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Progress of Thailand and Japan Joint
Coastal Aquaculture Research Project

{April 1981 - March 1984)

Munekazu Masuo

Introduction

The Japanese Basic Design Survey Team, organized by the Japan
International-Cooperétion Agency (hereinafter referved to as JICA) and

headed by Dr. M. Fﬁjiya, visited Bangkok in October, 1979.

With Commander Swarng Charernphbl, Director General, Department of
Fisheries,-Ministry of Agriculture and Cooperatives, they discussed the
establishwent of a Coastal Aquacultufe Research Center at Songkhla and, on
Oétober_B,.1979; signed'"Minuﬁes of Discussion on the Censtruction Project
of the Songkhlé Coastal'Aquaculture Center, - the Kingdom of Thailand", con-

cerning a Thailand-Japan Joint Coastal Aquaculture Reseavch Project.

- A second mission, the Japanese Twplementation Survey Team, alsa
organized by JICA and headed by Dr. M. Fujiya;'visitéd Bangkdk in October
1980 and discussed the coastal aquaculture development project. On October
27, 1980, they signed "The Record of Discussions between the Japéﬁese
Tmplementation Survey Team and the Authorities Concernedof Thailand on
the Japanese Technical Cooperation for ﬁhe Coastal Aquaculture Development

Project'.

Since then, both governments have cooperated-Qith-each'other in
impleménfing the coastal aquaculture development project for the purpose
of developing coastal aquaculture in Thailand. .This ﬁill help to promote
the production of protein sources in the ceoastal area, as well as increas-~

ing employment opportunities for the Thal people.
The construction of a building for this center started in May 1980
and was completed in March 1981.

The project itself started in April 1981 and, since themn, reéearch

hag been carried out for the purpose of improving technology and knowledge.

Note: [The name of the Songkhla Coastal Aquaculture Center was changed to
the National Tnstitute of Coastal Aguaculture (NICA)_in September
1981. o .
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The schedule of the Coastal Aquaéulture Development Project,

The duration of the project is five years from April 1981: the pro-

ject consists of the following subjects.

From lst yvear to 3rd year.

1. Seed production procedures.
Bfood stock rearing.
Egg and larva rearing.

Food organism rearing.

2., Intensive culture procedures.
Growing procedures.
Fisﬁ nutrition.
Fish health contrel.

3. Field developﬁent procedures,
Survey of fish culture field.
Survey of fish distribution.

Survey of major fish spawning ground.

From 4th to 5th vyear.

1. Practical modification of seed production technique,
2. Practical modification of fish growing technique.

3. Practical modification of field survey technique.

The research work by the Japanese experts.

As mention above, Jépanese experts, Mr. M. Masuo, Team Leader, and

Mr. T. Yokokawa arrived in Songkhla in April 1981.

Later on Mr. T. Watanabe arriVed in August 1981. The short term ex-
perts who take part in research cooperatiom at the National Institute of
Coastal Aquaculture in Songkhla are; Dr. S. Arai, fish nutrltlon, br. K.

Fukusho, seed productlon Mr. T. Matsusato, fish health coutrol, dr. K.

'Okubo, chemlcal analy513, Dr Y. Taki, flsh taxonomy, My, T. SumlLa, marine

-environment, Mr. H. Konno, egg -and larva taxcnomy, Mr. T, Shimizu, fish

- taxonomy;

These Japanese experts carry out cooperatlve regsearch work with the

_Thai researchers in NICA.



In October 1982, a Japanese Technical Guidance Team, organized by JICA
and headed by Dr, Y. Taki visited Thailand and discussed with the NICA
staff members the problems_of the preject. The Team presented a "Brief
Report'" in which several problems with the development of the project were

pointed out.

In November 1983, the same team visited Songkhla, this time headed by
Dr. M. Fujiya. Discussions were held with NICA staff members and the team
presented a '"Brief Report" which was mainly on the extension and expansion

of the project in future.

(4) Research facilities and equipment.

Initially, in 1980, the Coastal Aquaculture Research Center building,
the dormitory, the fish rearing facilities and much equipment were all
donated by Japanese Government.

During the period 1981 - 1983, a lot of machinery and equipment as
well as a new survey boat were also donated by JICA,

A summary of the budget for the building, facilities, equipment and

other things supplied By the Japancse Government and JICA:

(unit: thousand Yen)

Center building 1980 680,000
Equipment A " 120;000
" 1981 : 35,000

" 1982 90,000

" 1983 80,000
Total . 1,005,000

(5)  Research activities

Since Japanese experts arrived in Songkhla in 1981, they have done
their best, with their Thai counterparts, to improve research techniques

and to create new techniques for coastal aquaculture,

They have been conducting laboratory as well as field experimentation

cooperatively each season, based on mutual respect and understanding.

During this period of cooperation, more Thai staff members were
recruited and trained. Improvement of the laboratory, with machinery and

apparatus donated by JICA, has gradually made it possible for more elabo-
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rate experimentation to be conducted in the laboratory as well as in the

field,.

In spite of the deficient condition of the laboratory and the shortage

in number of researchers in the cooperative research fleld in NICA at the

- beginning of the project, the project has steadily developed “through the

mutual undevstanding and cooperative efforts betweem NICA staff members.
and the Japanese project team, and w1th the continuing encouragement of
Japanese project team, and with the continuing encouragement of the

authorities concerned in Thailand and Japan.

From the Thai government, more budget for site development was con-
tributed, resulting in the construction of an officials’ residence, a

road, a fence and the other facilities on the NICA premises.

Field trips have beeén made and observation work done by the Japanese
experts and theitr counterparts. This opportunity was also taken to ex-

change opinions and cultural background between the two nations.

Most of the Thai junior staff members visited Japan for a short term
training period of four months. Which helped to upgrade their research
capabilities. |

With better facilities and a better trained staff of researchers, more
sophisticated research can be conducted which produces new findings lead-
ing to basic solutions to fundamental and practical problem in protein

food crop pfoductionf

Future views,

In November 1983, a Japanese Technical'Guidancé Team, organized by

JICA and headed by Dr. M. Fujiya, visited Thailand.

They exchanged views with and had a series of dlSCUSSlOHG with, the

NICA staff members and Japanese -experts concerned on the progress in

’ research act1v1tles and on future views.: From this exchange of views and

‘discussions, the team produced a "Brief Report'.

,Séed,P:aduction

,"TheﬁreéultSfof the seabass seed production techniques were highly

-'préiséd-_ In Future, it is de31rable that this research plan prepared by
'}NICA be’ put into effect to the fullest extent. In view of the importance

Hof-experlmental data for the establishment of seed production system sult-



able for local conditions, it is suggested that, conjunction with the ope~
ration of mass production of seced, data necessary for the above purpose

should be recorded for fature analyges.

Brood Stock

The rearing of Gréuper for brood stock has met with considerable dif-
ficulties due- to seasénal changes in environmental conditions. In the =
neaf'fﬁture, NICA should have facilities for this brood stock on the

premises.

Food QOrganisms -

- In NICA Staff cbncerned has planned to make as much use as possible
ol 1oca1 regource orgdnlsms for Lhe pTOdUCthD of food for fish larvae, in
addlthﬂ to uqlng some 1ntroduced organisms. Tn future, more research

work should be done on food organism rearing.

Intensive culture
1he research SUbJQCtS taken up . in the [irst year concerning intensive
flsh culture should be contlnued in the future, 1n ordel to mdke experiment-

al data more lellﬂble and hence more useful by accumulation.

Fish HeéltH.COAtfol

_ The study sectlon concernlng flsh disease and health control should

be re1nforced both in terms of blologlbtq and study level.

Field Development

The survey field should be extended to coastal waters adjacent to the
lake. Sﬁrvey of the iuner part of the lake is also desirable, since the
environmental condition of the outer part cannot be comprehensively under-

stood without data on the inner part as well as coastal aveas.

Surveys

Biological information which can be secured from surveys of fish -
distribution and spawning is-of great importance as reference data For the

rearing and propagation of fish and the procurement of natural seed.

In future, these researches will be more extensive than they are now.
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Effect eof Tropical Monsoon on Seahass Culture,

Mainly, this report describes the problems of seéabass culture tech-
nique. During the past three years, we have studied rhe seed productionm,
food organisms and spawning ground environment of the seabass; because

this fish easily adapts to tropical monsoon areas.

During monsoon season in the tropical region, the coastal area becones
a brackish-water arvea, whilé water in the 1agoqns and at the mouths of
rivers changes to pure, fresh water. BEven during the dry season, if therxe
is a heavy rain squall in the mountains, the water at the mouths of rivers
becomes fresh immediately. The winds and waves of mongoon season are very
high; the highest wind over 30 knots. Thercfore, the net cages and olther

fish culture equipment cannot be used in the coastal area except during

"dry season, and the fish culture avea is limited only to lagoons and river

wmouths.

Because of these limitations, selection of fish which can bear low
salinity levels is preferable to Cthe selection of marine fish. The seed
production of seabass has proceeded at the National Institute of Coastal
Aquaculture for three years because this is the most suitable culture fish
under these conditions. This is attested to by the fact that the growth
rate of this fish is good in water of 20-22 o galinity, and the fingef—

ling (30 days from hatch-out, 2 cm length) is soon adapted to fresh waterx.

Recently, many farmers have cultured this fish in Songkhla Lake, as
well as in estuary bay and other river mouths. Because the envivonment in
each of these areas is very different, wé should have more réséaréh'data
on environmental factors effecting each area. This will lead, in turn, to

furure development and expansion of the cultivation of seabass.



Fry Production of Seabass, Lates calcawifer, at

- National Institute of Coastal Aquaculture in 1983,

Hiwes Ruangpanit, Sujin Mancewong and Tida Pechmanee

Introduction

Seed production of seébass, Lates calcavifer, is oﬁe of the main projects
of the Natiohal Institute of Coastal Aquacul ture (NICA). It has been carrvied
out in ovder to sell seabass to both ﬁrivate hatcheries and fish farmers and
to provide seahass for other governmental projects. The remaining seabassg are
released into the sea in order to preserve resources. Reported here are the

procedures and results of seed production at NICA in 1983.

Materials and Methods

Broodstock of about 4 kg in bbdy welght were taken from the netcage and
raised in 2 concrete tanks of 10 m in diameter and 2 m in depth for the 2 weeks
prior to spawning season. Forty nine fish were placed in one tank and 30 in
the other. During spawning season, broodstock were fed 1% of their body weight

with good guality trash fish daily.

Eggs and newly hatched larvae were collected fyom the spawning tanks on
the morning following spawning and reared in 26 tom tanks for 12 -~ 15 days.
The different densities present in the tanks depended on the number of tanks
available after each spawning as well as the number of eggs spawnéd. Dara was
recorded from 1 or 2 selected tanks of each spawning group, a total of 9 sample

tanks in all.

After 12 - 15 days, seabésé fry begin to show a wide range in body size
and are rveady to begin cannibalism. Therefore, around that time larvae bigger
than about 6 mm began to be transferred to 12 ton tanks, with an initial
density of from 2,167 to 2,583 individuals per ton. This grading, using a
bucket with pores through which larvae of a certain size could move, was con-
tinued every 3 - 5 days. -During the entire nursing period, 5 buckets with
gradually larger pore sizes were used. Nursihg continued until the larvae size

ranged from 1.5 to 3.0 cm. Data was recorded from 3 or & sample tanks of each

spawning group; a total of 23 samples in all.

Larvae were given rotifer, Brachionus plicatilis, from the 2nd day to
about the 10th to 15th day after hatching. Rotifer were cultured in 26 ton
tanks and fed with Chlorella sp., Tetraselmis sp. or unidentified blue green

algae grown in separate 26 ton tanks. WNauplii of brine shrimp, Artemia salina,
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were fed to the larvae from about the 8th to 10th day until the 30th day.

Water flea, Moina sp. or Daphnia sp. cultured in 12 and 50. ton tanks were col-
lected with a net and given to the fish to supplemeﬁt the Brine shrimp feeding
during the pefiod from the 20th to the 25th day. Frowm the 25th day after hatch-

ing, minced fish meat was given to the fish as food.

From 1.1 to 2.2 tons of water containing Chlorella sp. or Tetraselmis sp.
was added to the fish rearing tanks daily to.stabilize water quality and to

enhance propagation of rotifer in the fish rearing taunks.

Thirty to fifty percent of the watex in the [ish reariung tanks wag re-
placed daily with fresh sea water, and dirt. deposited -on the tank bottoms was

siphoned out.

Water temperature in the tanks ranged from 28.5%°C to 30.5°C.

Results

The first spawning of seabass took place at the end of March and the last

in September. Spawning occured twice in May and there were 7 spawnings in all,

Initial number of eggs or newly hatched larvae stocked, number of fish

harvested and survival rate in each 26 ton sample tanks are shown in Table 1.

Table 1. Survival rate of 15 day old larvae of seabass
cultured in 26 ton tanks.

Tank Initial stocking Harvested r—_Survival-rate
number number 7
1 332,482 150,000 45.1
2 831,600 472,000 56.8
3 1,755,000 770,000 43,9%
4 1,000,000 600,000 60.0
5 . 984,000 570,000 57.9
6 910,000 470,000 47.8
7 1,150,000 _ 708,000 61.6
8 1,200,000 350,000 29.2
9 1,104,000 594,000 | 53.8
Average | 939,010 489,250 52.1

* Data for sample tank 3 are excluded in the calculation of
averages since its harvested number includes those larvae

hérbéstéd before the 15th day after hatching.
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The éurvival rate ranged from 29,2% to 61.6%. No clear tendency was obseryed
in the relationship between stocking number and survival rate, though a high
iuitiél stocking number of 1.2 million resulted in the highest mortality rate
(Fig. 1). On average, with 939,010 as the initial stocking number, 489,250

fifteen day old fry were produced with an average survival rate of 52.1%.
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Initial stocking number

Fig. 1. Relatiosship between survival rate and
initial stocking number of larval seabass.

_The survival rate for the 23 samples which were reared from 15 day old to

a total length of 1.5_cm to 2,5 cm was 68.2%.

Amount of rotifer and brine shrimp fed daily and total length of fish are

shown in Table 2 for three sample tanks.

In tank 1, for fish fry of 332,480 in initial stocking number, a total of
4.54 x 10° rotifer were given as feed in 15 days of rearing. Brine shrimp
were fed to the fish from the 9th day and the total amount was 3.45 x 10°%.
After the 15 days of rearing, Fish fry attained an averaged total length of 8.6

mm,

In tank 2, a total of 5.86 x nglrotifers were fed to fish of 831,600 in
inicial stocking number. DBrine shrimp feeding was started on the 9th day and
the total amount was 2.2 x 10°%. Fish fry attained an average total length of

6.5 mm in the same period.
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In tank 3, a total of 7 x 10° rotifers were fed to fish of 1,755,000 in
initial stocking humbéf.' Brine shrimp feeding was started on the 8th day and
the totai amount was 4.9 x 10%. Fish attained an average total length of 5.7
mm., From the 11leh day to'lﬁth day.Z0,000 to 200,000 larvae were harvested

daily as the tank became overcrowded.

Comparing_these results, it can be said that fish fry grew faster at a
lower stocking demsity, as indicated by the [act that tank 1 showed the fastést
growth of fish. The numbers of rotifer used to prodice one, 15 day old fry
were 30,000 and 12,000 for tanks 1 and 2. respectively, while those of brine
shrimp were 2,300 and 466. 1In tank 2, the amounts of rotifer and brine shrimp
.per produced fry were much smaller than in tank 1. Further study is_required,
however, ﬁo decide the most suitable stocking density and best feeding method

to bring about the optimum growth rate.

Table 3 shows the number of produced seabass Fry according to age'aﬁd size.
A total of 12.7 million fry was produced in 1983, with 8 -~ 15 day old fry of
3 - 8 mm. in total length as the largest group, followed by 2 -~ 7 day old fry
of 2 = 3 mm,

Table 3. Production of seabass fry by age and
by size from NICA hatchery in 1983.

Age Size of larvae Ratio

(days) (total length in mm) Number (%)

2 - 7 2 - 3 5,560,000 43,7

8 - 15 3-8 6,036,200 47.5

25 - 35 10 - 15 1,013,000 8.0

36 — 45 15 - 25 101,367 0.8
Total production 12,710,567

0f the amount fry produced, 52.8% were sold to private hatcheries and

16.1% were distributed to government hatcheries,'mainly at younger stages for
further rearing. Twenty-nine percent of the fry were stocked in the sea. The
remaining 2% of the fry of larger than 1.5 cm in total length were distributed
to fishermen to promote the government's Poor village Fisheries Development

Project (Table 4).
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Table 4. Ratio of seabass fry produced for selling;

distribution, restocking, and Poor Village
Fisheries Development Project (PVFDP),

Ratio Size of fish

Purpose Number of fish ). (total length in mm)
Selling 6,714,367 52.8 °  2-5 mm and 10~25 mm
Distfibution.to . .
government 2,046,700 6.1 . 3-6 mm
hatcheries '
Restocking 3,694,500 S 29.1 : 8 mm
PYTDP 255,000 2.0 15-25 mm

Total 12,710,567 . 100.0

~12-



Studies on the Seed Production of the Seabass,
Lates calearifer. 1. Present Status of Production and Sowe
Results of Reaving in 1982 at National Institute of -

‘Coasgtal Aquatulture,.Thailand.

Sujin Maneewohg, Tanan Tattanon and Tatsuo Watanabe

Tntroduction

On-October l6, 1981, the Thailand and Japan Joint Committee for the Coastal
'Aquaculture'Development Project'iniThailand was- held at the Nationai Tnstitute
of Coastal'Aquaculture (NICA),'Sdhgkhla, and a five-year reséarch'pfogram was
agreed upon., A study for the eqtabllshment of a technlcal manual for seed
prodUCLlon of the seabass, Lates calcartféf (Bloch), aLmlng at a constant _
supply of seed, was 115ted as one of the regsearch subjecLa to be undertaken in
~the program Lnasmuch as seed productlon of this. species had already been con-
ducted on a con51derably largo scale at NICA and, on other scales, at other
governmenLal flsherles stations as well as at several private hatcheries, I
'expected that ‘a standardized method of production had already been established.
During .my. paiticipatiou in_the'séed production of the fish-and the culture of
fOerOrSaniSmS at NTCA in April - July 1982, however, I faced several problems
and difficulties,_amd céme.to'realize that not a few technical problems remain-
ed to be worked out, In this paper, I will report on these problems, describe
the leSUlLS of the. production of geed and food organlsms, and discuss . the ways

to solve the prob]ems.

Production -of L. calcarifer seed
1 Réaring procedures

Bince ‘the methods of seed productlon of L caanrzféP belng employed
at NICA have already been reporLed by’ Manewongsa et al. (1981), only a
brief description is made of spawning and rearing procedures observed in

1982.

on Marchlll5 1982, seven—year—old spawners, which héd been stocked at
the Boa~Keng*subStation'locatedhdn the outer pqrt'of Songkhla Lake and
.whlch measured 7.2 kg in mean body weight, werc transferred 1nto three
Spawnlng tanks at NICA. ~The tanks were round, concrete ponds of 150 ton
_'caﬁacity. The number of spawners introduced into each tank was 24, and

their sex ratio was estimated at about 1 : 1.

-13-
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Spawning took place [rom evening to midnight for three to five con-
secutive days, starting froﬁ three to five days after full moon. Hggs were
collected on the Follawing morning with fine-meshed nets and placed in
rearing tanks, passing through 1 mm mesh screen in order to remove floating

algae and other foreign substances.

The process of larval rearing at NICA can be divided into two steps.
The first step, which is called “primary rearing" in this paper, extends
from hatching to a larval size of 4 - 6 nm in total length {(TL), 10 -~ 15
days after hatching. . Larvae produced in this step are distributed to
private hatcheries and middlemen for export. The second step, termed
"secondary rearing", covers the following period, up to 10 - 25 mm sizes.
Juvenile of these sizes are distributed to local fish farmers for the

production of marketable fish.

For primary rearing iu-1982, larvae were placed.in three to six 30-ton
concrete tanks with filtered sea water which was partly replaced with new
water every morning, at an exchange rate of 10 - 50% of total volume of
tank water. Water temperature ranged from 27°C to 29°C, and salinity from
30%. to 32% . Feeding with the rotifer, Brachionus plicatilis, was com-
menced on the second day after hatching, corresponding with the completion
of mouth opening which was generally observed in the afterncon of the
second day. Green water with fully propagated phytoplankton (Chlorella sp.,
Petraselmis SP., and a species of bluegreen algae) was added to the tanks
during the period of rotifer feeding. Larvae of about 4 mm TL and larger

were fed Artemia nauplii together with rotifer.

For the secondary rearing, 15-ton concrete tanks were used. Rearing
water was changed every other day at a rate of about 807 of the total
volume of rearing water. Larvae and juveniles were fed Arfemia nauplii,

Moina Sp., and minced fish meat.

Results of rearing

Ftum_ﬁptil,to July, spawning toock place once a month, and seed produc-
tion was conducted in four series. Since my work in these series was

mainly on the production_of food organisms and, hence, restricted mostly to

~the primary_rearing, the following observations are limited mostly to the

results of the four series of primary rearing.

In the first-series primary rearing (April 14 - May 4), eggs were

stocked in five, 30-ton tanks. The number of larvae on the first day aftex

~1 e



hatching was estimated at about 0.8 million each in two tanks, and about 2
million each in the other three tanks (Table 1)}. ‘The growth of the larvae
was smooth in the former Lwo tanks with the low stocking densily; whereas,
in the latter three tanks, the growth of the larvae was retarded particular-
1y between 3 mm and 4 mm TL (Fig., 1), Although an attempt was made to
recover their retarded growth by transferring part of the larvae from two
‘of the latter three tanks into two other tanks on the 7th and 8th days ve-
spectively, their growth still remained at a low rare. In one of these
tanks, in particular, the larvae were much smaller than in other tanks,

with a mean 1L of 3.15 mm on the 13th day. Rearing in this tank was there-

fFore cancelled.
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Fig. 1. Growth of seabass larvae in the First-series
primary rearing.

0 : Tank No.l; e: No.2; a: No.3;
A No. 3-1; w: No.4; o: No.4-D; o: No.5.

In the second-series primary rearing {May 1 - June 1}, we attempted to
stock larvae in a graded series of stocking densities in six tanks, i.e. 10
larvae/% water, 20/%, 30/%, 40/%2 (two tanks), and 50/%. The initial densi-
ties of larvae were estimated by the number of eggs calculated in the count
of eggs in 100 mQ of water out of 1 ton of water containing eggs. However,
we failed to make on accurate count of eggs and, hence, estimation was made
again of the number of larvae on the first day after hatching, based on the
counts.of larvae in 1 & of reaving water from 9 different points around the
rearing tank (Table 2). Decrease in growth rate was noted, again in a size

range of 3 mm to 4 mm TL, in this case at all density levels (Fig. 2), most
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probably dndicating insufficiency in the amount of rotifer giveu to the
larvaa. Artemia was then fed to the larvae to supplement rotifer [rom the

8th - 1lth days after hatching.
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Fig. 2. Growth of seabass larvae in the second-series
primary rearing.

e: Tank No.l; o: WNo.2; a4: No.3;
A: No.4; B: No.5; O: No.6.

Despite the fact that the larvae at that time were 3.3 - 3.7 mm in mean TL
and only larger individuals seemed capable of preying on Artemic, the TL of
larvae in these tanks showed a marked increase after they were fed with
Arteﬁia. This sﬁggests the occurrence of a high mortality rate among
smaller larvae, though actual survival rates could not be estimated because
records ol ‘harvest were lost. If my memory is correct, thére was no sig-

nificant difference in survival rates among stocking densities.

In the third—series primary.fearing {June 11 - 30), larvae were
reared ﬁt an initial-stocking density ranging from 10/ to 85/% (Table 23).
_ In v1ew of" the results of the second—ecrles, we attewpted to prov1de the
larvae with an. adequate and suff1c1ent amount of food, counting the number
of rotlfer and Artemza remalnlng in the rearlng water before feeding as
well ag - the number 1n the food supply (Table 4). Countihg was made using
a proflle progcctor because countlng with the naked eye was difficule
‘due to the amount of suspended matter,whlch increased day by day. In this

-'Sérieé3,the“larvae showed smooth growth between 3 mm and 5 mm TL, but a

~18-
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Table 4, Counts of rotifer (x 10%) andfor Artemia (x 10%)
- fed -to seabass larvae and in re;iring water before
feeding (in parentheses) in the third-series primary
rearing. Day 2-day 11: counts of rotifer; day 12 -
day 18: counts of votifer (upper) and of Artemia (lower).

Tank
Days eltfter‘\ 1 2 3 | 4 5
hatching o |
2 2.5 2.5 2.5 2.5 2.5
3 1.2 2.4 2.4 2.0 2.0
4 d(6(3.4) 1.3(2.3) 1.3(1.8) 1.3(2.3) . 1.3(2.9)
5 C1.0(2.3)  2.0(2.6) 2.0(1.3) 2.6(1.3) 2.0(2.1)
6 - (4.§)_ 1.4(2.3) 1.4(2.1) 0.7(3.6) 0.7(4.2)
7 1.4(3.6) 1.4(3.6)  2.7(0.8) -2.?(1.3)' C1.404.7)
8 ' 1.3¢4.7) 2:5(3.9) 2.5(2.9) 2,5(2.9) 2.5(3.4)
9 L1l 540009 2,704 2.2(5.2)  2.2(4.4)
10 - (7.0) 2.9(2.6) 2.9(1.3) 1.9¢(1.6) 1.9(1;8)
11 - (3.9 2.9(1.0) 2.9(0.5) 1.5(2.6) 1.5(2.1)
12 - - (0.8) 1.6(0.8) 3.2(0.3) = 0.8(0:3) 1.6(0.8)
4.6 27.5 ©17.0
13 -(=) - - (=) - (0.3) - (=) 1.90(0.3)
©5.00-)  20.0(-)  20.0(~) 15.0¢ - )
W : . L 0.6( =) o 2.0(1.8)
9.6( =) . 38.4(-)  28.8(-)  19.2( - )
15 o o | R TR 16 I '
14.0( Sy 52.00-)  s2:00-)  26.0( - )
6 | | o 2.4(0.3)
| 514.0(:— ) s2.0( - ) 52.0( - ) | 26.0( - )
'-,,¥?i . i :  7; R '-'_ S | O 38003)
| 5 .14,Q(,4 ) sz.o{';_)'- 52.0( =) 25.9( -
'_lgl'r :f; -,_i;’1.“- RO S - 1.7(0.3)
| ” 'J‘i4foki-') | 52,00 =) 26.0
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decfeaée'in:growth réte was noticed at around 5 mm TIL (about the l4th day)
onward (¥ig. 3). -This growth retardation was considered to have been caused
by an insufficient supply of Artemia, which was given to the larvae from
theIlEth day after hatching, due to the fact that the Artemia given daily

at 10: 00 - 11:00 hours was consumed completely by l) 00 - 16: 00 hours,

The results of rearing for 18 - 19 days are given in Table 3.
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Fig. 3. Growth of seabass larvae in the third series
primary rearing.

@®: Tank No.l; o: No.2; 4: No. 3;

4: No.4; m: No.5.

In the fourth-series prlmary rearing (July 11 - 29), only three rearing

'tanks were used because Che productlon target in ths series was on]y

.300 000 larvae and a sufficient and constant supply of food organlqms
seemed possible. Table 5 shows stocking conditions and harvest results'in
these three taﬁks, and Table 6 indicates rotifer counts in réaring water
checked every mornlng with a profile projector. Larvae ih.tank No.1l were
fed w1Lh both rotlfel and Artemza from the 10th day after hatching, while
only rotifer was fed to the larvae in the other two tanks up to the 15th
day;z in éll taﬁks Larvae grew normally, attaining a méan TL of 4 mm by the
1ith day. In tank No;l;:a change in the color of the digestive tract of
larvae into orange on the l3£h day indicated that they came to prefer
Artemia to rotifer from that day_(mean'TL: 4.79 £ 0.26 mm). On the other
hand, the growth rate of larvae in the rema{ning tanks began to decline at

4.5 - 5 mm TL. Artemia was therefore supplied to these tanks from the 16th

- day.

21~



Table 5. HNumber of larvae after hdfthing and number, age and
mean total length at harvest in the fourth-series
primary reaving (July 11 - 29),

Tank ' 1 2 3

Number of larvae (x 10")

Day 1 127 181 85

Day 2 : 103 17 42
Harvest

No. of larvae (x 10") 41 33 11

Age (days) 16 18 17

Mean TL {mm) 6.10 + 0.71 6.07 * 0.88 5.88 + 0.98

The early growth of L. calearifer was traced also during the secondary
rearing in the fourth-series till the 30th day after hatching (Fig. 4).
About 330,000 larvae were transferred from tank No.l to §ix, 15-ton tanks,
stocking. 50,000 - 60,000 larvae in each tank. Size grading was cohduﬁted
twice or thrice a week in order to prevent cannibalism. Spécimens were
sampled out from a size-group containing the largest number of individuals,
except for the 30th day material which were from all size-groups, i.e.
large, medium, small, and smallest groups. Though exact compositién in
number of.iﬁdividuals of the four groups was not known, it was éstfmatéd
approximately at 1:3:5:1, showing the so-called "shoot phenomenon “{great

variation of growth)

Production'of'fOOd diganisms

1) PlOdUCLlOH of phytoplankton (green water) for rotifer feedlng

Cultures of phytoplankton, i.e. Chlorella sp., Tetraselmis gp., and
a Spec1es_of Qntho four-éell bluegreen algae, were being CultiVAted at
SICA with which to feed rotifer.: Water with propagated phytoplankton is

called "sreen water" due to itsﬂcoior.
. 8

Maas productlon of green water was’ carrled out uolng 15 tanks of 30
'ton capac1ty and of the same Structure as the larvae rearlng Lanks

.Productlonswas-sLarted w1th the culture of "starter'" on a one-liter scale.

;22_'



Table 6. Count of rotifer (x 10%) and/or Artemia (x 107) fed to
seabass larvae and in rearing water before feeding (in
parentheses) in the fourth-series primary rearing.
Day 1 - day 9: counts of rotifer; day 10 - day 16:
counts of rotifer (upper) and of Artemia (lower).

Tank
1 2 3
Age (days
- 1 1.9 1.9 1.9
2 2.0(0.3) 2,0(1.8) 2.0(1.0)
3 2.8(1.6) 2.8(2.3) 2.8(1.8)
4 2.3(1.8) 2.3(2.3) 2.3(2.9)
5 1.9(3.1) 1.9(3.1) 1.9(2.1)
P | 3.0(2.1) 3.0(2.3) 2.0(3.9)
7 . 5.0(0.8) 4.0(2. 1) 13.0(1.6)
Y | 4.4(1.6) O 3.3(2.6) 3.3(2.6)
9 3.2(5.2 3.2(2.3) 3.2(1.8)
10 3.0(3.4) 4}0(1.8) 2.0(3.9)
40
11 C4.0(0.5) 5.0(1.8) ~ 3.0(1.8)
5.0( - )
12 4.0(1.8) '5.0(1.8) 2.0(3.1)
5.0( - )
13 4.0(0.8) 5.0(1.8) 3.0(1.6)
| 6.7((- ) |
14  4.000.8) . 6.0(0.5) 2.0(1.3)
8.0( - )
15 S - (0.3) 6.0(0.3) 2.6¢ - )
L 10.0( - )
%6 | 6.0(0.3) 2.5( - )
4.0 | 2.7
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Fig. 4, Growth of larvae and Juvenlle of seabass in the
fourth~series primary and secondary rearlng

&: Tank No.l; 4: No.2: w: No.3.

- The séaie of-culture'was then gradually increased up to a 24~ton scale. In
- thls flnal step of mass culture, 5 to 6 tons of starter green water was
1noculated into 18 - 19 tons of flltered sea water at sallnlLy levels of
30 - 32%, with fertlllzers added as shown in Table 7. The neasurement of
Cell den51ty by means of a blood cell counter as conducted in Aprll turned
-out to requlre a. long time. This method was therefore abandoned and
;pransparency of water was employed for the estlmation of den31ty, measurlng
 transparency by u51ng a whlte disc, 15 ‘em in diameter, and estimaLlng cell
:} dens1ty based on the relatlonshlp between transparency and cell density

5.'obta1ned from expellmeWts made in May {Fig. 5%.
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Table 7. The amount of fertilizer for the green water production

Ferlod | - April May - July

Fertilizer

Ammoniumsul Fide . 17 g/ton 63'g/ton
400 g/cank 1500 g/tank

Supercaiciumphosphate 0.8 g/ton

20 g/tark

Urea - 6 g/ton
150 g/tank.
16-20-0 : _ - C ' 6 g/ton

150 g/tank
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Fig. 5. Relétionship between_transbarency and cell density
in bluegreen algae culturing water.

The quantity of fertilizers used for the mass productioﬁrof phyto—
plaﬁkton_in.April was the . same as thus far commonly applied at NICA, which
was far smaller than in common:practice'in Japan. Cell density reached
its peak within 3 - 4 daysg, with density of 1. - 2 million célls/ml for
Chlorella sp. and 60,000 - 120,000/m% for Tetraselmis sp. The culture of

Tetraselmis was quite successful compared with Chlorella, which was usually
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contaminated with a bluegrecn algae, so that wmainly Tetraselmis was fed to
the rotifer. However, Tetraselmis cultures became contaminated with other
phytoplankton (probably Xanthephyceae) from the end of April, and the pro-

duction of green water became unstable,

From.May, an N:P:K = 16:20:0 mixture.of fertiliéers for,agriculfural
use was.employed as a phosphate source instead of supercalciumphOéphate.
This mixture had been applied in SEAFDEC in the Philipﬁines (Nukiyama, 1980)
and was easlily available in Songkhla, The.dosage'df the fertilizer was
decided at tw0wthirds.that used in Japan, consideving that, while 7 to 10
days are required to attain a peak cell density in Japan, green water
culture of NICA could be done in a 4-day interval, consuming green watep
in three tanks for feeding rotifer and leaving half a.tank for the starter
of new stock. Since the propagation of Chlorella and Tetraselmis was not
very succesgsful, gfeen water was prbduced mainly wifh'a species of bluegreen
algae. The cell density of the bluepreen algae at peak was 5 -~ 8 willion

cells/mé.

Production of rotifer for seabass larvae feeding

Mass prodﬁction of rotifer was carried out in seven to eight, 30-ton
tanks similar in structure te thosé used for phytoplaﬁkton and seabass
iarvae production. Because the nets used for collecting rotifer in April
and May were about 100 U in mesh, young rotifer were lost through the mesh,
making it impossibie te concentrate rotifer for.feeding with green water or
to prepare starter. This pfbbiém'was solved by adopting the following pro-

duction methods:

introduce rearing water of rotifer and green water in production ponds,
.. add green water daily to maximum water level,

harvest rotifer from 1/3 to 2/31total water volume,

P S PURRR R

. add green water after harvesting rotifer.

From July 12 uets of 63 u in mesh_size became available for the collection

of rotifer,

" The density of rotifer was estimated every morning from counts of

tthree'to'five;jl-mﬂ-samples using a profile projecfor; Number of rotifer
 harvéSted“dai1y;fbr,the:seed production of seabass from April to July is

‘shown in Fig. 6.
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Total number of rotifer harvested

49.0

x108

30

e
<

=
<o

1 15 1 15
June July

Fig. 6. Total number of rotifet'at daily harvest during a period
of seabass seed production.
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The main item of food for the rotifer culture in April was Tefraselmis,
Dry bakér‘s:yeast was supplemented from April 17 to compensate for lack of
green water, Details of an example of the rotifer production in April are
given in'Fig. 7. In the beginning of May, green water in the mass culture
tanks became nearly extinct, and é new cycle of green water production from
starter became neceséary. Puring this period, May 1 - 9, votifer were

sustained by only dry baker's yeast,

x108

i5h

- 100

-
[

Total number of rotifer

H

W

=
Breeding rate

Fig. 7. Aﬁtéxamplé of rotifer production using green water
containing mainly PTetraselmis sp. during Apxil 8 -~ 26,

&: total number of rotifer;
o: breeding rate.
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Mainly bluegrecen algae was fed to
supplémenfary feeding of baker's yeast
rotifer production in this period with
8.

als/mf in the culture with green water

shown-in Fig, While the density of

- ml when baker's yeast was ‘added.

the rotifer in May - July, with
in May. Details of an example of

dry baker's yeast and green water are
rotifer was about 1 - 30 individu-

only, it ranged-from about -80 - 130/
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An example of rotifer prodﬁction_using dry baker's

Fig. 8.
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Encouraged by the above results, further trials of rotifer culture
using baker's yeast were made in June in preserving rotifer for starter for
the following cycle, anticipating that this wethod would be practicable in
the mass prbdﬁctiom of rotifer, However, this plan had to be abandoned,
aince the results were noet as promising as in the preceding mouth, with the
density of. rotifer not reaching 100 individuals/mf. Thus we came back to
the green-water method, with which the constant level of density was 10 -

40/m? in June and 20 - 50/mf& in July (Fig. 9).

x10°

o
[=e]

Total number of rotifer

Breeding rate

Days

Fig. 9. An example of rotifer production using bluegreen
algae during July 10 - 27,

@: total number of rotifer;
0! Dbreeding rate. :
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hiscussion
e

Seed production of L. calearifer

Tn the rearing of early-stage larvae (primary rearing) of the seabass
in 1982, retardation of growth at 3 — 4 nm TL 6ccurred in the first and
second-series of seed production. This problem of retarded growth was
solved in the following series by Increasing the quantity of rotifer given
to the larvae. Similarly{ the retardation of gfowth in larvac of 5 mm TL
and larger seen in the third series was successfully improved in the fourth
series by increasing the amount of Ariemia nauplii fed to the larvae.

These results indicate that the quantity of food for larvae thus far used
in the seed production of L. calearifer at NICA may often have been insuf-

"shoot

ficient to expect a maximum efficiency in seed production. The
phenomenon' observed in the secondary rearing in the fourth series can also
be-aftributable to a failure in feeding management. It should be stressed
that rational Eeeding.management is required to achieve a constant produc-

tion of seabass seed at NICA.

It has been stressed that success in the mass production of [ish seed
depends largely on the production of food organisms (e.g. Japan Fisheries
Resoﬁrce.Conservation Association, 1977; Yamaguchi, 1978: Fukusho, 1981).
This can be readily understood when we consider the general concept of
“pyramid of number" in the trophic relationship within an ccosystem. 1In
order to achieve a constant seced production, it is essential to know the
capacity of food supply and the amount of food required by larvae. Table 8
gives an example of the ratio of water quantity required for the production
of green water, rotifer and larvae in the seed production of the red sea
seabream, Pagrus major, in Japan, reported by Japan Fisheries Resource
Concervation Association (1977). Kumamoto Fisheries Experimental Station
in Japan uses only Chlorella for rotifer culture, and the above-mentioned
ratic of water gquantity at the station is 1 : 1.8 : 6.3. This exemplifies
how large a water quantity is necessary to produce rotifer constantly when

only green water is used.

In the seed production of I. calearifer conducted at NICA in 1982, the
green water : rotifer { fish larvae ratio was changed in cach series of
rcaring (Table 9), and the ratio in the fourth series, which was managed
successfuly compared with Former series, was 1 : 2.4 @ 4.6. 1In this case
the proportion of water quantity for rotifer production is greater, and

that for green water production is smaller, than in the above-noted case
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at Kumamoto Station. Such differences can be interpreted as regulting from
the lower productivity of green water at NICA, which 1n turn tvesulted in a
low productivity of votifev; the peak cell density of green water 1s 10 -
20 million/m¥ and attained in 7 - 10 days in Japan, thle it is 5 - 8

million/m and reached in 3 - 4 days at NICA.

Although the exact level of food reQuirgment of I. ealecarifer larvae
remains unknown, the resuits of the fourth-series of reéring sugpest that
300 - 400 million of rotifer are requived for one, 26 ton féaring tank
containing 400,000 - 500,000 larvae when Artemia is supplemented from a

4.5 mm TL size.

Production of food organisms

There are many problems ©to be solved to achieve a constant supply of
phytoplankton (green water) to maintain the rotifer production at a constant
level. Among others, the culture of ‘Chlorella sp. was not very successful,

usually contaminated with bluegreen algae.. Although the bluegreen algae

_can also serve as rotifer food, their nutritive value is unknown and their

productivity was lower than Tetraselmis in terms of quantity:of fertilizers
used. While the production level of rotifer was similar to these two items
of food (Fig. 6, 7, and 9}, the amount of fertilizers used for the.bluegreen
algac was 3.75 times as much as that used for Teiraselmis. From this stand-
points Tetraselmis will make a useful food item for rotifer. Further

studies are required to determine suitable conditions for its. culture.

Supplementary use of dry bakexr's yeast resulted in a higher production

of rotifer in a few cases. However, the results were not always successful

" and, mdreover, its high cost (75 baht/éSO'g) makes it difficult to use for

the mass production of rotlfer. "The possibility of utilizing some other

materials, such as m1crob1al flock or marine yeast produced as a by-product

“from sugar or alcohol industry, should be studled from both technical and

economic viewpoints., Nevertheless, this by no means implies that rotifer

can be cultured solely with yeasts. It has been reported that yeast-fed

rotifer lacks in some highly unsatutated fatty acids and is of lower

ﬁutritive value Compated with Chlorelﬁa—fed rotifer {(Watanabe, 1979), and
Pagrus maJOP larvae fed with yeast-fed rotifer shows a high mortality rate
(Japan: Flsherles Reeource Conservation Association, 1977; Yamaguchl, 1978;
Fukusho,'1981) All these point to the meortance, and necessity of NICA,

of the eStablishment of techniques that enable a .constant, gufficient and

efficient ‘production of votifer.
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Notes on Development of Larval

and Juvenile Stages of Seabass, Lates calecarifer

Pairat Kosutarak and Tatsuo Watanabe

Introduction

We observed about 350 individuals in larval and juvenile stages to discover
the process of development of seabass, Lates calearifer. The work has not been
completed for the juvenile to young stage, so we have prepared only the notes

on the development of the larval to jﬁvenile'stage.

Materials and Methods

The samples were collected from the geed productlon tank and fixed with a
5% formalin solutlon ‘every day from July 11 to August 10 1982, The samples
were cleared by enzyme (tlyp31n) and stained by alizarin red $ and alcian blue

in November, then ten individuals from the samples of each day were observed.

Results

1) Observation of_fish:
- Day 0 (TL: 1.60 £0.04 nm) (Fig. 1-a)

It took 12-14 hours for the eggs to hatch out in 30 - 32°C water. A
light-brownish chromatophore was observed behind the eyes and in the body.
The o0il globule was sited in the front part of the yolk sac, and it had a
light brownish chromatophore. The number of myomere was 6-8 + 14—16.

The newly hatched larvae were floating on the water surface.

0,
R

PR

1 om

Fig.rléé."NEle hatched larva of seabass, Lates catearifer.
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- Day 1 (TL: 2.20 +0.08 mm) (Fig. 1-b)

The much part of yolk was absorbed, bub the mouth was not opened yetb.

The larvae distributed uniformly in the rearing taunk.

1 mna

IFig. 1-b. Larva of seabass, Lates calecarifer, on day 1.

- Day 2 (TL: 2.52 #0.06 mm) (Fig. 1-c)

The yolk was almot absorbed,; aﬁd the mouth was_bpeﬁed; The average
length of upper jaw was 0.201.mm (range 0.186 - 0.227 mm). The larvae

gathered ncar aeration or in the directiom of light.

T
@&afa’:
HOPLANT,N

NRH N

vm&i

1 mn

Fig. l-c. Larva of seabass, Lates calcarifér, on day 2.

- Day 3 (TL: 2.61 *0.08 um)

The air-bladder appeéred in some larvae. The yolk had disappeared,

but the oil globule was still observed.

- Day 4 (TL: 2,78 %0.15 inm)

The o0il globule had almost disappeared.

-37-



- Day 5 (TL: 3.08 *0.09 mm)

Teeth appeared in the upper jaw.

=~ Day 6 (TL: 3.10 *0.13 mm)

‘The under part of caudal end became whitish.

- Day 7 (TL: 3.44 £0.09 mm) (Fig. 1-d)

The rudlments of a doreal and an anal fln appeared The serrated teeth
appeared in preoperculum which numbered one or two in the anterior margin
and two in the posterior margin. The melanophore strongly appeared from

snout to tail.

;‘“N%aﬁarf-¢.

“ﬂi‘é@%&@ﬁﬁ

13’-—

:"k‘.ﬁ%

Fig. 1-d. Larva of seabass, Lates caanrifér,.on day 7.

- Day 8 (TL: 3.58 #0.13 mm)

Teeth appeared in the lower jaw.

- Day 9 (TL:. 3}49 £0.26 mm)
The caudel end of the notochord was bent. The soft ray part of the

caudal fin became clear.
'”4_Day'1o (TL&”'3{81 16127.ﬁm)_
The number of serrated teeth in Lhe posterior margln of the preoper-
- culum: grew to three -Segmented qoft rays appeared in the caudal fin.

:Part of the posterlor margin of the dorsal and anal fins were cut in the

-.llarval membrane: The dlstrlbutlon of me]anophore was expanded to the belly.

-38.



- Day 11 (TL: 3.87 *0.24 wm)

The. posterior margins of the dorsal and anal fins were deeply cut, and
the larval membrane in front of the anal remained small. The number of
serrated teeth in the posterior margin of the preoperculum became three -

four,

- Day 12 (IL: 4.41 %0.29 )

Segménted soft rays appeared in the dorsal Fin.

- Day 13 (TL: 4.58 %0.17 mm)

The number of serrated teeth in the posterior margin of the preoper-
culum grew to four. The larval membrane -in front of anal disappeared.

The shape of the myomere became "3,

: —.Day 14 (TL:  4.75 +0.32 mm) (Fig. l-e)

The dorsal and anal fins were separated from the caudal fin, and the
rudiment of a pelvic fin appeared. The cordal skeleton became well develop-
ed and the vertebrae cbuld.be counted.(ll + 14)f The distribution of
melanophore was expandéd ﬁ0 the whole belly and also to the dorsal and anal
fins;"but it did not distribute over the centef of'the_body; A white line
was:QiStinguiéhablé"from.tﬁe center of the ddrsai’fin'to the anal with the

naked eye.

é‘:‘ﬁ@%

Fig. l-e. lLarva of seabass, Lates calcarifer, on day 14.

-39



2)

- Day 15 (IL: 5,41 *0,50 mm)

The spine and soft rays of the dorsal and anal fins were clearly dis-
tinguishable. One or two serrated teeth in the upper part of the posterior

margin of the preoperculum appeared.

- Day 16 (IL: 6.56 *£0.56 mm)

Each fin was completely separated, and the total number of spines and
soft rays of the dorsal and anal fins became constant (19 and 11 tvespec-
tively). The serrated teeth of the anterior margin of the preoperculum

disappeared.

~ Day 21 (TL: 8.91 +1.19 mm) (Fig. 1-F)

The number of spines and soft rays of the dorsal and anal fins became
constant (VILI.11 and I11.8 respectivelv)., Scales appeared in the mid-
lateral surface above tha anal Fin. The body colour changed from hlack ro

pale brown.

¥ig., 1-f. Juvenile seabass, Lates caléarifer, on day 21.

Formation of fin rays.

The pumber of spines and soft rays in each fin, except the pectoral

fin, is shown in Figs. Z-a v —d.

In the dorsal fin (Fig. 2-a), the first to seventh spines were formed
at'aboug 6 mm in TL, but the eighth spine was still like a soft ray. Tt

became a spine at about 8 - 12 mm in TL, so that the number of fin rays

~40~



became constant

{(VITI.11).
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¥ig. Z-a. Fommation of spines {closed circle) and soft rays

(open circle) in dorsal [in of larval and juvenile seabass.

In the anal fin (Fig. 2-b), the first and second spines were formed at

about 6 mm in TL, but the third one was still like a soft ray.

It became a

spine at about 8§ - 11 mm in TL, so that the number of [in rays became con-

stant (I11.8) just the same as the dorsal fin,

Number of fin rays

Fig. 2-b.
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the pelvie fin (Fig. 2-¢) developed rapidly from about 5 mm in L,

5 then

the number of fin rays became constant (I.5) at about 8 mm in TL.

o 3
&
13}
=]
o
Ut
44
[¢]
L
a
]

0
Fig, 2-c.
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Formation of spine (closed circle) and soft rays (open
circle) in pelvic fin of larval and juvenile seabass.

In the caudal fin (Fig. 2-d), the soft rays started to develop from 3

- 4 wm in TL,

came constant

35

the total number, which contained rudimentary soft rays, be-

{30 - 33) at about 11 - 12 mm in TL.
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Number of soft ra

Fumber of soft rays segmented

vz segmented or branched

n

The number of scgmented and branched soft rays are shown in IFigs. 3-a

~-d.

‘In the dorsal fin (Fig. 3-a), the segmentation was started from about

5 mm in TL, then completed at 6 -16 mm in TL, The branching was started

from 20 mm in TL, but it was still not completed at 44 mm TL.,

z
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Fig. 3-a. Segmentation {(open circle) and branching (Clo.sed. circle)
in dorsal fin of larval and juvenile seabass.

In the anal fin (Fig. 3-b), the segmentation was just the same as in

the dorsal fin, but branching was completed at 34 - 38 wm in TL.
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Fig., 3-b. Segmentation {open circle) and branching (closed circle)

in anal fin of larval and juvenile seabass.
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In the pelvic fin (Fig, 3~c¢), the segmentation was started at 7 mm,
then cowmpleted at 9 - 10 mm in TL,, The branching was started from 10 - 11

mm, then completed at 12 - 16 mm in TL.
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Fig. 3-c. Segmentatlon (open circle) and branchlng (closed C1rcle)
in pelvic fin of larval and juvenile seabass.

In the caudal fin (F ig. 3-d), the segmentation was started at 3 - 4 nm,
then completed at 17 - 15 mm in TL. The branching was started from 12 -

17 mm, then completed at 31 - '35 mm in TL,

Number of soft rays segmented or branched
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Discussion
Discuss O

The number of fin fay of each fin became constant at 8.f 12 mm in TL, so
that it is clear that larvae become juvenile at that size. ‘Furthermore, branch-
ing-of soft ray in all fins except pectral fin might be completed before 35 -
50 mm, s0 that it seems that the juvenile may become the young stage at that

size.



Record of Spawning and Hatching of Eggs

of Seabass, Lates calearifer, in Concrete Tanks

Sujin Mancewong and Tatsuo Watanabe

Introduction

This work has been done to discover the spawning time of'seabass, Lates
calearifer, aud to measure thée hatching rate and size of eggs as a method for

evaluating the quality of eggs.

Materials and Methods

The parent fish were transferred from the Boa-keng substafion to twb lSO
ton spawning tanks in NICA on March 21, 1983, Forty nine f[ish (body weight 3.8
1.0 kg.) were stocked in No.l tank, and 56 fish (7.4 *1.2 kg.) in No.2 tank.
The fish in No.2 did not spawn, so they were exchanged for 30 fish of new stock

on May 24, (body ﬁeight 3.2 - 5.4 kg.).

The observation of spawning was made from 19:30 to 21:30 dn_April 1-4
and May 2 - 4, but, after that, only confirmation of spawning was done, at
21:00. The time required for hatching and water temperature were observed at

the same time.

- The hatching rate was estimated in the lébératory. The eggs were collect-
ed from spawning tanks during the 21:00 - 22:00 hour by a hand net (63 U mesh),
then brought to the laboratory. About 100 floating eggs were put in a 1/3

liter beaker, then the nuinber of hatched larvae were counted on the next day.

The size of 30 eggs from each group was measured in fresh sample by the

profile projector at 50 magnifications.

. Results

The record of spawning and hatching of eggs is shown in Tables 1-a v 1-f,

and Tabies 2-a v 2-d.

' The. spawning was confirmed to take place during the 20:00 - 21:00 hdur in
Apfil and_May, and it was also done before 21:00 in later months. In every
_observation,:the time of sunset was around 19:00 hour, and the time of noonrise
: waéiafter 21:00,_30 ihét it:éeéms that seabass spawn in the dark between sunset

and mooﬁiise._ The'3péwniﬁg béhéviour could not be observed because of the dark

f‘_ftOndition,':Hovaer, the spawning could be confirmed by the sound of hitting

*surface of water by parent fish.



The time of hatching was during 8:00 - 11:00 on the next day, so that the

rime needed for hatching was 12 - 15 hours in 29.5 - 31°C water.

The hatching rates were 75.6 - 99.0% in tank No.l and 28.2 - 93.,1% in tank
No.2. No_qlear tendency was observed in the relationship between-hatching rate

and quantity of newly hatched larvae.

The réﬁge in diameter of egg was 0.68 -~ 0.89 mm, but most were (0,74 - 0.80
mm. The'range in diameter of oil globule was:O.ZO - 0.28 mm, but most were ‘
0.23 - 0.26 ms, And the ratio of diaméter of egp and oil globule ranged from
27.4 - 36.8%, but most were 30.9 - 33.1%. Tt was observed that the size of

eggs became bigger.month by month,

The parent fish of first stocking in No.? tank did not spawn. However, it
could not been confirmed whether it was caused by the effect of age (8 - 12

years old) or high stocking'density (2.8 kg/ton).
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Survival and Growth of Early Stage of

Seabass, Lates calecarifer, under Different Conditions of Salinity

Pairat Kosutarak, Tida Pechmanee and Tatsuo Watanabe

Introduction

The seabass, Lates calcarifer, is well known as one of the brakish water

fish. Therefore, it'is'important to know its potential for survival and growth

under various salinity conditioms for management in seed production and also

for biological information.

Materials and Methods

1)

2)

Seven series of experiments were carried out in the laboratory.

Experiment 1

The hatching rate of eggs under dlfferent salinity condltlons, i. c
lOOZ, 807, 604,_404,_204_dnd OA of sea water, was examined, The eggs were
collected from the spawning tank at night on June 29, 1983, About 100 .

floating eggs were put into a'2 litre glass cylinder;'about 12 em in-

'dlameter and 20 cm in depth, and kept 15 - 18 hours without 1elat10n

Then the numbel of newly hatched larvae were counted.

Experiment 2

The survival rate of larvae for 24 hours under different sallnlty con-

dltlons, which were set the same. as for Fxper1ment 1, was. examlned The

Vf_newly hatched larvae were collected on June 30, then 15,000 larvae were
. gtocked and reared in a'0.5 ton polycarbonate tank for the experiment,
. However,.they all died on July 10, Ior reasons which were not clear, 80

_ that Several thouqand larvae, whlch were of the same egg group,'were stock-

ed agaln from the seed productlon tank. - The experlment was carried out

every “day tlll 2 days after hatchlng, and then once in two days till day 24.

1he number of larvae put 1nto each glass cyllnder,'same size as experlment
1, was 82 = 109 1nd1V1duals in day 0.- 2, 8 - 109 in day 4 - 16, and 20 -

g 34 in’ day 18 = 24 lhen they were kept for 24 hours ' w1thout aerations,

"VThe 51ze of larvae on each day was eqtlmated by measuremenL of total length

'-_of 30 flSh _collected from the stocklng tank The measurement was done

" on Ireqh samplea anesthetlzed by 20 ‘DPM@. qf,qulﬁaldiﬁ solution.
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3)

4)

3)

6)

Experiment 3
The surv1va] vate of larvae at different salrnlty levels, i. e,

qeawater, 20£ seawalel, lO/ seawater and flLSh water, was examined. The

‘newly haLched latvae were collectcd on July 28 and about 15, 000 larvae were

stocked in a O 5 ton polycarbonate tank. The experlment_waa carrled_ouL_

from 11 days to 21 days after hatching, once every two days.. The number of
larvae put into the glass cylinder was 47 - 51 1nd]v1duals on dayill;‘39 -

42 on daysg 13 and 15; and 30 on days 17 - 21. They were kept. for 24 hours

-without aeration. The number of survivors was counted. The size of larvae

was - estimated by the same method as in experiment 2.

'Experiment-é

The survival and growth rates of newly hatched larvae at dlfferent
levels of salln1ty, i. e. 1004, 75/ 50% and 204, seawater, were examlned

for 12 days. The neuly hatched larvae were collected on August 27, then

500 larvae were. put into each Lectangular glass Lank (26x50x30 cm, water

'volume 24 L) with weak aeration. The rearlng water was exchanged 16 - 50/

every_day-from 2 days after start of experiment. They were fed with

S votifers (5 - lS.rotifer/mE) in. the morning. At 15:30 the water-tempera—.

ture was taken and the salinity was measured by u31ng the refract meter

'”Amco“

_Experiment'ﬁ

The. surv1val and growth rates 0[ Jlarvae 31zed 4, 54 mm in mean total

lenth (range. 3.36 - 5.46 mm) at different sallnlty levels,_;.e., 100%,

:504}3254, 12.5% seawater, were eXamined for 7 days. .The newly hatched

larviae were stocked in a 0.5 ton polycarbonate tank on Augast_29, then they

‘were reared:till 12 days after hatching and used for the experiment. 100

larvae were put into a rectangular glass tank for 2 replications on
September 10. They Were fed the nauplii of Artemia (1 - 4/mf). The other

methods were same as in former experiments.

Experimeht'6 -

The Suerle and growth rates of larvae 31zed 8.5 +1.2 mm in total
1ongth, whlch is the traneltlonal stage between larva and juvenile, were -
examined for 7 days at different levels of Sallﬂlty, i.e., 100%Z, 66.7%,

33.3% and 0% scawater in 2 replications.
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7)

About 4,000 fish aged 17 days were transferrved from the tank of seed pro-
duction to the 0.5 ton polycarbonate tank, then 60 fish aged day 22 were put
into each glass tank on Septewbex 18. They were Fed with the nauplii of

Artemia (1-2.5 individuals/mY. Other methods were the same ag in former

experiments,

Experiment 7

The survival and growth rates of juvinile larvae sized 15.8 £1.9 mm in
total length, at salinity levels the same as in experiment 6, vere examined
for 12 days. They were the same crop as in experiment 6, but they were
treated with 50 ppm of "bimeton Soda" for 7 days, from September 18 to
Sept. 24, because some dead Fish were found in the stock tank. .Since dead
fish did not appear on September 27, 30 fish aged day 31 were put into the
glass tanks and the experiment was started. The fish were féd Moinga sp.
and éther fresh water zooplankton (500 - 600 individuals/fish/day), which
was divided for 5 - 6 times/day feeding. The 30 % of water was exchanged

80% every day. Other methods were the same as in former experiments.

Results

1) Hatching rate at different salinity levels (Exp. 1)

_ The hatching rates at different salinity levels are shown in Table 1.
The eggs hatched out well at 100%, 80%, 60% seawater, however the-haﬁching
rates at lower salinity levels were inferior, and they did not hatch out
at all in fresh water. The eggs at 100% seawater (29%,0f salinity) did not
float on the surface of the water but were suspended in the middle layer in
this experiment. However, rhe eggs floated on the surface of the water of
32 - 34Z.in salinity and sank in low salinity water of probably less than

about 20 - 25%,

Table 1. Hatching rates (%) of eggs of Lates calearifer under
different salinity conditions in experiment 1.

kot 100 80 60 40 20 0
Replication @9+ @3 (16) (11) (N (0)
R 84.2 7 82.0  88.3  42.7 1.0 0.0

2 o827 w3 717 442 9.5 0.0

* Saliﬁity (%) was measured by refract meter of ATAGO.
#% . §,W.: sea water '
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3

survival of lavvae for 24 hours at different salinity levels (Exp. 2 and 3)

The survival rates for 24 hours at different salinity levels in experi-
ments 2 and 3 are shown in Table 2-a and Table 3-a, and the size of larvae

on each day in both experiments was shown in Table 2-b and Table 3-b.

The newly hatched larvae showed good survival avem in low salinity such
as in 20% sea water, but they could not survive in frth water till day 10 |
when their size in total length was 3.26 - 4.64 um. However, some of then;
showed tolerance to fresh water at least 24 hours from day 12 when thelr
size in TL was 4.40 - 6.35 mm in experiment 2. They showed the sanme
tolerance from day 13, which their size in TL was 4.75 - 6.05 mm, in experi-
ment 3. Although 100% survival in fresh water was not observed in expexi-
ment 2, good survival was noted (more than 70%) from day 20. In experiment
3, 100% survival was observed from day 19 when total length was 6.05 - 8.75

THIH -

Growth and survival of newly hatched larvae at different salinity levels

(Exp. 4)

The total length and number of surviving larvae at the end of experi-
ment 4 are shown in Table 4. When the newly hatched larvae were put into

different salinity levels, they showed different actions as follows:

100% sea water: larvae were floating on the surface of the water or
suspended in higher layers.

75% sea water: they were suspended in lower layers.

50% sea water to

25% sea water: they were lying on the bottom of the tank or sometimes

swimming in an upwards direction and sinking down.

On day 1, larvae were evenly distributed in 100% seavater, bﬁt almost all
lavvae were lying on the bottom at less than 75% sea water.. On day 2 they
kept their bodies hofizontal and started gwimming and'gathering in the
direction of light in all tanks. Then many larvae died at 25% sea water on
day 5, and only a few larvae were seen on day 7. The water temperature was
28 - 29.5°C, and the salinity was 33 - 34%.in 100%, 23 - 26% in 75%, 16 -

17%, in 50%, and 8 -~ 9%, in 25% séa_water.

At the end of the experiment, the size and survival of larvae at 100Z

and 75% sea water were almost the same. The size at 50% sea water was
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Table 2~b. Size of larvae (in total length) used in
experiment 2 and surviving under
fresh water conditions.

Days after T.L. of larﬁae on each day (mm) Range of T.L. of larvae
hatching mean + a.d. range surviving in F.W. (wm)
T 2.99 £ 0.09 2.8 - 3.18 L

6 3.32 + 0.18 2.84 - 3.62 | -

8 3.69 + 0,20 3.36 - 4.08 E -

10 ©3.88 & 0.33 3.26. - 4.64 -

12 bbbt 0.42 3.52 = 5.54 4,40 -~ 6.35

14 5.76 £ 0.47 5,10 - 6.95 5.20 - 6.40

16 o 6.88 + 0.62 _  5.35 - 8.80 6.45 - 8.40

18 7.50 +°0.77 S 6.10 - 8.75 7.50 - 9.10

20 90034 0.91 - 6.90 - 11.05 8.40 - 10.50

22 10,06 * 0.99 8.20 - 11.30 8.60 - 13.40

24 '_. ©10.32 £ 1.06 . 7.90 - 12.65 ' 8.40 ~ 12,50

_.Table 3-a., Survival rate (%) of larvae .on each day
after hatching under different salinity
conditions in experiment 3.

Days after _
hatching 11 13 15- 17 19 21

% of )
sea water

100 , 98.0 - 97.6 100.0 100.0 l00.0 - -
20 97.9 97.6 100.0 100.0 - 100.0 -
10 90.2  100.0 100;9 100.0 100.0 -

0 0.0 12.5 2.8 46.7  100.0  100.0
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Table 3-b. Size of larvae (in total léngth) used in
experiment 3 and surviving under
fresh water conditions.

Days after T.L. of larvae on each day.(mm) Range of T.L. of larvae
hatching mean & s.d. _réﬂge surviving in F.W. (mm)

11 4,001 & 0,43 "3.04 ~ 4.70 -

13 4,76 + 0.69 3.35 - 6.35 _ 4.75 - 6,05

15 5.88 t 0.92 3.55 - 7.15 _ 6.60

17 6.25 + 0.85 4,30 - 7.65 15,90 - 8.65

19 7.78 £ 0.79 6.00 - 9.60 ©6.05 ~ 8.75
21 7.73  0.69 6.00 - .95 6.00 - 8,95

Table 4. Mean and standard deviation of total length
of larvae and number of surviving larvae
under different salinity conditions at
end of experiment 4.

# of _
S.W.* 100% 75% 50% 25%
Replication e .

1 4£.98 ¥ 0.96 4.82 * 1.27 3.56 + D.60 4.38 + 1.38

(32)#= (66) (35) C(2)
2 4.59 * 0.85 5,17 + 1.17 3.97 + 0.70 5.24 + 1.08

(71) (50) (79} (12)
Total 4,72 % 0.90  4.97 % 1.24 3.84  0.69%%  5.12 * 1.11

(103) (116) (114) (14)

% S.W. : sea water,

£

%% npumber of larvea surviving,
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considerably smallér, although the survival rate was almost the same as at

higher salinity. Only a few bigger larvae survived at 25% sea water.

4) Growth and survival of larvae at different salinity levels (Exp. 5)

The total length and number of surviving larvae at the end of experi-
ment 5 are shown in Table 5. 'The size and survival of larvae were almost
the same under all conditions, although the size at 25% sea water was a
little bigger than at other levels. The water temperature was 27.5 - 29°C
and the salinity was 33 - 34% at 100%, 16 - 18% at 50%, 8 - 9% at 25%, and

4 - 5% at 12.5% sea water.

Table 5. Mean and standard deviation of total length
of larvae and number of surviving larvae
under different salinity conditions at the
end of experiment 5.
(Total length at start of experiment was
4.54 mm in mean)
% of . ’
5. 100% 50% 25% 12.5%
Replication
1 10,62 + 1.87 10.66 1 1.64 11,13 + 1.60  10.87 & 1.76
(92) (98) (96) (89)
2 10.43 % 1,69 16.82 & 1.36 10.99 = 1.52 10.84 £ 1.49
(94) (100) {93) (95)
Total 10.53 +.1,78 10.74 + 1.50 11.07 i_l.56 10.85 £ 1.62
(186) {(198) (189) {184)

5)

Growth and survival of fish in the transitional stage between larva and

juvenile at different salinity levels.

(Exp. 63

The total length and number of fish at the end of this experiment are

shown in Table 6. The growth and surviwval réfes-of fish ét 100% - 33.3%

seawater were not different, but those for fresh water were inferior to the

others.

The fish just put into fresh water showed weak swimming at the

surface, and many dead fish were found on the first two days in both repli—

cations (43 and 34 individuals).

The water temperature was 27 -~ 28.5°C

and the salinity was 33% at 100%, 22% at 66.7%, 11 - 12% at 33.3%, and

0 - 1% at 0% sea water.
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Table 6. Mean and standard deviation of total length of larvae
and number of surviving larvae under different
salinity conditions at the end of experiment 6.
(Total length at start of experiment was 8.53 mm

in mean)
T ¥ of ' ' :
\\\akxxgig; 100% 66.7% 33.3% 0%
Replication '
1 13,58 * 2.84  13.92 + 2.57 15.08 + 2.55 -10.98 % 1.21
(50) (55) (44) . (1)
2 14.23 & 2,61 14.13 + 2.53  14.23 + 2.90 10.90 * 2.65
(50) (56) (54) (20)
Total 13.91 & 2,73 14.02 + 2.54  14.64 £ 2.77 10.93 i 2,23
(100) (11D) (98) (31)

6) Growth and survival of juveniles at different salinity levels (Exp. 7)

The total length and nunber of fish at the end of this experiment are
shown in Table 7. The growth of fish in éll tanks was not different, but
the survival rate in fresh water was inferior to others. The survival rate
for one replication at 66.7% sea water was rather low, but that was caused
by cannibalism. Some fish put into freshwater showed weak swimming, and

seven and five fish died in replications. 1 and 2 respectively.

Table 7. Mean and standard deviation of total length of larvae
and number of surviving larvae under different
salinity conditions at the end of experiment 7.
(Totral length at start of experiment was 15.8 mm

“in mean)
- 100% 66.7% 33. 3% 0%
Replication

1 2504 1 2.9 26.6 £ 4.7  26.6 ¥ 2.9 25.5 % 3.8

- (29) - (18) C(30) (23)
2 24.7 # 3.3 25.8 * 3.6 26,8 £ 4.3 23.9 £ 3.8

(300 . @9 (28) . (25)
Tobal . - 25:1 131 26,1 % 4.0 25.7 £.3.7 24,6 + 3.8

R (59) (47 (58) (48)
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Discussion

The egg vequires ﬁigh salinity for hatching (probébly more than 15%Z), but
it requires higher salinity (more than 30%) for floating in the surface layer
of water. The hewly Hatched larvae can tolerate low galinity, but they require
higher salinity (probably moré than ZOZ)Ifor normal growth, However, .they can
grow well at low salinity (4:~ 5%} within the larval stage, at which their TH

was 4.5 mm in this experiment.

Tolerance for fresh water was found starting at 4.4 mm in TL in this
experimeﬁt, but the growth and survival rates of fish in the transitional
stage (8.5 21.2 mm in this experiment) were still inferior to those of fish
in saliné water. At the juvenile stage (15.8'i1.9mm in this experiment) fish

begin to grow well in fresh water as 1in saline water.

Tﬁe survival rate of larvae in fresh water was different in experiments 2
and 3, and also the survival rate of fish in fresh water in experiments 6 and
-7 was Lower than expected. Dead Tish were found in the stocking tank during
those experiments, so the reason for such results seems to be the fact that

the fish used for the experiments were not perlectly healthy.
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Value of Rotifer, Brachionus plicatilis, Fed with

Microbial Flock for Rearing Larvae of Seabass, Lates calearifer

Tida Pechmanee and Tatsuo Watanabe.

Introduction

The microbial flock, which is composed mainly of marine veast, has been
used as supplemental food for the mass production of rotifer. However, the
value of rotifer fed with microbial flock for rearing seabass, Lates calcarifer,
larvae has been doubted due to recent find that lack of highly unsaturated
fatty acid occurs in rotifers fed with baker's yeast for rearing larvaé of
marine fishes. Thetefore, experiments were carried out to discover their value

and also the effect of enrichment of them by cod liver oil.

Materials and Methods

Three series of experiments were carried out in the wet laboratory using
a rectangular glass tank (26x50%30 cm) with weak aeration. Rearing water was
exchanged every day from 3 days after start of experiment when larvae started
to feed. The period of experiments was four weeks, but only rotifer was [ed
to larvae during the first two weeks; nauplius of drtemia and commercial
formula food were fed later. The size of larvae in total length was measured

in fresh samples anesthetized by 20 ppm of quinaldin solution.

In experiment 1, four kinds of rotifers were fed to larvae, i.e., A:
those fed with green water (G.R.), G: fed with microbial flock (Y.R.),
C:  kept Y.R. for one hour in greeh'water (G.Y.R.), and D: kept Y.R. for one
hour in suspension of cod liver oil (O.Y;R.). G.R. was produced in the out-
door 26 ton concrete tamks, Y.R. was produced in 0.5 ton of polycarbonate tank
in the laboratory, and G.Y.R., and 0.Y.R. were prepared in 2 £ glass cylinders
with strong aerétion. The cod liver oil (1.5 g/) was emulsified by fresh egg
yolk. The newly hatched seabass larvae were collected from the spawning tank

on May 31, 1983, then 500 larvae were stocked in each tank.

ﬁn;experiment 2, two kinds of rotifers, i.e., G.R. and Y.R., were compared
by thefsame'method as in experiment 1. The newly hatched larvae were collected

and stocked on June 29.

In experiment 3, two kinds of rotiférs were compared, i.e.,, G.R. and
rotifers fed with microbjial floqk enriched by cod liver oil (3 g/1.5 ) for
24 hours before feeding to them (E.Y.R.). The newly hatched larvae were

collected and stocked on July 28.
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Results
Resttbls
1) Experiment 1.

Thé survival and growth rates of larvae at two weeks after start of
experiment are shown 1in Table 1, and the record of rearing for this period
is shown in Table 2. The larvae fed with G.R. showed rather a higher
survival rate (19.4% in A-1 and 28.2% in A-2) comparéd to others, aithough_
the survival rate in all tanks was low. Many larvae disappeared just a
few days after the start of the experiment in all tanks, but many dead
larvae were found in B-2 from day 8. These dead larvae showed weak
pigmentation, swelling of the air-bladder, redish heart and greenish gall-
bladder. The size_bf larvae fed with G.R. was bigger than of those fed
with Y.R. The rearing was continucd from day 14 in A-1, A-2, B-1, D-2
(Tables 3 ~ 6). Good survival and growth was observed in A~1, A-2, B-1,

but many dead larvae were found starting from day 17 in D-2.

2) Expefiment 2

The results in experiment 1 were not clear due to a high wmortalicy in
all groups, so the comparison of G.R. and Y.R. was carried out again. The
survival fate and. size of larvae at each week is shown in Table 7 and the
record of rearing for each interval is shown in Tables 8§ ~ 10,

The larvae showed better surﬁival in all tanks compared with the former
experiment. However, many dead larvae were found in Y.R. tanks from day 7,
which was the same tendency as the former experiment. The size of larvae
fed with Y.R. were also smaller at day 14. The growth and survival afrter

that showed the same tendency under both feeding conditions.

3} Experiment 3

The effecr of enrichment by cod liver oil to Y.R. was examined, The
survival rate and size at each week are shown in Table 11, and the records
of rearing for each period are shown in Tables 12 "~ 14. The survival rates
in all tanks were nearly the same (25.8 - 35.6%) and the size of larvae
were also not so different at day 14. Only one dead larva was found during

the experiment. Therefore, the effect of enrichment was recognized,
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Discussion

In experiments 1 and 2, the 1ar§ae fed wifh rotifers'pronced by micro-
“bial flock (Y.R.) showed a sloWer growth rate. 'They'also showed high mortality
in case by case. High mortallty of larvae in feeding Y. R. occured especilally
within the first two weeks, but they showed good survival and growth 1ater
Therefore, it 15 considered that the larvae in early stages become weaker when .

Y. R. is fed to them.

On the other hand, larvae fed with rotifer produced by microbial fleck
enriched by cod liver oil showed nearly the Saﬁe growth and stable survival
compared with those fed with rotifers produced by green water in expefiment 3.

With this in mind, it is considered that the larvae of seabass in fhe
early stage may reQuiré'highly unsaﬁuréted fatty-acid. :Therefore, it seems
.necesSary'tO'enrich wicrobial flock for votifer feed by cod liver 61l for

seed production of seabass.
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Table 2. The record of rearing of larvae of Lates calearifer
for the first two week in experiment L.

Day Number of Water Wdtef
after rotifer fed exchange  temp. _ " Remarks
hatching (/mi) (#) (e
0 - - - stocked 500 newly hatched larvae
1 - - -
2 10 - 29 open mouth |
3 10 20 30 only few [ish survived in C-2
4 10 ' 50 29 only few fish survived in C-1,
D-1
5 16 . 50 29 ' 6nly-few figh survived in no
feeding condition.
6 10 50 29.5 all fish died in no feeding
condition .
7 10 50 29
8 10 50 29 dead fish found: 1 in A-1,
' 3 in B-2
9 10 50 29 dead fish found: 1 in B-1,
all fish died in C-1
- 10 15 50 28.5
11 15 50 28.5 - dead fish found: 15 in B-2
12 20 50 28.5 dead fish found: 31 in B-2
13 20 50 29 dead fish found: 18 in B-2
' 1 in C-2

14 first measurement _ dead fish found: 5 in B-2
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Table 3.

The survival and growth rates of larvac of

Lates calcarifer at three week after start
of experiment 1.

G.R.

Kinds of food G.R Y.R. 0.Y.R.
| (A-1) (A-2) (B-1) (0-2)
Number of Day 14 - 87 131 38 101
larvae .
Day 21 83 128 35 19
Survival rate (%) 95.4 g7.7 g2.1 18.8
. 3+ .
Mean TL  s.d. (mm) 10.41#2,16  11.66%1.74  11.04#1.85  11.01+1.66
on day 21 34 18 5% 19
Number of sample
* fish_were measured in anesthetized condition
Table 5. The survival and growth rates of larvae of
Lates calearifer at end of experiment 1.
o G.R. G.R, G.R. Y.R.
nluds of food (A-1) (A2-1) (A2-2) (B-1)
Number of =  Day 21 50 45 45 34
larvae L
Day 28 50 45 44 33
Survival rate (%) 100.0 100.0 97.8 97.1
Y R :
‘ieanl e () 15.62+1.49  16.04%1.36  16.25%1.63  17.00%2.56
on day : 50 45 4é 33

Number of sample‘
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Table 4. The record of rearving of larvae of Lates calcarifer
for third week in the experiment 1.

Day Number of food Water Water . '
after organisms (mf) .~ exchange  temp. Remarks
hatching votifer Avtemia - (%) (°c) :
14 20 - 100 29 continued rearing in A-1, A-2,
B-1, D-2° |
15 20 0.5 50 29
16 20 1 - 1.5 50 29 dead fish found: 1 in B-1
17 15 1.5 - 2 50 28 dead fish found: 1 in A-2Z
1 in D-2
18 15 2 -3 50 28 dead fish found: 7 in D-2
19 15 2.5 - 4 50 28 ‘dead fish found: 24 in D-2
20 15 1 -4 50 28 dead fish foundy 1 in B-1
30 in D-2
21 gecond measurement dead fish found} 11 in D-2

Table 6. The record of rearing of larvae of Lates calearifer
for last week in the experiment 1. :

Day : Feeding amount _ Water Water .
after Artemia formula-food exchange tenp, Remarks
‘hatching (/=) (&) ey -
 .21 ' 4 ' - _ 100 29  continued rearing in
' : A-1, A2-1, A2-2, B-1
22 - 3 -4 - 75 28.5
23. 2 0.5 75 28.5
24 2 1l.s 75 28.5
25 .1 1.5 75 285
- 26 1 4.5 75 29
cer 1 1.5 75 29
'~.'28_ '_" ': énd 5f7eXperiment
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Table 7. The survival and growth of larvae of lates calearifer
at each week in experiment 2,

59

Kind of food G.R Y.R
Replication A-1 A2 A-3 B-1 B-2 B-3
Number Day 0 500 500 SOO ‘500 500 | 500
iirvae Day 14 156 210 145 200 80 134
o~ Survival rate (%) 31.2 42,0 29.0 40.0 16.0 26.8
g Méan total iength {mm) 6.30 6.58 6.74 5.42 6.25 5.9?
‘Standard deviation 0.96 0.85 1.18 0.97 1.02 0.58
Nﬁmber of sample 30 30 30 30 30 30
Number Day 14 126 180 115 170 50 104
iirvae Day 21 115 147 102 130.. 41 91
- _survival raté (zj 91.3  81.7  88.7  76.3  82.0  87.5
g Mean total length (mm) 12.61  11.87 13.38 11.10 13.15 12.28
| Standard deviation 1.29 - 1.01  1.43  2.57  1.87  2.14
Number of sample 30 30 30 30 30 30
Number Day 21 85 117 72 98 41 61
;ifvaé Day 28 73 93 2(57)% 82 36 46
& Survival rgte (Z). 85.9 79.5. - 83.7 87.8 75.4
E Mean_ﬁqtal length (mm) 15.55  14.75 15,92  13.94  16.28  14.80
Standard deviation 1.88  2.66  2.49  2.09  2.78  2.11
Number of sample 73 93 82 336 46

* 57 fish died at night on day 27.
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Table 8. The vecord of rearing of larvae of Lates calcarifer

for first two week in experiment 2.

Number of

——— e

Day Water Water
after rotifer -fed  exchange temp. Remarks
hatching (/m&) (%) (°C)
0 - - 28 stocked 500 newly hatched larvae
1 0 - -
2 5 - 28
3 10 50 28
4 i0 50 28
5 10 50 28
6 10 50 28
7 15 | 50 28 dcaa fish.Qere observed in Y.R.
: tanks '
8 | 15 $0 28
9 20 50 28
10 20 50 28 dead fish founa: 2 in B-1
15 in B-3
- 11 25 56 28 dead fish found: Zi in EmB
12 25 50 28 dead fish Found: 16 in B-3
13 25 50 28 dead fish found: 1 in B-1
' 1l in B-3
first_meaéurement dead fish found:

14

5 in B-3
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Table 9. The record of rearing of larvae of lates calearifer
for third week in the experiment 2,

Day Number of food . Water Water
after organisms (/ni) exchange temp. Remarks
hatehing  rvotifer Artemia . (%) o)
L 30 o | 100 28 continued rearing iﬁ all tanks
15 20--30 0.5 75 28
16 15-25 1-1.5 75 28 dead fish found: 1 in A-3
17 10-15  1.5-2 75 28
18 10-15 2-3 75 27.5
19 10-15 34 75 27.5 dead Fish found: 1 in B-3
20 10-15 34 75 27  dead fish found: 1 in A-1
: . 2 in B-1
21 ' second measurement

Table 10. The record of rearing of larvae of Lates calcarzfér
: for last week in the experiment 2.

Day Feeding amount Water Water
after Artemia  formula-food exchange  temp. Remarks
hatbhing {/m) (g) (%) (°c)
21 4 - ' 100 - 28 continued rearing in all
' ' tanks
22 3-4 0.5 75 29 dead fish found: 2 in A-3
' 1l in B-3
23 1.5-2 1.0 75 28,5 dead fish found: 1 in A-3,
: B~3,
5 in BI1,
3 in B-2
24 0.7-1 1.0 75 28
25 0.5 1.0 75 - dead fish found: 2 in B-1
- 1 in B-3
26 - 1.0 75 29 dead fish found: 1 in A-1
: ' B-1
27 - 1.0 75 28
28 end of experiment . almost all fish (57/59)
died in A-3
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Table 11, The survival and growth of larvae of Lates calearifer

at each week in experiment 3,
Kinds of food G.R. 0.Y.R,
Replication 1 . 2 3 1 2 3
Number  day O 500 _505 500 500 500 500
| ii;vae day 14 129 152 178 153 166 170
~ Survival rate ()  25.8 30.4 35.6 30.6  33.2 34.9
g Mean TL (mm) 6.20 6.55 6.75 5,97 6.33 6.21
" Standard deviation 1.73 0.81 0.63 1.0l 0.95 1.08
Nuﬁber of sample 29 32 58. 33 46 50
Number day 14 100 120 120 120 120 120
_girvae day 21 90 101 113 105 108 108
. Survival rate (%) 90,0 84.2 9.2 87.5 90.0 90.0
g Mean TL (mm) 11.7 12.5 12.6 12.0 12.4 12.0
Standard deviation 2.12 2.26 1.87 2.46 2.22 1.88
Number of sample 30 41 | 53 45 48 48
Number day 21 60 60 60 60 60 60
iirvae day 28 50 46 52 56 59 51
« Survival rate (%) 83.3 76.7 86.7 93,3 98.3 85.0
g Mean TL (mm) 19.1 19.2 18.7 18.4  17.6 18.9
.:Survi\'fa_l deviation 2.80 2.98 3.07 2.63 2.24 2.45
Number of sample 50 46 52 56 59 51
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Table 12. The record on rearing of larvae of Lates calearifer
for first two week in expaeriment 3.

Day Number of Water Water
after fotifer fed exchange temp. Remarks
hatching (/mi) (%) (°C)
o] ' - - 28 stocked 500 newly hatched larvae
1 - - 28
2 5 - 28.5
3 | 10 40 28,5
4 10 50 28.5
5 10 50 25
6 10 50 27.5
7 10 50 27
8 15 _ 50 26.5
9 5 50 27.5
- .15 - 50 28 dead fish found: 1 in B-3
1 20 50 28
12 20 50 28
13 s 50 28

14 first weasurement
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Table 13. The vecord on reaving of larvae of Lates calearifer
for third week in the experiment 3,

Day Number of food Water Water

altar organisms (/mb) exchange . temp. Reﬁarks-
hatching votifer dAvtoemia (%) {°C)
"“'14 23 ‘ ““j”*““ﬁ“ 100 28 o
15 25 0.5 .70 28
16 20 1;0 70 28.5
17 15 2.0 80 26.5
18 15 2.0 80 26
19 10 3.0 80 27
20 | 5 4.0 80 - 28
21 second measurement

Table 14. The record on rearing of larvae of Lafes calearifer
for last week in the experiment 3.

Day ' Feediﬁg amotm L Water .. Water
after Artemia formula-food exchange Lemp ., rRemarks
hatching = (/mi) - (g) _ (% (OC)
21 4 - 100. 28,5
22 4 . - 85 28,5
23 _ 4 - 85 28
24 3 | 0.5 . 85  _ 28.5
252 0.5 85 28.5
Zé L 0.5 85 29
27 1 0.5 85 29.5
23'  ';  '.end-bfzexpé{iment
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Growth and Survival of Newly Hatched Larvae

of Seabass, Lates calearifer, in Starved Condition
Pairat Kosutarak and Tatsuo Watanabe

Introduétion

IL ig meortanL to know when the. nevlv hatched lalvae start to eaL for
then the time to %Lart feeding is ‘grasped, Therefore, Lhe growth of 1arvae
under feed1ng and not~feeding conditions was compared, and the process of
survival in starved condition was also examined for the seabass, Lates col-

o0 2"‘?:}"(53 .

Matefia]s-and,Méthods

Newly hatched larvae were collected from the spawning tank on the mornlnp
of Aprll 1, 1983 for examination of their growth in a starved condltlon.
About 2 000 larvae were kept in the 30 & polycarbonate tank (20 2 of water
volume) without acration. Eleven to thirty larvaa were sampled for the time
to time and. kept in a 57 formalin solution till 120 hours after hatehing.,
D&anwhlle,.larvae fed with rotifer were sampled from the seed production tank,
stocké&;with the same egg group;'from 54 hours to 125 hours after hatching.
Then their totél?lehgth was measured by the profile projector at 50 magnifica-—

tions on-September 15 - 20.

The survival of newly hatched larvae in starved condition was examined from
the night of April 3., Two hundred eggs were stocked in a 2 2 glass beaker,

then ‘dead larvae were counted.

Results

The'gfowth rétexcomparison of newly hatched larvae, those ﬁhich wvere fed
with.rotiférs and théée'not fed at all, is shown in ¥ig. 1. The water tempera-
ture was 27 ~ 30°C. The larvae started to grow from just after hatching
{total length 1.60 + 0;04mm), then they grew fast till about 24 hours after
hatching (2.34 # 0.07mmi). The egg yolk was almost absorbed by 24 hours, so
that they grew little from 24 hours to about 50 hours when the mouth opened
(2,45 i-O:OSmm){ _Aftet that, they did not grow, and their total length began
to shrink at about 120 hours after hatcﬁing t2.37 # 0.07mm) when many larvae
started to die. Meanwhile, the larvae fed with rotifer started. to grow fast
again after opening the mouth, ﬁnd the difference in Body'size was apparent 3

days after hatching.
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2.0}~

1.5‘*‘" [l ] L ) I L L L i i I i

0 ©20 40 .80 g0 106 120 hrs.

Time after hatchlng

Fig. 1. ‘Growth in total length of newly hatched larvae of seabass -
- fed with rotifer. {open circle) or kept without food
(closed circle). Vertical bar represents’ the standard
 deviation of total length. Arrow shows the time when
mouths of all larvae opened. N

The process of surv1val of newly hatched larvae is shown in Flg 2.
ngh mortality was observed at 100 - 120 hours (4 - 5 days) after hatchlng,

whlch was gust the same time as Lhe 011 globule was almost absorbed

‘Therefore, proper time to start feedlng is from 2 days after hatchlng,

when the mouths of Ialvae open,

Y
-
L

" Survival raze

“Egg. - 0.0 2000 400 60 - 80 100" 120 hrs.
T Tlme after hatchlng '

; Fig. 2,¥ Surv1va1 ‘rate of newly hatched larvae of seabass
L starved condltlon. Arrow shows the time when
-mouths of all larvae opened,
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Shrinkage of Body by Preservation in
Formalin Solution in Egg and Larval Sfages

of Seabass, Lates caleartfer

Pairat Kosutarak and Tatsuo Watanabe

Introduction

'VIn studying the growth or development of the larval stage, it is convenient
to observe formalin samples. However, it is necessary to determine the size
of larvae in a fresh condition. Therefore, the ratio of shrinkage by 5% of

formalin solution was examined for egg. and larvae.of seabass, Lates caleartfer.

Materials and Methods

From May 31 to June 20, 30 individual samples of fresh eggs and larvae
were measuréd, when anesthetized by 20 ppm of quinaldin, and preserved in 5%

of formalin solution. Then they were measured again on September 20 - 23.

.Resulté

In comparing fresh eggs to eggs preserved a 57 formdlin solution, the
diametér was 0.74 * 0.02 mm in_ffesh samples, but 0.76 * 0.02 mm in preserved

sampleg. . The swelling was 2.7% and this difference is statistically significant.

In the case of preserved larvae, the ratio of shrinkage in total length
was changed depending on gfowth and development. From 0 to 12 days after
hatching when total length is less than 40 mm, 8.5% shrinkage was recognized,
from 13 to 16 days after hatching when total length is between 4,0 mm and 6.0 mm,
5.5% and from 17 to 20'days:aftér hatching, when total length is more than
6.0.mm,_3.52-shfinkage was recognized (Table 1, and Fig. 1.). The difference
in total léﬁgth of fresh samples_aﬁd preserved samples is statistically sig-

nificant for fry younger than 12 days old.
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Table 1, Total 1vnbLh {mm) of fresh and preserved samples of lavvae of seabass,

Day after Fresh aamples ' S{zn o.f ‘Re-s.erved samples 4 of
hatehing - aud. range sample mean  s.d. _ .range- .ﬁhrinkage

0 231 0,060 1,98 = 2.24 29 1.92% 0,06 1,80 - 2,04 9.0

i 2.5 0,07 2.20 - 2.46 - 30 2,23%  0.06 2,10 - 2,36 4.7

z 2,50 D.05 236 - 2,50 11 2.91% 0,06 2,20 -~ 2.40 . 7.6

3 2,62 0,09 2.40 - 2.84 - - - - -

4 2,71 0.12 2.0 - 2,90 27 2.36% 0.7 2.80 = 2,74 12.9

5 2,86 0.11 2,66 - 3.20 - 30 2.65% 0,11 2,42 - 2,92 7.3

6 3,01 021 2.54 - 3.28. 10 2.76% 0,18 2,30 ~ 3,02 8.3

7 3,22 0.25 2,66 - 3:60 29 3.89%  0.24  2.26 - 3,40 10,2

8 . 3.9 0.23  2.76 - 3.68 30 2.99% 0,18 2.62 - 3.32 9.1

9 - 1,50 0.23 2,92 - 3,90 30 3,19% 0.2 2.76 = 3.56 8.9

10 3079 0.3 2.76 - 4,36 29 - 3.50% 0,33 2,60 = 4,06 7.7

1 3,73 0,23 3.36 - 4.22 28 3.42% 0,23 2.98 - 3.80 8.3

12 401 0.35 3,32 = 4,70 30 3.69% 0,33 3.08 - 4.34 . 8.0

13 0,36 0.5 3.30 - 5.78 10 410 0.51 312 - 5,34 5.5

14 4.55  0.54 3,45 - 5.60 30 4.31 .55 3,20 - 5,28 5.3

15 5.05 0,59 3.85 - 6.45 30 &7 05T 3.64 = 6.00 5.5

16 5.52  0.65 4,00 - 6.70. - 30 5,21 0,67 3.70 - 6.45 - 5.6

17 6.03  0.58 © 4.75 - 7.00 30 5.78  0.57  4.55= 6.90 4.

18 6.46  0.68 4,35 - 7,65 30 6.21 - 0.67 4,30 = 7.50 3.9

19 7.01 0.89 ° 5,20 - 8,60 . 30 6.77 0.92 4.95 —~ 8,80 3.4

20 C O 7.36 0,92 5.65 - 9,10 30 7.13 0.97  5.30 - 9.00 3.1

#*:; Statistically significant difference in comparison with mean total length of fresh and
stored samples, .
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Effect of Handling on Survival din Larval Stage

of Seabass, Lates calearijer

Tida Peclhmanec aud Tatsuo Watanabe

Introeduction

When the larvac of seabass, Lates calearifjer, were collected, high mortality
was observed depending on-the size of larvae and the methods of handling.
Therefore Lhe experiment was carried out to discover the effects of handling and

the size of larvae which can tolerate handling,

Materials and Methods

“About 70,000 newly hatched larvae were stocked in a 0,5 ton polycarbonate
tank on June 1, 19833 then larvae were taken out by three kiﬁds of handling
methods every day till 20 .days after hatching. The handling methods were as

follows;

A) Gathered 1arvae éléwly in 63p mesh handling net then ladled them with

water into small beaker.

 Gathered by same means as.method-A, but collected in 100p mesh small hand

s
S

net, then put into a.oné liter bLeaker immediately.

C)  Gathered and collected by~same means as method B, but taken out of water
as mich as possible with small hand net, then exposed for 15 seconds

before putting into heaker,

40 =~ 150 layvae wére collected by each method and kept in one liter peakers
for :3 -~ 4 hours, then the number of dead and surviving larvae were counted. The
total length of 30 individuals, which were collected by method A, were measured

when anesthetized by 20 ppm of quinaldin to confirm the size of larvae.

Results
The mortality-rates by different methods of handling larvae each day are

shown in Fig. 1, and the .size of larvae are shown in Table 1.

When the larvae were touched with a net and expesed in aiy, their bodies
beat, then died. In the case of method A, the larvae were always collected with
water, so that they showed low mortality (0 - 8%Z). In the case of method B,

the mortality was lower (0 - 42%) than method C, because water still remained in
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the hand net for the short time of héﬁdling, However, in the case of method

¢, high mortality (47 - 98%) occurred during the 2 = 6 days after hatching. Iy
every method, highest mortality was recognized duﬁing 2 - 6 days after.hatching
(11. 2,5 - 3.0_mm),'so.that'carefu1 handling is required during that period.

The mortality of every method is still high during 7 =~ 12 days after hatching,

but after that (TL more than 4 mm), larvae could tolerate every method.

According to these results, it is better to handle larvae on day 0 -~ 1 or

later than 7 days after hatching.

Table 1. Body size'in_totai Length of "larvae of
Lates calearifer on each day after hatching
during experiment '

Day after Sizé of larvae in total length(mm)
hatching mean s.d, - range-
0 21 7 0.060 1,98 - 2.24
1 2.3 0.07 2.20 ~ 2.46
2 2.50 0.05 2.36 - 2,50
3 2.62 0.09 2,40 ~ 2.84
4 2.77 0,12 2,40 = 2,90
5 2.86 0,11 2.66 ~ 3,20
6 3.01 0,21 2.54 ~ 3,28
7 3.22 0.25 2,66 ~ 3.80
8 3,29 0.23 2,76 - 3.68
9 3.50 0.23 2.92 - 3,90
10 3,79 0.3 2,76 ~ 4.36
11 '3.73 0.23 3.36 — 4.22
12 4.01 ©0.35 3.32 = 4,70
13 4.34 0.54 3.30 - 5.75
14 4,55 0.5 3,45 = 5.60
15 5.05 0.59 3.85 < 6.45
16 5.52° 0.65 4.00 - 6.70
17 '6.03  0.58 4.75 < 7.00
18 6.46 0.68 4.35 ~ 7.65
19 7.01 - 0.89 5,20 - 8.60
7.3 0,92 . - 5.65 — 9,10

1o
o -
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Fig. 1. Mortality of larvae of seabass for different

mathods of handling. Gircle: collected with
water in small beaker. Triangle: collected
with water by 100u mesh net. Square: collected
by 1001 mesh net and kept out of water for 15
seconds before put into beaker,
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Effect of Supplemental
Vitamins on Feeding ¥ish Meat to Juvenile Seabass,

Lates calcarifer

Pairvat Kosutarak

Introduction

Up to the present, fishfarmers rearing seabass, Lates calearifer, in
Songkhla and other areas have faced many problems. One of the big problems
is the high mortality of juvenile seabass during their nursery rearing. Juve-
niles arve fed with winced f£ish meat. However, their feeding activity usually

becomes lower after rearing for several weeks and they finally die.

As a cause of this problem, we supposed that some vitamins may be lacking
in fish meat, depending on the quality of the meat itself or on its method of
preservation., Therefore, we carried out an experiment on rearing juvenile sea-
bass by.feeding them minced fish meat with vitamins added (2% vitamin mixturve,

Halver 1957) and without vitamin added.

Materials and Methods

Experimental Figh: About 300 juvenile seabass were obtained in September 1983
from the hatchery at NICA, They weve kept in a 500 £ tank and maintained on

minced fish meat for one week, then sorted again at the start of experiment.

Feeding and Testiﬁg Methed: A glass aquarium, 497 x 257 x 295 mm, was used,
which was supplied with well seawater at the rate of 0.28 ~ 0.35 2/min. and
acrated sufficiently., The volume of seawater in each aquarium was about 32 1.
‘Twelve fish were put into each aquarium and fed twice a day, except on measuring
day when they were fed only once, Feeding was continued until fish were satiated.
The waste was siphoned off before each Ffeeding. Fish were weighed individually
at intervals of 1 week by anesthetizing with a 20 ppm quinaldine solution. The
-feediqg experiment was coutinuéd for 9 weeks. Range of water temperature and

salinity in aquariums in each week are shown in Table 1.

Test Diet: The diets consisted mainly of minced Fish meat which was prepared

every day. The details of the diets are ghown in Tables 2 and 3.
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Table 1. Range of Lemperature and salinity
in aquariums in each week.

(Temperature: °C,.Sa1init t %)
p LLLYy

1 2 3

Week 4 5 6 7 8 9
Temperature  26.0-  26.2- 27,1~ . 26,8~  26,9= 27,0~  27.2- 27.0- 26.0-
at 930~1000 27.9 28.0 27.9 28.0 27.8 28.0 28.0 27,5 27.0
Temperature 27.6 27 4= 2 26 2 9
At 1530- 7.6- . 8.1~ 28 .0~ 28.0- 28.0~ 28.8~  28.0- Z27.0-
4 ' 29.8 29.1 29.3 29.4 28.9 29,2 29.6 26.9 28.5

1660
Salinity 34 33-34 33-34 33-34 33-34 33 33 2833 26-29
Table 2. The details of diets in each lot.
Lot N week week week wveek © week week wéek week week .
Ot RO g 1-2 2~3 34 4-5 5-6 6~7 = 7-8 8-9
F-1 X X X X - X L @ @
F-2 X X X X X X X X @
v-1 @ © ® @ @ © ® @ O
V-2 L @ @ @ @ @ @ @ @
X minced fish meat
@ minced fish meat +27 vitamin mixture (Halver., 1957)
"B winced fish meat +2% vitamin mixture (Halver., 1957)
mineral mixture (USP XTT Salt mixture No.Z., Halver 1957)
(O mwinced fish meat +2% vitamin mixture (Halver., 1957) +2Z cod

“liver oil,
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Table 3. The kind of fish used for feeding
Date Name of fish
23 Sept. — 10 Oct. '83 Carane (Selaroides) leptolepis
11 Oct, = 24 Qct, '83 Lutjanus vitta
25-0ct., = 26 Oct. '83 Sauride tumbil
27 Oct. - 3 Nov. '83 Lutjanus vitta
4 Nov, '83 Scolopsts dubiosus
5 Nov., =~ 7 Nov. '83 Lutjanus vitia
8 Nov. =~ 9 Nov. '83 Seolopsis dubiosus
10 Nov. = 18 Nov. '83 Saurida tumbil
19 Nov., - 21 Nov. 83 SboZopsis.dﬁbiosus
22 Nov. =~ 24 Nov, '83 Mastrelliger brachysomna

Results and Discussions

The effect of the supplémenf of vitamins of the'growfh of the fish is

already observable from 2 - 3 weeks after the experiment was started (Table 4),

The phenomena of vitamin deficiency is as follow:

1) food intake and swimming activity decrease

2} body color becomes black

3) caidal fin loosens

4) dies
Table 4. Mean and standard deviation of body weight (g).

Lot No, Taitial week 1 week 2 week 3 - week 4 week 5 week 6 week 7 waek 8 week 9
-1 0.2510,03 0.56;0}10 0,93:0,18 1.1920,26 1.47i0.3i 2.12:0,48 3,2640.69 4.55%0.96  6,53%1,43 8.5041,83
F-2 0.26£0.04 0.5610}10 0,92:0.17 1.24%0,32 1.4410,45 1.7810,43 2.01:0.51 2.2540.65 2,63£0.59 3.27:).08
v-1 0.2?!0.55 ‘0.60:0.12 1.12:0,15 i.QiiU.Sl 2.57£0.41 3,62:0.51 5.00+0,82 6,38+1.,20 8,23+1.52 10,23:2.20
V-2 0.93:0.28 ° 1,6240.,47 2.3440.66 3,2740.89 5.5611.,28 5,97:1.73 7.4542,21 9,0122.65

0.26%0,06

0.52:0.13
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A vecovery test was done for P-1 at the beginuing of week 5, The fish
became move healthy in a short time. Growth rate was increased very quickly,
there was a good conversion rate and no mortality, For F-2, the recovery test

was done at the beginning of week 8 and the results were the same (rig. 1).

We tried to add a 2% mineral mixture in F-1 and 2% cod liver oil in V-1
at the beginning of week 8, but the results were not very clear so we must

experiment again,

Mean body weight (g)

01 2 3 4 5 6 7 8 19 weeks

Fig., L. The growth of juvenile seabass fed with feed
of different composition.

—— 2% wvitamin mixture
—+— 1no vitamin added
—o— 27 vitamin mixture + 2% mineral mixture

—=— 2% vitamin nmixture + 2% ecod liver oil

-9]1-



g Yoo

9 ¥Bam g ¥eem 4 ¥eRM ¢ WIem 7 ¥yeem. . T Yeem

00T 001 001 00T 001 001 00T - 001 00T 70
,m.mw £°£8 £°16 001 00T . 00T 00T 00T 001 1-A

0s 0§ 0¢ £°99 St 001 001 00T o001 A
L715. L16 L°16 L6 L 16 L'16 00T QoI 001 -2
m.xmma g Houm [ ¥o9m 9 MeEm ¢ Moo 7 ean € vasm _N MmmB. T ¥sam .oz 3071

(%) =23ex Hmbwbpzm. ‘9 BIqeL
TSnuTW ST UTES JuStem ky

A 617 6% ¢ Ti'e o evg 89°¢ Iw¢ 887 19°7 Z-A
£1°¢ §9°9 15°¢ 20°¢ AR VA Nl e T-A
7oy - s # €T 60°L ST 88T 95°7  z-d
£E°E 78°7 7977 ¢ 867 ov't - 9g7g 85"y | 867 wi'g -4
5 Yoom L oM

'3321 UQTSIDAUOD poog - *C 2149RL

=92-



Effect of the Protein Level in Formula Diet

for Seabass, Lates calcarifer

Pairat Kosutarak

Introduction

The optlmum protein content is one of the most eqsentlal factors ‘in
developlng an economical and efficient diet formula for fish: cultures. The
present experlment was carrled out to study the effects of various protein’

levels in diet formulae for seabass, Lates caleartfer,

Materials and Methods

Expérimental fish' About 300 flSh were obtained in October, 1983 froum the
hatchery at NICA. They were kept in a 500 & tank and maintained on trash fish
and then formula diet in that order. After the flsh became accustomed to the
formula diet (43.6% protein dlet as shown in Table 1) for one week, they were

sorted again for the start of the experiment.

Feeding and'teéting.method' A glass aquarlum,.gl x 27 x 30 cm, was used which
was supplied with’ well seawater at the rate of 0.25 - 0.36 &/min. and aerated
suffchently. Ten fish were put into each aquarium for each experimental diet
and fed twice a-déy,'e2cepp“6n measuring day when they were fed only once. The
past§ mixture was extruded into the tank as a moist, fine noodle from a 12 m4
nvloﬁ Syringe without a needle, The waste was 31phoned off before each feeding.
Fish were welghed individually at 1ntervals of 1 week by anestheLlalng with a 20

ppm’ quinaldine solution. ° The feeding experiment was continued for 8 wecks.

Test diet: The diets used in this experiment are showm in Table 1. Six kinds
of dlet with different crudeé protein content ranging from 10.8% to 62.3%7 were
tested. - The level of protein content was adjusted by changing the mixing rate of

fish meal, casein and dextrin.’

New mixture were prepared every week, After preparation, the mixtures were

stocked in a refrigerator at 5°C until used.
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Table 1. Composition of test diets

Ingredients/Lot No. 1 2 3. 4 5 6
Fish meal Zi 50 73 55 36 18
Casein 54 25 - - - -
Dextrin ~ - -2 20 39 57
C.M.C 5 6 6 6 6 6

Vitamin mixture* 4 4 4 | 4 4. 4
Mineraliw 7 7 7 7 7 7
Cod 1ivér 0il 3 3 3 3 3 3
Corn oil 5 . 5 5 5 5 5
Water 140 140 140 140 140 140

Crude protein(%) 62.3  50.3 43.6 33.1 22.6 10.8

# Vitamin mixture as reported by Halver (1957)

*%  USP XIT. Salt mixture No.2 plus trace metals
(Halver, 1957)

Results

The initial and_final-body weight, percent-gain 6f'body ﬁeigﬁt ﬁbrtality
" during the experiment and approximate comp081t10n of exper1menta1 fish are
shown in Table 2, Growth curves of fish in the experlment period are shown in
Fig.*l-for‘six kinds of diet. It is obvious that the diet with the highest

) crﬁde.protein ¢ontent produced the fastest growﬁh of fish. Growth becdmes
pborer as‘the'protein coﬁtent becdmés 1bwer}- The mortallty rate does not show
any relatlon to the protein content of the diet, Crude protein content seems
to :be a 11tt1e higher in-fish fed with a high protein diet than ;n_flsh fed
with a low”prOtéin_diet; thdugh_lo£s No..l_and-2 show reﬁerse results.
'The f60dTéoﬁversidn rates of each diet ét the end of each week are shown
: ih-Téblé 3. The d]et of hlghest proteln content always shows ‘the smallesL food
conversion: rate. The food conversion rate almost always becomes ]arger as

'proteln conLent becomes lower.

- As a result of thL experlment, it can be said that a crude proteln content
}as hlgh as 62. 37 seemes to he. requlred for the fastest growth of the fish with

the 1owest food convers1on rate,
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Table 2. Resuits

of feeding experiment for 8 weeks

Lot No. 1 2 3 4 5 6
Mean ‘body weight (g):
Initial 0.88  0.84 0.89 0.90 0.93 0.91
Standard ervor 0.12  0.08 0,12 0.09 0.11 0.10.
Final 12,11 11.07 7.91 6.09 3469 1.51
Standard error ' 446 2,90 3,97 2.11 1.33 0.46
Percent gain (%) 1276 1218 789 577 297 66
Mortality (%) 10 0 0 0 0 10
Apﬁroximate-composition
of fish: '
‘Moisture (%) 74.0 73.3 74.2 73.9 72.9 74.1
Crude fat (%) 13.9  15.0 15.3 15.1 20.4 16.8
Crude protein. (Z) 6.7 17.2- 16.3 16.1 15.7 15.2
Table 3. Food conversion rate®
Lot No. Week 1 Week 2 WeeR‘B Week_é Week 5 Week 6 W99k 7 Week 8
1 318 2,56 - 2.29  2.62  2.84 2.3 2.85  3.09
2 4.93° 4,16 4,10 3.54 2,99  2.89 . 2.80  3.12
3 9.55  8.43  9.20 - 7.86  6.62  5.68  5.90  6.47
4 8.75  9.54  8.20  8.48  7.74  7.49  6.46  7.97
5 12,67 14,56  11.79 14,71 13.94 11.29 10.48 12.35
6 45.00 226.88 81,96 40,40 120.24 33.07 40.53  33.75

food conversion rate =

weight ga

~95-
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Mean' body weight (g}

13| Protein level in diet (Z)

62,3

, 50.3

43,6

> 33.1

weeks

Fig., 1. The growth of seabass fed with diets of different

protein content.

—96-



Feeding Experiments on Rearing the Barly Stage
of Seabass, Lates calearifer,
Using Rotifer, Brachionus plicatilis, Frozen Rotifer

“and Boiled Egeg Yolk as Food

Tida Pechmance, Prakit Kraisingdecha and Niwes Ruangpanit

Introduction

The normal food for rearing seabass, Lafes calearifer, larvae just starting
-to eat is rotifer, Brachionus plicatilis, but it is not a perfect food source.
Its production depends on a ﬁide variety of factors. It is rather difficult
to produce enough rotifer if the conditions are not goOdland}_like all live
food supplies, it takes time to produce. This experiment was carried out to_
study the possibility of using nonliving food to rear seabass larvae, instead

of the rotifer.

Materials and Methods

The experimeht was performed twice, in 30 £ blastic tanks,ieach containing
500 larvae in 25 £ of water. In the first_ekperiment larvae 4 days old were
used, and in the.second experiment, newly hatched larvae. Live_rotifer, boiled
egg yblk of chicken, and frozen rotifer were fed to seabass larvae in the

experimeﬁtal tanks, and 50% of the water was éhanged each day.

.FQQd Préparation: The rotifer was First filtered, then put into water
contéining Tetraselmis for 15 minutes. Aftérwérds, it was checked for density
and the amount needed for the day's feeding wés calculated. To prepare frozen
rotifef a certain number ofrrotifer prepared in the same way were packed in
plastiﬁ bags.and frozen. The égg yolk was first boiled, then forced through a
105 ¥y 'sieve. Afterwards, it was washed, checked for density, and the amount

needed was calculated.

Regults

Growth in the first experiment: The experiment was finished in 6 days when the
larvae were 10 days old. Fbod-supplied in expérimental_tanks are shown in
Table 1. The gréﬁth of larvae fed with the 3 different kinds 6f fpod.is shown
in Table 2 and Fig. 1. Larvae fed with 1i§ing'rotifer'increased 0.970 mm, 1in
total length, with egg yolk 0.315 mm, and with frozen rotifer 0,205 mm; The
growth of larvae fed witthiﬁe rotifer and of those fed with egg yolk or frozen

rotifer were significantly different.
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Table 1, Food supply in experimental tanks for the first experiment,

Food density (per mf) in each day

Tank o TS M T
1 2 3 4 5 5
Tank R 20 20 | 20 20 25 30
Tank ¥ 30 37 25 25 25 25
Tank ¥ .30 37 25 20 30 35

Tank R: Larvae fed with living rotifer.

Tank ¥: Larvae fed with frozen rvotifer,

Tank E: Larvae fed with boiled egg volk.
20
a
[u]
E
¥ 107
Y-y
Q
:
=
0l —— Total length {(nm)
2 3 4
Initial total length
20+
By
] ‘J— ¥
R, B
10+ :
Q)
.
o
o
-
ug 0 0 [“
© 01— —+ — + Total length {um)
s |2 s 23 4 5 "z 5
104
20 ‘ o R,

Final'toﬁalrlength

Fig. 1. .SizéVdistribution of experimental larvae
' . in the first experiment.
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Table 2, Sizes and survival rates of experimental larvae

for the first experiment,

"Total length {mm) at different age (days) Increasing _ Burvival

Tank 4 6 8 10 - of TL.(mm) rate (%)
Tank Ry N 2.96 3.20 3.58 0.94 52.0
Tank R, 2.64 2.93 3.35 3.64 1.00 44,0
Pank F) 2,64 2.69 2.86 2.79 0.15 4.0
Tank ¥, 2,64 2.76 2.80  2.90 0.26 11.4
fank E 2,64 2,67 3.05 3,12 0.48 484
Tank E, 2.64 2,72 3.08 2,79 | 0.15 19.8

Crowth in the second experiment: Food supplied.in the experimenﬁal tank;are
shown in Table 3. After 7 days of this experiment, when the larvae were 9.days
old, latval growth (Table 4, Fig. 2) was 0.87 min ~ 1.16 mm for those fed with
live rotifer, 0.17 mm - 0.25 mm for frozen rotifer.and 0.0l mm - 0.16 mm for
egg yolk. Again, the growth of larvae fed with living rotifer and of those

fed with egg yolk or frozen rotifer were significantly different. The gfowth
of larvae of 12 days and 14 days old were also very poor when fed with egg volk

or frozen rotifer.

Table 3. TFood supply for larvae during second ekﬁefiment

Food density {per m&) in each day

Tank > 3 4 5 6 7 .8 9 10 11 1z 13

1
Tank R- 5 7 12 20 25 30 30 30 35 35 35 40 40
Tank ¥ 5 10 15 20 20 25 30 30 30 30 - - -
Tank € 5 7 12 12 15 20 25 20 25 25 - = -

Survival rate in the first expériment: The highest survival rate (48.0%) was
for larvae fed with live rotifer, and the lowest (7.7%) was for those fed with

frozen rotifer (Table 2).

SurVival_rate in the second experiment: After 7 days in this experiment, the
highest survival rate (64.7%) was for larvae fed with live rotifer, and the
Surviv31 rates fof those fed frozén rotifér and egg yvolk were 50,3% and 24.47%,
respectiﬁely (Table 4). Aftef 10 days, the surviﬁal rate for larvae fed with
egg yolk had dropped to ‘11%, and for those fed frozen rotifer (Tank F1) to
6.8Z. After 12 days, when the larvae were 14 days old, the survival rate for
larvae fed with live rotifer was 56.5% and for those fed with frozen rotifer

(Tank Fa) 36%.
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Table 4. . Sizes aud suvvival! vates at different ages (days)
of experimental lavvae started with totatl lenpgth
2.52+0,08 mm in second experiment.

Tau; N Total length'i 5.D. (nm) Increasing of T.L. Survival rate_Eﬁﬁ
9 12 14 (9 days) 9 12 14

Crakor, 199105 - 6.3000.7 | 0.87 570 4
Tank R2 3.68+0.4 - 6.30£0;7 1.16 . 72,4 68
Tank 1"'1 2.771:0.5 2,70:0.2 - 0,25 33.2 6.8 -
Tank ¥, 2.69:0.2 - 3.2 0.2 0.7  68.4 - 3
Tank ﬂ} 2.68:0.2 2.80+0.4 - 0.16 L6.8 11.0 -
Tank E2 2.5140,2 3.10%0.5 - -0.01 32.0 11.6 -

Water Quality: ‘The guality of the water in the experimental tanks was nearly
the same for both trials. For the first experiment, salinity was between
30.0% and 33.1% , pH values varied from $.10 te 8.52, and the water
femperéture ranged from 28.1°C to 32.9°C. Tor the Second experiment, salinity

was bhetween 29%. and 34% , oM values varied from 7.80 to 8.05, and water

temperature ranged from 26.5°C to 29.5°C,

Niscussion

The sced production of warine fish depends greatly on food organisms,
at least for the first 2 - 3 weeks (Girin, 1979). This may be because most
economical marine fish larvae are smaller than freshwater larvae that are
produced {Nagh, 1977), Artificial food has been tried as a substiture For live
food for marine fish larvae before, but the techniques for successfully using
this kind of feeding remaing ‘a big problem (Girin, 197%). Similarly, the
results here show high growth and survival rate only for the larvae Fed with
1iv¢ rotifer. The growth of larvac fed with cgg volk and frozen rotifer was
very Siow. 1t might be that egg volk lacks growth factors necessary for macine
fish, such as fatty acid 20:5 w 3. Aiso, perhaps because of itg minute size,
rotifer quickly 1§s§s mogt of its nutritional value when frozen, So, the
problem reméiﬁs'of how to maintain the growth and survival rvate of seabass

Larvae using artificial or frozen foods.
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The experiment did show, however, that, in case of a lack of rotifer or
other live food supply suitable for 2 - 9 day old Larvac, frozen rotifer or

egg yolk could be used to keep the larvac alive for a short period.

References

1. Girvin, M, 1979, Feeding problems and the technology of rearing marine
fish larvae. From Proc. World Syamp. on finfish nutys -
tion and fish feed technology, Hamburg., 20 - 23 Junc,
1978. Vol 1. Berlin. p.360~366.

2, RNash, C.E, 1977. The breeding and cultivation ol wmariue fish species for

mariculture. “Third meeting of the 1CES Working. Group
on Mariculture, Actes de Colloques (NEXC). No, 4.

p. 1-10.

~ 101



Yumber of larvae

w
P

490 -

20

0 L roprr e mpesssss - Total length {um)
3 4 5

20 - . }_.:1 r——r—_

10 - _::‘1 | J
. ’ LLL | f_..,.

10 e
R

16 .
N B J

i T § 7 1 1 1 =~y T
3 4, 50 50 3 4 5
40 -
¥

wd 1 ' 0
_ _ R,

R e T | |
S N et SO o N

B 1

-
[ Y S

e T [N o
6 VA 0 2 3

S

5

5
e

Fig. 2. -Si2¢1§ia§ributiqu_of-expupimentql larvae in the second -
S experiment, - A: - Initial total lengtin (2 days old).
Bi On the 8th day of the experiment,  C: On the 1ith
day bf the experiment,  D: AE the end of the experiment,

~102-



VT, {°C)

30 4 h\h“**aﬁkvw”wﬂhﬁnq/’/j\\\\\
29 4 : N ‘

- AN .
8 . _\‘\‘ /,a e e )

27 | - o

26", . . o e ; gy DALE
1 2 3 4 5 6 7B ¢ i 11 12

by
2
e

e FEPPRIRE . _ﬁ__;‘___.q_"ﬂ%'__g_,—-*}*-— e P s

Date

- ¥ —y -
3 4 3 i 7 8 g 14 i1 12

-

C5.0/00
L34

373 '\m_,_,.__.w/‘\ ) s / \

Sy Envinonwental conditions of exporimental tanks.

D First experiment. - o e o s CSecand

experiment .

=103



Feeding Experiments on Rearing,
of 11 - 28 Day Old Seabass Larvae,
Lates calearifer, Using Artificial Plankton,

Boiled Egg Yolk, and Formula Food

Tida Pechmanee, Paitoon Ugkayanon, and Tanan Tattanon

Introduction

An important factor in the successful seed production of fish is the type
of food organism fed to the larvae, especially in the first month. There has
always been a problem with a lack of food organisms or their high cost, so
attempts have been made to switch larvae to non—living'food as early as possible,
Artificial food was succesbfully used to rear 2 - 3 mg, marine shrimp larvae,
while European seabass, Dicentrachus Labrazx, were trained to eat art1f1c1a1
food when they were 10 mg of body weight (Girin, 1979). Pagrus major are
normally fed votifer, Brochionus plicatilis, from day 3 to 205 total length
3.1 = 8.1 mm, but, when there is a lack of rotifer, artificial food is used
for larvae of 6.0 to 8.0 mm (Fujita, 1979). Seabass larvae, Lates calecarifer,
have been trained to eat fish meat when they are 25 days old, or about 10 mm
(Sujin et. al., 1978). The present experiment was carried out to study the
possibility of using non-living foods instead of naupltius of, brine shrimp,

Artemia sqlina for 11 - 28 day old seabass larvae.

Materials and Methods

Thé'experimentﬁas divided into two trials, each in a serles of 30 2
plastic tanks containing 100 larvae in 25 & of water. The water temperature
and the number of dead larvae were recorded every day. At the end of the
-ex?eriﬁent, the number of larvae remaining and the size in total length of

each larvae were meéasured.

Tri31 i:- 11 day:old'éeabasé'iarVae (TL 4. 15 ‘mm) were fed with only one kind of
- food, 'but at 2 levels. The experlmental food was Artificial Plankton B,P., a
'product of Nlppon Formula Food Mfg. Co., Ltd s Japan, Each gram consists of
:_7 5 x 106 partlcles,‘30 =130 u 1n 31ze The feeding schedule was: Tanks

l 1, P1 > fed O .03, g/tank/day,s Tanks. P 2 9 fed 0.06 g/tank/day. seventy

2.1°
-percent of the water in each tank was changed each day,
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In Control tank A, larvae werc fod once per day for the first 2 days with
rotifers plus nauplius of brine shrimp, at densities of 3 and 1 individuals/ms,
raspectively., Later, brine shriﬁp, bnly, was used, oncé'per-day, at a density
of 2 individuals/mﬁ. In control tank N, larvae were not fed. In both control

tanks, 70%Z of the water was changed each day.

Trial 2: Twenty one daj.old seabass larvae (TL 7,8mm) were fed 3 kinds of
food:. Artificial Plankton B.P., egg volk, and Commercial Formula Food for
red sea bream. The egg yolk was first boiled, then forced through a 177 u
sieve and washed in a 100 u scoop net. The size of the egg yolk particles was
59 - 276 w. The density was checked and the anmount needed for feeding was
calculated daily, The commercial food was a product of Nihon ~ Nosan - Kogyo
Co., Ltd., Japan. Particle size ranged from 74 - 246 p, and each gram consisted
of 580 x 10 particles.

Thé feeding.schedule was: Tanks P,y P, fed Avtificial Plankton B.P.,
U.lZg/tgnk/day;_ Tanks:El,5E2 fed egg yolk, 30 particles/mf; Tanks Fl’ F2 fed

Commercial.Foﬁmula ¥Food No. 1, 0.5 g/tank/day."

Control tank A was fed nauplius of brine shrimp, density 3 individuals/mf,
one time per day; A1l other tanks were fed 4 times daily. All tanks had a

/0% water change each day.

Results

Trial 1: The water temperature in cach tank renged from 27.0°C to 28.5°C, and
the larvae for the experiment were 4.15 mm in total length. The results arc

shown in Tables 1 and 2, and Fig. 1.

All the larvae in the control tanks fed nothing died within 4 days.
Those in_ﬁhe control tank fed brine shrimp had a 69.0% survival rate. The tanks
fed Artificial Plankton B.P, héd a 36.0% rate (in the tank fed 0.03g/day a
28.57% réte, and in the tank fed 0.06g)day a 43.57 survival rate),

Larvae fed with Artificial Plankton B.P. grew very little: 4.40 mm and
4,45 mm for those fed 0.03 g and 0.06 g/day, respectively. Larvae in the control

tank fed brine shrimp grew to 8.77 mm in total length.
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Table 1. Number of dead larvac each day in the first cxperiment,

Tank Number of dead larvae each day

1 2 3 4 5 6 7 8
Tank N 10 7 25 "33 25" - - -
Tank A 13 4 8 2 0 3 _ 1 e
Tank Pl 1 5 12 14 22 11 3 3 -
Tank By 4 19 3 17 20 5 3 2
Tank P2 1 8 13 3 10 3 5 0 7
Tank Pz' , 5 9 4 20 12 5 1 3

Table 2. Survival rate and final total length of the larvae
that have an initial total length of 4.15%#0.3mm in
the first experiments. : '

Survival rate ~ Final total length(mm) Range of temperature

Tank _ (%) * gtandard diviation ' (°c)
Tank N 0 - 27.0 - 28.5
Tank A 69 BT £ 1.2 27.0 - 28,5
Tank P, 30 4,50 + 0.4 27.0 - 28.5
Tank P, 27 4,30 % 0.3 27.0 - 28.5
| Tank P, 46 4,50 £ 0.4 27.0 - 28.5
Tank P, .41 4,40 % 0.5 27.0 - 28,5 -
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Trial 2: The water temperature in cach tank Langed from 25.5°C vo 29.0°C,
Larvae for the experiment were 7.8 mm in total 1ength at the start. The resulis

are shown in Tables 3, 4 and in Fig. 2.

During the first two days of the trial, the larvvae swam rapidly all the
time and did not eat. After that, they recovered and began to eat. At tne end

of the experiment, some larvae remained in every tank.

The survival rate in the control tank was 76Z and in the tank fed egg yolk
65%. The survival rate of those fed Artificial Plankton B.P. was very different
between tanks, with a mean vate of 39.5%. The rate for those fed Commercial

Formula Food No. Y was 24.5%.

The growtﬁ,of.larvae fed with eéch_kind of trial food was similar and very
low. At the end of the experiment, the total length of larvae fed with brine
shrimp in the control tank was 13.2 mm, compared to the'grbﬁth offthose fed
Commercial Formula Food No. 1, 8.4 mm, Artificial Plankton B.P., 7.85 mm, and
egg yolk, 7.85 mm. The total 1ength of larvae fed with Artificial Piankton
B.P. in tank P, and of larvae fed with egg volk in tank E2 wére'equal to each

other and less than the total length of larvae at the start.

Discussion

The three kindsof food used in tﬁis experiment were smaller in size than
the food normally given to larvae of seabass of this age and size. When seabass
larvae are 4-10mm in total length, they like to eat nauplius of brine shrimp,
which are about 500 p-in size. However, we used Artificial Plankton B.P.,, 30 -
130 yu, egg yolk, 59 - 276 p, and Commercial Formula Food No. 1, 74 - 246 u
~because we wanted Lo encourage the larvae to accept these foods so that we could
observe the results of Trial 2 clearly. After not eating for 2 days, the larvae

tried to eat without spitting out.

Results of Tfial_? show that the total length of larvae fed with Artificial
Plénkton B.P, in tank Pl was 7.6 mm, or less than the total lenth of 7.8 mm
the larvae started at. This was because the survlval rate. for thlS tank was
only. 277-&nd most . of the 1arger 1arvae died (Fig. 2). Tn the same way, the

total length of larvae fcd with egg yolk in tamk EZ was less than at the start.

_ The resulta of thlﬂ prerlment show that 11 ~- 28 day old secabass larvae
. can be tralned to ea :nqn~11y;ng food; ag seen in ;he relatively hlgh survival
.ratae whlch occurred-lﬁ some. treatments, compared to the unfed larvae which
died’ Wlthlﬂ 4 days (frlal 1) Howevey, the problem of how to maintain growth

stlll remalns.
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Mass Production of Rotifer, Brachionus plicatilis,
at NICA in 1983

Tida Pechmanee, Sujin Mancewong and Nives Ruangpanit

Inttoduction.

The culture of mlcroorganlsms as food for larvae of flsh and shrlmp is
very 1mportant The success of the productlon of flsh fry depends on the
potentlal growth of the mlcr001ganlsms to a level that can be collected conti~
_nuously to supply the larvae. Rotlfer, Brachtonus plccattlts, is one of the
lmportant species that are able to grow at the h1gh density level needed for
feed1ug shrlmp and fish larvae. At 2 days o]d, ‘seabass larvae, Lates caanrzfér,
_—be01n eating food especially rotifer, ‘which is siitable in both size and
1utr1t10nal value.' In addltlon rotifer is alsd suitable for feedlng-my51s.
1arVae'cf shtimps Penaeus monodon and P@naeue merguiensis._.Everylyeer, NICA
produces a lot of rotlfer u51ng phytoplankton as food; in 1983, marine yeast was

used as. well

Material and:hethods N

-'PhytcpleﬁktOH cﬁlture} Three kinds of phytoplaﬁktcn,'chlopella SpPa,
Tetraselmis sp., and blue green.alga, were cultured in 26-ton rec¢tangular tanks,
The amounts of fertilizer applied to the culture. tenks were;_ 1200 g of  (NH4) S0y,
120g of agrlculture fert1llzer formula 16— 20 -0, and 60g of Urea. It took about
25 days for Tetraaelm%s 8p. Lo grow to harvest level, and 3-7 days for _
letraselmms sp. to grow to harvest level, and 3-7 days for ChZoreZZa sp. and

blue green alga.

Marine yeast culture: Matine'yeast seed wes'collected from the fish culture
water The nutrient used for growing marine yeaat was orie lltre of water added
to 15g sugar, 1g of (NH4)2304 lg of KoHPOy. One millilitre of HCl1 concentrate
was added to produce a pH 1eve1 of 4. The yeast was reared for 2-3 days, then
transferred to grow in a 10 litre vessel for 2 daye. fhe nutrlents added then
were the same bul without the HC1. The yeast was then Ltansferred to a 500 L
tahk ‘the sugar supply was reduced to 8g/£, and, 24 hrs. later, it could be

used for feedlng rotifer,
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Rotifer culture: Rotifer was cultured in 26-ton tanks. First, 1-2 tons
of fresh water were added to 11 tons of phytoplankton (Chiorella sp. denrlty,
10 x 10° cells/m&; fetraselmto sp., 10 x 10* cells/m&), in order to adjust
sallnlty to 25-30% . Rotifer seced was then introduced at a density of 10-20/mg,
After 2 days, this initital food sﬁppiy was exhaustéd, and the ﬁensity'or rotifey
has risen to 40-100/m&. At this point, an additional 13 tons of food and water
mixture (same ds initial batch) was added to the tank te a total of 25 tdné.
The next day, the rotifer density remained at 40-100/mf. It was then ready for
harvesting by draining the water from the rotifer tranks throﬁgh 631 mesh bags,
. leaving half of the original volume to serve as starter for the next batch.
Then phytoplankton, or phytoplankton plus marine yeast (0.5 x 10°% cell/md), or
25-302;seawater and only marine yeast (1 x 108 cell/m%)-was added to the rotifey
culture tanks to the 26 ton level in order to grow. the next batch of rotifer,

Each rotifer tamk was used for from 10 to 20 days.

Results

In 1983, only Tetraselmis sp. was éble to grow throughout the season. In
May, hbwever, even it did not grow well, so most of the rotifers were fed
marine yeast that month. Tilamentous bluc green algae are the dominant Broups
of phytoplaﬁkton that cause contamination in phytoplankton culfute tanks, The
maximum density of Tetraselmis sp. was 14 x 10" cells/m¢ in May. - The maximum
dénsity of marine yeast in the 500 % tank was 700 x 10° cells/m2, and the minumum

was 100 x 10° cells/m%.

In all, 44 x 10*° rotifers were producéd; Table 1 shows samples of popu-
lation growth of rotifer in each month. The highest density of rotifer recorded
in dne tank in February was.230 individuals/m%. This tank was fed.Chlorelld 8],
plus marine yeast. In May, while larvae were fed rotifer, many seabass iarﬁae
became diseased and high mortality occurred. The worst conditions for culturing

rotifer appeared in August.

'Diécussion

Fllamentous blue green algae and dlaLoms always cause contamination in
phytoplankton culture Lanks.r 1E fllamentous blue green algac contamlnate a
Terraselmts tank, the problem can be solvod by StOpplng aeration for a period

of tlme. The fllamentous blue green algae w111 then sink, while the Tetra—

selmis comes to the surface and grows.,
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Tetraselmis can grow throughout the season, but in May it does not grow
well, so most of the food for the rotifer that month i1s marine yeast, At that
time, a lot of seabass larvac fed with rotifer die. This is probably related
to the nutritional value of rotifer fed'with marine yeast. This problem was
further investigated by Vida Pechmanee and T. Watanabe, 1983 (see Value of
rotifer, Brachionus plicatilis, fed with microbial flock for rearing larvae of

seabass, Lates calcarifer, in this volume).

The worst conditions for culturing rotifer appeared in August, during
that time water salinity and temperature were high. But enough amount of rotifer
could be fed to larvae in the month. In 1983, 44 x 10" rotifers were produced,

which was enough to feed the seabass and shrimp larvae.
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Fig. 1 Production of rotifer, Brachionus plicatilis

in 1983

Sample of population growth of rotifer, Brachionus plicatilis,

Table 1.
' in 26 ton tank (from the 3rd day of culture harvested a half
of total amount of rotifer every day).
(Unit: findividuale/me)

Date 1 2 3 4 5 6 7 8 9 10 Food
Beb, 100 8) 15( 9). 30014 610193 120€26)  146{19)  162( 6)  187(17)  187(16) © 230(13) Chlorella sp. + yeast
Mar 92y 1807 ab{zf} (107(10)  92(14) an  ssa2) . 1209) 700 8)  70( 1) Tetraselmia sp.
hpr, 3( 0 14(10). 65(20) " B30U9) 81(i3) . 48(23)  71( &) - 33(20) 350213 41Q15)  Tetraselmis sp,
May 13( 5)' 21('2) . 44&11) 121" 3) 18(25) 72( 8) 49(23) 35(13) 33( 4} 25( 3) Yeast
June 13(.25 (1) 91w BIG2)  62020)  58(24) 720200 52012)  54(14)  43(18) Tetraceliwis sp.
July 40 2071308 (9 11012 46(18) 440200 42( 6)  40(20)  27( ) ' 25( 9 Tetraselmis sp.
avg,  1209) 200 7) 210 &) 130 4) 10 &) 58 82 (e 26(D 22012 Tetavelmia sp.
Sept. - 13( 6). 913> 48( 5). S 43(14)  39010)  64( 1) 38( 6}  32( 7)  18( 8) Tetraselmis sp.

_43(18)

" Figure In brankets shows number of rotifer with egg.
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Table 2. Maximum density of phytoplankton (green water) in 26 ton tank in 1983,

Month Environment. . Contaminating algae  Maximum density (cells/mi)
Temperature Salinit H : C ' ' .
emp(oc)u & o (;%ay P group abundance Chlorella sp. Tetraselmis sp.
Feb.  27.0~29,0 30.0 7.8-9,4 - 10 x 108 10 x 10"
Mar. 28.0~30,5 12.0 8.0-9.5 blue green ++ 10 x 10°% 10 x 10*
diatom +
Apr.  30.0-32,5 35.0 8.0-9.0  blue green i 5 x 108 10 x 10%
May 27.0-32,5 33.5 8.0-9.0  blue green bt 4 x 108 ¢ 4 ox 10%
diatom ++
June 28.0-32,0 32.0 8.0-9.4 blue green EIS 2 x 108 12 x 10%
diatom +H+ .
July 29,0-32.90 32.0 7.5-9.4 blue green + 7 x 10° . 14-x 10%
protozoa +
‘Aug, 26,5-33.0 34,5 7.0-9.8  blue greem ¢ 7 z 10°% 14 % 10%
diatom +
Sept,  28,0~31.0 32.0 8.0-9.0  blue green + - 10 x 10"
diatom +
+  low
++  medium
+++  abundant
Table 3. Gondition of 26 ton rotifer tank in 1983.
' Humber of Temperature Salinity Number of phyto-
Honth rotifer tanks (°c) " (2a) PH plankton tanks Remarks
Feb, 4 27.5-29.0 25.0~28,0 6.5-9.1 10
Mar. 5 28,0-30.5 23.0-28,0 6.9-9.7 11
Apr. 5 28.0-32.5 22,0-29.0 6.4-9,5 11 Plenty of filamentous blue green
in culture tank
Hay 6 26.0-33.0 21,0-29.0  6.6~9.1 12 " Most of food was warine yeast
June [ 27.0-32.0 23.0-29.5 6.9-8.7 11 Pleuty of diatom in culture tank
July ] 27.0-32.0 26,3-31.0 7.3-9.1 11
Aug, 6 26,0-33.0 27,0-34 6.1-9.9 10 Salinity was more than 30%, almest:
. . all time due to lack of fresh water
L ) supply
Sept. 6 27.5-30.0 26,0-32,0 8,2-9,4 10
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