
Society for Comparative Endocrinology (AOSCE): 1987 No­
vember 4-7; Nagoya, Japan . Nagoya University, 1988:359- 
364.

The development of aquaculture in developing coun­
tries of the Asia-Pacific region is constrained by inadequate 
seeds, diseases and  other causes of m ortality, lack of effective 
n a tu ra l food and  form ulated feeds, problems associated with

technology of culture systems, and lack of knowledge of the 
breeding biology of culture species. O ther problems include 
inadequate qualified technicians and skilled labor and high 
costs of fertilizers, pesticides, pumps, and blowers. All these 
are only those related  with production part of aquaculture. 
Problems associated with post harvest are also numerous, not 
to m ention financing, socioeconomic condition, and local 
peace and order situation. The problems are aggravated when 
fish farm ers go into semi-intensive and  intensive methods of 
culture.

Application of endocrinology will have their greatest 
im pact in  enhancing aquaculture development by improving 
the seed supply. These may be done through induced m atu ra ­
tion and spawning, larval rearing, and nursery management. 
T.J. Lam reviewed the applications of endocrinology to fish 
culture in  1982. Hormonal intervention of seed production can 
resu lt in  (1) year-round supply of fry, (2) accelerated larval 
development and metamorphosis, which save on cost of hatch ­
ery operation, and 3) production of monosex individuals tha t 
are faster growing and which reduce rearing cost. The quan­
tity  and quality of seed supply will determ ine the extent of de­
velopment, w hether by expansion in  area  or by intensification 
of culture. The present source of seeds in  m any areas is still 
largely from the wild which is inadequate, uncertain, and 
threatened by coastal pollution. Milkfish farming, for in ­
stance, in  the Philippines and  Indonesia alone covers only
400,000 hectares but the seeds come entirely from the wild. 
In 1983, the Asia-Pacific region produced 8.4 million

Production problems in aquaculture (counterclockwise): Disease 
(plaques of luminous bacterium Vibrio harveyi in oral cavity of prawn 
larva, scanning electron micrograph); controlled hormonal induction 
of sexual maturation and spawning to meet the need for adequate 
supply of seeds; maintenance of closed culture systems.
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metric tons from aquaculture, and contributed 82% of the total 
aquaculture production for that year. As the developing 
countries of the region go into industrialization and coastal 
pollution is increased, the natural supply of seeds will have to 
depend largely on artificial breeding.

•Llobrera, A.T. 1988. Effect of farming phase and in-plant 
processing on the microbiological quality of prawns (Pe­
naeus monodon). Seventh Session of IPFC Working Party on 
Fish Technology and Marketing; 1988 April 19-22, Bangkok, 
Thailand, Fish Tech News 11:2.

The bacteriological loads of farm-raised (brackishwa­
ter) prawns at the time of harvest and at different points 
during processing were determined. The total plate counts of 
freshly harvested prawns were between 6.8x104/g to 1.5x105g. 
After processing, the counts decreased and ranged from 2.1x104 
to 6.6x104/g. These counts are within the range of reported 
levels from temperate countries and are lower than the inter­
national standard of 106/g.

The use of animal (chicken) manure during the farm­
ing and fertilizing phase is a source of Salmonella contamina­
tion in prawns and should, therefore, be avoided. Proper 
handling and quality control immediately after harvest and 
during processing should result in high quality and safe 
products which would meet international standards.

•Marte, C.L. 1988. Broodstock management and seed pro­
duction of milkfish. Juario JV, Benitez LV, eds. Perspec­
tives in Aquaculture Development in Southeast Asia and 
Japan: Proceedings of the Seminar on Aquaculture 
Development in Southeast Asia; 1987 September 8-12; 
Iloilo City, Philippines. Iloilo: SEAFDEC AQD, 1988:169- 
194.

Milkfish (Chanos chanos Forsskal) remains one of the 
cheapest sources of protein for developing countries in South­
east Asia, particularly in the Philippines. The unpredictable 
supply of wild fry, the only source of seed for the milkfish 
farmer, contributed largely to the slow growth of the milkfish 
industry. Research on the artificial propagation of this fish 
was therefore, given emphasis.

Major research achievements in milkfish breeding of 
the SEAFDEC Aquaculture Department in the last decade in­
clude: (1) successful induced spawning of wild and captive 
breeders using gonadotropin preparations and gonadotropin­
releasing hormone analogues (GnRHa); (2) spontaneous matu­
ration and spawning of captive breeders; (3) completion of the 
life cycle of milkfish in captivity; (4) development of a simple 
egg-collecting method; and (5) development of techniques for 
mass production of milkfish fry.

Information on fry ecology and behavior, larval mor­
phology and physiology were also gathered. These published 
data constitute the bulk of current knowledge on milkfish 
biology and natural history.

Milkfish breeding technology is currently being pilot- 
tested in several breeding sites of the Bureau of Fisheries and

Aquatic Resources (BFAR). Spontaneous maturation and 
spawning of milkfish have been verified in four sites which 
differ in environmental characteristics. The economic feasibil­
ity of producing milkfish fry and the socioeconomic impact of 
artificial propagation of milkfish are now being assessed.

•Marte, C.L. and Lam T.J. 1988. Hormonal changes 
accompanying sexual maturation in milkfish Chanos cha­
nos Forsskal. Ohnishi E, Nagahama Y, Ishizaki H, eds. 
Proceedings o f the First Congress o f the Asia and Oceania 
Society for Comparative Endocrinology (AOSCE); 1987 
November 4-7; Nagoya, Japan. Nagoya University, 1988: 
183-184.

In spite of the economic importance of milkfish to 
Southeast Asia, relatively little information is available on 
its reproductive biology and physiology. Milkfish has a pro­
longed juvenile phase and undergoes first sexual maturation 
at five years. Steroid hormone profiles during this juvenile 
phase and the changes accompanying sexual maturation are 
described.

There were no significant differences in levels of 
serum estradiol 17-B (E2), testosterone (T) and progesterone 
(P) of male and female immature fish. In immature fish, E2 
ranged from 0.145 to 0.600 ng/ml, T varied from 2.04 to 3.75 
ng/ml, and P ranged from 0.472 to 1.16 ng/ml. Serum T, 
however, was significantly high in 4-year old immature fish 
while E2 was significantly high in 2-year old fish. Mean E2 
level rose from 0.54 and 0.11 ng/ml (E2) in immature 
females (Stage 1) to 4.53 and 1.16 ng/ml in vitellogenic 
females (Stage 5) while T increased from 2.06 and 0.28 ng/ 
ml to 38.4 and 9.26 ng/ml. E2 and T levels were positively 
correlated to egg diameter. Progesterone level, however, 
remained low throughout vitellogenesis. 17-1-Oh-proges­
terone and 17-a, 20-B -progesterone were not detectable even 
in fully vitellogenic females. Gonad development in males 
was accompanied by increased serum T levels only. T level 
increased from 2.5 and 0.40 ng/ml in immature males 
to 27.73 and 5.02 ng/ml in spermeating males. Significantly 
higher T level was found in males with thick but abundant 
milt (spermiation index, SPI, 2+) compared to males with 
scanty milt (SPI, 1+) or males with copious, fluid milt (SPI, 
3+).

There was no significant seasonal variation in 
levels of E2 and T of immature 3-5 year old females sampled 
from July 1981 through February 1983. Serum E2 varied 
from 0.125 ng/ml to 1.45 ng/ml while T was uniformly low 
and ranged from 1.16 ng/ml to 2.07 ng/ml. The levels of E2 and 
T significantly rose during the breeding season (April-June 
1983) and accompanied the increase in gonadosomatic index 
(GSI) at this time (E2, 3.43 and 0.49 ng/ml; T, 40.04 and 16.20 
ng/ml). The levels of both steroids dropped to below 1 ng/ml 
in spent females sampled in the succeeding months. In 
immature males, mean serum E2 was below 1 ng/ml 
throughout except for a significantly high level (2.36 ng/ml) 
found in 3-year old male samples in October to December

SEAFDEC/AQD 1988 Annual Report 21



1981 while T levels ranged from 1.11 ng/ml to 2.78 ng/ml. As 
in females, T level significantly rose to 21.52 and 8.38 ng/ml 
during the breeding season when GSI peaked (April-June

1983). E2 remained low throughout. T level dropped to around 
10 ng/ml in the succeeding months when only spent or re­
gressed fish were sampled.

Response of m aturing  milkfish to mGnRH-A, sGnRH-A and hCG (After M arte et a l., Aquaculture 73:335.1988)

T reatm ent
No. per 

trea tm en t
No. of 

fish spawned
Initial oocyte 

diam eter 
(Mean±SD)

R em arks

mGnRH-A pellet im plant 7 3 0.73±0.10 1 fish ovulated
(100 µg/pellet)a 
sGnRH-A pellet implant 
(100 ug/pellet)b

7 1 0.65±0.07
3 showed no response
2 fish ovulated;
1 with hydrated  oocytes;
3 showed no response

sGnRH-A injection 
(100 ug/fish)c

4 4 0.78±0.02

mGnRH-A injection 
(10 µg/kg)

4 3 0.74±0.02 1 fish ovulated

hCG injection 
(1000 IU/kg)

6 6 0.76±0.02

Control pellet im plant 3 0 0.62±0.10 1 fish escaped
Control saline injection 4 0 0.64±0.14 1 fish escaped

*20.6-27.4 ug/kg body weight. b20.4-35.7 ug/kg body weight. c24.4-33.3 µg/kg body weight.

•Marte, C.L. 1988. Milkfish culture and artificial propaga­
tion. Idler DR, Crim LW, Walsh JM , eds. Proceedings of the 
Third International Symposium on Reproductive Physiol­
ogy o f Fish; 1987 August 2-7; St. John’s, New-foundland, 
Canada. Memorial University of Newfoundland, 1987:89- 
93.

Milkfish (Chanos chanos Forsskal) is widely distrib­
uted in the Indo-Pacific region and one of the most extensively 
cultured fish in Southeast Asia. In the Philippines, Indonesia 
and Taiwan, over 400 000 ha of brackishwater ponds and fresh­
water bodies are used to culture milkfish for food and as bait 
fish. In recent years, various culture methods have been 
developed to increase production per unit pond area. These 
include: 1) improved methods of pond fertilization, 2) stock 
manipulation, 3) adoption of deep-water pond systems, and 4) 
supplemental feeding. Fry needed to stock milkfish ponds 
come largely from the wild. Fluctuation in fry supply due to 
seasonal, climatic and biological factors, however, has been 
responsible for the slow growth of the milkfish industry. To 
augment and stabilize the fry supply, efforts to breed 
milkfish in captivity were initiated in several institutions. 
These efforts have resulted in: 1) development of induced 
spawning techniques by hypophysation and administration of 
gonadotropin-releasing hormone analogues (GnRHa); 2) 
spontaneous maturation and spawning of captive milkfish; 
3) hormonal induction of gonad development; and 4) de­
velopment of larval rearing techniques. While milkfish 
culture has considerably improved and artificial propagation 
has been achieved, numerous problems still have to be ad­
dressed particularly those related to 1) the development of

new culture techniques and 2) controlled breeding.

•Primavera, J.H. 1988. Training programs of SEAFDEC 
Aquaculture Department. Juario JV, Benitez LV, eds. Per­
spectives in Aquaculture Development in Southeast Asia 
and Japan: Proceedings of the Seminar on Aquaculture 
Development in Southeast Asia; 1987 September 8-12; 
Iloilo City, Philippines. Iloilo: SEAFDEC AQD, 1988-293- 
301.

With training as one of its three mandated functions, 
the SEAFDEC Aquaculture Department offered its first train­
ing course in 1974. Since then it has trained some 6519 par­
ticipants in various degree and non-degree programs. The 
degree courses are M.S. Fisheries (Aquaculture) and M. Aq­
uaculture in collaboration with the University of the Philip­
pines in the Visayas.

The non-degree programs include regular short-term 
courses, on-site seminars, internship training and practicum 
for graduating students. The “hands-on” short-term courses 
cover Prawn Hatchery and Nursery, Marine Finfish Hatch­
ery, Brackishwater Pond Culture, Sanitation and Culture of 
Bivalves, Freshwater Aquaculture, Aquaculture Management, 
Aquaculture Engineering, and Aquaculture for Social Scien­
tists. A profile of 637 1982-1986 training participants shows 
82.3% from Southeast Asia, 79% male and 57.5% from govern­
ment sector.

The paper discusses planning and implementation of 
training programs, funding support (Japanese Government, 
International Development Research Centre of Canada FAO 
Network of Aquaculture Centres in Asia), and future trends.
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The Aquaculture Department offers regular short-term hands-on 
courses. Above, trainor and trainee in Prawn Hatchery and Nursery 
Operations and Management.

•S itoy , H.S. 1988. Farm ing of m ussels and oysters. Juario  
JV, Benitez LV, eds. Perspectives in Aquaculture Develop­
ment in Southeast Asia and Japan: Proceedings of the 
Seminar on Aquaculture Development in Southeast Asia; 
1987 Septem ber 8-12; Iloilo City, Philippines. Iloilo: 
SEAFDEC AQD, 1988:231-248.

This paper reviews the works on mussel and oyster 
culture conducted from 1975 to 1985 by the Southeast Asian 
Fisheries Development Center Aquaculture D epartm ent at 
Tigbauan, Iloilo, Philippines. Innovative techniques devel­
oped in  increasing collection of natu ral seeds and in improving 
farm ing techniques are presented. Results of the work on 
artificial seed production, bacterial depuration, uptake and 
elimination of heavy m etals by green mussel, investigations on 
red tides, and microbiology of spoilage are discussed. • •

•  Subosa, P.F., Rokushika, S., K ihara, K., Hatano, H., Mu­
rayam a, T., Kubota, T. and Hanaoka, Y. 1988. Trace 
analysis of n itrite  ion in seaw ater using ion chromatography. 
Proceedings of the Symposium on Liquid Chromatography 
’88; 1988 August 26-27; Kyoto, Japan; Kyoto University, 
Japan , 157-160.

Owing to the adverse effects of n itrite  ion to the 
environm ent, controlled n itrite  levels in na tu ra l w aters gained 
in terest among aquaculture researchers. N itrite, an  in term e­
diate stage in  the nitrogen cycle may occur in w ater as a result 
of the biological decomposition of proteinaceous m aterials. 
When correlated w ith other forms, the trace am ount of nitrite 
may indicate organic pollution.

D eterm ination of trace level of n itrite  in  seaw ater by 
ion chromatography is complicated because of the interference 
of high concentration of chloride ion. This paper reports a  new 
type of ion chromatographic system  separating  and q u an tita ­
tively determ ining the specified range of n itrite  levels.

•T uburan, I.B. and Gerochi, D.D. 1988. N ursery and grow- 
out operation and m anagem ent of milkfish. Juario  JV, 
Benitez LV, eds. Perspectives in Aquaculture Development 
in Southeast Asia and Japan: Proceedings o f the Seminar on 
Aquaculture Development in Southeast Asia; 1987 Septem ­
ber 8-12; Iloilo City, Philippines. Iloilo: SEAFDEC AQD, 
1988:269-280.

This paper reviews the resu lts  of studies on the pond 
culture of milkfish Chanos chanos Forsskal A t the SEAFDEC 
Leganes Brackishw ater Station, Leganes, Iloilo since its  es­
tablishm ent in 1973. Substantial contribution to the nursery 
system includes increased stocking density and survival 
through the use of nylon substrates, supplem ental feeding 
with rice bran, the use of hatchery-reared and  stun ted  finger- 
lings as alternative sources of stocks, and im provem ents in  the 
acclimation process. Studies on m onoculture and polyculture 
in grow-out ponds investigated the use of s tun ted  fingerlings, 
kitchen or algal nursery ponds, stock m anipulation tech­
niques, increased stocking density using the plankton method, 
frequency and quantity  of fertilization, m odular pond culture 
system, and initial findings on fish diseases. C onstraints 
setting back increased production in  the Philippines are dis­
cussed.

Large-scale tank culture of natural food organisms like the brine 
shrimp Artemia (inset, nauplii) and planktonic algae is a continuing 
concern in support of prawn and finfish hatchery and nursery opera­
tions.
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Research Seminars

Date Title Speaker

19 February Biochemical and physiological response of marine phytoplankton 
to varying nitrogen regimes under diel light periodicity

M. Mulholland

26 February Colony hydridization: rapid identification method for Vibrio 
anguillarum in ayu, Plecoglossus altivelis

T.R. de Castro

4 March The ultrastructure of the hepatocytes of Lates calcarifer during 
experimental starvation and refeeding with different diets

E. Avila

11 March Culture techniques for a stable rotifer (Brachionus plicatilis) 
production

M. de la Pena

18 March Effect of continuous lighting on growth and survival in first- 
feeding larval rabbitfish, Siganus guttatus

M.N. Duray

25 March Osmotic, chloride and calcium concentrations in the hemolymph 
of Penaeus monodon as a function of molt stage and external salinity

F.D.P. Estepa

8 April Biomass production of Artemia in intensive culture system R.F. Bombeo

22 April Preliminary pathological and histological observations on 
the hepatopancreas of penaeid prawn (Penaeus monodon) 
affected with blue syndrome

R.D. Fernandez

6 May Ingestion and developmental rates of Penaeus monodon larvae 
as a function of cell concentration

G.L. Javellana

13 May Status of shrimp nutrition and feed development in Southeast Asia F.P. Pascual

26 May Scientific Research G. Calleja*

3 June Philippine Gracilaria studies: carpospore germination, growth 
rate, and gel texture of agar

A.Q.H. Ponce

10 June Evaluation of the salinity tolerance of Oreochromis mossambicus, 
O. niloticus and their F1 hybrids

C.T. Villegas

17 June Isolation and identification of luminous bacteria associated with 
larval mortalities in Penaeus monodon hatcheries

C.L. Pitogo

1 July An economic analysis of the modular pond system of milkfish 
production in the Philippines

R.F. Agbayani

7July Effect of varying dietary protein and energy levels on growth of 
rabbitfish, Siganus guttatus

M. Parazo
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Research Seminars

D ate T itle S peaker

15 July Collection handling and transport of naturally  spawned milkfish 

eggs

L.Ma.B. G arcia

29 July Larval production and settlem ent of the green mussel, 
Perna viridis

C.C. Baylon*

5 August Diagnostic and m ultivariate analysis of Tilapia  species and 
their hybrids

A. Castillo

19 August Growth and survival of Penaeus indicus a t  different stocking 
densities using SEAFDEC-formulated feed

R. M esa

26 August Lysine requirem ent of milkfish (Chanos chanos Forsskal) juveniles I.G. Borlongan

1 September Experiences in  disease control in  intensive prawn ponds R. Gacutan

2 September The effect of stress on spawning survival of larvae of rabbitfish, 
Siganus guttatus  (Bloch)

F.G. Ayson

9 Septem ber Ammonia excretion in  Penaeus monodon postlarvae during 
handling and transfer

J.M .E. Alm endras

23 September Ovarian m aturation  stages in wild-unablated, wild- and pond- 
ablated Penaeus monodon: histology and oocyte frequency

J.D. Tan-Ferm in

28 September Aquatic fungi as potential th rea ts  in aquaculture I. Dogma*

29 September Feeding in  sea bass larvae as a  function of fish size and prey density J . Llobrera

7 October The initial process of formation of acid sulfate soil N. Golez

14 October Evaluation of organic and inorganic fertilizers in  brackishw ater 
milkfish ponds

I. Tuburan

27 October S ta tus of mollusc culture in  Asian countries A. Lovatelli*

11 November Fate and location of Vibrio anguillarum  in  tissues of artificially- 
infected ayu (Plecogossus altivelis)

M. de la  Cruz

18 November Use of essential amino acid index in  the evaluation of indigenous 
protein sources as potential component in  diet formulation for 
Penaeus monodon

V. Penaflorida

7 December BFS ecological studies in Laguna de Bay: Im pact and directions A. Santiago

*Visiting Scientist.
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Research Awards

AQD Research Associate Oseni M. Mil­
lamena, with Jurgenne H. Primavera, Rosario 
A. Pudadera and Rosemarie V. Caballero, 
authored one of the two best papers in aquacul­
ture for the 1988 Elvira O. Tan Memorial 
Award for Fisheries Research. Their paper is 
entitled The effect of diet on the reproductive 
performance of pond-reared Penaeus monodon 
Fabricius broodstock. The other best paper 
was authored by Felicitas Piedad-Pascual, AQD 
Scientist, and is titled Effects of supplementary 
lecithin and lipid sources on the growth and 
survival of Penaeus monodon juveniles. Both 
papers were published in Proceedings of the 
First Asian Fisheries Forum. The authors of 
both papers received cash awards and plaques 
of distinction.

Last year, another AQD paper Studies 
on the chronic soft-shell syndrome in the tiger 
prawn Penaeus monodon Fabricius in brack­
ishwater ponds was chosen best scientific 
paper for the first Dr. Elvira O. Tan Memorial 
Award. AQD Research Associate Ma. Cecilia 
Baticados wrote the paper with co-authors 
Relicardo Coloso and Roselyn Duremdez-Fer­
nandez. The paper was published in Aquacul­
ture.

Initiated by the Philippine Council for 
Aquatic and Marine Research and Develop­
ment (PCAMRD) of the Department of Science 
and Technology, this annual award is given in 
memory of the late Dr. Tan, who, in her time, 
was one of the country’s finest and most dedi­
cated fisheries researchers. Nominees for 
the award are scientists who have in the 
last five years published in foreign or local 
scientific journals outstanding research 
papers on marine and aquaculture/inland fish­
eries.

Earlier, three junior scientists of AQD 
won the 1987 Naga Award of the International

Center for Living Aquatic Resources Manage­
ment (ICLARM). The prestigious annual award 
is given to the best scientific paper in fisheries 
and aquaculture written by authors from a 
developing country. Joint authors of the win­
ning paper are Angelito Gonzal, Emilio Ara­
lar, and Josefina Ma. Ferriols-Pavico. They re­
ceived a commemorative plaque and cash 
award for their paper The effects of water 
hardness on the hatching and viability of silver 
carp (Hypophthalmichthys molitrix) eggs 
published in Aquaculture.

Meanwhile, Relicardo Coloso, another 
AQD researcher who is taking up doctoral 
studies at Cornell University on a Fulbright- 
Hays scholarship grant, won a Graduate Stu­
dent Research Award in an abstract-writing 
competition sponsored by the American Insti­
tute of Nutrition. His winning entry was 
based on his paper Metabolism of cysteine by 
rat enterocytes. It was one of the 12 winners 
selected from a total of 1,179 abstracts submit­
ted by participating graduate students from 
different universities in the United States.

R esea rch  g e n e ra te d  a t  A Q D  co n tin u es  to  w in  

accolade fro m  th e  sc ien tific  c o m m u n ity . A  
p a p er  by  th ree  B F S  ju n io r  researchers w on  

th e  198 7  N a g a  A w a r d  by th e  In te rn a tio n a l  
C en ter fo r  L iv in g  A q u a tic  R esources M anage­

m en t  (IC L A R M ). T w o  o thers b y  T R S  research ­
ers a lso  g a rn e re d  th e  top a w a rd s  in  th e  1988  

E lv ira  O. T a n  M e m o ria l A w a r d  in  F ish e r ie s  
R esearch  spo n so red  b y  th e  P h ilip p in e  C o u n ­

c il fo r  A q u a tic  a n d  M a rin e  R esea rch  a n d  

D eve lo p m en t (P C A M R D ) .
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TRAINING

AQD continued to conduct regular long- 
and short-term training programs as well as 
workshops, and special training on various 
areas of interest in aquaculture. Six short­
term and one long-term regular training courses 
were held.

AQD also offered internship training in 
such study areas as nutrition and feed formu­
lation, plankton culture, and chemical and

proximate analyses, as well as practicum train­
ing for undergraduate fisheries and biology 
students, and special or group training.

The training courses focused on the pri­
orities identified during the Seminar on Train­
ing Requirements in Fisheries and Aquacul­
ture in Southeast Asia held in Hua Hin, Thai­
land, March 29-30, 1988. Following are the 
courses conducted in 1988:

The training program at the Aquaculture De­
partment is in high demand, underscoring 
the level o f expectation both governmental 
and private sectors o f SEAFDEC Member 
Countries and others place on aquaculture. In 
1988, seven regular short- and long-term 
courses had 163 participants, two workshops 
with 39, and internship and practicum with 
108. Seventeen countries in Asia-Pacific, 
Middle East, South America and Africa were 
represented: Brazil, People's Republic of 
China, India, Indonesia, Kiribati, Kenya, Re­
public o f Korea, Malaysia, Mauritius, Nepal, 
Philippines, Sri Lanka, Thailand, Tonga, 
Uganda, United Arab Emirates, Vietnam.
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R egular T ra in in g  C ourses

•  Seventh UNDP/FAO NACA-UPV-SEAFDEC AQD Senior 
A quaculturists T raining Course

This one-year course which began on 17 March 1988 
had  18 participants from nine countries - People’s Republic of 
China (2), India (1), Indonesia (1), Republic of Korea (1), 
M alaysia (1), Philippines (8), Sri Lanka (2), Thailand (1), and 
the Socialist Republic of Vietnam  (1). The course was con­
ducted a t the Tigbauan and Leganes Stations of AQD, the 
University of the Philippines in  the Visayas (UPV), and the 
Network of Aquaculture Centres in  A sia (NACA) regional lead 
centers in  India, Thailand, and China.

From Ju ly  to Septem ber, the participants undertook 
a study tour of various aquaculture research institu tes and 
private enterprises in  the Philippines, India, Thailand, and 
China. Qualified participants received the M. Aquaculture 
degree from UPV.

•  Fish H ealth  M anagem ent
The course was conducted 3-28 March 1988 a t 

Tigbauan Research Station (TRS). E ight participants from 
four countries as follows attended  the course: Philippines - 3, 
M alaysia - 2, Thailand - 2, United Arab Em irates - 1. The 
Government of Jap an  provided fellowship support to six p ar­
ticipants from SEAFDEC Member Countries.

The course covered the isolation and identification, 
etiology, prevention and control aspects of fungal, bacterial, 
viral, parasitic, nu tritional and  environm ental diseases. •

•  Artemia Culture
Conducted a t  TRS 8 April-3 May 1988, the training 

course w as sponsored jointly by AQD and the Artemia Refer­

ence Center (ARC) of the S tate  University of Ghent, Belgium. 
Fifteen participants attended the course - 2 from Malaysia, 2 
from Thailand, 6 from the Philippines, 2 from the People’s 
Republic of China, and 1 each from India, Indonesia, and 
M auritius.

The train ing  course covered Artemia biology and 
ecology; strain  selection and characterization; extensive pro­
duction in sa lt ponds; extensive culture of biomass in  batch and 
flow-through systems; decapsulation and  other techniques for 
harvesting, processing and storage of cysts and adult biomass; 
and use of Artemia products in hatchery, nursery and m atu ra ­
tion feeding.

Seventh UNDP-FAO-NACA-SEAFDEC/AQD Senior Aquaculturists 
Training Course, 17 March 1988-16 March 1989.

Artem ia Culture, 8 April-3 May. Fish Health Management, 3-28 March.
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•  Brackishw ater Pond Culture
The first session was conducted 5 May-14 June  1988 

with 23 Philippine participants from the private sector and 1 
from the government.

The second session was conducted 6 October-16 
November 1988, with 22 participants from eight countries as 
follows: M alaysia - 2, Thailand -  1, Tonga -  1, Vietnam -  1, Sri 
L anka -  1, Kiribati -  1, Uganda -  1, Philippines - 14.

The course, conducted a t AQD’s Leganes Brackish- 
water Station (LBS), was aimed a t  developing skills and 
techniques in  the nursery and grow-out pond culture m anage­
m ent of finfish (milkfish and  sea bass) and crustaceans (prawn, 
shrimp); pond design and construction; harvest and post­
harvest technology; m arketing and economic assessm ent.

•  Praw n Hatchery and N ursery Operations and M anagement
The first session was held 11 May-30 June 1988 a t 

TRS. It was attended by 18 Philippine participants from the 
private sector.

Twenty-four Philippine participants also attended 
the second session of the course for local farm ers, 5 July-24 
August 1988.

The th ird  session was conducted 30 August-19 Octo­
ber 1988 with 13 participants from seven countries: M alaysia 
- 1, Thailand - 1, Philippines - 7, Vietnam - 1, India - 1, Sri 
Lanka -  1, and Brazil - 1.

The seven-week course aimed to develop skills in 
operating a  praw n hatchery including broodstock and nursery 
of Penaeus monodon, P. indicus, and P. merguiensis. The 
course also included such topics as site and species selection; 
design and construction of hatchery and nursery tanks; larval 
and post-larval rearing  and feeding; harvesting, packing and 
transport of fry; and hatchery economics.

•  Hatchery of Marine Finfishes
Eleven participants attended the course from 13 July 

to 31 August 1988 a t  TRS and Igang Substation, with 1 par­
ticipant each from M alaysia and Thailand, 8 from the Philip­
pines, and 1 from Kenya. This seven-week course covered seed 
production of m arine finfishes (milkfish, seabass and siganids) 
from broodstock development to spawning; hypophysation and 
other induced spawning techniques; fish breeding and larval 
rearing; and transport of fry and fingerlings.

•  Freshw ater Aquaculture
The course was conducted a t AQD’s Binangonan 

Freshw ater Station (BFS) 1 September-4 October 1988. One 
participant came from M alaysia, 5 from Thailand, 3 from the 
Philippines, and 1 from Tonga.

This four-week course was geared toward the devel­
opment of technical skills in  land-based hatchery and nursery 
systems for milkfish. Pond, pen and cage grow-out culture of 
tilapia and carp were also covered. The course also included 
broodstock selection and development; farm ing operations and 
m anagem ent including harvest, transport and m arketings;

cage and pen design and  construction; n a tu ra l and  artificial 
feeds; ecology of freshw ater lakes particularly  Laguna Lake; 
parasites and diseases; fish storage and processing; and  eco­
nomic analysis.

Brackishwater Pond Culture, 5 May-14 June, 6 October-16 Novem­
ber.

Prawn Hatchery and Nursery Operations and Management, 11 May- 
30 June, 5 July-24 August, 30 August-19 October.

Workshops
•  Artemia Workshop

The Workshop on the Production and Use o f  Artemia  
in Marine Shrim p and  Fish Farming  was conducted a t TRS 26- 
27 April 1988 in  order to provide the local aquaculture 
industry with updated information on the proper utilization of 
the brine shrim p in aquaculture operations. The workshop was
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Workshop on Teaching Strategies for Adult Learn­
ers (left and bottom left), 28 September-11 Octo­
ber. Trainee in Internship Training (Water Qual­
ity Control) (bottom).

held through the collaboration of AQD which provided 
workshop; and laboratory facilities, logistics and technical 
support, and  ARC of the S tate U niversity of Ghent, Belgium 
which provided technical expertise. Sixteen participants from 
the Philippine governm ent and  private sector joined the work­
shop. •

•  Workshop on Teaching S trategies and Curriculum Develop­
m ent for Adult Learners

The workshop was conducted 28 Septem ber-11 Octo­
ber 1988 a t TRS with financial assistance from IDRC. It was 
designed to provide adu lt learners with train ing  on how to 
plan, design, and conduct train ing programs in fisheries re ­
search. Its  focus was on teaching methodologies and the 
preparation of audio-visual m aterials. Twenty-three partici­
pants attended  the workshop -  1 from Malaysia, 4 from Thai­
land, 13 from the Philippines, 2 from Indonesia, 1 from India, 
and 2 from Nepal.

Practicum  Training
AQD extended practicum train ing to students from 

various colleges and universities. A total of 49 students 
availed of the program in 1988.

In ternship  Training
Internship train ing in various areas of specialization 

in  aquaculture was offered by AQD. In 1988, 59 trainees were 
accepted (Malaysia - 2, Philippines - 57). Fields of training 
included phycology, nutrition  and feed development, water 
quality control, instrum entation, and laboratory equipment 
maintenance.

Instructional M aterials
Four instructional video tapes as follows were revised 

based on improved and updated technology: Prawn Fry 
Production, Prawn Feed Preparation, Prawn Processing, and 
Biology and Ecology o f P. monodon.

30 SEAFDEC /AQ D  1988 A n n u a l R eport



EXTENSION SERVICES

Extension services were focused on the 
local small fish farmers and the poor fisher- 
folks. Activities were carried out in coordina­
tion with the Philippine Department of Agri­
culture (DA) and other government agencies, 
and non-government organizations (NGOs), 
through a series of aquaculture outreach semi­
nars, consultations, and on-site lectures.

The extension activities were made part 
of an umbrella program, Aquaculture Technol­
ogy Outreach Program (ATOP). A national 
program, ATOP was a joint undertaking be­
tween AQD and the Philippine Technology and 
Livelihood Resource Center (TLRC). ATOP 
aimed to hasten countryside development 
through the conduct of a series of aquaculture 
seminars, and production and dissemination of

manuals, pamphlets, leaflets, and audio-vis­
ual materials on fish farming techniques.

ATOP comprised four major activities, 
namely: Technology Training which is subdi­
vided into outreach seminars for the small fish 
farmers, aquabusiness seminars for business 
and development workers, and on-site consul­
tation; Technology Publications which aims to 
disseminate technologies to the target audi­
ence in simple language in order to facilitate 
their widespread adoption; Technology Films 
and Video involves recording of complete train­
ing course (maximum of 15 hours) in a video 
tape; and Technology Correspondence using 
the postal communications system in the trans­
fer of technology and livelihood skills to entre­
preneurs, farmers, workers, and other users.

Extension services of the Aquaculture De­
partment are geared not only to provide in 
the long term fish protein to the Filipino fish 
farmers and fisherfolks nationwide (right) 
but also to share during Christmas its bless­
ings to neighbors in Tigbauan, Iloilo (top).
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A L A Y  P A LAISD AAN  (Outreach Seminars for 
Small Fish Farmers) in 1988 brought over long 
distances by land and sea the technologies re­
searched and packaged by the Aquaculture 
Department to its direct beneficiaries in 27 cities 
and provinces in 10 of 12 regions of the Philip­
pines. (Session photos on this page and locator 
map on facing page.)

T echnology  T rain ing
•  O utreach Sem inars for Small Fish Farm ers (Also known as 

Alay Palaisdaan)
Alay Palaisdaan is a  series of aquaculture outreach 

sem inars which seeks to bring the benefits of modern and 
improved aquaculture technologies to the countryside through 
on-the-spot farm  consultations, lectures, and informal discus­
sions with the fish farm ers.

In 1988, aquaculture outreach sem inars were con­
ducted in  10 of 12 regions throughout the Philippines, involv­
ing 28 sessions and  b en efitin g  more than  1,200 small fish 
farm ers.

•A quabusiness Sem inars
In 1988, three sem inar courses involving four ses­

sions were conducted in Metro M anila. The courses offered 
were Prawn Hatchery and Nursery Operations, Prawn Culture 
(Grow-out) and Management, and Freshwater Aquaculture. •

•  On-Site Consultation
AQD provided resource persons during a  sem inar on 

prawn culture conducted by the Bureau of Small and Medium 
Business Development of the Philippine D epartm ent of Trade 
and Industry  (DTI) in  Sultan  K udarat, September 5-9, 1988.

AQD also provided one resource person on prawn 
culture during the launching of the DTI project From Davao 
to the World in Davao City on September 28, 1988; and 
another resource person during a  technical consultation with 
the AQUASUR, Inc. in Davao City to observe and discuss with 
its farmer-members the occurrence of red disease in  prawn 
ponds.
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Aquaculture Technology Outreach Program 1988

Cavite City 
(October 10-12)

Batangas City 
(August 8-10)

Sta. Cruz, Marinduque 
(June 8-10)

Kalibo, Aklan 
(May 19)

San Jose, Antique 
(May 27)

Iloilo City 
(June 4) 
(June 26-28)

Puerto Princesa, Palawan 
(August 3-5)

Oroquieta, Misamis Occ. 
(July 11-13)

Ozamis City 
(July 11-13)

Pagadian, Zamboanga del Sur 
(April 4-6)

Isabela, Basilan 
(April 8-10)

Cotabato City 
(December 14-16)

Lebak, Sultan Kudarat 
(September 5-8)

Tuguegarao, Cagayan 
(June 6-8)

Lucena City 
(October 5-7)

Mercedes, Camarines Norte 
(February 17-19)

Magallanes, Sorsogon 
(February 22-24)

Roxas City 
(May 13)

Catarman, N. Samar 
(March 2-4)

Pototan, Iloilo 
(May 6)

Tacloban City 
(March 7-9)

Cebu City 
(May 5-7)

Calape, Bohol 
(May 9-11

Magallanes, Agusan Norte 
(September 12-14)

Butuan City 
(September 12-14)

Cagayan de Oro 
(July 6-8)

Panabo, Davao del Norte 
(September 7-9)
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On-site consultation service to private and governmental clientele.

•  Caravan F air
AQD participated in  two legs of Agri-Aqua Livestock 

and Poultry Caravan Fair ‘88, in Metro M anila (May 29-June 
5 ,  1988) and  Iloilo City (June 25-28, 1988). The fair was organ­
ized by DA and the Philippine Center for International Trade 
and Exhibitions (PHILCITE).

AQD also participated in  the Panay Expo Caravan ‘88 
organized by DA and the Regional Agricultural and Fishery 
Council (RAFC) of Region VI from May 5 to June 6, 1988.

The participation of AQD in the caravan fair included 
conduct of aquaculture sem inars, dem onstrations on feed for­
m ulations, and consultation.

T echnology  P u b lica tion s
Three extension m anuals were scheduled for publica­

tion, whereas two pam phlets and five leaflets were being 
readied for publication.

T echnology  F ilm s and Video
Five video coursewares were scheduled for produc­

tion in early 1989, and another five in the second ha lf of 1989.

T echnology  C orrespondence
Production of initial five coursewares were finalized. 

Each courseware consists of modules. Each module is subdi­
vided into lessons which contain self-testers and correspond­
ing answers.

Aquaculture video tapes in Beta format produced by the Department 
are used extensively in training seminars and made available to the 
private sector.

Aquaculture seminar by SEAFDEC/AQD researcher during the De­
partment of Agriculture 1988 Agri-Aqua Caravan Fair.
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INFORMATION

AQD undertook a coordinated system of 
information gathering, processing, and dis­
semination to ensure effective transfer of tech­
nologies developed at AQD and other agencies 
to the fish farmers and other special agencies. 
AQD’s extension services were provided with 
strong communication support through pro­
duction of techno-packages and intensification 
of the acquisition and processing of related in­
formation materials.

L ibrary Serv ices
Accessioned in  1988 were 332 monographic volumes, 

224 pam phlets, and  61 SEAFDEC publications. Checklisted 
were 1,783 journal issues (918 from Gifts and Exchanges, 765 
as paid subscriptions). Also received from Gifts and Exchanges 
were 416 monographs, 28 theses, 411 reprints, 74 pamphlets, 
and 108 annual reports and brochures.

D ocu m en tation  S erv ices
•  Brackishw ater Aquaculture Information System (BRAIS)

One of the major activities of BRAIS is information 
networking. Project networks were established in Indonesia 
in September 1985 (IndoBRAIS) a t the Brackishwater Aquac­
u lture  Development Center, Jepara , Indonesia); in M alaysia 
in May 1985 (MalayBRAIS a t  the Fisheries Research Insti­
tu te, Fisheries Division, M inistry of Agriculture, Malaysia); 
and in Thailand (ThaiBRAIS a t  the Brackishwater Fisheries 
Division, D epartm ent of Fisheries, K asetsart University, until 
June  1988; and  a t the Fisheries Science Society of Thailand, 
K asetsart University, beginning Ju ly  1988). PhilBRAIS, the 
national center for the Philippines is based a t AQD. The lead 
center for BRAIS is located a t TRS.

The following m aterials were received from the na­
tional centers in  1988:

- From IndoBRAIS - 2 conference proceedings, 1 
monograph, 12 journal articles, 6 technical pa­
pers, 5 theses, 48 input sheets.

- From MalayBRAIS - 2 monographs, 2 pam phlets, 2 
other m aterials.

- From ThaiBRAIS -  150 inpu t sheets.
- From PhilBRAIS (through the L iterature Collection 

Travel conducted in the Visayas on 4 April-May 7, 
1988 a n d  in M indanao on 23 July-21 August 1988) 
-210 monographs, 625 journal articles, 175 reprints,

Aquaculture booth consultation, 1988 Agri-Aqua Caravan Fair, 
PHILCITE, Manila, 29 May-5 June.

34 pam phlets, 29 theses, 17 assorted m aterials.
The MalayBRAIS Project Coordinator (Nor H adzirah 

Ramli) joined the PhilBRAIS lite ra tu re  collection travel in 
Central Visayas 2-16 April 1988 as did the IndoBRAIS Project 
Coordinator (Euis Salamoen) in  N orthern M indanao 23-30 
Ju ly  1988.

BRAIS also conducted a  series of sem inars for BRAIS 
staff and other AQD staff on CDS/ISIS program in the com­
puter systems of all national centers and  also a t  the lead 
center. The BRAIS database  now contains about 5000 entries.

Another im portant activity of BRAIS is document 
delivery. In 1988, 148 queries from 34 countries were handled 
by BRAIS.

In order to examine the extent of utilization of BRAIS 
products and services, a utilization assessm ent survey was 
conducted in  1988 with the technical assistance of BRAIS 
Consultant Prof. A. Neelameghan.

The survey covered utilization of products and  serv­
ices since the s ta r t of the project in  M arch 1984. Two types of 
questionnaires were used - one for institu tions (mailed to 323 
foreign and 106 Philippine institutions), and  ano ther for indi­
viduals (100 questionnaires). About 41% of the sampled 
institutions responded to the survey; 90-98% were governm ent 
institutions and majority (55% in Asia-Pacific Region and over 
86% in Europe-North America) were involved in  research. 
Academic/teaching activities, inform ation services and data 
base preparation, and extension work were the next most 
im portant areas of activity.

Majority of the institu tions receiving BRAIS products 
indicated specialization in aquaculture (57% in Africa-Middle 
E ast region, 75% in Asia-Pacific, 90% in Europe-North Ameri­
can region).

Training courses and jo in t m eetings were the main 
channels of contact with AQD BRAIS for o ther institu tions
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especially in  the Asian region. BRAIS announcem ent bro­
chures and  inform ation provided by colleagues accounted for 
the highest percentage from among the sources of inform a­
tion about BRAIS. In the Asia-Pacific region, responding in sti­
tutions indicated other library and lite ra tu re  citations as 
im portant source of inform ation on BRAIS products and 
services.

In exchange for BRAIS products, SEAFDEC AQD 
also received m ateria ls from various institutions. Europe, 
N orth America and  Africa had  more to offer than  the Asia- 
Pacific region. SEAFDEC AQD Library also received about 
345 foreign and 100 national periodical titles either free of cost 
or through publications exchange agreem ents. Of these, 12 
foreign titles and 75 Philippine serials were received since 
BRAIS publications and  services became available.

M ajority of the institu tions apparently  considered 
Brackishwater Aquaculture Abstracts (BAA) and BRAIS News­
letter as useful sources of information in  brackishw ater aquac­
u lture  particularly  in  the Asian region.

The special bibliographies on sugpo and sea bass 
received relatively higher ra tings in the Asia-Pacific region, 
while the special bibliography on grouper gets the highest 
ra ting  in  the Europe-North American region. The special 
bibliographies on m ud crab and mussel also got relatively 
higher ra tings in  the Asia-Pacific region. Most institutions 
indicated th a t they either circulated, notified in  their current 
aw areness service, or included in their publications a  special 
bibliography when th is was received.

Institu tions m ainly in  Asia, particularly those in the 
Philippines, used the referral, document delivery, and query- 
answ er services of BRAIS. The general feeling was th a t their 
requests were responded to adequately.

Almost all responding institutions received other 
secondary periodicals - abstracting  and indexing periodicals 
covering aquaculture (e.g., ASFA). The institutions which 
responded to the question on the usefulness of BRAIS in 
relation to the o ther secondary periodicals considered BRAIS 
products as useful.

P u b lica tion s
The following information m aterials were published 

in  1988:
•  Annual Reports, 1986, 1987
•  Perspectives in A quaculture Development in  Southeast Asia 

and Jap an  (Proceedings of the Sem inar on Aquaculture De­
velopment in Southeast Asia held in Iloilo City, Philippines, 
Septem ber 8-12, 1987)

•  Research Publications: Collected Reprints 1976-1986 (Sec­
ond Printing)

Vol . LA. Finfishes
Vol . 1B. C rustaceans and Bivalves

•  Poster 1: Im portant Penaeid Praw ns/Shrimps of the Philip­
pines (Reprinting)

Publications produced through the project Brackishwater Aquacul­
ture Information System (BRAIS).

SEAFDEC/AQD in-house publications such as shown above are circu­
lated worldwide.

•  SEAFDEC Asian Aquaculture (Quarterly)
Vol. X, Nos. 1-2, January-M arch, April-June

•  Aqua Farm  News (Bimonthly)
Vol. V, Nos. 9-10, September-October 1987, November- 

December 1987
Vol. VI, Nos. 1-5, January-O ctober 1988

•  Internal Newssheets
Aqua Dep’t News, tw enty fortnightly issues and one 

December issue
Information Alerts, five issues, after which printing was 

discontinued
•  BRAIS Publications

Brackishwater Aquaculture Abstracts, Vol. 4, No. 1, July/ 
August 1987; Vol. 4, No. 2, September-October 1987; and Vol. 
4, No. 3, November-December 1987

BRAIS Newsletter (Quarterly), Vol. 3, Nos. 1-3, January  - 
September 1988
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ADMINISTRATION

AQD continued to streamline its opera­
tions in order to minimize management cost. 
Assignment, deployment and functions of per­
sonnel were restructured to maximize output 
and efficiency of workforce and ensure effective 
use of facilities and resources.

P erson n el
As of 31 December 1988, personnel of AQD totaled 537 

regular employees distributed as follows: 212 in Research, 19 
in Training, 37 in  Information, 240 in  Administration, and 29 
in  Finance.

AQD also availed of the services of the following 
foreign and local experts: Mr. Satoru Fukum oto, D epart­
m ent Deputy Chief, for another two years beginning June 
10; Dr. T suneo Kume, Scientist, for two years from 17 
March; Mr. Y oshibum i Y ashiro, Researcher and Coordina­
tor for JICA, on h is second year assignm ent until 14 September 
1989; Mr. A kim asa N agai, Researcher, for two years begin­
ning 22 November; Mr. P h ilip p e D hert, Research Associ­
ate, on his second year until 6 April 1989; Ms. M argaret 
M ulholland, Research Associate, on her second year assign­
m ent until Ju ly  1989; Ms. B rig itte  M offaert, Research 
Assistant, on her second year assignm ent until 12 July 1989; 
Prof. A. N eelam eghan, Consultant-on-Call for BRAIS 
Project; Dr. G avino A. Trono, Jr., Consultant for Seaweeds 
Project; and A tty. E duardo R ondain , Legal and Personnel 

Consultant.

Staff Development
As a  commitment to hum an resource development, 

AQD continued to send m em bers of its  staff to various post­
graduate studies and train ing  programs. AQD also facilitated 
the attendance of its staff to conferences, sem inars and work­
shops in  collaboration w ith various funding agencies.

The AQD personnel as follows b en efited  from this 
program:

•  For Degree Training
N. Aquino - M.S. (Fisheries)
A. Castillo - M.S. (Fisheries)
N. Golez - M.S. (Fisheries)
R. Buensuceso and J . Saliente - one year UNDP/FAO 

NACA-UPV-SEAFDEC AQD Training for Senior Aq­
uaculturists, and also for M. Aquaculture

•  For Non-Degree Course
A. Gallego - one-year tra in ing  on bivalve culture in 

France
E. Cruz - eight-m onth fish disease diagnostics train ing a t 

U niversiti P ertan ian  M alaysia
F. Palisoc, J r .  - one-year tra in ing  in  aquatic pathobiology 

a t  University of Stirling, U.K.
R. Bombeo - two-month tra in ing  on Artemia research 

methodology a t Artemia Reference Center, Bel­
gium

•A ttendance in  Conferences, W orkshops, Sem inars
F. Pascual, C. Santiago, and  I. Borlongan - Finfish N u­

trition Workshop, Bangkok, Thailand, 6-10 June  1988

JICA Coordinator Yoshibumi Yashiro (left) and SEAFDEC/AQD 
Deputy Chief Satoru Fukumoto (top).
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C. Villegas and Z. Basiao - Aquaculture Genetics Sym­
posium, Trondheim, Norway, 18-26 June  1988

E. Aldon, M. Surtida, D. Zamora, and C. Unggui -
Technical W riting Program , Development Academy 
of the Philippines, Tagaytay City, 15-19 February 
1988; and P. Acosta, J r., W. Gabuelo, L. Pacino, 
and N. Calvez, 9-13 May 1988

N. Prim avera, J r .  - Second ASEAN Regional Training 
W orkshop in  Instructional M edia Development, or­
ganized by the Philippine H um an Resources Develop­
m ent C enter (PHRDC) and Japan  International 
Cooperation Agency (JICA), Metro Manila, 7 Novem­
ber-9 December 1988

F. Pascual, E. Avila - International Foundation for
Science Workshop on Fish Culture-M anagem ent 
Techniques and  Nutrition, M alang, Indonesia, 14-19 
November 1988.

R. Agbayani, L. G arcia - Regional Workshop on Milkfish 
C ulture Development in  the Pacific, Tarawa, Repub­
lic of K iribati, 21-25 November 1988

C. M arte, J . Prim avera, D. Gerochi, M.C. Baticados, 
M. C atacutan, K. Corre, E. Gapit, R. Ortega, N. 
Golez, E. Rodriguez, J r., A. Trino, I. Tuburan, P. 
Subosa, V. Sunio - F irst National Congress of the 
Philippine Praw n Industry, Bacolod City, 25-27 
November 1988.

C.L. M arte - Synthesis Workshop on M arine Science Pro­
gram s in  the Philippines, Metro M anila, 30 Novem­
ber-2 December 1988

A. Ponce - Fourth Seaweed Industry Conference, “Facing 
the Challenges of the 90’s”, Cebu City, 9-10 December 
1988

R. Tenedero, R. Ortega, and R. Buensuceso - Seminar- 
W orkshop on Communicating Government Program ­
mes; Development Academy of the Philippines, 
Tagaytay City, 7-11 May 1988

E. Gapit and J . Lagoc - Seminar-W orkshop on Commu­
nications Research Development, Development Acad­

emy of the Philippines, Tagaytay City, 18-22 April 
1988

A. Arisola and R. Ealdam a, J r . - Media Relations Work­
shop, Development Academy of the Philippines, 
Tagaytay City, 4-8 Ju n e  1988 

S.R. Tillo, W. Barros, J . Quines, and V. Travina -
Sem inar of the Society of Aquaculture Engineering 
Practitioners, Iloilo City, 25-26 June 1988 

A. Santiago - First National Consultative Workshop, or­
ganized by the Philippine Council for Aquatic and 
M arine Research and Development (PCAMRD), Los 
Banos, Laguna, 1 July 1988

R. Agbayani - F irst Short Course on Aquaculture M an­
agement, Sem arang, Indonesia, 11-23 July  1988 

W. Barros - Safety Training Methods Sem inar, Metro 
Manila, 28-29 July 1988

P. Acosta, J r . - Training-W orkshop on Basic Prin t 
Production Techniques; Metro M anila, 15-26 August 
1988

P. Subosa - Symposium on High Performance Liquid 
Chromatography, organized by the Research Group 
on Automatic Liquid Chromatography of Kyoto Uni­
versity, Kyoto, Japan , 25-27 August 1988 

W. Gabuelo - D ata Communication Workshop, Metro 
M anila, 7-9 September

V. Alava, D. Baticados, J . Ladja, R. Ortega, and V. 
Tambasen - International Workshop on Teaching 
Strategies and Curriculum Development for Adult 
Learners, SEAFDEC/AQD, Tigbauan, Iloilo, 28 Sep- 
tem ber-12 October 1988

E. Avila - Workshop on Rural Fisheries and Applied M ar­
iculture, Silliman University, Dumaguete City, 15-22 
October 1988

F. Pascual - ASEAN Workshop on Shrimp and Finfish
Feed Development, organized by ASEAN/UNDP/ 
FAO Regional Small-Scale Coastal Fisheries Devel­
opment Project, Johor Baru, Malaysia, 25-29 October 
1988

Unstocked floating cages at Igang Research Substation, 
Guimaras Island (right) double up as fl atforms for 
hanging rope culture of the seaweed Gracilaria (top).
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SEAFDEC AQD researcher Rogelio 
Gacutan (left) pioneered the establishment 
of the country's first fish health laboratory 
in Bacolod City sponsored by the aquacul­
ture industry (Negros Prawn Producers 
Marketing Cooperative, Inc.).

FACILITIES

Serv ice  L aboratories
•  Larval Food Laboratory

Artemia cysts (318 kg) and biomass (163.7 kg) were 
processed to supply the  research needs of the Departm ent. The 
laboratory also produced 54,650 liters of phytoplankton s ta r t ­
ers for the D epartm ent and 1,107 liters of phytoplankton and 
zooplankton s ta rte rs  for the private sector. Fifty-seven sets of 
enriched m edia were prepared for the  private sector a t m ini­
m al cost.

•  Centralized Analytical Laboratory
A to tal of 1,401 w ater and 413 feed sam ples were 

analyzed. D eterm inations of w ater pH, ammonia-nitrogen, 
nitrite-nitrogen, and dissolved oxygen were frequently re ­
quested. Proxim ate analyses of feeds were done for crude 
protein, m oisture, and crude fa t content. Analytical services 
were extended to fish farm ers a t m inim al fee to defray cost of 
chemicals.

•  M icrotechnique Service Laboratory
A total of 1,960 sam ples of liver, gills, kidney, hepato­

pancreas, and gonads of finfish and  crustacean species were 
histologically processed. W hole-mount processing of P. mono­
don larval stages and typical sectioning of seaweeds were also 
done.

•  Diagnostic Services
Eighty-two cases were processed: 53 prawn, 11 fin- 

fish, and 18 molluscs, seaweeds, w ater, sedim ents, and chemi­
cals. Chemical sam ples were bioassayed, whereas sedim ent 
samples were processed for bacterial identification. Another 
seven samples were subm itted by DA for determ ination of “red 
tide” organisms. About 54% of the cases came from the private 
sector, the re s t from various AQD studies. •

•  O ther Services
AQD fielded one of its researchers, Mr. R ogelio  

G acutan , to initially  set up a fish health  laboratory, and 
provide praw n disease detection and control services for a fish 
farm ers’ cooperative. The fish laboratory was put up by the

Negros Praw n Producers M arketing Cooperative, Inc. in B a­
colod City, Negros Occidental, a fter the  cooperative noted a 
steep rise in the occurrence of diseases affecting cultured 
praw ns in hatcheries and rearin g  ponds.

In frastru ctu re D evelop m en t
Construction of two pre-filtered seaw ater system s at 

TRS and 20 concrete tilapia breeding tanks, 4 cage fram es for 
10-m dia cages and 4 cage fram es for 6-m dia cages a t Igang 
Substation were completed. Renovation and repa ir of 1.5-ha 
milkfish ponds and construction of wooden fram es for culture 
of Gracilaria a t Igang, and construction of th ree  30-ton con­
crete seaw ater reservoirs for praw n hatchery  verification 
project a t TRS were started .

OTHER ACTIVITIES

C ooperation  w ith  N on-M em ber G overnm ents and  O ther  
O rganizations

•
In ternational Development Research C entre (IDRC) of C an­
ada
Research Projects

(1 ) Fish Gam etes - Phase III (2 years: 1986-1988) (Also 
in collaboration with the U niversity of Victoria, B.C., 
Canada, and M emorial U niversity of Newfoundland, 
Canada)

(2) Bangus Breeding Project (3 years: 1986-1989) (Also in 
collaboration w ith DA-Bureau of F isheries and  Aquatic Re­
sources, Philippines)

(3) Genetic Evaluation and Selective Breeding of Oreo­
chromis niloticus for Broodstock Development (3 years: 
1986-1989)
Training Activities

(4) Workshop on Teaching Strategies and Curriculum De­
velopment for Adult Learners (6 months: 1988)
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Information
(5) B rackishw ater Aquaculture Information System 

(BRAIS) - Phase II (2 years: 1987-1989)

• Artemia Reference Center (ARC) of Belgium
Research Projects

(1) Artemia Applied Technology Programme (3 years: 
1987-1990)

(Also in  collaboration with Belgium M inistry of Foreign 
Affairs - ABBOS)
Training Activities

(2) T raining in  Artemia Culture (one month: 8 April-3 May 
1988)

(Also in  collaboration w ith the Belgian Adm inistration for 
Development and  Cooperation - BADC)

(3) Workshop on the Culture and Use of Artemia salina 
(two days: 26-27 April 1988)
Staff Development

(4) Fellowship g ran t for MS degree program awarded to 
AQD staff Dem etrio E stenor beginning August 1987

(5) Two-month train ing gran t on Artemia research m eth­
odologies a t  ARC aw arded to Ruby Bombeo 17 August-17 
October 1988

•  Food and  Agriculture Organization (FAO)/UNDP
Training Activities

(1) Training Course for Senior Aquaculturists in Asia and 
the Pacific Region (7 years: 1981-1987; 1988-1989)
Staff Activities

(2) A ttendance of L. Ma. B. Garcia and R.F. Agbayani

in the Regional Workshop on Milkfish Culture Development in 
the Pacific, Tarawa, Republic of Kiribati, 21-25 November 
1988

•  International Foundation for Science (IFS)
Research Studies

(1) Effect of tem perature and ration size on growth and 
energy utilization of sea bass: Food consumption, feeding rate, 
salinity and tem perature tolerance of sea bass fry and finger- 
lings

(2) Isolation and characterization of a female-specific 
plasm a protein (vitellogenin) in milkfish, Chanos chanos 
Forsskal

(3) Prevention of Aeromonas hydrophila infection among 
Chanos chanos (Forsskal) by vaccination

(4) Improvement of extensive praw n culture using aquatic 
macrophytes as food organisms in brackishw ater ponds during 
wet season
Staff Activities

(5) Attendance of F. Pascual and E. Avila in the IFS 
Workshop on Fish Culture-Management Techniques and Nu­
trition, Malang, Indonesia, 14-19 November 1988.

•U niversity of Rhode Island (URI)
Research Activities

(1) Exchange of expertise and information (1987- 
present)

•  International Center for Living Aquatic Resources Manage- 
ment/Asian Fisheries Social Science Research Network 
(ICLARM/AFSSRN)

Research Project
(1) Investigation on the energy requirem ent of milkfish 

during starvation and growth (under negotiation)

Array of concrete breeding tanks for Genetic Evaluation 
and Selective Breeding of Oreochromis niloticus (tilapia) 
sponsored by the International Development Research 
Centre (IDRC) of Canada.
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•  Government of France
S t a f f  D eve lo p m en t

(1) One year non-degree tra in ing  gran t on bivalve culture 
in France aw arded to AQD Research Associate Amalia Gal- 
lego, beginning Jan u ary  1988

•  Government of the N etherlands
T ra in in g  P roject

(1) Fellowship g ran t of US$18,456 through the Direct Aid 
to Educational Establishm ents in  Developing Countries (DSO) 
Programme for six participants from ASEAN in the Fish 
H ealth M anagem ent Training Course to  be held a t  TRS 16 
February-14 M arch 1989

•  Philippine D epartm ent of Agr iculture-B ureau of Fisheries 
and Aquatic Resources (DA-BFAR)

R esearch  P roject

(1) National Bangus Breeding Program  (NBBP) (1980- 
present)

•  Technology and  Livelihood Resource C enter (TLRC)
In fo rm a tio n  D isse m in a tio n

(1) Aquaculture Technology O utreach Program  (5 years: 
1987-1992)

•  University of the Philippines in  the Visayas (UPV)
For collaboration in research, train ing, extension, and  in ­

formation activities

Training courses (top photos), workshops proper (right 
photo) and proceedings, in addition to research studies, 
are sponsored in part through collaboration with 
SEAFDEC non-member countries and other local and 
foreign research-educational institutions.

SEAFDEC/AQD 1988 A n n u a l R ep o rt 41



AQD VISITORS AND GUESTS
The Department received around 4,000 visi­

tors and guests in 1988 at its Tigbauan Research 
Station, Leganes Brackishwater Station, and 
Binangonan Freshwater Station; at least 96% 
were from the Philippines, the rest from 14 other 
countries. Around 73% of AQD visitors were 
students and teachers, 24% the general public 
including fish farmers, 2% administrators and 
policy makers, and 1% researchers and scientists.

Among the dignitaries and scientists who visited AQD in 
1988 were:

Amb. J o e  Suk A hn, Embassy of South Korea, Manila, 
Philippines

M r. R ic h tje  A ltin e j a n d  M r. B irk  Z v iderve ld , TV Delft, 
Holland

Mr. A rne A ndreasson , Program m e Manager, FAO Aq­
uaculture for Community Development Programme, 
Lusaka, Zambia

Mr. Z hang B aoyi, Deputy Director General, Beijing 
Review, Beijing, China, and Chinese journalists

Mr. B ernard  Barron, President, PRO AQUA, Yandina,

A ustralia
Mr. A polonio B autista , U ndersecretary for Regional 

Operations, D epartm ent of Agriculture, Quezon 
City, Philippines

Mr. F aw zia B egucu , Research Officer, Departm ent 
of Fisheries, Bangladesh

Mr. J o se lito  B ernardo, Senior Development Spe­
cialist, N ational Economic Development Author­
ity (NEDA), Metro M anila, Philippines, and other 
officials from NEDA

Mr. H an C. J . B lom , Coordinator Asia Desk Projects 
Departm ent, Education, Training and Research, 
N etherlands Universities Foundation for In ter­
national Cooperation, The Hague, The Netherlands

Mr. A ndrew  B urst, U.S. Agricultural Attache, 
American Embassy, M anila, Philippines

M essrs. Sostenes L. Cam pillo, Jr., W alfrido Reyes, 
D om inador R eyes, and Ms. N arzalina Lim, 
D epartm ent of Tourism, M anila, Philippines

Mr. H onorio C arandang, Philippine Agricultural 
Attache to Rome, Italy

Dr. C ataudella , Biology Professor, Rome Univer­
sity, Rome

Ms. Srisunan  Chankao, SEAFIS Project Coordina­
tor, SEAFDEC Secretariat, Bangkok, Thailand

Mr. Tim Clark, Producer-Director, A ustralian Broad­
casting Corporation, Sydney, A ustralia, and TV 
Documentation Crew

Mr. Ivor J . C lucas, Overseas Development, N atural 
Resources Institu te, London, U.K.

Amb. M. D ahinden , Embassy of Switzerland, Ma­
nila, Philippines

Mr. Apolonio Bautista (top left), Undersecretary 
for Regional Operations, Department of Agricul­
ture, Quezon City, in a briefing on finfish culture, 
and Dr. Veravat Hongskul (left), SEAFDEC Secre­
tary-General, Bangkok, during the Department's 
15th Anniversary Celebration.
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A m b. R u sse l D a v id so n , Embassy of Canada, Manila, 
Philippines

M r. M arcian o  d e  la  C ruz, J r ., Agricultural Specialist, 
American Embassy, Manila, Philippines

Mr. C a r lo s T om e d e  S ilv a , DOULOUS, Brazil
D r. S a lv a d o r  D o la r , Chairman, Provincial Agricultural 

and Fishery Council (PAFC), Iloilo, Philippines
D r. J e s u s  E s ta n is la o , Chairman, Development Bank of 

the Philippines, Metro Manila, Philippines, and DBP 
Provincial Managers

Mr. B il l  F e s t in , TLRC-COA Auditor, TLRC, Metro 
Manila, Philippines

M essrs. W ajiro F u jisa w a , H ir o iy u k i Y a n a g a w a , 
S u jin n  S aw -U n g , T d o ey  S ik a c h a , and H iro a k i  
Y o n esa k a , SEAFDEC Training Department, Bang­
kok, Thailand

Mr. M aris G a v in o , Philippine Agricultural Analyst, 
Rome, Italy

D r. F r a n c is  H e n d e r so n , FAO, Rome, Italy
Mr. A rm an d o  H ern a n d e z , Consultant, IDRC Aquacul­

ture Program for Latin America, Colombia
M r. P e te r  H errera , Technology Transfer Board, De­

partment of Trade and Industry (DTI), Metro Manila, 
Philippines, and other officials from DTI

D r. V era  v a t  H o n g sk u l, Secretary-General, SEAFDEC, 
Bangkok, Thailand

M e ssr s . Z ou  B e n to n g , Y a n g  C h en  D e , S u n  

H o n g zh a n g , Y an  G u an gn a , W ang N a ish e n g , 
W ang X ia o y a n , L i X in g h a i, a n d  S u n  S h e n g  Xu, 
EEC Assistance Programme for Dalian, China Prawn 
Farm Development, People’s Republic of China

Mr. A la in  E d d e n  H u c k le , First Secretary, Embassy of 
Great Britain, Manila, Philippines

M r. Z ah id  H u ssa in , Lipton (Pakistan) Ltd., Karachi, 
Pakistan

M r. S h a n id u l Is lam , Ministry of Fisheries and Live­
stock, Bangladesh

M r. D a v id  K in ly , Division of Information, United Na­
tions, New York, U.S.A.

A m b. E b erh a rd  K u n z, Embassy of the German Demo­
cratic Republic, Manila, Philippines

Mr. P e r r y  K w an , Charge d’ Affaires, Embassy of Papua 
New Guinea, Manila, Philippines

Mr. R om eo  L ed esm a , Assistant Secretary, Depart­
ment of Agriculture, Quezon City, Philippines

M r. P a o le t t i  M acello , Agristel, Italy
D r. J o h n  M acM an u s, University of the Philippines 

Marine Sciences Institute (UPMSI), Quezon City, 
Philippines

Mr. G u erg u i M la d en o v , Charge d’Affaires, Embassy of 
Bulgaria, Manila, Philippines

A m b. P e n g ir a n  M u stafa , Embassy of Brunei Darus­
salam, Manila, Philippines

Mr. Y a su h id e  N ak a m u ra , Second Secretary, Embassy 
of Japan, Metro Manila, Philippines

D r. C o lin  N a sh , Aquaculture Department Coordinating 
Programme, FAO, Rome, Italy

P ro f. A . N e e la m e g h a n , UNESCO Consultant and Con­
sultant for BRAIS, Bangalore, India

A m b. U  B o  N i, Embassy of Burma, Manila, Philippines
D r. D e t le t  N offz , University of Hohenheim, Stuttgart, 

F.R. Germany
M essrs. O. O h ata , T. O sak a , and H . A y a b e , Sea­

farming Research and Development Center (PHRDC), 
Dagupan City, Philippines

M r. J o v ito  O ng, J r ., Mindanao Aquaculture and Devel­
opment Corporation, Metro Manila, Philippines

M r. G ia sh  U d d in  P a th a n , Ministry of Fisheries and 
Livestock, Bangladesh

D r. L y d ia  P e d e r n a l, M s. L y d ia  F r a n c isc a  B ro w n , 
M s. R o e la  R iv e r a , Technology and Livelihood Re­
source Center, Makati, Metro Manila

D r. T.V.R. P illa y , Adviser for NACA, Rome, Italy
M s. Z en n y  P o n c e , Medical Research Assistant, SANOFI 

Research Asia, Metro Manila, Philippines
M r. J.V . R a a m sd o n k , Project Officer, Section for Inter­

national Education and University Development, 
Ministry of Foreign Affairs, The Hague, The Nether­
lands

D r. M .D .S. R a h m a n , D.P.D., Department of Fisheries, 
Bangladesh

M essrs. H a b ib u r  R a h m a n , A.V.M . M a m in u l Is lam , 
R a fiq u l Is la m , R e z a u l K a r im , Shrimp Culture 
Project, Department of Fisheries, Bangladesh

M s. L illia n  R a h m a n , Nacan Research Center, Toronto, 
Canada

D r. G. S u b h a  R ao, The Marine Products Export Devel­
opment Authority (MPEDA), Taspari, India

R ev. Fr. B e r n a r d in o  R ic a fr e n te , Rector, University of 
San Agustin, Iloilo City, Philippines

Mr. R o n a ld  R o ld a n , Manager, Aquaculture Products 
Industries, Metro Manila, Philippines

M r. J o h n  R o w n tr e e , Program Director, Fisheries Stock 
Assessment, Maryland, USA

D r. E u se b io  S a b a lv o rro , Regional Director, Depart­
ment of Science and Technology (DOST)-Region VI, 
Iloilo City, Philippines

Mr. E u is  S a la m o en , IndoBRAIS Project Coordinator, 
Jepara, Indonesia

D r. V .R .P . S in h a , NACA, Bangkok, Thailand
D r. G erard  S le d se n s , Belgian Embassy, Makati, Metro 

Manila, Philippines
Mr. M a n u el S o liv e n , Executive Vice-President, Philip­

pine National Bank (PNB), Metro Manila, Philip­
pines, and several PNB officials

Mr. J o h n  S te llw a g e n , Senior Biologist, DAI, Singapore
Mr. B e n ja m in  T a p ia d o r , Appropriate Management 

Consultancy Ltd., Zambia
Mr. D o n a ld  T ay lor , Director, ACCESS ASIA, Metro 

Manila, Philippines
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M r. T e o d o r o  T o p a c io , Univet Agricultural Products, 
Inc., Manila, Philippines

D r. L a m a rr  T r o tt , USAID, USA
M r. T e n g k u  U b a id illa h , FAO Representative in the 

Philippines, Makati, Metro Manila
M r. A le x  U m a d h a y , Regional Director, NEDA Region 

VI, Iloilo City, Philippines

Mr. T orb en V in d e lo v , Consultant, CIC-Marine, Denmark
M r. A b d u l W ah ed , Administrative Office, Department 

of Fisheries, Bangladesh
M r. C h e n  F o o  Y an , NACA Coordinator, FAO/UNDP 

NACA, Bangkok, Thailand
M s. H a y d e e  Y o ra c , Commissioner on Elections (COME­

LEC), Manila, Philippines

SEAFDEC COUNCIL 
MEETING

The Twenty-First Meeting of the Coun­
cil of SEAFDEC was held in Kuala Lumpur, 
Malaysia November 29-December 2 , 1988. The 
Meeting was attended by the Council Directors 
for Japan, Malaysia, Philippines, Singapore 
and Thailand, and by their respective delega­
tions. The Meeting was also attended by ob­
servers from France and such international 
organizations as the ASEAN Food Handling 
Bureau, the Food and Agriculture Organiza­
tion of the United Nations, IDRC, the Intergov­
ernmental Organization for Marketing Infor­
mation and Technical Advisory Services for 
Fishery Products in Asia and Pacific Region 
(INFOFISH), and NACA.

The representatives of the official audi­
tors of SEAFDEC, Messrs. Ernst & Whinney, 
and of the auditors of the Aquaculture Depart­
ment, Sycip, Gorres, Velayo & Co., also at­
tended the Meeting.

The Council a t this Meeting approved 
the Progress Reports for the period from Janu­
ary to June 1988, the Three-Year Plans (1989- 
1991), and the Proposed Programs of Activity 
for 1989 of the SEAFDEC Secretariat and the 
three Departments. The Council also approved 
the revised Administrative and Financial Regu­
lations of the Center which were to supersede 
the Regulations approved by the Council at its 
Thirteenth Meeting in 1980. The Council also 
adopted the Budgetary Requirements of the

Secretariat and the three Departments of the 
Center for 1989, in accordance with Article 6, 
Paragraph 2 (ii) of the Agreement establishing 
the Center.

The Council during this Meeting also 
agreed that participating fees shall be charged 
for trainees from non-member countries in the 
region and outside, and that participating fees 
shall be applied not only for the SEAFDEC 
training courses but also for SEAFDEC semi­
nars and workshops when applicable.

The Council also agreed that adminis­
trative overhead charges shall be imposed at 
the rate of 15% of the total project cost for all 
activities and services provided to external 
agencies, with the proviso that no adminis­
trative overhead shall be charged on the fol­
lowing: collaborative programs with other or­
ganizations when these programs are part of 
the activities of the Center as approved by the 
Council; assistance to the private sector in 
Member Countries which had been endorsed 
by the respective Council Director; and col­
laborative projects/activities with ASEAN.

The Council also agreed to charge the 
private sector for assistance rendered by the 
SEAFDEC Departments at full cost plus 15% 
administrative overhead charges, subject to 
the recommendation of the respective Council 
Director and subject to availability of financial 
and manpower resources.

44 SEAFDEC/AQD 1988 Annual Report



APPENDICES

Bibliography o f Research Publications

S c ie n tif ic  J o u r n a ls
Alava VR, Lim C. 1988. Artificial diets for milkfish, Chanos 

chanos (Forsskal), fry reared in seawater. Aquaculture 
71:339-346.

Almendras JM, Duenas C, Nacario J, Sherwood NM, Crim LW. 
1988. Sustained hormone release. III. Use of gonadotropin­
releasing hormone analogues to induce multiple spawnings 
in sea bass, Lates calcarifer. Aquaculture 74:97-111.

Bagarinao T, Kumagai S. 1987. Occurrence and distribution 
of milkfish larvae, Chanos chanos off the western coast of 
Panay Island, Philippines. Environ. Biol. Fish 19:155-160.

Bautista AM, Carlos MH, San Antonio AI. 1988. Hatchery 
production of Oreochromis niloticus L. at different sex ratios 
and stocking densities. Aquaculture 73:85-95.

Bautista MN, De la  Cruz MC. 1988. Linoleic(w6) and linolenic 
(w3) acids in the diet of fingerling milkfish (Chanos chanos 
Forsskal). Aquaculture 71:347-358.

Bombeo-Tuburan I. 1988. The effect of stunting on growth, 
survival, and net production of milkfish (Chanos chanos 
Forsskal). Aquaculture 75:97-103.

Carlos MH. 1988. Growth and survival of bighead carp 
(Aristichthys nobilis) fry fed at different intake leads and 
feeding frequencies. Aquaculture 68:267-276.

Coloso RM, Benitez LV, Tiro LB. 1988. The effect of dietary 
protein-energy levels on growth and metabolism of milkfish 
(Chanos chanos Forsskal). Comp. Biochem. Physiol. 89A:11- 
17.

De la Pena LD, Chiu YN, Ganchero F. 1987. Evaluation of 
various leguminous seeds as protein sources for milkfish, 
Chanos chanos Forsskal, juveniles. Asian Fish. Sci. 1:19- 
25.

Duray MN, Kohno H. 1988. Effects of continuous lighting on 
growth and survival of first-feeding larval rabbitfish, Siganus 
guttatus. Aquaculture 72:73-79.

Fermin AC, Recometa RD. 1988. Larval rearing of bighead 
carp, Aristichthys nobilis Richardson, using different types 
of feed and their combinations. Aquacult. Fish. Manage. 
19:283-290.

Ferraris RP, Almendras JM, Jazul AP. 1988. Changes in 
plasma osmolality and chloride concentration during abrupt

transfer of milkfish (Chanos chanos) from seawater to differ­
ent test salinities. Aquaculture 70:145-157.

Garcia LMaB, Gapasin RSJ. 1988. An inexpensive tag for 
short-term studies in milkfish (Chanos chanos Forsskal) 
and in sea bass (Lates calcarifer Bloch). J. Appl. Ichthyol, 
4:101-104.

Garcia LMaB, Marte CL, Travina VS. 1988. A collecting 
gear for naturally-spawned milkfish (Chanos chanos 
Forsskal) eggs in circular floating net cages. Aquaculture 
68:83-86.

Garcia LMaB, Toledo JD. 1988. Critical factors influencing 
survival and hatching of milkfish (Chanos chanos Forsskal) 
eggs during simulated transport. Aquaculture 72:85-93.

Gerochi DD, Lijauco MM, Baliao DD. 1988. Comparison of the 
silo and broadcast methods of applying organic fertilizer in 
milkfish, Chanos chanos (Forsskal), ponds. Aquaculture 
71:313-318.

Kohno H, HaraS, Duray M. 1988. Transition from endogenous 
to exogenous nutrition sources in larval rabbitfish Siganus 
guttatus. Nippon Suisan Gakkaishi 54:1083-1091.

Licop MSR. 1988. Sodium-EDTA effects on survival and 
metamorphosis of Penaeus monodon larvae. Aquaculture 
74:239-247.

Marte CL 1988. An improved method for collecting naturally 
spawned milkfish eggs from floating cages. Aquaculture 
71:387-392.

Marte CL, Crim LW, Sherwood NM. 1988. Induced gonadal 
maturation and rematuration in milkfish: limited success 
with chronic administration of testosterone and gona­
dotropin-releasing hormone analogues (GnRHa). 
Aquaculture 74:131-145.

Marte CL, Sherwood N, Crim L, Tan J. 1988. Induced 
spawning of maturing milkfish Chanos chanos using 
human chorionic gonadotropin and mammalian and 
salmon gonadotropin-releasing hormone analogues. Aquac­
ulture 73:333-340.

Millamena OM, Bombeo RF, Jumalon NA, Simpson KL. 1988. 
Effects of various diets on the nutritional value of Artemia 
sp. as food for the prawn Penaeus monodon Fabricius. Mar. 
Biol. 98:217-222.

SEAFDEC/AQD 1988 Annual Report 45



Santiago CB, Aldaba MB, Laron MA, Reyes OS. 1988. Repro­
ductive performance and growth of Nile tilapia (Oreochro­
mis niloticus) Broodstock fed diets containing Leucaena leu­
cocephala leaf meal. Aquaculture 70:53-61.

Santiago CB, Lovell RT. 1988. Amino acid requirements for 
growth of Nile tilapia. J .  Nutr. 118:1540-1546.

Villaluz AC, MacCrimmon HR. 1988. Meristic variations in 
milkfish Chanos chanos from Philippine waters. Mar. Biol. 
97:145-150.

E d ite d  P r o c e e d in g s
Camacho AS, Macalincag-Lagua N. 1988. The Philippine 

aquaculture industry. Juario JV, Benitez LV, eds. Perspec­
tives in Aquaculture Development in Southeast Asia and 
Japan: Proceedings of the Seminar on Aquaculture 
Development in Southeast Asia, 1987, September 8-12, 
Iloilo City, Philippines. Iloilo, SEAFDEC AQD, 1988: 91- 
116.

Carlos MH, Santiago CB. 1988. Nursery and grow-out op­
erations for tilapia and carp. Juario JV, Benitez LV, eds. 
Perspectives in Aquaculture Development in Southeast 
Asia and Japan: Proceedings of the Seminar on Aquaculture 
Development in Southeast Asia, 1987, September 8-12, 
Iloilo City, Philippines. Iloilo, SEAFDEC AQD, 1988:281- 
292.

Corre KG. 1988. Nursery and grow-out operation and man­
agement of Penaeus monodon Fabricius. Juario JV, Benitez 
LV, eds. Perspectives in Aquaculture Development in South­
east Asia and Japan: Proceedings of the seminar on Aquac­
ulture Development in Southeast Asia, 1987, September 8- 
12, Iloilo City, Philippines. Iloilo, SEAFDEC AQD, 1988:245- 
267.

Duray MN, Juario JV. 1988. Broodstock management and 
seed production of the rabbitfish Siganus guttatus (Bloch) 
and the sea bass Lates calcarifer (Bloch). Juario JV, Benitez 
LV, eds. Perspectives in Aquaculture Development in South­
east Asia and Japan: Proceedings of the Seminar on Aquac­
ulture Development in Southeast Asia, 1987, September 8- 
12, Iloilo City, Philippines. Iloilo, SEAFDEC AQD, 1988:195- 
210.

Estepa F , Honculada-Primavera J. 1988. Broodstock manage­
ment and seed production of Penaeus monodon (Fabricius). 
Juario JV, Benitez LV, eds. Perspectives in Aquaculture 
Development in Southeast Asia and Japan: Proceedings of 
the Seminar on Aquaculture Development in Southeast 
Asia, 1987, September 8-12, Iloilo City, Philippines. Iloilo, 
SEAFDEC AQD, 1988:149-168.

Fermin AC. 1988. Broodstock management and seed produc­

tion of tilapia and carp. Juario JV, Benitez LV, eds. Per­
spectives in Aquaculture Development in Southeast Asian 
and Japan: Proceedings of the Seminar on Aquaculture 
Development in Southeast Asia, 1987, September 8-12, 
Iloilo City, Philippines. Iloilo, SEAFDEC AQD, 1988: 211- 
230.

Lacanilao F. 1988. Constraints and prospects in aquaculture 
development. Ohnishi E, Nagahama Y, Ishizaki H, eds. 
Proceedings o f the First Congress o f the Asia and Oceania 
Society for Comparative Endocrinology (ADSCE), 1987, No­
vember 4-7, Nagoya, Japan. Nagoya University, 1988: 359- 
364.

Llobrera AT. 1988. Effect of farming phase and in-plant 
processing on the microbiological quality of prawns (Pe­
naeus monodon). Seventh Session of IPFC Working Party on 
Fish Technology and Marketing; Bangkok, Thailand; 1988 
April 19-22. Fish Tech. News 11:2 (Abstract).

Marte CL. 1988. Broodstock management and seed produc­
tion of milkfish. Juario JV, Benitez LV, eds. Perspectives 
in Aquaculture Development in Southeast Asia and 
Japan: Proceedings of the Seminar on Aquaculture De­
velopment in Southeast Asia, 1987, September 8-12, 
Iloilo City, Philippines. Iloilo, SEAFDEC AQD, 1988:169- 
194.

Marte CL, Lam TJ. 1988. Hormonal changes accompanying 
sexual maturation in milkfish Chanos chanos Forsskal. 
Ohnishi E, Nagahama Y, Ishizaki H, eds. Proceedings of the 
First Congress of the Asia and Oceania Society for Compara­
tive Endocrinology (AOSCE), 1987, November 4-7, Nagoya, 
Japan. Nagoya University, 1988:183-184.

Marte CL. 1988. Milkfish culture and artificial propagation. 
Idler DR, Crim LW, Walsh JM, eds. Proceedings of the 
Third International Symposium on Reproductive Physiol­
ogy of Fish, 1987, August 2-7, St. John’s Newfoundland, 
Canada. Memorial University of Newfoundland, 1987:89- 
93.

Primavera JH. 1988. Training programs of SEAFDEC 
Aquaculture Department. Juario JV, Benitez LV, eds. Per­
spectives in Aquaculture Development in Southeast Asia 
and Japan: Proceedings of the Seminar on Aquaculture 
Development in Southeast Asia, 1987, September 8-12, 
Iloilo City, Philippines. Iloilo, SEAFDEC AQD, 1988:293- 
301.

Sitoy HS. 1988. Farming of mussels and oysters. Juario JV, 
Benitez LV, eds. Perspectives in Aquaculture Development 
in Southeast Asia and Japan: Proceedings of the 
Seminar on Aquaculture Development In Southeast Asia, 
1987, September 8-12, Iloilo City, Philippines. Iloilo,

46 SEAFDEC/AQD 1988 Annual Report



SEAFDEC AQD, 1988:231-248.

Subosa PF, Rokushika S, Kihara K, Hatano H, Murayama T, 
Kubota T, Hanaoka Y. 1988. Trace analysis of nitrite ion in 
seawater using ion chromatography. Proceedings o f the 
Symposium on Liquid Chromatography ’88, 1988, August 
26-27, Kyoto, Japan. Kyoto University, 1988:157-160.

Tuburan IB, Gerochi DD. 1988. Nursery and grow-out 
operation and management of milkfish. Juario JV, Benitez 
LV, eds. Perspectives in Aquaculture Development in South­
east Asia and Japan: Proceedings of the Seminar on Aquac­
ulture Development in Southeast Asia, 1987, September 8- 
12, Iloilo City, Philippines. Iloilo, SEAFDEC AQD, 1988:269- 
280.

Accepted for Publication
Ayson FG. The effect of stress on spawning and subsequent 

survival of larvae of Siganus guttatus (bloch). Aquaculture.

Bautista AM, Carlos MH, Acosta BO, Valera PB. Cage culture 
of Oreochromis aureus and Oreochromis niloticus hybrids in 
Laguna Lake, Philippines. J. Aqua. Trop.

Bombeo-Tuburan I, Agbayani RF, Subosa PF. Evaluation of 
organic and inorganic fertilizer in brackishwater milkfish 
pond. Aquaculture.

Cruz ER, Pitogo CL. Tolerance of milkfish fingerlings to 
formalin. Aquaculture.

Cuvin MLA, Furness RW. Mercury and selenium interaction 
in minnows (Phoxinus phoxinus). Aquat. Toxicol.

De la Cruz MC, Erazo G, Bautista MN. Effect of storage 
temperature on the quality of diets for the prawn, Penaeus 
monodon Fabricius. Aquaculture.

De la Cruz MC, Muroga K. The effects of Vibrio anguillarum 
extracellular products (ECP) on Japanese eels. Aquacul­
ture.

Garcia LMaB. Development of an ovarian biopsy technique in 
the sea bass, Lates calcarifer (Bloch). Aquaculture.

Garcia LMaB. Dose-dependent spawning response of mature 
female sea bass, Lates calcarifer (Bloch), to pelleted 
luteinizing hormone-releasing hormone analogue (LHRHa). 
Aquaculture.

Gonzales-Corre K. Polyculture of the tiger prawn (Penaeus 
monodon) with Nile tilapia (Oreochromis niloticus) in brack­
ishwater fishponds. Pullin RSV, Bhukaswan T, Tonguthai 
K, Maclean JL, eds. The Second International Symposium 
on Tilapia in Aquaculture. ICLARM Conference Proceed­

ings. Department of Fisheries, Bangkok, Thailand, and 
International Center for Living Aquatic Resources Manage­
ment, Manila, Philippines.

Millamena OM. Effect of fatty acid composition of broodstock 
diet on tissue fatty acid patterns and egg quality of pond- 
reared Penaeus monodon broodstock. Asian Fish. J.

Primavera JH and Gacutan RQ. Preliminary results of feeding 
aquatic macrophytes to Penaeus monodon juveniles. Aquac­
ulture.

Santiago AE. Limnological notes on the finfish production 
problem of Laguna de Bay. Nat. App. Sci. Bull.

Santiago CB, Pantastico JB, Baldia SF, Reyes OS. Milkfish 
fingerling production in freshwater ponds with the use of 
natural and artificial feeds. Aquaculture.

Tan-Fermin JD, Pudadera RA. A qualitative and quantitative 
study of the ovarian maturation stages in Penaeus monodon 
Fabricius. Aquaculture.

Trino AT, Fortes RD. Food preference of wild milkfish juve­
niles in connection with habitat and food availability. J. 
Aquacult. Trop.

Presented in Scientific Meetings

Alava V. Increased milkfish fingerling production through 
feeding. Workshop on Prospects and Future Directions for 
the Milkfish Industry, Tigbauan, Iloilo, 7 April 1988.

Subosa P. Pond fertilization for milkfish grow-out. Workshop 
on Prospects and Future Directions for the Milkfish Industry, 
Tigbauan, Iloilo, 7 April 1988.

Rokushika S, Subosa P, Hatano H. Trace analysis of nitrite ion 
by ion chromatograph. 49th Symposium on Analytical 
Chemistry, Moriyama, Japan, 2-3 June 1988.

Benitez LV. Amino acid and fatty acid profiles in aquaculture 
nutrition studies. Third Asian Aquaculture Nutrition Work­
shop, Bangkok, Thailand, 6-10 June 1988. (Presented by I. 
Borlongan)

Pascual FP. Status of shrimp nutrition and feed development 
in Southeast Asia. Third Asian Aquaculture Nutrition 
Workshop, Bangkok. Thailand, 6-10 June 1988.

Santiago CB, Reyes OS. Effect of feeding regimes on growth 
and survival of bighead carp (Aristichthys nobilis) fry. Third 
Asian Aquaculture Nutrition Workshop, Bangkok, Thai­
land, 6-10 June 1988.

SEAFDEC/AQD 1988 Annual Report 47



Basiao Z, Doyle RW. Use of an  in ternal control for comparison 
of size-specific growth of T ilapia strains. Third Interna­
tional Sym posium  on Genetics in  Aquaculture, Trondheim, 
Norway, 20-24 Ju n e  1988. (Poster Presentation)

Villegas CT. Evaluation of the salinity tolerance of Oreochro­
mis mossambicus, O. N iloticus and  the ir F 1 hybrids. Third  
International Sym posium  on Genetics in Aquaculture, Trond­
heim , Norway, 20-24 Ju n e  1988.

Subosa P, Rokushika S, H atano H, K ihara K. Trace analysis 
of n itrite  ion in  seaw ater using ion chromatography. Scien­
tific M eeting o f  the Society o f  Aquaculture Engineering 
Practitioners o f  the Philippines, Molo, Iloilo, 25 Ju n e  1988.

Subosa P, Rokushika S, K ihara K, H atano H, Mury am a T, 
Kubota T, H anaoka Y. Trace analysis of n itrite  ion in 
seaw ater using ion chromatography. Sym posium  on Liquid  
Chromatography ’88, Kyoto, Kyoto, Japan ; 26-27 August 
1988.

P ascu a l FP. Form ulated feeds for Penaeus monodon. A SE A N  
Workshop on Shrim p and Finfish Feed Development, Johor

Bahru, Malaysia, 25-29 October 1988.

Avila EM. Food consumption of the sea perch in captivity. 
International Foundation for Science Workshop on Fish Cul­
ture M anagement Techniques and Nutrition o f Fish, Malang, 
Indonesia, 14-19 November 1988.

Pascual FP. The effect of various levels of protein, fat, carbo­
hydrates and  energy on growth, survival and  body composi­
tion of Chanos chanos fingerlings. International Founda­
tion for Science Workshop on Fish Culture Management Tech­
niques and Nutrition, M alang, Indonesia, 14-19 November 
1988.

Agbayani RF. Economics of milkfish culture in  the Philippines. 
Regional Workshop o n  M ilkfish Culture Development in 
the Pacific, Tarawa, Republic of Kiribati, 21-25 November 
1988.

Garcia LMaB. Fisheries biology of m ilkfish (Chanos chanos 
Forsskal). Regional Workshop on M ilkfish Culture Develop­
m ent in the Pacific, Tarawa, Republic of Kiribati, 21-25 No­
vember 1988.

48 SEAFDEC/AQD 1988 Annual Report



SENIOR STAFF (AS OF DECEMBER 3 1 , 1988)

M ANAG EM ENT ST A F F

Lacanilao, Flor Ph.D. Zoology/Comparative Endocrinology & 
F ish  Physiology)
U niversity of California a t Berkeley 
1971

Chief

Fukumoto, Satoru B.S. (Fisheries)
Kagoshim a College of Fisheries 
1949

D eputy C hief

M arte, C larissa M.S. (Zoology)
U niversity of the  Philippines 
1971

Head, Research Division

Prim avera, Ju rgenne M.A. (Zoology) 
Ind iana University 
1969

Head, T rain ing  Division

Cuevas, Rufil B.S. Agriculture (Agricultural Economics)
U niversity of the  Philippines
1970

Head, A dm inistrative Division

Sulit, Virgilia M.A. (Statistics) 
U niversity of Bombay 
1974

Head, Inform ation Division

Alger, Rene B.S. Commerce (Accounting-CPA/Economics)
U niversity of Iloilo
1964/1965

Head, F inance Division

De los Reyes, Ben B.S. Commerce (Accounting-CPA) 
Bachelor of Laws (Lawyer) 
W estern In stitu te  of Technology/ 
U niversity of San Agustin 
1971/1985

In-House Legal Counsel

R E SE A R C H  ST A F F

Acosta, Belen M.S. F isheries (Aquaculture) 
U niversity of the Philippines 
1984

Fish  H atchery

Agbayani, Renato MBA (Business M anagement) 
U niversity of the Philippines 
1972

A quaculture Economics

Alava, Veronica M.S. Fisheries (Aquaculture) 
U niversity of the Philippines 
1979

A quaculture N utrition

SEAFDEC/AQD 1988 Annual Report 49



Almendras, Jesus M.S. (Marine Biology) 
University of the Philippines 
1982

Fish Hatchery

Antiporda, Jocelyn M.S. (Zoology)
University of the Philippines 
1984

Crustacean Culture

Aquino, Nieves* M.S. (Fisheries) 
Kagoshima University 
1988

Crustacean Breeding

Avila, Enrique Ph.D. (Biology) 
University of Heidelberg 
1987

Fish Hatchery

Bagarinao, Teodora* M.S. (Marine Biology)
(Marine Oceanography)
University of California-San Diego 
1982

Larval Ecology

Baldia, Susana* M.S. (Biology)
University of the Philippines 
1984

Larval Pond Culture

Basiao, Zubaida* M.S. (Zoology)
University of the Philippines 
1976

Aquaculture Genetics

Baticados, Ma. Cecilia M.S. (Biology)/M. Aquaculture 
University of the Philippines 
1980

Fish Health

Bautista, Myrna M.S. (Food Science) 
University of the Philippines 
1980

Aquaculture Nutrition

Bombeo, Ruby M.S. Fisheries (Aquaculture) 
University of the Philippines 
1983

Larval Food Culture

Borlongan, Ilda M.S. (Chemistry)
University of the Philippines 
1982

Aquaculture Nutrition

Castillo, Antonio M.S. (Fisheries) 
Miyazaki University 
1988

Fish Hatchery

Catacutan, Mae M.S. (Fisheries) (Marine Animal Nutrition)
Kagoshima University
1982

Aquaculture Nutrition

Coloso, Relicardo* M.S. (Biochemistry)
University of the Philippines 1980

Aquaculture Nutrition

50 SEAFDEC/AQD 1988 Annual Report



Corre, Kaylin M.S. Fisheries (Aquaculture) 
University of the Philippines 
1983

Pond Culture

Cruz, Erlinda M.S. (Marine Biology) 
University of the Philippines 
1981

Fish Health

Cuvin, Ma. Lourdes M.S. (Biology) 
University of Glasgow 
1985

Lake Ecology

De Castro, Ma. Teresa M.S. (Environmental Engineering) 
University of the Philippines 
1982

Shellfish Farming 
Seaweed Culture

De la Cruz, Margarita M.S. Fisheries (Fish Diseases) 
Hiroshima University 
1986

Fish Health

De la Pena, Milagros M.S. (Marine Biology) 
University of the Philippines 
1983

Larval Food Culture

De Mesa, Imelda* M.S. (Statistics)/M.A. (Economics) 
University of the Philippines 
1980/1985

Statistics

Dhert, Philippe M.S. (Hydrobiology) 
University of Ghent 
1986

Artemia Culture

Dogma, Irineo, Jr. Ph.D. (Botany/Protozoology, Biochemistry)
University of Michigan
1970

Fish Health

Duray, Marietta M.S. (Biology) 
University of San Carlos 
1977

Fish Hatchery

Estepa, Fe Dolores M.S. Fisheries (Aquaculture) 
University of the Philippines 
1982

Crustacean
Physiology and Hatchery

Fermin, Armando M.S. (Aquaculture)
Central Luzon State University 
1985

Fish Hatchery

Fermin, Josefa Tan M.S. (Zoology)
University of the Philippines 
1982

Fish Breeding

Fernandez, Roselyn M.S. Fisheries(Aquaculture) 
University of the Philippines 
1983

Fish Health

SEAFDEC/AQD 1988 Annual Report 51



Ferraris, Ronaldo* Ph.D. Zoology
University of Hawaii at Manoa 
1982

Fish Physiology

Gacutan, Rogelio M.S. (Botany)
University of the Philippines 
1974

Fish Health

Gallego, Amalia M.S. Fisheries (Aquaculture) 
University of the Philippines 
1986

Fish Hatchery

Garcia, Luis Maria M.S. (Zoology) 
University of Alberta 
1984

Fish Breeding

Gerochi, Dante M. Aquaculture 
University of the Philippines 
1984

Pond Culture

Golez, Nelson M. Agriculture (Agriculture Chemistry)
Kyoto University
1988

Soil Chemistry

Gonzales, Ernesto* M.S. (Economics) 
Asian Social Institute 
1981

Aquaculture Economics

Javellana, Gilda M.S. (Zoology)
University of the Philippines 
1985

Crustacean Hatchery

Kume, Tsuneo D. Agriculture (Fisheries/Microbiology)
University of Tokyo
1977

Feed Development

Lacanilao, Flor Ph.D. Zoology (Fish Physiology) 
University of California at Berkeley 
1971

Fish Breeding

Licop, Ma. Suzette M.S. (Zoology)/M. Aquaculture 
University of the Philippines 
1981/1982

Crustacean Hatchery

Llobrera, Jose Ph.D. (Fisheries Science) 
Texas A&M University 
1983

Fish Physiology

Marte, Clarissa M.S. (Zoology)
University of the Philippines 
1971

Fish Breeding

Mesa, Romeo M.S. Fisheries (Aquaculture) 
University of the Philippines 
1986

Pond Culture

52 SEAFDEC/AQD 1988 Annual Report



Millamena, Oseni M. Engineering (Environmental Engineering)
Asian Institute of Technology
1968

Aquaculture Nutrition

Nagai, Akimasa B.S. Fisheries (Aquaculture)
Nihon University
1965

Fish Breeding

Palisoc, Fermin* M.S. (Zoology)
University of the Philippines 
1982

Fish Health

Parazo, Monina M.S. Fisheries (Nutritional Chemistry)
Kagoshima University
1987

Aquaculture Nutrition

Pascual, Felicitas Ph.D. (Nutrition)
Iowa State University 
1968

Aquaculture Nutrition

Penaflorida, Veronica M. Agriculture (Animal Science) 
West Visayas State College 
1979

Aquaculture Nutrition

Pitogo, Celia M.S. (Marine Biology) 
University of the Philippines 
1984

Fish Health

Po, Gilda* M. Public Health (Microbiology) 
University of the Philippines 
1973

Fish Health

Ponce, Anicia D. Agriculture 
Kyoto University 
1988

Seaweed Culture

Primavera, Jurgenne M.A. (Zoology) 
Indiana University 
1969

Crustacean Breeding

Quinitio, Emilia* M.S. Fisheries (Aquaculture) 
University of the Philippines 
1980

Crustacean Hatchery

Quinitio, Gerald* Ph.D. Fisheries 
Hokkaido University 
1988

Fish Breeding

Rodriguez, Eduard M. Fisheries Sciences 
Nagasaki University 
1987

Pond Culture

Romana, Ma. Rowena M.S. (Genetics) 
University of Wales 
1985

Aquaculture Genetics

SEAFDEC/AQD 1988 Annual Report 53



Santiago, Alejandro M.A. (Zoology) 
Indiana University 
1978

Lake Ecology

Santiago, Corazon Ph.D. (Fish Nutrition) 
Auburn University 
1985

Aquaculture Nutrition

Solis, Noel M.S. (Biology)/M. Aquaculture 
University of San Carlos/University of the 
Philippines 
1976/1983

Ecology and Pond Culture

Tamse, Catherine* M.S. Fisheries (Aquaculture) 
University of the Philippines 
1979

Fish Health

Tiro, Lillian* M.S. (Marine Biology) 
University of the Philippines 
1980

Aquaculture Nutrition

Trino, Avelino M.S. Fisheries (Aquaculture) 
University of the Philippines 
1986

Pond Culture

Tuburan, Isidra M.S. Fisheries (Aquaculture) 
University of the Philippines 
1980

Pond Culture

Ver, Leo Michael* M.S. (Marine Biology) 
University of the Philippines 
1981

Shellfish Culture

Villegas, Cesar Ph.D. Agriculture (Plant Breeding)
Iowa State University
1970

Aquaculture Genetics

Young, Paciencia* M.S. (Biology) 
University of San Carlos 
1978

Fish Physiology

T R A IN IN G  A N D  IN FO R M A T IO N  ST A FF

Amar, Edgar M. Aquaculture
University of the Philippines
1987

Training Officer

Lacierda, Rodrigo M. Aquaculture
University of the Philippines
1984

Training Officer

Ladja, Jocelyn M. Aquaculture
University of the Philippines
1987

Training Officer
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Ortega, Marubeth M. Library Science 
University of the Philippines 
1986

Head, Library

Roldan, Raul M. Aquaculture
University of the Philippines 
1983

Training Officer

*On leave

AQUACULTURE DEPARTMENT ADDRESSES

MANILA LIAISON OFFICE 
SEAFDEC Aquaculture Department 
Suite 901, State Financing Center Bldg. 
Ortigas Avenue., Mandaluyong 
Metro Manila, Philippines

Cable Address: SEAFDEC MANILA 
Tel. 721-57-68 to 70 
Telex: 29078 SEAFDC PH 
Telefax: 63-2-7211342

ILOILO LIAISON OFFICE 
SEAFDEC Aquaculture Department 
P.O. Box 256, Iloilo City, Philippines

Cable Address: SEAFDEC ILOILO 
Tel. Nos. 7-66-42, 7-05-05, 7-45-35
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A Q D  O r g a n iz a t io n a l C h a rt

O FFIC E  o f  th e  
C H IE F

O FFIC E  o f  th e  
D E P U T Y  C H IE F

IN TER N A L  
A U D IT

M ANILA  
L IA ISO N  
O FFICE

R E SEA R C H

B R E E D IN G

FARM ING  
SYSTEM S

FE E D  
D E V ELO PM EN T

F ISH  
H EALTH

TRAINING

TRAINEE  
A FFA IR S

T R A IN IN G  
C O U R SE S

IN STR U C TIO N A L  
M ATERIALS

ADM INISTRATIO N

G ENERAL  
SE R V IC E S

PE R SO N N E L

E N G IN E E R IN G

FINANCE
A C CO UNTING

CASH IER IN G

INFO RM ATIO N

DO CU M EN TA TIO N

PU B L IC A T IO N S

TEC H N O ­
T R A N SFE R
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