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PREFACE

The Thailand and Japan Joint Coastal Aquaculture Project was begun in April, 1981, for
the pm‘pbse of developing coastal aqu@ﬁlture in Thailand which will cont_ribute-td the production
of new- protein sources in coastal arcas and increase cmployment opportunities for the Thai
people. |

“Five years ago, the National Institute of Coastal Aquaculture was still weak in activities
because it was lacking in rescarch persoinel and facilities. But by now, every re;é_earch plant has
been equipped with well trained personnel and adeqguate facilities, 1 believe this to have been
‘the main achievement of the joint research project. '

This report is a COmpilatiQn of research results from the five year period. Many of the results
offer new insight and indicate where further, detailed study is necessary.

1 think it is apprbpriate to say that the Thailand and Japan Joint Coastal Aquaculture Pro-
ject has been a success, and that this success has been made possible through the unceasing
efforts of many biologists and experts both in Thailand and Japan.

Finally, 1 would like to express my personal gratitude to all NICA staff members for their
help and cooperation during this most rewarding five year period.

March 31, 1986

Munekazu MASUQO
JICA Team Leader
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"Effect of food dénsity on food consuniption for larval seabass, Lates calcarifer

Tida Pechmanee, Juadee Pongmaneerat and Masato Tizawa

ABSTRACT

Laival scabass, Lates calcar zfer of 4 dlfferent sizes were used to examine the effect of rotifer
density on food consumphon by using 6 dirrerent food densities. The amount of consumed
rotifers increased with augmentatlon of food density and became constant at densities of more
than the following values;

™ 4ind,/ml 4-5 day-old larvae
~ 8 n 7-8 "
=12 o _ 10—11 e
=32 - 13-14 =

The food denSlty at which the amount of consumed rotifers became constant was nearly
identical to that at which the propmtmn of digested individuals to total rotifers in the digestive
tract became constant.

The equation for the number of rotifers in the digestive tract during the 120 minutes following
food distribution changed from type: R = c(1-e®!) to type: R = at e®!, and the peak at which the
consumed amount changed from an increment to a decrement came sooner as the larvae grew.

INTRODUCTION

The effect of food density on the growth and survival of marine fish larvae has been studied by
many authors (e.g. Houde, 1973, 1977 and 1978; Wyat, 1972; Barahona-Fernandes and Girin,
1977, Werner and Blaxter, 1980). The authors state that a high density is generally favorable to
obtain fast grthh and high survival during the larval stage.

In regard '_ to the reiation: between food density and amount of consumed food, larval
Plecoglossus altivelis fed on rotifer at a density of more than 0.3 ind./ml, and the lowest limit of
suitable density for food consumption is 0.9 ind./m! (Katsuya et al. 1975). The amount of rotifers
consumed by Pagrus major larvae aged 7-23 days decreases at a density of less than 2 ind./ml, and
the daily amount of consumed individuals at a density of 5 ind./mlis identical to that at a density
of 10 ind./ml {(Kitajima et al. 1974), Neither does the difference between 5 ind./mi and 10 ind./ml
clearly influence the daily amount of rotifers consumed by Oplegnathus fasciatus larvae aged 7--15



days (Fukusho, 1979), and there is also no difference in the amount of rotifers consumed by
Acanthopagrus schiegeli tarvae aged 7 and 19 days at a density of more than 3 ind./ml{Yamamoto
et al. 1977). The optimum densitics of rotifers are estimated at 4 ind./ml and 4--$ ind./ml, respec-
tively tor Fugu niphobles larvae aged 6 days and Dicentrarchus labrax larvac aged 14 days, (lizawa,
1979 and 1983).

Tongrawd and Suteemeechaikune (1983) examined the effect of food density on the daily
amount of rotifers consumed by L. ealcarifer larvae of 2.59-4.19 mm (total length). According
{o their resuits, the daily amounts of rotifers consumed by larvac of 2.59-4.19 mm show no dif-
ference at densities of more than about 10 ind./mland 15-20 ind./ml, respectively.

In the present study, we examined the effect of food depsity on the amount of rotifers in the
digestive tract, and tried to clarify the variation in consumed amounts within 120 minutes after

feeding.

MATERIALS AND METHODS

The experiment was carried out 4 times at various stages of larval development (at the 4--5
days, 7-8 days, 1011 days and 13—14 days) at the National Institute of Coastal Aquaculture
{NICA) from May 1 to May 11 in 1985. The stocking densities werc 40 larvae per litre for age 4 1o
11 days and 20 larvac per litre for age 1314 days. The tested fish were collected from a roofed,
outdoor rearing tank of 26 m? stocked in six, 30 ¢ tanks of polycarbonate (water volume 25 %)
without food for about 18 hours (From 16:00 to 10:00). Rotifer, Brachionus plicatilis, was used
as food in this experiment, cultured using Tefraselmis sp. as food in a tank of 26 m?. lis lorica
length was 149.0 + 18.0 mm. It was S-strain rotifer, distinguished from L-strain rotifer by the dif-
ferences in its lorica size and the shape of its occipital spines (Fukusho and Okauchi, 1983). Densi-
ties were set at 1, 2,4, 8, 16 and 32 ind./mi for all trials. Ten larvae were picked up with a pipette
every 30 minutes after feeding and anesthetized in a solution of quinaldine (20 ppm), then fixed in
5% formalin. The collected fish samples were dissected under a binocular microscope to count fhe
number of consumed rotifers and classify them as digested (lacking or almost lacking body con-
tent) or non-digested individuals {(remaining intact or nearly intact). The lengths and weights of the
larvae and the water conditions Tor each trial were as follows;

Agé Total length Wet weight W.T. Salinity
(days} (mm) (mg) : °C) (%0)

4.5 2.90£0.124 03186 27.5-27.6 336

7-8 3719 +£0.143 0.5203 27.5-27.6 33.6
10-11 3.972£0.214 0.8281 28.6-28.8 33.6

13-14  5.100 £ 0.259 2.0802 28.8-28.9 30.8

_Aeraﬁon was assured at a rate of 100--267 mi/min for each Lrial through an airstonc in each
tank,



RESULTS

1. Variation in the number of rotifers in the digestive fract (Figure 1),
Larva aged 45 days

The number of consumed rotifers increased with the time following food distribution and had
a tendency to become stable after 60--90 minutes. The digested individuals already appeared at 30
minutes and its number was always greater than that of non-digested rotifers. The latter, on the
other hand, had a tendency to increase with a rise in the food density, while the former showed no
striking difference among densities of more than 2 ind./ml. The total number of consumed
rotifers consequently tended to increase with density augmentation.

Larva aged 78 days

The number of consumed rotifers increased for about 45 minutes and then decreased at densi-
ties of 2, and 8 ind./ml, but continued to increase at densities of 16 and 32 ind./mi. The digested
individuals were always much greater in number than the non-digested ones. The numbers of
digested and total rotifers increased with density augmentation.

Larva aged 10-11 days

The maximum number of consumed rotifers appeared earlier (about 30--45 minutes after feed-
ing) than in the case of previous larvae.

Larva aged 1314 days

The number of consumed rotifers was much greater than that of the previous larvae at densi-
ties of more than 4 ind./ml. The changing pattern from an increment to a decrement in the num-
ber of consumed individuals was nearly identical to the larva aged 10—-11 days.

2. Comparison of the lood density

Figure 2 shows the fluctuation in mean number of rotifers in the digestive tract during the 120
minutes (average of the numbers at 30, 60, 90 and 120 minutes) after feeding at the different food
densities. This number increased with density augmentation and became constant at more than a
certain density, which is estimated for each larva as follows;

4 ind.fm! 45 day-old larvae
3 " 7--8 "
1z - 10-11 ”
- 32 " 13-14 "
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Figure 1. “Theoretical curve of the variation in number of rotifers in the

digestive tract during the 120 minutes.
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Equations for the curves in Figure 1.

4-5 days

Food density

}'ind./ml
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_ Digested
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R=17.7(1 _e-o.ov't)
R=23.8(1-¢0:0351)

R=0.23( ¢0:02¢
R=0.93t 7003t
R=2.01t ¢0-0%
R=83.3(1-¢2012%
R=4, 10t ¢0-02t
R=2.72 001t

Total

R=0,171 6002

R=8.46(1-6008!)

R=11.61(1-¢7003%)
R=10.33(1-6"03t)
R=12.76(1-6-0937)
R=13.33(1-¢093!)

R=0.11t ¢¢-0U
R=0.91t 002!
R=0.92t ¢002t
R=1.40t ¢-0.03t
R=29.67(1-e9031)
R=31.46(1-60.0271)

R=0.961 &0

 R=1271 000

R=2.83t ¢0:03t
R=1.97t e-0-02t
R=2.03t e0-0%
R=25 4(1-0071)
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R=0.95t ¢-0:03t
R=3.78t ¢0-03t
R=78.0(1-e9-017t)
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R=6,17t @02t



The proportion of digested individuals to total rotifers in the digestive tract decreased with
density augmentation ‘and became constant at nearly the same (_lensity as above-mentioned for
cach larva. This constant ratio is estimated as follows;

65.3% 4:-5 day-old larvae
74.1% 7.8
57.1% 10-11 "

51.8% 13—14 2

1314 days

Total R = 123,56(1-&‘0‘0993
10--11 days
100 t
-.34
otal R-34.53(1-e 0 >*P) oo b
60
L]
* 40 -
10 F Digested R=19.91(1-e"ﬂ'45f) 20 + [f° Pigested R=64.08(1 _9—0.I3P )
X
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% 1] 1 3 1 i 1 1 L . 0 3 I ] ] i I3 L 1 1
5 © 4 B 12 16 20 28 2B 325y, 4 4 8 12 15 20 24 28 32-,,‘%“
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5
2
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_= 30 | »
=
E 80p
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" Figure 2. Mean number of rotifers in the digestive tract during 120 minutes
(counted every 30 minutes) after fecding at different food
- densities.



3. Avcrage and maximum amounts of consumed rotifers (Figuré 3).

_The average amount of rotifers that onc tarva had in its digestive tract in the presence of a suf-
ficient quantlty of food (rotlfez dens1ly more than the density above- mentloned for each larva) is
obtamed_ from Figure 2 as follows;

12ind.  4--5 day-old larvae

270 7-8
35 1011 z
124 1314 »

The relatior_l between this amount (R: number of rotifers) and the total length of larva (TL,

‘mm) is shown as the following equation; R=0.13 TL‘“\"

This amount is about 2.2--3.2% of the daily amount of consumed rotifers per larva of the

same Species obtained by Tongrawd and Suteemeechaikune. (1983, R=19.68 TL30175),

The maxmmm amount of rotifers ihat one larva has in its digestive tract in the presence of a

SllfflClent quantlty of food'is as follows;

30 ind. for larva aged 4-5 days

52 1 12 7,78 ”
96 z 10~11
345 13-14 »

The relation between this amount and the total length of larva is shown as the following equa-
tion; R=0.23 TL*40

This amount is‘ab'out 5.1-8.3% of the daily amount of consumed rotifers,

1500’~
Daily amount of consumed rotifers
o 4
1500 F R=19.68 '1‘ 3 0475
(Porgrawd et al. 1983)
1400
=
o
@ broof
<
=
& -
% reoof
= -
o
£
& !
= seo
00
ook o
x 4,49
Maxinam R=0.23 TL
oo ' .14
Avarage R=0.13 TL4

s 10 3s 1.0 [X3 5.0

Total length of larva (T1.)
Figure 3. Average and maximusm amounts of rotifers in the digestive iract,
compairing daily amounts of consumed rotifers

—



DISCUSSION AND CONC_LUSION

The amount of consumed food mcwased with thc augmcntatlon of food density and bemmc
constant at more than a certain density as was also reported by Tvlev (1965) and lizawa (1979 and
1983). lizawa (1983) states that the rotifer dernisity at wlnch the amount of consumed rotlfers be-~
comes constant is nearly identical with the food dexlslty at which the proportion of non-digested
individuals to total rotifers in the digestive tract becomes constant for Dicentrarchus labrax larvae.
He deduces from these results that the rythms of ingestion, d;gestlon and defecation should be
stabilized in the presence of a sufficient amount of food. The present study for L. cqlcartfer seems
to be q1ﬁte similat to results obtained with D, labrax. '

With 1egard to the variation in the numbm of rotifers in the dlgestwe tlact within ‘the élapsed
time, the number increased with the time and had a tendency to become constant ‘after 60--90
minutes for larvae aged 4—5 days. This tendency is also seen for puffer larvae, Fugu niphobles,
aged 6 days (lizawa, 1979) and seabass larvae, D. labrax, aged 14 days '(Iizawa, 1983). The num-
ber of consumed rotifers, however, didn’t become constant, but decreased after about 45 minutes
for larvae aged 7— 8 days, and after 30—45 minutes for larvae aged 10—11 days and 13--14 days.
These results show that the equation for the number of rotxfers in the dlgestlve tract within the
elapsed time changes from type: R=c (1-e®t) to type: R=at ePt and the peak al which the nitm-
ber of rotifers changes from an increase to a decrease comes sooner as the larvae grow. This pheno-

menon is figured as follows;

t

younger larvae older larvae ———->

R : Number of rotifers in the digestive tract
t : Time following food distribution
a, b, ¢: Coefficient

We examined the variation in the number of rotifers in the digestive tract during the first 120
~minutes after féeding but no observation was conducted for food density after feeding. The rapid
decrease of food density may bring about this phenomenon in the case of older larvae: as the food
density might suddenly decrease because of eating after a cerfain number of minutes, the larvae
may be unable to take in food. Or, perhaps the older larvae, which have more developed digestive
org'a_n's_, may stop feeding until the amount of food in the digestive tract decreases in measure,
‘while the smaller larvae continue to eat. Fushimi (1983) examined the daily variation of the num-
~-ber '_df _ rotifers consumed by _réd seabream larvae, Pagrus major, aged 4 days. According to his
' _e"xa_mi_riatiom the number of rotifers in the belly does not decrease so clearly, but continues to be
" maintdined during the daytime in the preéence of a sufficient amount of food (the food density at
. the morning feeding: more than 3.5 ind./ml of S-strain rotifer).



The following is a comparison with other fishies of the relation between maximum amount of
consumed rotifers and daily amount of consumed individuals;

* Daily amount of consumed individuals
Maximum amount of consumed rotifers

P major (Kitajima et al., 1976) 510  Lestrain
“Oplegnathus fasciatus (Fukusho, 1979) 2.1-4.2 “
D, labrax (lizawa, 1983) ' 1.68-9.78 "
Lateés calcavifer 12.0-19.6 S-strain

Thus, the seabass larvae, L. calcarifer, consumes daily a number of rotifers 12 to 19.6 times as
large as the maximum number of individuals in the digestive tract, and this value is much higher
than the values for the other (ishes. This probably suggests that the metabolism, that is, the dlgesti-
blllty, of this larva may be greater than that of other fishes, or that the S-strain rofifer may be
more dlgestibla than the L-strain rotifer. The augmentation of digestibility is strictly related to the
development of digestive organs ('T'anaka, 1975) and to the increase in dlgestwe enzZymes (Kawa1
- 1975). Tizawa {1983), who exammed the time of dxgcsuon of D. Iabmx larvae, states that’ the -
digestive capdmty mcreases conslderably after the differenciation of the gastric gland, when the
larval stage of fishes is comp]eted (Tanaka 1971 and Yasunaga 1975) ‘The amount of rotifers
conswed by a L. calcarifer larva increases in great measure at age 13— 14 days and it seems that
~ the distribution of sole rotifets is not enough to feed the larva of this age. In fact, the Arremia
nauplii is vsed for the larvae from 10 days after hatching in the production of this species (Manee-
wong et al. 1984). The digestive organs of this species must, therefore, develop greatly at about
this age. In order to clarify the implication it would be nécéssary to examine the histological

observation of the digestive organs.
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Effect of food density on food consumption for juvenile seabass, Lates calcarifer

Duangrat Dhesprasith, Tida Pechmance and Masato lizawa

ABSTRACT

Juvenile seabass, Lafes calcarifer of 4 different sizes were used to examine the effect of cope-
pod density on food consumption by using 6 different food densities, The amount of consumed
copepods increased with angmentation of food density and became constant at densities of more

than the following values;

< 0.2 ind./mi 14--15 day-old juvenile
~ 04 » 17-18 r
~08 20-21 -
~ 08 23-24 "

The food density at which the amount of consumed copepods became constant is ncarly
identical to that at which the proportion of digested individuals to total copepods in the digestive
tract became constant. This constant proportion decreased with the growth of fish.

Average and maximum amounts of copepods-in the digestive tract increased in proportion to

the growth of fish in body weight.

INTRODUCTION

Using copepods as food is known to have a good effect on the survival rate and the vitality of
larvae andfor juveniles in rearing of marine fish; e.g. Pagrus major (Fushimi and Hashimoto, 1969
and Kitajima, 1978), Oplegnathus fashiatus (Fukusho et al. 1973) and Lateolabrax japonicus
(Yamashita et al. 1973).

Some experiments on the amount of consumed copepods have been cafried out for juveniles
of P. major (Kitajima, 1976), 0. fasciatus (Fukusho, 1977} and Dicentrarchus labrax (lizawa,
1983).

lizawa (1983) e.x_a':mine_d, on the other hand, the effect of copepod density on food consump-
‘tion for larval and ijenile. seabass D. labrax by using wild copepods collected by Barnabe’s
methods (Bamabé, 1978) in marshes and oxidation ponds, He stated that the amount of consumed
fqod'increased with augmentation of food density and became constant at densities of more than
a certain \;'aliie, and that the fish had a rythm olf ingestion and defecation in the presence of suf-
ficie_nt food. -



In the previous repdrt (Pechumanee et al. in this volume), we reported this effect for the latval
stuges of Lates calcarifer (414 day old larvae) by using rotifer Brachionus plicatilis as food, and
observed similar phenomenon to the results of lizawa (1983).

In the present study, we éxamined this effect for the juveniles of this species (age 14--24 days)
by using reared copepod Tigriopus japonicus.

MATERIALS AND METHODS

The experiment was carried out 4 times for the juvenile siages of Lates calcarifer {at age 14—
15 days, 17—18 days, 20—21 days and 23--24 days) at the National Institute of Coasth-Aquacul-—
ture (NICA), from May 13 to May 23, 1985. The methods used in this experiment were the same
as for the previous report (Pechmanee et al. in this volume). The stocking densities were 10 fish
per litre in 30 £ tank for all trials.

The food used for this experiment {vas the co'pepo"d Tigriopus japonicus (length and width of
cephalothorax: 0.766 * 0.166 mm and 0.287 + 0.064 r{i“m, respectively, wet weight of an
individual: 45.5 pg) which remained in a net of 200 um mesh after being sieved. It was cultured in
26 m3 concrete tanks {water volume: 25 m?) using fish meal, rice bran and bread yeast as food.
The food densities were set at 0.2, 0.4, 0.8, 1.6, 3.2 and 6.4 ind./ml.

The lengths and weights of fish and the water conditions for each trial were as follows;

Age . Total length Wet weight W.E. Salinity

(days) (mm) (mg) °C) | (%)

14—15 5.86 £ 0.67 3.90 28.5-29.5 33.3

17_—~18 1.31 £ 0.82 5.27 27.8-28.72 33.0

20-21 941 +£1.50 10.53 27.6-2179 33.0

23-24 11.10 + 1.84 20.36 26.8-27.0 33.9
RESULTS

1. Variation in the number of copepods in the digestive tract (Figure 1).
14-15 day-old

The numbers of consumned copepods increased with the time after feeding and had a tendency
to become stable after 90— 120 minutes. The numbers of non«digestéd copepods were always very
small compared to those of digested individuals at any density of food. The curves for all the den-
sitics were quite similar in the numbers of non-digested, digested and total copepods.



17—-18 day-old

The numbers of consumed copepods showed the same tendency to increase as those for the
previous fish, The numbers of non-digested individuals was ag,am smaller th’m that of digested
individuals, but this difference was not as large as for the previous fish.

2021 day-old

A considerable difference appeared in the numbers of non-digested copepods according to the
food density; these numbers, at densities of 0.2 and 0.4 ind./m], were clearly smaller than those at
densities of more than 0.8 ind./mi. The numbers of digested individuals dit not, however, show s0
clear a difference among these densities, and the maximums of those numbers appeared 30 to 60

minutcs after feeding.

2324 day-old

The numbers of non-digested copepods at a density of 0.2 ind./ml were much smaller than
those at the other densities. The maximums of these numbers appeared 30 to 60 minutes after
feeding at densities of 0.2, 0.4, 0.8 and 6.4 ind. /ml, while the numbers continued to increase dur-
ing the testing period (120 minutes after feedmg) at densities of 1.6 and 3.2 ind./ml The numbers
of digested individuals continued to increase at any density of food.
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Equations for the curves in Figure.

[4-1 5- days

Food density

Non-digested

Digested

Total

0.2 ind.fml - R=0.32t 002t R=0.34te 02!

0.4 - R=3.85(1-¢0.055¢) R=4.84(1-e0:5%)

08 — R=4.63(1-67-057) R=5.27(1-00524)

1.6 - —~ R=4.42(1-67001%) R=5.73(1-¢70-032ty

32 - — R=4,95(1-¢70-50%) R=5.84(1-c004¢")

6.4 - — R=4.50(1-¢0 020y R=5.50(1-e0020t)
I7ﬁ18'(!ays

0.2 ind./ml R=4.49(1-e0-08%) R=10.61(1-e70-015) R=14.30(1-¢0231)

04 - R=0.48t 002! R=9.82(1-e0:027) R=0.61t ¢™-01!

08 R=0.33t ¢"0-01¢ R=10.22(1-¢002¢") R=16.04(1-e0051")

Le - R=0.29t 701! R=12.64(1-e70016) R=17.98(1-e7:9281)

32 - R=8.33(1-e700541) R=12.20(1-e70-026t) R=16.02(1-¢0-034t)

64 v R=6.50(1-e00201) R=10.45(1-¢0-02%) R=15.28(1-¢0-0%¢t)
2021 days

0.2 ind./ml

R=0.23t ¢ 093

R=0.681 ¢-00%¢

R=0.91t e 002!

0.4 R=0.45t 002! R=0.64t e0:92¢ -

08 R=0.63t e0%! R=0.92t ¢002! R=2.10t ¢002

L6 - R=1.01t 002t -

3.2 R=17.92(1-9932t)  R=1.15t ¢00% R=1.49¢ &001!

64 ¢ R=25.13(1-e 0016 - R=33.99(]-¢0-042t)
23-24 days

0.2 ind./ml R=0.54t 003! R=0.20t%-2° R=15.02(1-e0-068%)

0.4 - R=1.16t e R=23.46(1-¢902%)  R=1.25t e 001

0.8 R=0.95t e 001t R=0.2711 01 R=57.75(1-e70025t)

e -~ R=33.38(1-¢0:92") R=36.56(1-e70-91%1) R=66.29(1-e70-02?")

32 - R=29.96(1-¢922¢)  R=0.007t'7" R=0.038( 157

64 R=1.84( e70:02 R=24.27(1-e"927)  R=2.27te®0M)

2. Comparison of the food density

Figure_ 2 shows the fluctuation in mean number of copepods in the digestive tract during the
first 120 minutes (average of the number at 30, 60, 90 and 120 minutes) after feeding at different
?ood densities. There was no clear difference in this mean number for the 14—15 day-old juveniles
in spite of augmentation of food density. This number increased, however, for the more aged fish



with density augmentation and became constant at densities of more than a certain value, which

was estimated for each fry as follows;

~ 0.4 ind./ml
~ 0.8 o
~ 0 8 I

17—18 day-old juveniles
20-21 "
2324 "

The proportion of digested individuals to total copepods in the digestive tract did not clequy
change for the 14-15 day-old ]uvemles (80--90%). This proportion for juveniles aged 17—18,
20-21 and 23-24 days decreased, however, with density augmentation and became constant at
nearly the same density at which the number of copepods in digestive tract became constant as
above-mentioned (constant ratio; 52.7, 50.9 and 44.2%, respectively).
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Figure 2. Mean number of copepods in the digestive tract during 120 minutes (counted evefy
30 minutes) after feeding at different food densities.

x Total number of copepads in the digestive tract

@ Number of digested copepods

3. Average and maximum amounts of consumed copepods (Figure 3).

The average amount of copepods that one fish had in its digestive tract in the presence of a

sufficient. quantity of food (copepod density: more than the density above-mentioned for each

juvenile) is obtained from Figure 2 as follows;

~5ind.
16
32 v
. 47 rr

14 l_S d.ay—oldr juvenile

17-18 z
2021 g
23--24 z

_16_.



The relations between this amount (Rn and Rw: number and weight (mg) of copepods) and the
total length (TL, mm)and the body weight (BW, mg) of fish are shown as the foliowing equations;
Rn=0.01 TL*** and Rw=0.11 BW+0.06. :

The maximum amount of copepods that one fish had in its digestive tract in the presence of a
sufficient quantity of food is as follows;

15 ind. 14--15 day-old juvenile
37 - 17-18 o
83 « 20-21 r
171 23-24 z

The relations between this amount and the total length and the body weight of fish are shown as
the following equations; Rn=0.02 TL*-7* and Rw=0.42 BW-0.73.

Thus, both the average and maximum amounts of copepods in the digestive tract increased in
propottion to the growth of juvenile in body weight.

mg

200 10 -

Haximum : Rn=6.02r10° 73

Maximum :; Re=0_428W--0,73

120

8O

Nurmber of copapods in the digestive truct (Rn)

a0k

Weight of copepods in the digestive tract (Rw)

3.44

L_ Average : Bn=0_D1TL
ol-1r
5 6 7 8 9 10 11 on
Total length of fish (TL.) Body weight of fish (BW.)

Figure 3. Average and maximum amounts of copepods in the digestive tract according to the
geowth of fish.

DISCUSSION AND CONCLUSION

The amount of consumed copepods increased with the augmentation of food density and be-
came constant at densities of more than about 0.4. 0.8 and 0.8 ind./ml, respectively, for juveniles
aged 17--18, 20-21 and 23—24 days. This amount did not, however, change clearly at densities
with 0.2 to 6.4 ind./ml for the 14—15 day-old juveniles. It suggests that a density of 0.2 ind./ml
(the minimum tested density) was sufficient for the feeding of these fry, and some lower densities
for them should have been tested to observe the above-mentioned phenomenon, which was also



reported in the feeding of fish fry of several species (Iviev, 1963), puffer larvae, Fugu niphobles
and seabass larvae and juveniles, Dicentrarchus labrax (lizawa, 1979 and 1983) and seabass larvae
Lates calcarifer (previous report; Pechmanee et al, in this volume). '

The proportion of digested individuals to total copepods in the digestive tract decreased with
the augmentation of food density and became constant at nearly the same densitics as above-
mentioned, This phenomenon was also observed in the larval stages of this species fed on rotifer
(previous report; Pechmanee et al. in this volume) and seabass larvae and juveniles, D. labrax
(lizawa, 1983). The constant proportion of digested individuals to total copepbds decreased, on
the other hand, with the growth of fish as follows; 80—89%, 52.7%, 50.9% and 44.2%, respective-
ly, for juveniles aged 14—15, 17—18, 20—21 and 23-24 days. The activity of the 1415 day-old
juveniles ;qaigllt not be yet strong enough fo easily catch the copepod; therefore, it should take
time for the fish to take in new food and they hold, consequently, a high percentage of digested
copepods in their digestive tracts. But, the fish could catch the copepod easier with the develop-
ment of cétching activity, that is, the percentage of non-digested copepod in their digestive tracts
increased as they grew.

As concerns the variation in the number of copepods in the digestive tract within the elapsed
time, the results did not show a clear changing of equations for the number of consumed copepods
with the growth of fish (from R=c(1-e®!) to R=at e’®"), as was observed in the larval stages of this
species fed on rotifers, but the equations were still generally of the type R=c(i-¢®'}. This dif-
ference may indicaie that the copepod is less digestible for juveniles aged 14 to 24 days than the

' appeared, however, frequently

rotifer for larvae aged 4 to 14 days. The equations of R=at ¢®
in the number of digested copepods for the 2021 day-old juveniles and of non-digested copepods
for the 23--24 day-old juveniles, These facts suggest the development of a digestive tract and the

augmentation of digestive power of the fish against the copepod.

It has been observed that a single dose of Artemia nauphii frequently caused heavy letharpy of
tarvae and high moltality of various marine fish after they were fed nauplii for a period of | or 2
weeks (Fushimi, 1971: Fujita, 1973; Kitajima, 1978). But the combined feeding of Arremia
nauplii and copepods (e.g. T. japonicus) could improve this situation (Fushimi, 1971). In addition,
many researchers have reported that the feeding of copepods has a good effect on the survival rate
and the vitality of larvae in rearing of marine fish, as mentioned in the introduction of this report.
In regard to the seed'production of seabass, L. calcarifer, no kind of copepod has ever been used,
and a single dose of Artemia nauplii (for about one week, Maheewong et al. 1984) has never given
as high a mortality of larvae as that was reported by Fushimi et al. (1971). Fujita et al. (1980)
assert that the occurrence of this phenoménon varies with the fish species as well as with the
place of production of Artemia, for the nutritional value of Artemia is related to this phenomenon
in terms of EFA (essential fatty acid) content. In future studies, it will be necessary to examine
this point and to consider the use of copepods for biological and economical interests in the seed
production of this species.
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Experiment on reariﬁg fry of seabass Lates calcarifer,
from 1 to 12 days old at different densities

Sujin Mancewong, Niwes Ruangpanit, Tanan Tattanon and Prakit Kraisingdecha

INTRODUCTION

Technical expertise, well designed 'procedures, and the skillful manipulation of many vari-
ables are all necessary for the mass production of fry of seabass, Lafes calcarifer. Also neces-
sary is a knowledge of the factors which can effect the survival rate, growth rate, and amount
of production of scabass fry. One important factor to consider is the suitable stocking density for
fry at various ages. This study was designed to obseive the survival and growth rates of seabass fry
reared from 1 to 12 days old at densities of 50, 80, 110 or 140/¢ and determine the suitable

density for rearing them.

MATERIALS AND METHODS

500 ¢ tanks were used as rearing vessels for seabass frv. The tanks were filled with 450 2 of
sea water at a salinity of 25 %o and one day old seabass fry were stocked into the tanks at
densities of 50, 80, 110 and 140 fry/%, three tanks for each density.

A sufficient amount of live rotifers was given to the fry from 2 days old. From 8 days old,
nauplii of brine shrimp were also given to the fry. Dirt and waste deposited on the tank bottom
were siphoned off, and 50-100% of the waler was replaced by fresh filtered sea water daily. pH,
and nitrite-N content of the water were checked daily before the water exchange. The size of
the fry was measured every 3 days until the experiment was completed.

RESULTS AND CONCLUSION

Number of surviving fry at the end of the experiment and the survival rate are shown for each
tank in Table 1. The highest survival rate of §5.9% was recorded at a density of 110 fry/e.
The survival rate at a density of 140 fry/f was the second lowest at 68.3%.



Table 1. Number of surviving fry and survival rate at the end of the experiment.

Tank Stocking Surviving Survival

number number rate (%)
50 Fryf@
i 22,500 19,000 84.4
2 22,500 20,000 88.8
. 3 22,500 £9,000 84.4
Average - 22500 19,333 ' 859
80 fryfe
1 36,500 85,000 68.5
36,500 26,000 ' 71.2
3 36,500 28,000 761
Average _ - ﬁsﬁéo . k26,333 - 72.2
100 fry/2
1 49,500 28,000 56.6
49,500 26,000 525
3 49,500 36,000 72.7
Average T 49,500 30000 60.6
140 fry/®
| 63,000 38,000 603
2 63,000 47,000 7456
3 63,000 44 000 693
Aversge 63000 43,000 683

Average total lengths of fry of different ages are shown for each initial density in Table 2.
The largest average total lengh of 5.2 mm was attained by fry reared at the lowest injtial density.
Those reared at the highest initial density attained the smallest size of 4.2 mm in the experi-
ment pertod. The fry in the tanks with initial density at 50/% grew so well that they were fed
oniy with brine shrimp nauplii from 11 days old.

Table 2.  Average total length (mm) of fry by age.

Age (days) 501ry/e 80 fryfe 1 10fry/e 140fry /e
1 1.24 [.24 1.24 1.24
5 2.99 291 2n 293
8 3.31 324 3.16 329
11 4.58 3.93 4,10 3.91

13 5.16 4.51

4.27 4.19



pH, temperature and nitrite-N content of the water for each rearing density are summarized in
Table 3. There was no significant difference in pH value betweén different initial densities, while
nitrite-N content seemed to be a little h'igher_ at the higher initial densities. This higher nitrite-N
content may have some relation to the poor growth of fish in the tanks with higher initial densities.

Table 3. pH and nitrite-N content of rearing water during the experiment,

Item MSO fryfe 80fry/e 1101ry/e 140 fryfe
pH av. 3.0 8.0 7.8 7.9
max., 8.2 8.1 8.1 - 8.1
o min. 7.8 7.8 7.8 1.7
NO, -N av. 0.024 0.023 0.032 0.035
(mg/?)  max. 0.059 0.058 0.182 0,089

min, 0.010 0.010 0.013 0.013

As the conclusion of the present experiinent, it can be said that the initial stocking density of
one day old fry should be 50fry/f at highest. If the stocking density is higher than that, survival

and growth rates of fry will drop.
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Experiment on reating fry of scabass, Lates calearifer, from 13 to 29 days old
at different densities

Sujin Maneewong, Niwes Ruangpanit, Tanan Tattanon and Prakit Kraisingdecha

INTRODUCTION

In the nursing of i1y of scabass, Lates calcarifer, one important factor to consider is the suit-
able density for each age of fry. Maneewong et al. (1981) had successfully nursed scabass fry
aged 24--30 days at densities of 2 to 5/% with a survival rate of 85.3%. This experiment was under-
taken to determine the highest possible density to rear healthy fry aged 13-29 days.

MATERIALS AND METHODS

Nin.e, 500' ¢ tanks were used as rearing vessels which were filled with ﬁlte're_d sea water at a
salinii;y tevel of 25--30 %, . The water was aerated to maintain a disolved oxygen concentration
of more than 5ppm. Seabass fry' of 13 days old were stocked into the tanks at densities of 10, 20
and 30 fry/%, three tanks for each density. :

Throughout the experiment period, brine shrimp were fed fo the fry 3 times per day. Water
flea, Moina sp., was added to the brine shrimp from 20 days old and minced fish meat from 25
days old, )

Each day, food remnants were siphoned off, and pH, and nitrite-N content of the water was
checked. Then, 80--100% of the water was replaced with fresh, filiered sea water.

RESULTS AND CONCLUSION

The number of surviving fry at the end of the experiment and the survival rate for each tank
are shown in Table 1. The average survival rates for fry reared at densities of 10, 20, and 30 fry/2
were 77.7%, 87.7% and 90.0%, respectively. The lowest survival rate occuring at the lowest densi-
ty could be attributiable to cannibalism among fry. Fry reared at higher densities were too small
in size and in too poor health to eat each other, which might result in higher survival rates.
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Table 1. Number of surviving fry and survival 1ate at the end of the experiment,

Survival

Tk ey ‘mmbor rate (%)
106y 5,000 3,250 65.0
2 5,000 4,400 88.0

3 5,000 4,000 80.0

Average 5,000 3,383 777

W eyl 1 10,000 8,650 86.5
10,000 8,000 89.0

3 10,000 8,750 87.5

Average 10,000 8,766 87.7

30 fry/R 1 15000 13,100 87.3
2 15,000 14,670 93.8

3 15,000 13,350 89.0

@yerﬂge 15,000 13,506 ) 90.0

The growth of the fry reared at each density, measured in total length every 3—4 days, is
shown in Table 2. The highest growth was for fry reared at the lowest density of 10 fry/2 The
growth for fry reared at higher densities was much slower than this. At.the end of the experi-
ment, the surviving fry from each level of density could be divided into 3 groups according to
size, In total fength; large group 22.75 * 2.5mm, medium group 15.56 £ 1.5mm and small group
19.29 + 2.0mm (Table 3). It is shown that a higher percentage of fry fell into the larger size
categories at the lower rearing density. At a density of 30'f1'y/!2, dnly 8.0% of the fry fell into the
large and medium groups, whereas 77.2% of the fry fell into those groups at a density of 10 fry/%.

Table 2. Average total body length (mm) of {ry by age.

Age (days) 10 fry/e 20 fry/2 30 fry/R
14 6.16 6.36 6.10
17 8.07 7.53 7.27
20 9.43 8.53 8.17
25 12.43 9.87 8.47
29 16.23 13.07 12.93

Furthermore, most of fry reared at the low density of 10 fry/? were well able to feed on minced

" fish, whereas, very -'fe\y ‘of those fry reared at high densities could eat minced fish, and most of

them still fed on brine srimp and water flea. Also, the good health of fry reared at the lowest den-

sity was noticeable in their normal shape and in their body color changing to brown. In contrast,

" the poor-'health of fry reared at the higher densities was noticeable in their heads being too large
a_nd'in their=b_ody color, which was black.



Table 3. Size distribution of fry at the end of the experiment,

Large size Medium size Small size

Tank . T -
7 an Number % Number % Number . %
10 fiy/t 1 750 231 2,200 67.7 300 9.2
2 700 15.9 2,200 50.0 1,500 34.1
3 800 200 2,200 55.0 1,000 25.0
Total  2.250 93 6,600 567 7800 540
00y/e 1 500 58 2,050 237 6,100 70.5
2 300 3.4 2,100 23.6 6,500 73.0
3 250 2.9 2,000 2.9 6,500 4.3
“Total 1,050 40 6,150 234 19,100 726
Wy 1 300 2.3 1,000 7.6 11,300 90.1
220 1.6 850 60 13,000 92.4
3 250 1.9 600 45 12,500 93.6
Total 770 19 2,450 6.9 37,300 971

pH and NO,-N conteni of the rearing water duirng the experiment are summarized in Table 4
for each rearing density. There was no significant difference in pH, while NQg-N content was
highest at the density of 20 fry/?, followed by 30 fry/2, and lowest at 10 fry/%. The lowest NO,-N
value occuring may have some relation to the healthier conditions of fry at the lowest density.

As a resnlt of the present experiment, it can be concluded that a stocking density higher than
20 fry/? is too high to rear fly from 13 to 29 days old. The maximum density at which fish can
grow normally falls between 10 and 20 fry/%.

Table 4. pH and NO,-N content of rearing water during the experiment.

item 10 fryf2 20 fryfe 30 fry/f

pH av. 7.8 1.8 7.5
max. 8.0 8.0 8.0
min. 7.5 7.4 7.5

NO,-N av. o 0.051  0.083 0.070
max. 0.330 S 0402 0.206
nmin. 0.006 0.006 ___0.009
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Experiment on nmusing fry of seabass, Lates calcarifer,
from 1.0cm to 2.5cm at different densities

Sujin Maneewong, Niwes Ruangpanit,
Tanon Tattanon and Prakit Kraisingdecha

INTRODUCTION

Most hatcheries distribute fry of seabass, Lates calearifer to fish farmers at a total length of
2.5cm or longer. _ |

Due to the cannibalistic nature of the fish, size grading is of prime importance. The first
grading should be done at the end of the second week after hatching, since after that the bigger
fish can eat the smaller ones. The easiest method of grading is to use buckets with pores through
which only fry smaller than a certain size can pass.

Stocking fish at the riglit‘ density and of the same size would reduce the rate of cannibalism,
The growth of the fish would be faster and more homogeneous as well. For this reason, the
optimum stocking density must be discovered.

Maneewong ef al. (1981) had nursed seabass fry aged 24—30 days at densities of 2 to § fry/t
and produced a survival tate of 85.3%. More detailed information on the optimum rearing density
is required for practical seabass seed production. This study was designed to determine the suitable
stocking density for rearing seabass fry from 1.0 to 2.5cm.,

MATERIALS AND METHODS

Nine, S00 ¢ tanks were filled with filtered sea water and were aerated. Scabass fry of 1.0cm in
total length were piéced into the tanks at densities of 2, 3 and 4 fry/e, three tanks for each density.
The fry were fed about 7 hours/day (9.00--16.00) by siphoning with 0.6cm pipes from 20 ¢ plastic
tanks which contained minced fish meat and water. Food remnants were taken out and 80—100%
of the water was changed daily. Size grading for 2.5cm fry was done every 5—8 days using plastic
buckets with pores 1/4.inch in diameter. The experiment was set up with a completely randomized
design with 3 treatments and 3 replications; .

“Treatment A: 2 fry/e
Treatment B: 3 fry/e
7 7 Treatment C: 4 fry/lz _
;- The survival rates of seabass fry at three density levels were statistically compared using the
analysis of variancé and Duncan’s new multiple rahge test.



RESULTS AND CONCLUSION-

Survival rate-of seabass fry till the end of the experiment is shown for each tank in Table 1.
Number and percentage of 2.5cm fry at each size grading are shown in Table 2 for each tank.

The results show that the survival rate at a density of 2 fry/R was significantly higher than at
the other two densities. There was no significant difference between the survival rates for 3 and 4

fry/g.

The results also show that fry at a density of 2 fry/? grew fastest to 2.5cm, within 47 days,
while those at higher densities grew to 2.5cm more slowly, within 52 days.

These results indicate that seabass fry réared at a density of 2 fry/f show the best survival
rate and the shortest time for growing from 1.0 to 2.5 cm.

Table 1. Number of surviving fry and survival rate at the end of the experiment.

Stocking Surviving Survival
Tank . number number rate (%)

2hyle 1 1,000 981 98.1
2 1,000 990 99.0

3 1,000 938 938

Average 1,000 970 970
3fryf e I 1,500 1353 90.2
2 1,500 1,353 . 90.2

3 1,500 1,170 78.0

© 'Average 1,500 1,292 86.1

4 ftyl ¢ ) 2,000 1,734 86.7
2 2,000 1,712 855

3 2,000 1,765 9.1

Average 2,000 1,737 36.9

Table 2. Number of 2.5cm fry at each tiine of size grading. Figures in brackets show percentage
to the total aumber of fry grown to 2.5¢m.

st 2nd 3ud &h Sth

Tank grading grading grading grading grading Tatal

2fiy/e 1 155(15.8) 471 (485) 288(29.4)  61( 6.2) - 981 (100)
2 203(20.5) 481 (48.6) 257(26.0)  49( 5.0) - 990 (100)

3 62 (1B0)  452(482) 254(21.1)  63( 6.7) - 938 (100)
Average 176 (18.1)  470(48.5)  266{(274)  58( 6.0) - 970 (100)
3fyfe 1 156 (11.5) 273 (20.6) = 509 (37.6) 249 (18.4) {61 (11.9) 1,353 (100)
_2 156(11.6) 599(443) 448(33.1) 120( 89)  30( 2.2) 1,353 (100)

3 85( 7.3)  202(17.3) 329(28.0) 293(25.0) 261 (223) 1,170 (100}
Average 132(10.2) 360 (27.8) 429(33.2) A (17.0)  ISi(1L7)  1,292(100)
4fiye 1 73( 4.2) 674(389) 406(234) 149( 8.6)  432(24.9) 1,734 (100)
2 112( 85) 8IS(47.6) 450(26.3) 151( 8.8)  184(10.8)  1,712(100)

3 202(11.5)  828(47.0) 481(27.3)  80( 45) 172(10.0) 1,763 (100)

Average  129( 7.4)  T72(44.4) 446 (25.7) 127( 7.3)  263(151)  1,737(100)
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Experiment on feeding fvy of seabass, Lates calcarifer, from 3 to 12 days old
with different kinds of food

Sujin Maneewong, Niwes Ruangpanit, Tanon Tattanon and Prakit Kraisingdecha

INTRODUCTION

One_-'o.f the most important factors which effects the survival rate of fry of seabass, Lates
calcarifer is the food fed-to the fry. Livihg loiifei Brachionus plicatilis, is commonly used for
feeding 27 day old fry because it is a good quahty food 01gamsm of suitable size whlch enables
the larvae to grow fast and healthy.

Nouﬁﬂlly, live cultured rotifer is coilected by filtration or pumped directly into the fish
:eaung tank to feed the fry The - mass produetlon of rotifer means feedmg them with minute
algas, such as Chlorella and Teteaselmzs yeast or plotozoans The process is not only hard work,
but it also takes time and 1equ1res faelhtles. Also, at times, the mass production of” the rotifer is
not stable, a factor which effects the seed production of seabass. [n order to avoid these kinds
of problems, various attempfts have been made to use other kinds of foods in place of live rotifer.

An experin1e11‘; was made using 30 £ tanks to compare effectiveness of live rotifer, frozen
rotifer, and boiled egg yolk as the food for seabass fry (Pechmanee et al. 1984). The result of the
experiment showed that frozen rotifer and boiled egg yolk were inferior as food for seabass fry

In the present expenment similar materials were used as food for Se‘lb&SS fry reared in the
large tanks which are used in practical seabass seed production.

MATERIALS AND METHODS

Eight 26 m®, rectangular, concrete tanks were used as rearing vessels of seabass fry. Rearing
water was filtered seawater with a salinity ‘of 30 %o, and the aeration rate was set equally for
all tanks. One day old seabass frv were stocked into the tanks, The stocking number for each tank
is shown in Table 1.

The feeding experiment began when the larvae were 3 days old. 'I_'h'e kinds of food used in the
experiment were live rotifer, frozen rotifer, boiled chicken egg yolk, and a steamed mixture of
instant milk and chicken eggas shown in the same table. The last two items were screened through
a 100 p mesh, and only small p’u‘tlcles were used for the feedmg

For tanks of live rotlfer 30-50% of the water was changed each day. Live rotifer was added
to the tanks at a denslty of 10-30 rotifers/ml. In other tanks, water was kept running in daytime
to avoid pollution of water in the tanks. The exchange rate of these tanks was 80-100% per day.



RESULTS AND CONCLUSION

The experiment was terminated when the fry receiving the various kinds of food reached
12 days old. The survival rate of the fry in each tank is shown in Table 1. The average survival
rate of fry fed with live rotifer was 36% and the larvae were very healthy and uniform in size. All
of these fry were able to feed on nauplius of brine shrimp when the experiment was finished.

The average survival rate of fry fed with frozen rotifer was 1.9% and the fry were not healthy,
Some fry could not feed on nauplius of brine shrimp after the experiment. During the experiment,
it was observed that the fry ate the frozen rotifer, but they pgrew slowly. The fry became weak
and their mortality was very high after they were 6 days old. Swimming behavior was not normal
and the fry could not swim against the current caused by aeration. Only a small number of fry
could form schools, while the majority were dispersed by the aeration. Another problem was
that, while frozen rotifer float on the water surface, as they thaw they sink and pollute the bottom

of the nursing tanks,

The average survival rates for fry fed with boiled egg yolk and mixture of instant milk and egg
were 1.7% and 1.4%', respectively. It was observed that the fry could eat the food, but they did
not grow. They became weak and their mortality was very high when they were 5 days old. All
of the surviving fty in both feeding groups were very thin and smaller than the fry fed with live
or frozen rotifer.

It can be concluded that live rotifer is the most suitable food for fry 3—12 days old. How-
gver, it may be possible to use frozen rotifer, which showed a higher survival rate than beild egg
yolk, and mixture of egg and instant milk, as supplemental food tor 2 or 3 days when there isa

shortage of live rotifer.

Tabie 1. Kind of food, and stocking number and survival rate of Iry at the end
of the experiment.

Tankm i(/i’nd of food Stocking Surviving T Survivat

number number rate (%)
1 Live rotifer 1,000,000 326,000 32.6
2 Live rotifer 500,000 204,000 40.3
3 Frozen rotifer 546,000 16,000 1.8
4 Frozen rotifer 510,000 10,000 2.0
5 Eggyolk 490,000 10,000 2.0
6  Eggyolk 520,000 7,500 14
7 EBgetinstant milk 492,000 8,400 1.7
8  Eggtinstant milk 485,000 3,000 1.0
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Study on nursing seabass larvae, Lares calearifer, in earthen pond

Supot Chungyampin, Boonsong Sivikul, Chaiyuth Chantanachooklin,
Suchart Techanarawong and Vichal Wattanakul

INTRODUCTION

At present the seabass, Lates calcarifer Block,is an important culture food fish in Thailand.
A large number of fish farmers, both in Thailand and in other countries of the region, is interest-
ed in seabass culture. These countries, including Australia, Hong Kong, Taiwan and Malaysia, have
a high demand for this species. There are two parts in seabass culture:

I. Larval rearing to supply fry to fish farmers in country and to sell abroad.

2. Rearing seabass in grow-out cages and ponds to marketable size.

The demand for seabass fry is great in this country and in foreign countries, so the price
is rather high. Nursing larvae can be done only in hatchery tanks, which requires investing a lot
of money. A series of food types is offered to the fish as they develop, beginning with the rotifer
Brachionus plicatilis which is fed on green algae, Chilorella sp. To feed one tank of seabass larvae
requires two, idenfical tanks of rotifer culture, and these in turn require three tanks of Chlorella
culture. After 8—10 days, rotifers are replaced successively by Arfemia nauplii, the freshwater
cladocerans Moina and Daphnia,. and, finally, by minced fish. This experiment was conducted to.
gxamine the possibility of rearing seabass larvae from age 4 days in an earthen pond, using only
fertilizers, in order to help poor fish farmers who have their own ponds.

MATERIALS AND METHODS

A half rai earthen pond was prepared by clearing it up and killing all fish that are enemies of
seabass larvae, using tea seed cake at a concentration of 10 ppm. Limestone, at a rate of 100kg/rai,
was added to the pond to adjust the pH of the water to conditions suitable for fish culture.

Five days before the seabass larvae were transferred, chicken manure, at a rate of 100 kg/rai,
and chemical fertilizer N:P:X-16:20:0, at a rate of 40 kg/rai, were put into the pond.
Then, water was added to the pond to a depth of 0.40m.

100,000 seabass larvae were transferred to the pond at a stocking rate of 200,000 larvae/rai.
One week after fish larvae were transferred chicken manure was added by putting it on 10 plat-
forms in the pond. 5 kg of manure was put on each platform.



Poud water analysis was done every 2 days by checking pH, salinity, temperature, dissolved
oxygen and alkalinity, Zooplankton content and types of dominant.species were checked by

microscope in laboratory at the same intervals as water analysis.

After scabass were nursed for 27 days to about ! month old, they were harvested by seining.
Size grading was done by using a plastic basket with a hole size of 7/32 inch, in order to calculate

vrice of fry,
RESULT
After 100,000 scabass larvae were nursed from age 4 days in an earthen pond for 27 days,

their harvest brought in 4,657 fry, for a survival rate of 4.7%. The total number of fry was divided
into 4 size groups according to total length in cm as follows:

Group Total 1611gf11 (cm) Number of fish _Percentage (%)

i 1.7-2.4 1,074 23.1

2 2.5-29 2,675 : 57.4

3 3.0-3.5 855 184

4 35< 53 L1
Totat 4,657 100.0

An estimate of the operational costs of nursing seabass larvae in an earthen pond is as follows:

Expense
1. 100,000 seabass larvae at age 4 days (0.05 bahi/larva) 5,000 baht
2. Tea seed cake, 3 ke (35 baht/ke) 105 baht
3. Limestone, 40 kg. (1.50 baht/kg) 60 baht
4. Chemical fertilizers, 30 kg, (2.40 bahi/kg) 72 bahi
5. Chicken manure, 180 kg. (0.40 baht/ke) 72 baht
6. Fuel and other expense 700 baht
Total 6,009 baht
Income
1. 1,074 seabass fry,1.7—-2.4 cm in total fength 1,611 baht
{150 baht[pie_ce) _ _
2. 2,675 seabass fry, 2.5-2.9 cm in total 'leﬁgth 5,350 baht
(2 baht/picce)
3. 855 seabass fry, 3.0-3.4 cm in total length 2,565 baht
3 baht/piece)
4. 58 seabass fry, 3.5-5.9 ém in total length ~ 185.50 baht

(3.5-baht/piece) -
Total 9.7711.50 baht



The profit was about 3,702.50 baht in a pond arca of % rai in only onc month.That is not
so bad for fish farmers who have their own earthen ponds.

7 Do_miiiant_ types of 'zooplahkton in the earthen pond include 4 types of zooplankion, mos-
quito larvae, cladocera, copepod and rotifer (Table 1).

Table 1. Dominant types and amounts of zooplankton in the earthen pond

Date Water sample Amount of zooplankton/ml
-~ Remark
in ml cladocera copepod rotifer-

26 April 84 335 - - ~ - Mosquito larvae
16 May 84 275 10 1 - WEre Numercus
18 May 84 220 $ 1 - in the first 9
23 May 84 120 6 15 9 days.
25 May 84 135 1 7 .2
28 May 84 120 3 11 16
30 May 84 150 4 28 49

1 June 84 140 - 18 171

6 June 84 190 2 20 141

Water properties in the earthen pond were suitable for seabass culture during the experiment
period (Table 2).

Table 2. Chemical and physical water properties in the carthen pond.

Date Water temp.  pH G, Salinity Atkalinity
_’c (ppm)  {ppt)
26 April 84 33.1 6.9 7.4 22 -
16 May 84 32.8 7.4 8.1 22 —
18 May B84 336 7.9 9.2 2} -
23 May 84 352 7.1 6.7 14 -
25 May 84 334 1.5 6.9 i5 93.0
28 May 84 304 7.1 6.3 18 156.5
30 May 84 293 7.1 6.4 21 123.5
1 June 84 333 7.7 1.7 22 122.5
6 June 84 332 7.0 6.5 19 123.0

Average 32.7 7.3 7.2 19.3 115.7




: CONCLUSION :

One h\mdred thousand seflbass larvae of 4 days after hatchmg were grown in an earthen
pond for a peuod of one month They '\ttamed a size of bctween } 7 3.5 cm which is smtable
for selling and tmnsferrmg to a nursery net cage. The suivival rate was 4, 66%, whlch is rather low.
However, when ‘the investment for nursmg seabass in a ¥ rai earthen pond is calculated the
vesult is a profit of about 3,702.50 baht in only one month. Due to the use of fertilizers, four
dominant species of zoop‘lankton were found mosquito larvae, cladocera, copepod and rotifer,
The water quality in the carthen pcmd was smtable for growing seabass larvae, and no diseases or
parasites occurred during the nursing period.
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Preliminary study on rearing fry of grouper, Epinepheh:s malabaricus

Seed Producfion Unit*

INTRODUCTION |

Since i984, fhe Seed Production Unit of the National Institute of Coastal Aquacultuie has
beén_éonductin};’-1')r'el'iminary"stildies on the rearing of fry of grouper, E_)qz‘nephelus malabaricus,
with the coorportaiton of the Satul Fisheries Station which supplied the fertilized eggs for the
work. ' '

The present report deals with the resuits of the rearing experiments conducted in 1984

and 1985. Before going any further, we would like to thank the Chief of the Satul Fisheries
Station and the staff who kindly provided the fertilized eggs of grouper for our experiments.

MATERIALS AND METHODS

Rearing in 1984

The fertilized eges were transported from the Satul Fisheries Station onl8 December, 1984.
500 ¢ plastic tanks were used for incubation of the eggs and rearing of hatched fry. Tanks were
supplied with filtered sea water.

Rot'if'e'r, Brachionus plicatilis, at a density of 5-10 inds.fmi, and Tetraselmis sp. at 2-5 x 10°
cells/ml were given to the fry as inifial food from the 2nd to the 20th day after hatching, while
brine shrimp nauplius was given from the 20th to 35th day. Then, minced fish or shrimp meat
was introduced as food from the 35th to the 53rd day. Some mosquito larvae were also given to
the fish fry during this period. : |

During the .first 15 days, 50% of total water was Changed daily by continuous flowthrough.
Later on, 30% of total water was changed also, but without continuous flovwthrough.

Rearing in 1985

Four rearing experiménts of the grouper were conducted using the fertilized eggs transported
from the Satul Fisheries Station, the first experiment from 21st March, the scond from 25th
March, the third from 25th April and the fourth from 18th September, 1985.

The epgs were incubated in 500 ¢ plastic tanks. Hatched larvae were transferred to a roofed,
outdoor tank with a capacity of 26m?, filled with filtered sea water to half capacity.

*Niwes Ruangpanit, Sujin Mancewong, Tanan Tattanon, Prakit Kraisingdecha, Paitoon Akkayanont
and Sunit Rojanapitayagul.



Rot1fe1 at a donsity of 5 10 inds./mt and Tet;aselmw sp. at 2><104 ceils/mi were gwen as
initial food on the lst day aftcl h'\tchmg Tetraselmis sp. was given every (hy as’ food for rotifer
in the rearing tmk at a dcnsuty of dbout 2x 104 cells/ml so that the density of rotifer was main-

tained at about 15~20 inds./m! from the 3rd to the 15th day after hatching of the grouper fry.
Nauplius of brine shump was. given from the 15th to the 60th day atter hatchmg The :otlfer dict
was slowly phased out over 10-15 days '\s bune shump muphus was glvcn Moina sp. was given
by the rubber fube dropping method in the cotner of the 1earmg tank from 30th to the 6Oth
day after hatching. Mmced fish meat. was mt10duced from the 40th day by the same method. The
daily supply of ?enasehms sp. to the rearing tank was contmued untll the 55th day after hatchmg

The rate of water change was set at 10%, 20% and 30% on the 1st, 2nd and 31d day afier
hatching, respectively. From the 4th day, 50% of the water was changed every day throughout
each experimental period.

RESULTS

Rearing in 1984

Survival rate of fry during the first 15 days of 'rearing and growth of fry during the whole
experimnent period are shown in Figs. 1 and 2.

“The newly hatched larvae were 1.92 + 0.07 mm ‘in total length. Three: to four days after
hatching, the melanophores ot the alimentary canal increased in size, At thisstage the larvae
became free swimming and began to feed on rotifer. Because their mouth size was 0.150- -0.185
mm, they could eat only small sme rotifer or newly hatched rotifer which was 80 x 120 u in size,

Heavy morta'lit'y occurred between 3and 5 days'after hatching, as shown in Fig. 2.

On the 15th day, the fry were 4.18 * 0.33 mm in total length w1th long dorsal spmes and
ventlal spines. Around 30-35 days after hatuhmg, at a length of 11.32 % 1.29 mm, the fry hegan
to eat fish or shrimp meat, and also ate mosquito larvae which were given to them as supplemental
food.
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Fig, 1. ~ Growth of larvae and juveniles of grouper in the rearing experiment in 1984.
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Fig. 2 Survival rate of Jarvae and juveniles of grouper in the rearing experiment in 1984.

The fry continued to decrease in number almost linearly from the 5th to 15th day after
hatching.
Finally, after the 53 days of rearing, 52 juvenile groupers, of 29.9 + 4.8 mm in total length
and 0.52 + 0.175 g in body weight, survived.

Water temperature was 24-30°C, salinity was 28-30%o, and pH was 8.0-8.2 throughout
the experiment period. :

Rearing in 1985

First rearing

560,000 néwljf hatched larvae were used fo_f the rearing experiment. Heavy mortality occur-
red on the 11th day after hatching. All remaining larvae died on the 12th day. The salinity was
27-33 %o and pH was 8.22-8.7 during the period.

Second rearing

‘Groups of 563,200 and 448,800 newly hatched larvae were reared in two separate tanks.
Heavy mdrtality occurred between 6 and 7 days after hatching in both fanks, so all remaining
larvae in the two tanks were gathered into one tank. All the larvae died by the 19th day after
hatching. Water temperature was 27.5-29.5°C, salinity was 27-33 %o and pH was 8.24-8.80
throughout the rearing period. '

Third rearing
210,290 newly hatched larvae were used for this rearing experiment. Finally, 61 days after

hatching, 10,262 juveniles of 1.5-3.0cm in total length survived. The survival rate was 4.9%.
The size distribution of surviving fish was as follows:

Large size 2.5-30cm 62 fish 0.6%

Medium size  2.0-2.5 cm 1,200 fish ~ 11.7%

Small size 1.5-2.0 cm 9.000 fish  87.7%



These fuveniles were reared separately in different tanks until 78 days after hatching, then
transterved 1o a net cage in open sea, Fish transferred to the next cage were 2,855 in number
and 3.6 ot in average total length., The size distribution of these fish was as follows:

Latge size 5-6 em 55 fish 1.9%
Medium size  4-5 em 800 fish 28.0%
Small size 3-4 cm 2,000 fish 70.1%

After 3 months of nursing in the net case, about 1,000 fish survived.

Fourth rearing

Groups of 336,000 and 408,000 newly hatched larvae were used for this rearing experiment,
All of the fish died by the 41st day after haiching because of white spot disease. Water tempera-
ture was 25.3-27.0°C, salinity was 3t-34 %o and pH was 7.4-8.7 throughout the rearing period.

DISCUSSION

Heavy morhhty of grouper larvae occwrred ‘during the 3-11 days afier hatching From
observation, the major causes of larval mortality were the weakness of the larvae after hatching
and the unavailability of food. The size of rotifer fed to the larvae might have been too big.
Pechmanee (1983) reported that the size of rotifer cultured with Terraselmis sp. as food had a
lorica length of 154-185 u. The mouth size of the grouper larvae 3-11 days old was 150-183 .

Also, some environmental conditions mig'ht have effected the survival rate of the larvae.

Further study should be made in this respect,

Other remarks about grouper larval rearing are:

1. The larvae were sensitive to the epvironment, They died easily from shock at every age
of rearing. Death caused by shock disappeared when their total length became more than 2.5 cm
or when body pigmentation was nearly completed, as in the adult stage, about 60 'days after
hatching.

2. The larvae were very d;fferent in size, especially 15-20 days after hatching, but graclmg
them by size could not be done until body pigmentation was nearly completed.

3. Cannibalism occurred about 25-30 days after hatching, when the dorsal spine length in
proportion to the total length began to decrease.,
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Larval rearing and deveiopnient of grouper, Epinephelus malabaricus {Bloch and Schneider)

Suun \ianeewong, Paltoon Akkayanont, Juadee Pongmaneerat and Masato lizawa

ABSTRACT

Larval rearing of grouper Epinephelus malabaricus was conducted with a wat-f:;-ﬂfj?ff systera
and with cultured copepod Tigriopus japonicus as additional {ood, compared awith the ordinary
rearing system. No efficient results on the survival and grov}th of larvaz were obtaingd from thess
two rearing frials, Some meristic characteristics of the larvae and juveniles were described a3 well s
morphological observation of their development during these rearing irials. Roiifer, Brachinnus
plicatilis was examined to determine ‘whether iis size would be suitablz a3 4 beginning food for
the larvae of this species. The amount of consumed rotifers was zlso investigaiad for 2— 15 day old

larvae. Finally, th i"cuit}f of larval rearing of this species was discusied.

INTRODUCTION

Fish of the zenus Epinephelus are vary imporia
food fish in Southeast Asia. Some studizs on nei- Cage {1
E sahmoides by Teng et al. (1978), Tenz and Chua (1°
Huand Lin (1983}




With regard o £, .-udiab:irims, Sutemechaikul et al. (1985) described artificial breeding con-
ducted by using hormone injection in Satul Brackishwater Fisheries Station, and development of
eggs and larvae, Recently, natural spawning has occurred in captivity and laljval rearing has been
tried in this station, Since then, spawned eggs have also been transported to the National Institute
of Coastal Aquaculture (NICA) in Songkhla for trying to rear the larvae in large scale. The survival
rato of the larvae has been very low and its best was about 5% after 60 days rearing from hatching
in a 26 m® rectangular tank; 10,262 fry measuring 15-30 mun in total length survived from
210,290 newly hatched larvae in a preliminary rearing trial on Apr.—Jun. 1985.

In the present study, we tried to improve the rearing techniques in order to obtain higher
survival of the larvae, and described the larval and juvenile development as well as some other

biological characters.

MATERIALS AND METHODS
Collecting and transporting of eggs

Eogs of Epinephelus malabaricus spawned naturally at night by parent fish stocked in two
rectangular tanks measuring 10 x 4 x 2 m depth (75 m® capacity) were collected by a scoop net
{1.5 x 4 m; 300 pm mesh) at the Satul Brackishwater Fisheries Station on the next morning. The
fertilized eggs were packed in polyethylene sacks measuring 50 x 75 cm (50,000 — 100,000 eggs
per sack) with 6  seawater and 12 € oxygen per sack, and then transported by car to the National
Iustitute of Coastal Aquaculture (transport time: 3 hours).

Rearing trial 1

Tf_anspmtcd eggs were introduced to two, roofed concrete tanks of 26 m® (5.8 x 3.8 x 1.2
depth; 25 m® capacity) on 12 November 1985; 10° eggs to each tank. Hatching rate of the eggs
was estimated at approximately 80%. The newly hatched larvae were reared for 61 days, from 13
November 1985 to {3 January 1986. The rearing was conducted from the first day with two aera-
tion systems; using sole 4 airstones (ordinary airstone system) and using 6, half-cleaved PVC pipes
{136 cm long and 7.4 cm diameter), one end of which was fixed on a concrete bhase and each of
which possessed an airfub_e for ait-water-lifting, which made the water circulate (water-flow sys
tem), '

The rearing was Caz_'r'ied out in standing water for the whole period. The water exchange rate
was 10-20% for the 2nd to 5th day and then 50-80% per day. The newly changed water was
p’reviou's!'y treated with caleium hypochioride (CaOCl,) 20 ppm for removing turbidity which was
very strong during the monsoon scasons in this region (Qctober to March). The water was strongly
aerated with this medicine for 24 hours and was reserved without aeration for another 48 hours
before. b'ein_g introduced to the rearing tanks.



Larvae were fed on cultured zooplankton; rotifer Brachionus plicatilis, nauplius and adult
Artemia salina and water flea Moina sp.. Minced fishmeat was added to the rearing tanks from
40 days after hatching (Fig. 1). The rotifer and Ariemia were fed in the morning (9:00--10:00).
Food density was kept about 10 to 20 rotifers/ml. Green water Tefraelnis sp. was introduced
2.5 X 10* cells/ml in density from the first day of feeding to 20 days after hatching, as a food of
rotifer and 1o keep the water condition good for the larvae. No measurements of food density
were made for other prey. Every morning the settled, organic waste was removed from the rearing

tanks.
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Fig. 1. Rearing conditions for Epinephelus malabaricus in a 26 m® concrete tank. Horizontal
bars show the feeding period of the various food organisms.

Rearing trial 1

Transported eggs were hatched out in two, 500 ¢ polycarbonate tanks. The newly hatched
larvae were introduced to the rearing tanks of 26 m> and reared for 30 days, from 18 Sepiember
to 17 October 1985, The siocking number of the newly hatched larvae was about 330 x 10% in
one tank and about 400 x 10% in the other. Copepod, Tigriopus japornicus, including nauplius,
copepodiie and adult was added, 4.08 x 10% individuals per day on average, to the former rearing
tank, from 13 days alter hatching to the end of rearing trial. The copepod was cultured in 100 m?
outdoor, circular tanks of concrete, using fishmeal and ricebran as food. The water of both the
rearing tanks was aerated by the ordinary airsystem {described in rearing trial I). The other rear-
ing techniques and feeding scheme were similar 1o rearing trial L.

Betermination of meristic and morphometric characters
Total body length of fish were measured every day after anesthetizing 20—30 sampled fish in

20 ppm quinaldine solution for both the rearing trials, under a binocular microscope or a profile
projector. After the length measurements, the specimens were preserved in 5% formalin solution.



Two to {ouwr wonths aflter prcSewatidn, 10--20 specimens of each day’s sampling were measured
in mouth sizes [mouth breath (MB) and mouth height (MH); Fig. 2] and length of dorsal second
and ventral spines, as well as total body length. Morphological ohservations were made to demon.

strate the larval and juvenile development.

o] B e

Hig. 2. Megsurement of mouth height (MH) and mouth breadth (MB)

Size composition and amount of consumed rotiter

30 larvae, 2 days old, were sampled 3 hours after the first Feeding from the rearing tank of the
ordinary airstone sys_fen'i in rearing trial 1. After the anesthetization in quinaldine, the sampled
larvae were dissected under a binocular microscope io measure the lorica length and width of roti
fers consumed by the larvae. The sizes of rotifers in the rearing tank were also measured to com-

pare with the former.

The number of rotifers in the digestive tract was counted, following the dissection of larvaz
after the fixdation in formaline, for each 10 larvae, 2 to 15 days old, which were sampled from the

rearing tanks in reaving trial 11

RESULTS AND DISCUSSION
Rearing trial I

The lagvae of E malabaricus, until about 2 weeks after hatching, showed strong mucus on the
epidelmis of their bodics_ i some preliminary trials of larval rearing. And a sudden mortality was
sometimes observed at early tarval stages, dug to suffocation in a group, caused by the phototaxis
of the larvae. The larvae were very adhesive to one another in the group because of their strong
mucus. fn order to avoid this sudden mortality of the larvae, the water was made to circulate in
the rearing using the ordinary airstone system. The water conditions of these iwo-rearing tanks
were 23,8 % 0.8°C, 27.0 + 2.8 %0 (salinity) and 7.87 £ 0.27 (pll), and 23.720.87C,27.122.7%0
(saiinify)ﬁn_d 7.95.% 0.25 (pH), respectively, during the experiment.

T_l_w,:_‘e. was no significant difference in the growth of fish between these two aeratibn systems
(Fig. 3)."_I5ig, 4 show@?hﬁs relationship between the total length of the fish and the length of the
do_r_s-:il seu;‘._ouﬂ'_s.;p-ine dui‘i_ﬂ_g-thesp. two 'i*c_al'_ings. The water-flow system did not have any effect on
the thsvfh of dors;ﬂ second spine, either. The dorsal second spine grew rapidly and its maximum



relative-length came up to 60% of the total body length at about 6 mm. Then, the relative-length
of the dorsal second spine decreased slowly and became about 10-15% of the total body length at
the end of the rearing.

The numbers of surviving fish at the end of the rearing were 1400 and 2900 for the water-flow
system and the ordinary airstone system, respectively. It seems, therefore, that the water-flow
system had a negative effect on the survival of the larvae. This may have been due to fatigue of the
larvae caused by the continuous water flow through day and night, or caused by a too strong water
flow for the larvae. This might be improved by stopping the water flow in the nighttime or by
weakening the water flow. Meanwhile, it seems that the water flow could decrease the chance of
cannibalism which was observed in the ordinary airstone system rearing from about 20 days after
larval hatching. Anyway, further investigation is necessary to determine effectively the best water-
flow system for the larval rearing of this fish.
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Fig. 4. Growth of the dorsal second spine relative to the total length of Epinephelus
malabaricus, reared with water-flow system (solid circles) and with ordinary
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Fig. 3. Growth of Epinephelus malabaricus, reared with water-flow system (solid circles)
and with ordinary airstone system (open circles). Vertical bars = standard deviation.



Rearing trial 11

The. rearing was carried out to compate the difference in the growth and survival of grouper
vy E. malabaricus between usmg Lopepod 7. japonicus and not using it as additional food. The
watet condltlons of theso tivo 1emnc tanks were 25.7 ¢ 0.6°C, 33. 8 0.4 %0 (s"thmty) and

8.14 + 0.21 (plD), and 25.5 1 0.5°C, 33.8 + 0.4%n *(sahmty) and 8.19 018 (pH), respectively,

during the experiment.

- No swmﬁcant difference 1ppedred in the growth and survival of the fish during the 30 days
rearing (Fig. 5); 10. 98 + 1.90 mm and 10.16 + 2,12 mm in total lenpth at the end of. the rearing
for using and not using the copepod, respectively. The number of surviving fish was roughly esti-
mated at 30,000--40,000 in both the rearing tanks. The exact number of surviving fish could not
be counted on day 30, because of the strong sensitivity of the fish (die easily from shock).

Many researchers have reported that the use of copepods as additional food showed a good
effect on the survival rate and the vitality of larvae and/or juveniles in reafing’ of marine fish (¢.g.:
Fushimi and Hashimoto, 1969; Fukusho ef al. 1973; Kitajima, 1978). However, no clear effect
was obtained in this experiment. In this rearing, we could not feed the sufficient amount of the
copepod to the larvae everyday, because the enlfure of the copepod was very instable (there was
sometimes a lack of the copepod for feeding). It will, therefore, be necessary to cairy out some
experiments in smaller scale, in order to examine in detail the effect of feeding the copepod on

the rearing of this fry.
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- Fig. 5. Growth of Epinephelus malabaricus, ré_ared using copepod, Tigriopus japonicus,
as add__i:t_ional food (open circles) and not using it (solid circles). Vertical bars =
standard deviation.

' Embrydnic.develépment

The fertlhzed eggs of E malabaricus were Spherlml in shape, measuring 0.852 £ 0,010 mm in
dlametex The eggs hatched after 19 hours at 29- 30°C and 29—30 %o . (salinity) (Sutemechaikul

et al: 1985)
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Development of larvae _and Juveniles

Newlv—harched larvae (1*15' 6a). o _ o

The newly-hatched larvae measured 2.27 + 0.09 mm in fotal length and car rled a large yolk sac
of 1.55 + 0.10 mm in lengih and an oil globule of 0.18 + 0.01 mm in diameter at the posterior end
of the yolk sac, The cyes were unpigmented and the mouth was closed. Tlie narrow, straight gut
was visible. The otic vesicle was seen behind the posterior region of the head.

2.37 mi in total length (Fig. 6b). -
One day after hatching, the yolk was partly absorbed but lhe mouth was still closed Pectral
fins and }aw buds appeared, and a urinary bladder was visible. But the anus was still Llosed.

2.50 tam in total length {Frﬂ 6c)

Two. days after hatching; the yolk was mostly absorbed and the oil globule reduced to
a negligible size. The mouth and anus opened. The eyes were plgmented Melanophores appeared
midway along the dorsal and ventral porfion of both the body and the ahmentdrv canal. Some
melanophores were also observed at the ventral side of the tail.

2.80 min in total length (Fig. 6d). |
The buds of dorsal second and ventral spines appeared on day 5. The melanophores increased
and were almost wholly distributed midway of the body and at the alimentary canal.

3.30 mm in total length (Fig. Ge).
The buds of dorsal second and ventral spines grew, and the latter began to project out of the
fin-fold on day 7.

3.65 mm in total length (Fig. 60).
On day 10 the bud' of dorsal second spine began to project out of the fin-fold. The ventral
spines extended and had some melanophores on their tips.

4.20 mm in total lengih (Fig. 6g).

The dorsal first spine appeared on day 1'5. The dorsal second spine extended and had soine
melanophores on its tip. The gill arches developed. Many spinelets éppearcd.on the anterior and
posterior margins of both the dorsal second and the ventral spines,

6.00 mum in total length. (Fig. 6h). _ 7

The ‘dorsal third spine appeared by day 20. The caudal anlage appeared and some caudal rays
were shown at the ventral portion of the tail. A long spine developed at the posterior margin of
the preépercuium and a short spine above the orbits. The nares appeared as a single opening.
Around this age, the length of the long dorsal spme became nearly identical to that of the veniral
spines. '



9.87 mm in total length (Flg 6i).

At day 24 the fish pOSSCS%ed the adult dorqal (X1, 135), ventrat {, 5) and anal (III 8) fins. The
nares began to constrict at the center. Many melanophores- appeared on the surface of candal
peduncle. The dorsal second spine beeame longer than the ventrat spines.

17.0 min in tetal length (Fig. 6])

On day 45 the fish possessed the ddult pectral 17 and caudal 21 fms The spines and rays of
each fin became differenciated as in the adult, The length of the dorsal second and ventral spines
became shorter in comparison to the total body length. The melanophores were well developed
on the dorsal surface on the body, and especially on the top of the head and on the operculum.

28.0 mm in totfnl length (Fig. 6k)

By day 60 the body form completed mctdmorphosis The later'tl hnes were cleariy visible. The
body pigmentation was accomplished with numerous meianophores distributed all over the body

The developmt,nt of larval and juvenile stages of E. mealabaricus was very similar to that of E
tauving (Hussain and Higuchi, 1980). However, melanophores were distributed mldway along the
dorsal and ventral portion on beth the body and the alimentary canal of E. nalabaricus at 2 days
after hatching (2.50 mm in total length), while the melanophores did not appear on the dorsal por-
tion of the body at early larval stages of E. fauvina.
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Development of larvae Epmepizelus malgbaricus Deveiopment of larvae and juveniles, Epinephelus
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_ Fig. 6 {4 and k). Development of juveniles, Epinephelus matabaricus.
(i) 45 days old, 17.0mm. (k) 60 days old, 28.0mum.

Growih of dorsal second and veniral spines

The long projecting dorsal and ventral spines, which are the most striking Teainre of giouper
larvae (Hussain and Higuchi, 1980), were evident in this species until the fish reached to 24--26
mm in fotal -léng’th at about 2 month after hatching, Fig. 7 shows the relationship between the
total length and the Ieﬁgths of the dorsal second and the veniral spines during the 30.days rearing
after hatching. The veniral spines were slightly Jonger than the dorsal second spine until 4.5 mm in
total body length. Then, the dorsal second spine grew much faster than the ventral sp‘ines until
about 6 mm in total body length, 2t which {ish had the maximum velative-lenpths of the dorsal
second and ventral spines (about 60% 2nd 50% of the total body length, respectively). The rela-
tive-leneths of these spines decreased slowly and the difference betwszen the lengths of these
spines also diminished, as the fish grew further.
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Mouth size

Fig. 8 shows the growth of the mouth breadth and mouth height (MB and MH, respectively;
shown in Fig. 2). The réi%t_fiohsliip between these 1wo lengths and the total body length (TL) was
representod as the following equations; MB = 0.15 TL — 0.10 and MH = 0.28 TL — 0.53. The
mouth height was slightly. smaller than the mouth breadth until about 3.3 mm in fotal
body length, at which point '_tl_lese {wo equations crossed. After this crossing point the mouth
height became much greater than the mouth bread'th ' -

Mouth size is a very important ffu,tor for. fecdmg in larval rearing of flsh Especially, mouth

breadth (MB) or mouth height (MH) of fish larvae can be a factor l;m;tmg prey size (Yasuda,
1960; Shirota, 1970; lizawa, 1983). As the mouth height was smaller than the mouth breadth

until about 3.3 mm in total length of E. malabaricus larvae the month height is considered as the
limiting factor of prey size until this larval stage. After this stage, the factor limiting prey size
should change to the mouth breadth. Yasuda (1960) stated that proper size of prey (body width
or height) was nearly 1dent1ca] to mouth breadth of predator. On-the other hand, Shirota {1970)
assumed that body width of prey should have been equal or smaller than an og)emng rate of mouth
(50 to 75% of mouth height). Moreover, lizawa (1983) reported that body width of prey con-
sumned by seabass 1arvae;_ Dicentrarchus labrax and its suitable size ranged 33 to 100% and 70 to
90% of their mouth breadth, respectively. Consequently, it is important for larval rearing of fish
to feed on prey having its body width slightly smaller than the mouth limiting factor (mouth
breadth or height). We investigated only the mouth size in this study, but it would be very in-
teresting to examine the relationship between brey size and mouth size of this species.
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Fig. 8. _Cfianges-in the mbuth size of’ Epinephelus malabaricus.
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Size compasition of consumed rotifer at the beginning of {eeding

1t has been said that rotifer, RBrackionus plicaiilis, may not be suitable as beginning food for
grouper larvae, because the size of rotifer has been considered too big for them (e.g.: Hussain,
1950 and JASFA, 1983). JASFA (1983} has actuslly used fertilized eggs and larvae of oyster,
Crassustrea gigas and small rotifer B plica:iis (lorica lengih: 100-180 um) as the beginning food
for the larvae of E. akaara. In the present study, we checked on the size composition of rotifers
consumed by the larvae of E malabaricus, just br*wmmm to feed, compared with that of rotifers
distributed m the rearing tank.

Fig. @ re‘vraaemn ihe lorica length and width of rotifers consumed by the larvae and ’mose af
rotifers distributed in the resaring tank. The mouth htlﬂht (MHY of the sarnpi - larvae was
169.7 £ 16.1 pm. The averapes of lorice length were 140.7 2 23,1 pum and 1543 2 19.4 pm for the
consumed rotifers and for the rotifers in the rearing fank, respgcii\f’ei\_’. The mode of the Jorics
ieneth of consumed rotifers was identical 1o thm in the reaning tank (mode: 151160 um). The
size composition of consumed rotifers was slightly melined to s;zes smalier than fhis rnods, while

the size composition 01 rotifers in the rearing tank represenied o rh. 4 normal dlsmbuuon

The avs_rages of the }orica width were 113.6 = 197 um and 119.8 3 16.2 um for the con-
sumed roiifers angd for the rotifers in the 1ank, respectivelv, The mode of the Yorice widin of con-
sumad rofifers was much smaller (91100 pmi than that in the rearing jank (i31--140 um).
Nevartheless, ali the sizes of rotifars in the rearing fank were taken Dy the larvae at the beginning

of Teeding.

Although the averazes of lorica lengih and width of consumet rotifers were shightly smalier
than those of rotifers in the rearing tank. and the size composition of consumed rofifers was
inclined to the smaller sizes. the size composition and its mode were similar in dboth the rotifers.
It seams, conseguantiy, thai the distribnted rotifers in the rearmg tank were not so over large as

e
i

the beginning food for this {ish species. Actuallyv most of the sampled larvae had some rotiers in

their digestive tract,
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Amouni of consumed rotifer (Fig. 10)’

The number of rotifers in ciig;ﬁstiv_c tract increased exponentially as the larvae grew (1.7 % 1.5
to 71.5 & 14.8 rotifers for 2 to 11 day o__ld larvae). From: 12 days after hatching, Artemia nauplius
was added to 't.he tearing tanks. So, the number of consumed rotifers - decreased sudd_é,nly. From
the f‘ollowing days, copepod Tigriopus japonicus was again given to the one rearing tank, while
sole Artemia nauplius was added to the other tank. And so the difference of the number of con-
sumed cotifers appeared betwecn the larvae of these two tanks; the larvae fed on rotifer plus
Artentia 11ai11311t1s and 7. japonicus consumed a smaller amount of rotifers than the larvae fed on
rotifers plus Artemia nauplivs. This mighi have been due to the difference of digestibility between
Artemia naub]ius ahd T, japonicus; the latter may be less digestible and be retained a longer time

in the digestive tract of the larvae than the former.
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Fig. 10.  Amount of rotifers consumed by Epinephelus

malabaricus, at each feeding scheme; @ Rotifer,

x Rotifer plus Artemia nauplius, © Rotifer plus
Artemnia nauplius and Tigriopus japonicus. Vertical
bars = standard deviation.

CONCLUSION

During the 1'6:1__1‘7ing trials, turbidity of seawater was very strong, and so we could not rear the
farvae in yunning Wét_er throughout the rearing frials. Moreover, water exchange took place in a
short time (within two hours per tank) in the moming and the newly changed water was previous-
ty treated with a medicine (Ca0Cl, ). Therefore, the rearing condition was not in any sense good.

AL ter several trials of larval rearing of E. malebaricus, we observed and clarified some difficul-
ties for més'f}'prcidu_éﬁon_:as_ Tollows; The larvae, until about 2 weeks, had a strong mucus on the
epideimis of '{héi-r' bodics. So, the larvae had always a danger of (Iyitlg from suffocation ina group
caused by the photota_xis’_of the larvac. The larvae had a iong dorsal and two long ventral gpines.
These spines appeared at about 6 days old and became normal spines of dossal and ventral fins at
~ theage of aiﬁoﬁt 2 monihs, The la_i‘v'z_te' were very weak and died casily as opening these long spines
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by physical shocks during these two months. Moreover, the cannibalism of the larvae began at
about 20 days after hatching, but we could not sort the larvae in size because of the spines and the
weakness of the larvae,

For resolving these problems, we have been trying to improve the rearing method, but have not
yet found the most effective method of larval rearing. In future studies, the nutritional require-
ment of the larvae should be examined in terms of EFA (essential fatty acid) which is considered
to be a very important factor for larval rearing of marine fish, On the other hand, the larval weak-
ness of this species might be related to the quality of eggs which must be effected by the quality of
spawner fish, It would also be necessary to check this point.
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Study on development of larva and juvenile of seabass, Lates calcarifer

Dusit Tunvilai, Putth Songsangjinda and Yongyut Predalumpaburt

INTRODUCTION

A knowledge of _the morphology and development of fish larvae is ifnportant for rearing them
in the hatchery. This study involves the examination of the morphology, fin development and
some osteology of 2--30 days old seabass, Lates calcarifer, larvae.

MATERIALS AND METHODS

About 40 samples of seabass larvae and junveniles were collected each day from 2 to 30
days old in the NICA hatchery. The water sal'inity was 2030 %o and the water temperature
was approximately 28-30°C. The sample was divided into two parts for the study; one fixed
with formalin, and one treated by calcareous stain with Alizarin Red and Alician Blue.

Morphometrics were taken by objective micromefer. The pigmentation of the fish was
observed, and sketched using a drawing tube. The measurement was done according to Johnson
and Loesch (1983}, and Mori (1983), as follows:

Totai length (TL): Tip of snout to end of caudal finfold complex in preflexion larvae, and
to end of the longest superior procurrent caudal ray in flexion and post flexion larvae.

Notocord-standard length (SL}: Tip of snout to tip of notocord in preflexion, and early
flexion larvae. Tip of snout to posterior end of hypural plate in late flexion and postfiexion
larvae.

Preanal length (PAL): Tip of snout to end of anus measured along the middle of body.

Head length (HL): Tip of snout fo posterior margin of audifory vesicie in early preflexion
larvae, Tip of snout to posterior margin of opercular membrane in larvae at later stages.

Eye diameter (ED): Horizontal diameter between anterior and posterior edges of the fleshy
orbit.

Snout length (SN): Tip of sﬁout to anterior margin of fleshy orbit of the eve.
Body depth (BD): Vertical height of the body measured at base of pectoral fin.
Maxillary length (MX): The length of maxillary bone.

Lower jaw (L_J): The length of mandible bone. |

Mouth width (MW) can be calculated by an equation: MW =,/MX? + LJ?



RESULTS

Morphometrics

The relations of various morphometric measurements to the standard length are expressed
by linear regressions with high coefficients of determination as follows:

Total length : TL=-048+1.295L r? =0.9916
Preanal length : PAL=-0.56+0.755SL 1 = 0.9908
Head length @ HL =-0.40+045SL r? = (.9809
Eye diameter  : ED =-0.01 +0.13SL 12 =0.9677
Snout length 8N = 0.06 +0.09SL 1 =0.9378
Body depth  : BD =-0.40+0.45SL £ =0.9821
Mouth width : MW=-0.27 + 0.285L 1_'2 =(.9561

The proportions of these morphometric measurements to standard length changed by age

as shown in Fig. I.
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Fig. 1. The._proportion ratio of each morphometric measurement to the standard length (SL) of
seabass larva and juvenile. TL: total length, HL: head length, PAL: preanal length, SN:
. snout length, ED): eye diameter, BD: bndy depth, MW: mouth width,

Pigmentation .

| In 2 day old larvae (SL: 1.9 mm), few melanophores appear at the base of the anal fin fold
and there is no pigment in the eyes. In 4 day old larvae (SL: 2.0 mm), with dark eyes, a little more
pigment accumulat_es at the base of the anal fin fold. By the time larvae are 25 days old (SL:
- 9.0 min), pigment is distributed throughout most of the body, except the operculum, and has



accumulated at the base of every fin. The pigment pattern of larvae 2630 days old is similat to
that of 25 day old larvae (Fig. 2).

flexion larva 4 days old (2.10 mm SL); C, late preflexion larva § days old (2.90 mm SL)
and D, early flexion Jarva 11 days olds (3.15 mm SL).

E, flexion laiva 14 days old (3.45 mun SL); F, late flexion larva 16 days old (5.10 mm SL);
G, postilexion farva 19 days old (5.65 mm SL) and M, late postflexion larva (juvenile)
25 days old (9.50 mm SL).

Fin development

Caudal fin development is divided into 3 stages according to Johnson and Loesch (1983):

1. Preflexion notochord—The straight notochord stage was observed in 2—-9 day old
larvae. Soft fin rays can be counted in the last preflexion notochord stage.

2. Flexion notochord—In this stage, the end of the notochord bends from the horizontal
line, The structures in the upper part of the hypural and the parypural plate are bone. The
5th hypural plate and uroneurals with cartilaginous structures can be observed in the last
fiexion notochordgstage.

3. Postflexion notochord—In this stage, the parypural and hemal spine separate. Epurals
can also be observed. In the late postflexion (juvenile) stage, larvae more than 24 days old,
and about 945 mm in SL, all structurcs become bone (Fig. 3).



Fig. 3. Development of the caudal fin osteology in larvae and juvenile seabass. Fin raysare omitted
to clearly show support osteclogy; (A) early preflexion 1.90 mm SL; (B} late preflexion
265 mm SL; (C) fiexion 3.15 mm SL; {D) fate flexion 425 mm SL; (E) post flexion
5.67 mm SL; (F) juvenile 945 mm SL; Hy (1-5): hypural plas'tes; U: ural vertebra; Ur
(1--2): Uroneurals; Pu: preural vertebra; Ep (1-2): Epurals; Hs: hemal spine; Nc: noto-
chord; Ns:neural spine; Pl pavhypural.The stippled areas indicated uptake of Alician Blue.

The dorsal, anal and caudal fins initially have fin folds from between the eyes to the posterior
of the anus. The completion of the dorsal, anal and ventral fins takes 15 days (D.VIii, 10-11),
15 days (A. 111, 8), and 13 days (V 1, 5), respectively (Table 1).

The vertebral column can be counted from 10 days old. The count becomes stable at 23 + 1
or 24 + 1 at 18 days old. '
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Table 1. Fin formation and number of vertebral column and branchial arch of scabass larvae and juveniles.

. Dorsat fin (i) “Anat Gin {aum.) Pectoral fin (mm ) | Veatral fin Cauilal fin Verichral column B.A

Age o | SL (| SN I T _.F S N
{ay) Vi VIl 9 10 11 12| 0 W 7 8 9116 17 18 19| 1 . s|& o, 7l 23 24 25 26|34
- w0 12| 3anv " 21950 £ 0.7633 14889 £ 0.6162 0.5675 + 0.2825 r—"m-. - 6, 6|2 a4 3 - |35
1 J18] 31528 1.2350 * 0.6483 Q7550 £ 0.5717 0.4971 £ 00662 - - 1, b e 8~ -~ 113
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B. A.: Branchial arch

DISCUSSION AND CONCLUSION

Morphometrics

TL{SL ratio remains low until 9 days old. From 10 to 15 days old the ratio increases until
it reaches about 1,2 at 16 days old. Later on, the ratio remains constant. These changes of TL/SL
ratio correspond to the formation of the caudal fin which develops from early flexion stage at
9 days old 1o late flexion stage at 15—16 days old. '

HL/SL ratio is rather high at 2 days old but it drops to a lower level at 3--5 days old. The
ratio increases from 6 to 9 days old and remains rather constant until 27 days old when it again
seems to rise. These changes in ratio may refiect the development of the fish’s mouth, brain and
gills.

PAL/SL ratio increases steadily during 2—19 days old and, after that, it remains more or
less constant. Limsuwan (1985) stated that a 2 day old larva had a short, straight intestine, which
increased its length until 11-13 days old. Development of stomach was observed to start around
1113 days old. Digcs-tive system was almost completed at 20-27 days old. The steady increase of
PAL/SL ratio until 19 days old and constant PAL/SL rafio after 20 days old observed in the
present study may be reflecting this completion of the development of the digestive system of the
fish.



MW/SL ratio increases irom 2 to 7 days old rather rapidly, and from 7 to 21 days old it
remains more or less constant. After that, it increases again. In NICA’s feeding schedule for seabags
seed production, scabass larvae are fed with rotifer at 215 days old, brine shrimp nauplius 4t
8-25 days old, water flea at 20-25 days old and chopped fish meal from 25 days old. The first jn-
crease in MW/SL ratio corresponds to the period of exctusive rotifer feeding, and constant MW/St,
ratio corresponds o the rotifer, and later to the biine shrimp nauplius, feeding period. The ratip
increases when fish grow to the stage in which they are fed with water flea and chopped fish meat.

Fin development

Pechmanee at al. (1985) reported that the amount of rotifer consumed by 4-14 day old
seabass larvae increased when larvae were older, if fed with the same rotifer density. This may
indicate that the ability to consume rotifer relates to fin development which influences the loco.
motion of the larvae, The present study shows that dorsal and anal fins are completed at 15 days
old, caudal fin at 20 days old, and ventral fin at 23 days old.
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Net cage culture of seabass in Songkhla Lake

Coastal Aquaculture Survey Division Team

INTRODUCTION

The seabass, Lates calcarifer, is one of the commercially impbrtant fishes in Thailand. The
cufture of seabass has been practiced for.a long vears by using wild fry or juveniles. In 1973,
artificial propagation of seabass was firsi conducted and first mass production of seabass fry was
achieved at Songkhla Fisheries Station (presently NICA) in 1975, At preseﬁt, seabass culture by
uging hatchery bred fry is a common practice along the coastal water area of Thailand and its total
production in 1981 was close to 300 tons (Sirikul, 1982).

In the present study, an experimental net cage culture was carried out in s low salinity water
area to see growth and survival rate of the fish under a low salinity condition.

MATERIALS AND METHODS

1. Experimental fish

The fish used for this experiment were produced in NJCA hatchery and were nursed in floating
net cages set in the open sea for 3 months before the experiment. Average size of the fish at the
start of the experiment was 13.0 (standard deviation, 1.4) cm in total length and 30.0 (s. 4., 9.9
in body weight. During the nursing period, they were fed with minced trash fish meat.

2. Net cage

Two net cages were used to culture the fish throughout the experiment period. The size and
mesh size of the net cages were 4x4x2.5m and 6mm, respectively, for the first month of the
experiment, After one month, they were replaced with the net cages of the same size, with 2.5cm
mesh. These cages were placed inside the outer net cages of 5x5x2m for the protection from
possible damages. Both experimental and outer net cages were supported by wooden and bamboo

frames.

3. Location
Net cages were set in the Songkhla Lake at Pakrore, Songkhla Province (Fig. 1).
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Fig. 1. Map of Songkhla iake. .

4. Stocking density
Initial stocking density of the fish in the net cages was 330 fish/cage or 13.8 fish/m?>.

5. Peed and feeding
Fish were fed with chopped meat of fresh trash fish composed of many species, normally twice
a day. '

" 6. Management and sampling
Routine culture management was undertaken by a fish farmer. Monthly sampling of fish and
checking of water conditions were done by the staff of the Coastal Aquaculture Survey Division.

RESULTS

Water conditions during the culture were shown in Table | which were summarized as follows:

Water temperature: Average 29.9°C Range 28.9--31.5°C
Salinity: ~ Average 4.1 Yoo Range 0.0—8.0 %o
Dissolved oxygen: "Average 6.6ppm Range 5.6—7.3ppm

At. the end of the experiment, fish attained 33.5 (s.d. 2.1)cm in total Iength and 544.0 (s.d.
107.6)g in body: ,We'ight with mean survival rate of 51.5% (Table 2). As total weight gain was
165.1kg against 1,624.3ke of total feed given (Table 3), food quotient (FQ = Feed given/Weight
~ gain) was 9.84. |



Relatidnships between total length and body weight of the fish are shown in Tig. 2, and days of
cutture and total length and days of culture and body weight are shown in Fig. 3. Fig. 4 shows

survival rate by period of culture,

Table 1. Water condition of Pakrore.,

T Waler Dissolved . e . Salini

Date Cd' ﬂlyl < ¢ pH wm(;;tg)u tare 0(:;]);;3.[?3 C‘;;‘;;}:ﬁ":’; o T‘(!;gllil;y S(lila};: l)y
71784 1 - - - - : - 7.0
8/16 31 7.60 3.5 7.0 9.5 320 5.0
9111 57 1.70 289 5.6 39.5 ) 25.0 2.4
1016 92 7.50 30.3 6.9 15.0 14.0 8.0
1113 120 7.55 310 6.0 i2.6 41.0 6.0
12114 151 7.28 289 6.9 .2 79.0 0.0
1/18/85 136 6.90 - 7.3 0.3 24.0 2.0
2{16 215 775 289 6.8 4.2 44.0 2.0
Average 7.46 29.92 0.64 iL.76 37.00 4.05
Standard deviation 0.27 1.07 0.56 12.45 i9.63 2.66

Table 2. Growth of scabass at Pakrore.

N““&‘:gr of Survival (%8 Totat length (Lll'l)___ N Body weight (g ) -

i Average sd, Min Max Gain/Day Average sd. Min Max GainfDay
660 100.0 13.01 1.41 10.5 16.1 - 30.03 9.89 14.2 53.4 -
572 86.7 19.58 299 [ 129 26.0 +0.212 105.42 46.73 242 225.0 +2.432
382 ' 51.% 2186 1.39 164 | 253 +0.088 144.00 35.93 550 2250 +1.481
374 567 26.38 1.98 0.9 1 310 +0.129 27460 61.96 1200 450.0 +3 131
343 52.0 29.41 2.36 21.3 24.2 +0.108 381.30 8390f 1450 610.0 +3.811
371 7.4 32.54 .16 215 312 +0.401 504.7L 105.39 2800 700 +3.981
310 47.0 32.51 1.75 28.5 315 -0.001 489.79 36.28 2500 700.0 -0.426
340 S5ES 33.53 2.14 9.5 39.0 +0.0306 544.00 107.57 3000 800.0 +1.869

Table 3. Feeding condition and growth of seabass at Pakrore,

T o
Days 'I’ma(ik\;;:igm wuig‘ztg}gm—“ L Feeding (k) ror Feeding rate (% BW)
L Fccdldﬂy,_,_ Total leed Start End Mcean
19.82
31 + 40.48 4.96 153.7 + 1.80 25.03 8.23 16.63
60.30
26 - 529 6.27 163.1 -30.83 10.40 11.40 10.90
55.01
a5 + 47.69 3.01 1804 + 5.88 14.56 7.80 il.18
102.70
28 + 28.09 251 266.3 + 9.48 9.26 7.27 3.27
130,79 -
31 + 5949 2.6] ’ 297.8 + 5.01 1.35 5.05 6.20
190.28
35 - 3845 7.37 1519 - 6,71 384 4.84 4.36
151.83
29 + 33.13 7.07 205.1 t 6.19 4.66 382 4.24
| 18496 o o L
%EE__J - ;r165.14 s ].ﬁ2=l:3 + 9.84 P ] -

¥ FQ = Feed given / Weight gain
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DISCUSSION

Seabass cultured in brackishwat'er'of a higher salinity attain 350g and 500g in 6 and 8 months,
respectively, with an initial body weight of 50g. FQ value of trash fish is 7—10 (Sirikul, 1982).
- Results of this study were satfs_factory in body weight gain and FQ value, but inferior in
productio'n per unit volume due to the low survival rate. The cause of the low survival rate was
high mortality of the fish occured one month after the start of the culture when the net cages were
changed. More than 100 fish were trapped in the mesh openings of the net cages and died within a
few days. For this reason, mesh size of the net cage should be carefully selected depending to the

size of the fish.

"The low salinity of 0 to '2%0 did not cause mortality of the fish but growth was retarded due
to loss of appetite of the fish. Though the present experiment was not sufficient to deduce final
conclusion, salinity level of 5 to 8% is estimated to be minimal fo the normat growth of seabass in

the culture.
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Progress report on floating cage culture of red snapper,
Lutjanus argentimaculatus

Sujin Maneewong, Tanan Tattanon and Yoshibumi Yashiro

INTRODUCTION

Red snapper, Lutianus argentimaculatus, is one of the commercially important species in
Thailand, but commercial scale culture of this species has not been established yet.

Net cage culture from the juvenile stage was conducted using wild juveniles -at Bokhen
sub-station of Songkhla Brackishwater Fisheries Station (presently NICA) in 1976 (Panichsuk and
Chungyampin, 1976). Experimental seed production and study on larval development were
conducted in 1983 (Wudthisin and Maneenawa, 1983 and Wudthisin et al 1983). The first
successful induced spawning’ was achieved, and the larvae obtained Were reared to juvenile stage
(60 days) in 1984 at Rayond Maﬂne Figsheries Station (Wudthisin, 1984).

At NICA larva] rearing of red snappel was attempted using naturally spawned eggs from
Boken sub-station in 1985, but this was not successful due to preblems with larval stage foods.
However, 206 juveniles were obtained from the brood stock tank of the red snapper the same year
(on 29th Aug., 123 juveniles, 3.9520.77cm in total length and 2.6040.54g in body weight; and on
22nd Oct., 83 juveniles of 7.97+1.48cm in total length and 10.95+6.01g in body weight). These
juveniles were thought te be spawned in the tank by the brood stock and grew naturally in the
tank:

The preeent report deals with the result of experimental culture of those juveniles in cage nets.

MATERIALS AND METHODS

90 juveniles. (8. 88+1.09cm in total length and 14.33%5.19g in body weight) were selected on
'30th October 1985 from the naturally spawned group which was collected from the fish brood
stock culture tank.

Durmg the ﬁrst month from 30th October to 29th November, Juvemles were cultured in a
ﬂoatmg net cage m'ide of mosquito net, then transferred to a bzggef net cage made of

- polyelhylene The sizes of the net cagés were 1.0x0, 8x0 8m (0.5m3) and 4.0x4.0x2.5m (32m>),

'respeetwely Imt;al stockmg dens:t;es in each net were 180/m3 dnd 2.75/m3 respectlvely The net
' cage was set in a fish bmod stock culture tanL under runnmg water conditions with a water
: exehange rate of 40%/ day

During the first month, juveniles were fed with minced, fresh fish meat, then chopped fresh

—§4 —



fish meat was given until the end of the study period.

RESULTS

Water conditions ~during the study were 28.8°C average watler temperatute (range,
26.5—31.2°C)and 28.0%s average salinity (range, 24.5-32.0%0) (Table 1).

Table 1. Water conditons in rearing tank.

No. Date Days WT (°O) Sal.(%0)
-1 Oct. 30, 85 Ist 31.2 32.0

2 Nov. 29 3lst 30.8 30.0

3 Dec. 25 57th 27.2 24.5

4 Jan. 27, 86 90th . 265 25.0

5 Feb. 26 120th 28.4 | 285

During 120 days of culture, fish gained 8.25¢cm in mean total length and 81.52g in mean body
weight. Sruvivai rate was 85.6% (Table 2). :

Table 2. Growth of red snapper.

Fish Total length (cm) Body weight (g )
No. - s
inds SR (%) m * SD Min Max m t 5D ~ Min Max

. 1 90 100.0 8.68 x1.09 1.3 11.2 1433+ 5.19 .47 26.80
2 38 918 11.19b 1.40 9.0 13.9 27.86+ 1103 13.04 50.78
3 88 97.8 12.48 £ 1.6l 9.0 15.2 37.00+1298 15.00 60.00
4 77 85.6 435+ 1.4]1 12.2 17.4 34,75+ 15.37 35.00 50060
5 77 85.6 17.13 | .87 13.6 19.8 958522806 ¢ 50.00 135.00

Total weight gain was 6.09kg against 52.85kg of total weight of feed given to the fish. Food
quotient (FQ) value (Total weight of feed/total weight gain of fish) was 8.68 (Table 3).



Relationship of total length and body weight, culture days and body weight, and culture days
and total length are shown in Figs. 1, 2 and 3, respectively,
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DISCUSSION

The objective of this study was to collect basic data on the growth'of red snapper and the
results showed that the growth rate was relatively high and indicated a high possibility of the fish

as a suitable culture species.

However, it is too early to conclude the suitability of this species as a new culture species and
further studies are needed in the fields of mass production of seed, nutrition requirement, ecology

and physiology of the fish.

REFERENCES

1. Poonsin Panichsuk and Supoj Chungyam_pin. 1976. Brackishwater Red Snapper culture. Thai
Fish. Gazet. 29(2): 167174 (in Thai).

2. Prawim Wudthisin and Rattana Maneenawa. 1983. Experimental seed production of Red
Snapper. Technical paper No. 3. Rayong Mar. Fish. Stn., Mar. Fish. Div., Dep. Fish., Thailand.
16 pp. (in Thai). :

3. Prawim Wudthisin, ef a/ 1983. Study on the development of Red Snapper larvae. Technical
paper No. 4. Rayong Mar. Fish. Stn., Mar. Fish. Div.,, Dep. Fish,, Thailand. 11 pp. (in Thai).

4. Prawim Wudthisin. 1984. Propagation on the Red Snapper, Lutianus argentimaculatus
(Forskal), Tech. Rep. Rayong Mar. Fish. Stn., Mar. Fish. Div., Dep. Fish., Thailand.58 pp. (in
Thai).



Experiment on cutture of copepod, Tigriopus japonicus,
with four kinds of food

Tida Pechmanee and Sunit Rojanapittayakul

INTRODUCTION

In Japan, Tigriopus japonicus is the most promising species for mass culture because it en-
dures considerable change in environmental conditions and also reproduces vigorously (Kitajima,
1973). The most practical technique for the production of the copepod, Tigriopus japonicus,
is in combination cuiture with the rotifer, Brachinous plicatilis, ted with baker’s yeast (Fukusho,
1980). However, many kinds of living and non-living foods, such as diatom, yeasts, synthetic
fish food and soy cake could be used for this copepod (Kitajima, 1973 and Takano, 1971). It
is important to determine which kind of food is suitable for Tigriopus japonicus cultured in

Thailand to support the reasenable way to produce this copepod as food for marine fish larvae.

MATERIALS AND METHODS

 Seceds of Tigriopus japonicus were collected from a rotifer tank in laboratory at Nansei
Regional Fisheries Research Laboratory, Hiroshima, Japan in 1982 and they were stocked in
laboratory of Mational [nstitute of Coastal Aquacuiture, Songkhla, Thailand until 1983, then this
experiment was carried oui. Four kinds of food were used : baker’s yeast, rice-bran, fish meai,
and a mixture of wheat flour and soya flour, | fo 1 in weight ratio.

The experiment was performed in 8, 30 € fanks, each filled with 25 ¢ of water. The copepodis,
Tigriopus japonicus, were put into each tank with aeration. They were fed with 0.3 g of food per
tank every day for 24 days without changing water. The density of the copepods, including

nauplius, copepodite, and adult, was observed under the microscope every 3 days.

At the same time, a copepod female with eggs was separated to rear w 100 mi beakers,
after they gave nauplii, the mother was taken out and the time for the growih from nauplius
-up to mating was recorded.

RESULT

“After 14 days, there, was plenty of sediment in the experimental tanks fed with the mixture
of wheat flour and soya tlour, so feeding was stopped for 3 days.
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After 17 days, 2 £ of fresh water was added to each tank (o maintain the level of salinity.

The water temperature in each tank ranged from 26.5 to 27.5 °C. The results showed that
the nauplius of copepod, Tigriopus japonicus grew to mating stage within 10 days with every kind
of food. Density of the copepod fed with each kind of food is shown in Fig. 1. Nauplius numbers
are always bigger than copepodite and adult numbers in every kind of food. In general, the results
with rice-bran and fish meal were better than with yeast or flour mixture. The peak density of
copepods during this experiment was highest in the tank of copepods fed rice-bran,
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Fig. 1. Change of individual numbers of Tigriopus juponicus
supplied with bakers veast, rice-bran, fish meal and
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DISCUSSION AND CONCLUSION

The nauplii of Tigriopus japonicus grew to mating stage wifhin_ 10 days, the same as those
reported'by Takano _('1971). However, the deunsity of nauplii fed with a mixture of wheat flour
and soya flour was less than those fed with other kinds of food in this experiment, while Takano
(1971) reported that :this kind of flour mixture could be used for 12 generations Tigriopus
japonicus in laboratory, ' ' '

The fact that the density of copepod in this experiment was rather low might be accounted
for by several reasons. First, the amount of tood may not have been suitable and, because of the
small amount involved, ne adjusting was done during the experiment. Second, because only non-
living food was used, the water quality became bad more easily than when using liv’iﬁg food. In
this case Takano (1971) suggested that a combination of a mixture of cereal flour and cultivated
wicronlgae seemed to be the best to feed the copepod for a long time. Finally, the lower density
may simply be due to the tank capacity, since the results of culture differe depending on the
capacity of tank (Kifajima, 1973). These problems are important to examine in future. However,
among the four kinds of food used in this experiment, it seerns that rice-bran is most profitable
to use as a non-living food for the copepod, Tigriopus japonicus, because it had the lowest price
and, in general, it had good effects on population growth of the copepod.

Table 1. Food prices for feeding the copepod, Tigriopus
faponicus In the experiment.

Food Prices{kg (Baht)
Rice-bran 4
Wheat {lour 18
Soy Bean i2
Fish meal 12
Baking yeast 116
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Study on food and stocking density for brine shrimp, Artemia salina, culture

Paitoon Akkayanont and Sujin Maneewong

INTRODUCTION

Nauplitts larva of brine shrimp, Artemnia salinag, is a popular and important living food organism
for fry rearing of fish and shellfish. Since the nauplius larva is small in size, the price of brine
shrimp nauplius per unit weight is very high. :

If brine shrimp nauplii are cultured for a certain period to a larger size, price of brine shrimp
per unit weight will be lowered, and therefore, the cost to produce {ish and shellfish fry can be
lowered at stages when fish and shellfish fry are large enough to eat larger size brine shrimp.

Many experiments have been conducted to {ind the best culture conditions for brine shrimp
(Hutasing 1978, Sorgeloos 1979 and 1980, Brisset et al. 1981, Pechmanee 1984 and etc.). Fujita et
al. (1980) reported that the brine shrimp nauplius has genérally low nutritional vaiue in relation
{0 highly unsaturated fatty acids (HUFA). If the nauplii are cultured with a suitable food, the
HUFA content can be increased and thus survival rate of fry will be raised.

" The present experiment was conducted to compare the efficiency of three kinds of food and
to find a suitable culture density for effective and economical production of brine shrimp.

MATERIALS AND METHODS

1. Experiment to c'ompare three kinds of food

The experiment was conducted in fibreglass tanks of 1m? capacity. Three kinds of food, rice
bran, Tetraselmis sp., and rice bran + Tefraselmis sp., were used for this experiment. Two tanks
were prepared for each kind of food. Tank water was circulated in the tank with an air lift, Great
Wall brand brine shrimp eggs imported from China were incubated for 36 hours, and hatched
nauplii were used for the experiment. The stocking density of nauplius was 1,500 inds/¢ for each
tank.

Feeding fot brine shrimp nauplii was started from the 2nd day of the experiment. 50% of the
tank water was changed daily from the 3rd day throughout the experiment period.

The rice bran was processed into a micronized solution by the method of Sogeloos (1979).
One kg of rice bran and one kg of salt were processed into 7.53 £ of the rice bran solution.
Tetraselmis water was at a density of 4-6 x 10% cells/m!. Amount of food given to each tank is as
follows: )



- Tanks 1 and 2. Ietraselnus water, 0 Sm3/tank/day :
Tanks 3 and 4 Rice biran solution, 400ml/tank/day on 2nd and 3rd days and
. ' 800mlltank/dw froni 4th-to 6th day.
Tanks 5 and 6 Tetraselmis W'ltCI 0. 5m3/tank/day plus rice bran solution
| 400ml/tank/day on 2nd and 3rd days, and 800ml/tank/day from
4th to 6 th day

2, E\penment on culivre den31ty : :
Cultme vessels, water: ‘circulation and’ exchange regnne and ongm of brme shnmp nauplii were
thc same as f01 the former expeument The expenment was carrled out m two parts

I“he fll‘St part _ : : = :
Stockmg densities of brine shump were set at 3 000 4, 000 and 5. 000 mds/52 W1th 2 tanks for
each density. Culture period was 14 days. Rice bran solutlon containing 0.15kg rice bran and
"0.15kg salt per htre and Tetmselrms water at a densﬁy of 4-6 x 104 cel]s/ml were given to
tank.- The- amount ‘given was 0. 53 /tank/day ‘of Tetraselmis water and 400ml/tank/day of rice
bran sqlut;on from the 2nd to 4th day. The amount of rice bran solution was doubled on the 5th
and 6th days. .

The second part
Stockmg densmes of brine shrimp were set-at 1, 500 3 OOO and 5,000 inds/e, with 2 tanks for
each densﬂy Culture peri- d was 14 days. Rice: bran solution, contammg 0.15kg rice bran and
0.15kg salt per one litre, and Tetrasebnis water at a dens1ty of 4- 6><104 cells/ml were given to
eag:h tank. The amount given was 0.5m3 ftank/day of Tetraselmis water, -and 4_00m_1/t_ank}day of
~ rice bran solution from the 2nd to Sth'day. The amount of rice bran solution: was doubled from
“the 6th to 13th day. '

RESULTS AND CONCLUSIONS

1 Expenment to’ compare three kinds of food
- Brme -shrimp cultured mth rice bran and Tetrasefmzs showed the fastest growth and the -
. _}ug,hest survwal rate and productmn (Table 1) Production of brme shrimp W1th rice bran and
- Tetraselmzs was 2. 45 tnnes as ‘high as rice.bran alone and 6.75 times as high as T etraseirms alone.

There 'were‘stdtlshcally 31gn1ficant differences in growth and production of brine shrimps cul-
_tured w1th three different kmds of food. There, however, was noi significant difference in survival

rate between bnne shmnps gultured w;th rice bran alone and rice bran and Tefraselmis. Susvival

| rate Of brine- shnmp culture only with 7 etraselmis was significantly lower than those cultured with
' other two kmds of food

_ : The umt cost of productlon of brme sh.nmp was cheapest When cultured with rice ‘bran and
Tetrase!m:s, bemg ,B'O 020/g only (Tab}e 2)



T ablt_: l Res‘ullé_of the e:’cpeﬁments on Artemid cultured with three kinds of food in 9 days.

No. of Initial CFinalt | g o | Survivat, - ] : -
reat | Kindoftood | Astemis/ | TUGmmyt { Tr(manye | SeAEl Tt | Produstion 4y ) Sty
: T m;l Sp sD . IIO (%) (g) ) (%) Ao)
1 Tetroselmis sp. | 1.5 % 0.634 173+ ] 0768 % | 472 120 7.14f | 270) | 347
S 108 0.198 0.48 108 855 | 280 _
2 Rice brait 1.5 x 0,634 ¢ ?35%  |:1.04% 69.3 330 746/ | 2007 | 354
o s ] 0198 . 0.36 106 8.35 280
3 Rige bran + 1.5.% 0.634 + 416+ | 1.06x% 0.7 810, 7.29f | 2700 | 350
- Tefraselmis sp. 108 . D98 0.66 108 833 | 290 -
- ! :

Table 2. Cost of production/m? for Artemia fed on 3 different food.

Tetraselmis sp. " Rice bran Tetraselinis sp.
) ; Rice bran .
Type of cost [ R — :_ ; -
: Amount | Cost (baht}|  Amount | Cost (baht)}| Amount | Cost (baht)
Tetraselnis 25 ton 0.45 — _.f 2.5 ton 045
| Rice bran - - 432g L7 432 LT
Salt - - 432g 2.3 432 ¢ 23
Artemia i2g 11.5 12g - 115 12g 11.5
Total cost - 11.95 - 15.5 - 15.95
.Proc'iuﬂ_tion/mj — i20g - 330 g — 210 g
Unit cost/g - 0,100 - 0.047 . - 0.020"

As té' the nut'rition.al value of brine shrimp -cultured -With the .n'ce" bran and Tetraselmis,
Rojanapltayagul and Akkayanont (1985) reported the rearing of shrimp, Penaeus mergu;ens:s
from. postlarva 5 to postlarva 25 fed with brine shrimps which had been cultured with rice bran
and Tetraselmis for 7—14 day. The result showed that the survival rate was about 90% and the
total length of these shﬁ_mps was nearly 2 times as large as that of shrimp' reared with squid.

2. Fxperlment on culture density and period
The results of the first part of the experiment are shown in TabIe 3. These results do not show
any statistically significant differences between stocking densities in growth, survival rate and
production: The unit cost of production of brine shrimp, however, was significantly lower when
cultured at the lowest density of 3,000 inds./¢ (Table 4).

Table 3_. Results of experiments onArtemia cultured in 7 days at 3 different stocking densities.

No.of * Initial Final e Survival |, . L
Test Arternia TL(mm)* TL(ram)* Sur\lvai cate roduction pH szp__ Salinity
. m? -SD sD B (5 (&) o (.
1 3x 108 0521« 2,26+ 1.62 x 54 690 7.17/ 26.2/ 337
0.041 0.382 108 8.71 27.8
Y 4 x 108 0.52) + 20 # 2.57x 64 650 7.36/ 26.1/ 34.1
_ . 0.041 0.244 108 8.15 277
3 5x 10° 0521 ¢ 1.728+ | 2.99x 60 695 7.334 26.3f 33.6
' n 0.041 0.255 108 8.88 28




Table 4. Cost of production/m® forArtemia cultured in 7 days of 3 different stocking densities,

B 3000 ind{Q 4000 ind/# 5000 ind/R
Type of cost - - .

Y : Amount -| Cosf (baht) | Amount | Cost (baht)| Amount | Cost (baht)
Tetraselmis _ 2.5 ton 0.45 2.5 ton 0.45 2.5 ton 0.45
Rice bran 37d g 1.50 34 g 1.50 374 g 1.50
Salt 34 g 1.87 RYG Y- 1.37 31dg 1.87
Artemiu 2 g 230 32g 30.7 . 40‘3 384
Total cost - 263 - 345 - 422
Productionfin? - 690 g - 650g - 695 ¢
Unit cost/g - 0.03% — 0.053 - R 0.061

The results of the second part of the experiment are shown in Table 5. These results, too, do
not show any 'signiﬁcant differences between stocking dengities in growth, survival rate and

production. The unit cost of production of brine shrimp was, again, lowest at the lowest culture
density of 1,500 inds./2 (Table 6).

Table 5. Results of experiments on Arfemia cuttured in 14 days at 3 different stocking d_ensities.

No. of Awlnitial Final . Survival . i ) . .
Test Artemiaf TL{mm)zx TLGnm): Sug;va[ rate Prod(u(;tlon pH T(%n(;%} : Sa!(%li)ty
m? SD sD . (%)_ £ ’ (i__‘
1 1.5 x 10% | 0.504 & 4.99 & 0332x 21.1 565 7.14/ 26.0/ 34
0.017 0.775 108 8.08 30.5
2 3.0x 10% | 0.504 # 4.558 * 0.760 x 253 760 7.1/ 26.0f 34.2
0.017 0.833 108 8.04 28.0
3 50x10% | 0.504 = 4.153 + G.640 x 128 465 7.16f 25.8/ 34.4
0.0i7 0.434 108 B 7.97 28.5

Table 6. Cost of productionfm?® for Artemia cultured in 14 days at 3 different stocking densities.

1500 ind/¢ 3000 ind/g 5000 ind/2
Type of cost - - :
Amount { Cost (bahk{) | Amount | Cost(baht) | Amount | Cost (baht)

| Tetraselmis 6 ton 1.1 6 ton 1.1 o ton 1.1

Rice bran 9368 3.7 936 3.7 936 g 3.7

Sait " 1936y 4.7 936 g 47 936 g 4.7

Artemia 1128 t1.5 242 23.0 40 384

Total cost” B 21.0 - 325 - 47.9

_Pfoduétion/m"‘_ — 565 g - 760 g - 465 ¢
Ii]uit costfg - 0.637 - 0.043 — 0.103

~ Comparing thé resﬁité_ of 7 days and 14 days, rearing at 1,500 inds./® in density with
Tetrdselm;’s and rice bran. in Tables | and 5, it can be said the production is much higher when
cultured only for 7 days than for 14 days, since the survival rate was much higher in the former

than in the later.



From the results obtained in these experiments, it can be concluded that mixed feeding of
Tetraselmis sp. and rice bran gives much better production of brine shrimp than feeding of
Tetraselnis sp. alone or rice bran alone. As for the culture density, 1,500 inds./® gives a higher
production than higher culture densitics. And as for the cultured period, 7 days culture gives
higher production than 14 days culture.
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Study on the relationship between (ransparency and density of
2 kinds of phytoplankion in outdoor tanks

Tidy Pechmanece and Niwes Ruangpanit

ABSTRACT

This study was done in order to discover the velationship between transparency and density
of phytoplanktons, Tehzz‘selmz’s sp. and Chlorella sp., cuitured in outdoor tanks for feeding rotifer,
Brachionus pl_t";‘ufif{s,_ which was nsed as feed for seabass and marine shrimp larvae. This study was
carried out from March 6 to July 16, 1984 and the following equations were obtained:

D, = 2144 - 019 TR,

: D, = 150-0.15TR,

Where 1y = Density of Tetraselmis sp. (x 10% cells/ml.)
D, = Density of Chiorella sp. (x 10% cellsimlL)
TR, = Transparency in Tetraselmis tank (cm.)

TR, = Transparency in Chlorella tank (cm.)

INTROGDUCTION

The 30% harvesting method is one of the effective methods for the mass culture of rotifer
in Thailand (Pechmanes, et al,, 1984). Density of phytoplankton as food for rotifer is one factor
that can indicate rotifer production. This study was done to find a convenient method for measur-
ing the density of 2 phytoplanktons, Teizaseimis sp. and Chipreifa sp., ithat are al'ways used for
feeding rotiter at NICA.

MATERIALS AND METHODS

Culturing Tetrasehmnis sp. and Chloreifla sp. in 26 ton tanks staried at the spawning season of
seabass and marine shrimp. A few days after inocuiation they bloomed. Then they were harvesied
and a reculiure was started.

The chemicais for the phytoplankton used in each 26 ton tank were:
{(NH, )}, SC, 1200 g, calcium superphosphate 120 g and urea 60 g,

Density and {fransparency, were recorded every day in the morning (9.00-10.00}) from
‘Mazxch 6 1o July 16, 1984 by checking the number of phytoplanktons under a microscope and
measuring fransparency with a secchi disc (diameter 15.5 cm).

During - this study the salinities of water in Chlorella tanks and Tetraselmis tanks were
22-28 and 28.0-32.5 Yoo respectively. The temperature in both cases was between 26,5 and
29.5°C. '



RESULTS

Tetrasélmis sp. grew through at the study period, while Chlorelle sp. could not be grown
during some period of time. Hence, Tetraseintis .data were collected 549 times and only 173
times for Chlorella sp.

Transparency s related to density of Tetraseimis sp. and Chiorelle sp, as in Figures | and
2. The relation can be shown by the following equalions :

Where

D,
Dy
B,
b,

TR,
TR,

Density (x 107 cells/mi.)

Fig. 1

1.5*:1131‘!_\1 O 107 cellsfmly

= 21.44--0,19 TR,
= 15.0-0.15 TR,
= Density of Tetraselmis sp. (x 10* cells/m! )
= Density of Chlorella sp.  {x 10% celisfml)
= Transparency in Tetraselmis tank (cm.)
= Transparency in Chloretla tank (cm )
24 7
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DISCUSSK)N

Because phytoplankton density effects the populdtxon growth of rotier (Hirayama et al,
1973), it is necessary to know phytoplankton densﬂy for combmatton with another factors

for estimating rotifer production. Transparency measurement isa convement method for estimat.
ing phytoplankton density and it is suitable for using in routine work,
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Study on the effects of adding animal feed supplement whén
feeding fish meat to juvenile scabass, Lates calcarifer

Pairat Kosutarak

INTRODUCTION

This experiment was carried out after we knew that juvenile seabass which were fed only with
minced fish meat suffered from a poor growth rate and such symptoms as loss of equilibrium,
blackening of thé body and loss of caudal fin before finaily dying.

This is a big problem for the fishfarmers who rear seabass in Songkhla lake and other areas.
Therefore, this experiment was carried out to study the effects of mixing in animal feed
supplement (2%) with the minced fish meat for feeding seabass. The animal feed supplement used

can be easily obtained by the fishfarmers.

MATERIALS AND METHODS

Experimental fish

1,500 juvenile seabass_ aged 20 days (T.L. — 1.0 cm.) were obtained in September 1984, from
the Marine Aqua Seed Company. They were kept ina 1,000 ¢ tank and maintained on minced fish
meat for 17 days, then soried at the start of experiment.’

Feeding and testing method

18 glass aquariums (497 x 257 x 295 mm) were used. The volume of seawater (salinity 33—
34 %o ., temp. 26~28°C) in each tank was about 30 ¥, and it was aerated sufficiently. 15 fish were
put into each tank and fed twice a day (10.00 a.m., 2.00 p.m.} except on measuring day when
there was no feeding. Feeding was continued until fish were satiated. At 4.00 p.m. the waste was
siphoned out and about 25 £ of the seawater was removed, then the tanks were filled with new
seawater until there was 30 ¢ in each. Fish were weighed individually at intervals of 1 week by
anesthetizing with a 20 ppm quinaldine solution. The feeding experiment was continued for 9

weeks.



Test Diet

Decapiiures russelli was used as the basis of the test diets during the entire experimental period,
This experiment had 6 treatments and 3 replications in each treatment. The test diets (Table 1)
were prepared cvery day by using a meat chopper. After the moming feeding, the rest of the test
diets were kopt in the refrigerator at $°C for nse in the 2.00 p.m. feeding.

Table 1. Composition of test diets,

Diet | Composition
A Minged fish meat included vertebra + 2%  Animal feed supplement A
B # + 2% " B
C " + 2% 4 C
D " : + 2% " D
3 Minced fish meal included vertebra

M Minced fish meat not including vertebra

Note: Compositions of animal feed supplements A, B, C and D are shown in Appendices 1,2,3
and 4.

RESULTS

The body weighi of fish at the beginning and end of the experiment, the percent gain in body
weight, feed efficiency, food conversion rate and mortality are all summarized in Table 2 and Figs.
1 and 2.

Week 1--2

Fish fed diet-M had fin hemorrhages. Fish fed diet-F had same phenomenon but seemed to be
more serious. However, hemorrhages did not appear in fish which were fed diets-A, B, C or D (with
animal feed supplement added).

Week 2-3

Figh ted diet-M decreased in food intake, lost equilibriura as shown by swimming activity,
blackened in color, had a few fin hemorrhages and a few had bent back-bones. The first mortalifies
occured in this period. Fish fed diet-F had the same phenomena as fish in diet-M but the
‘back-bones were normal. Fish fed diets-A B,C and D appeared relatively healthy.

Week 3-4 R
For ﬁsh fed diet-M, the phenomena were the same as during week 2--3. For fish fed diet-F, the

_phenomena were ‘the same, but the caudal fin was damaged little by little in some fish. Jaw and fin
hemorrhages were observed. Fish fed diets-A, B, C and D again appeared relatively healthy.

Week 47 _
- The results of observation were the same. Growth rate was very poor in fish fed diets-M and T,
but in fish fed diets-A,B;C and D it was satisfactory.



Neek 79
A recovery test was done on fish fed diets-M and F (two replications for each treatment) by
witching them to diet-C.

© After fish ate diet-C only one day, they recovered little by little to good condition. Swimming
wtivity increased and body color was lighter. After 2 weeks of the recovery test, those caudal fins
vhich were damaged regenerated little by little.

On the other hand, fish which did not undergo the recovery test remained in bad condition

and their mortality rate was still high.

After the 9-week experiment, difference in average body weight, percent gain in body weight,

fced efficiency among trealmeni groups were tested for significance (P<{0.05} by Duncan’s
multiple range test,

_The fish fed dicts-F and M showed no significant differences in average body weight, percent
gain in body weight and feed efficiency. But the results for fish fed diets-F or M were significantly
different from thosc for fish fed diets with animal feed supplement added (A, B, Cand D).

i L

Meun of budy weiglht {g)

1 z 3 4 5 3 7 & v Week

Fig. 1. The growth of juvenile seabass in @ weeks.
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Fig. 2. Resulis of the 9-week feeding experiment.

Table 2. Results of the 9-week feeding experiment.

A B C D F M SEM.
Average bt;dy weight (g)
Tnitial 0.50 0.47 0.48 0.46 0.48 0.45 0.05
Final 7.38° 7.19% 6.9° 8.92b¢ 3607 2.88% 1.22
Feed efficiency (%) 32.03° 32,6 29.73%¢  35.0™¢ 258  27.5° 1.99
Percent gain (%) 1386.2° 14270%  1326.7°  184G.1% 65672 50557 212.11
Food conversion rate 3490 3160 336 289  489° 433> 059
Mortality (%) 0 ' 4.5 0 2.2 26.7 20

All values are avcrﬁge values from triplicate tanks each containing 15 fish. Values within a given

line followed by the same letter superscript are not significantly different (P> 0.05)

S EM.:

Standard error of a treatment.

DISCUSSION

ThlS expenment showed that. juvenile seabass which were fed with minced fish meat had to
have ammal feed supplement added for normal growth. Using the 2% animal feed supplement
- mlxed with the mmced fish meat as shown in this experiment gave a percent gain in body weight
- .of 1326— 1840% in 9 weeks; while using only minced fish meat produced only about 505-656% in
body Welght gam

After the recovery test was done during weeks 7--9, the mean body weight of fish in the two
rephcatlons _fox:merly fed diet-F increased from 2.19 and 2.52 g to 3.46 and 3.83 g, respectively,



while the replications not undergoing the recovery test increased from 2.93 to 3.51 g. The mean
pody weight of fish formerly fed diet-M increascd from 2,09 and 1.91 g to2.99 and 2.75 g,
respectively, while the replications not undergoing the recovery test increased from 2,34 to 2,90 g.
This shows that fish are able té recover in a short time if given an animal feed supplement.

There were some dit‘fo_i-én‘b‘é_s in résu_lts between fish fed minced fish meat includin.g vertebra
(diet-F) and those fed only minced fish meat (diet-M). The fish in diet-F showed a higher mean
body weight than t]_le'fish in diet-M, but the mortality was also high, These results call for furiher
study. - ' ' '

Finally the qualitative and _quanﬁtative requirements of seabéss fbr vitamins should also be
studied by using a purified test diet.
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Appendix 1. Cowposition of animal feed supplement A {(Adiuvit).

Each K¢ contains:

Yitamin A

“

.

* X
By

" E!l1

" B

" By,

“opp

Calcium Pantothenate
Choline chloride-
DL-Methionine
Chlortetracycline
fron’ '
Magnesiuvm

Zinc

Manganese
fodine

{Copper

{Cobalt

1,500,000 LU, -

200,000 LU.
© 400 mg
S0 -mg

10 mg

300 mg -
10 mg

2,000

23
35 ¢

5,000 me

25
38

2.6
1.6 g

g
3
34 g'
g

meg
25 g

244 wmg
53 ng
23.5 mg

Appendix 2. Composition of animal feed supplement B {Biofac-200).

Each Pound coniains:

Vitamin A
b,

* E
Riboflavin
Yitamin B, -

B,
Choline chloride -
Vitamin B,

"B,

" K
B

b

H
Inositol
Folic acid
BHT
Methionine
‘Manganese
Iron '

. lodine _7
Coppér
Cobalt
Zind _
Para-amino benzoic acid

. 4,000,000
1,000,000

600.

850
1,100
71,000

125,000
1

40

400

10

(.02
160

20

100
3,000
3,520

1,760
30
6.0
9.1
386
03

Lu.
[NEN
LU

mg

mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg

mg

mg
mg
mg
mg
mg



Appendix 3. Compoesition of animal feed supplcmcni C (Stamix).

Each Kg Conlhins:

Vitamin A - 1,200,000 1.U.
R 1Y 240,000 L.U.

“ B 840 mg

" K 100 mg

“ B, 30 mg
B, 600 mg

" Bg . 10 mg
Niacin 3,600 mg
Pantothenic acid 2,000 mg
Vitamin By, 4 mg
"Folic acid 10 mg
Biotin 2 mg
Choline 5,000 mg
BHT ' 200 mg
Cobalt 4 mg
" Copper 2,400 mg
lron 7200 mg
lodine 120 mg
Manganese 9,600 pm
Zinc 24,000 mig
Verginia Mycin 4,000 mg
Furasolidone © 20,000 mg

Appendix 4. Composition of animal feed supplement D {Ovimin).

Fach Kg. Contains:

Vitamin A 20,000,000 1.U.

" K 3,000 mg

“ D, 5,000,000 1.U.
Pyridoxine (By) 3,600 mg
Vitamin E 5,500 LU,
Folic Acid 400 mg
Riboflavin (B, )} 1,500 mg
Thiamine (B, ) 2,000 mg
Pantothenic acid (B;) 6,600 mg
-Vitamin B, 20 mg
Niacin (B,) 20,000 mg
Vitamin C 20,000 mg
Methionine 13,000 mg



Optimum level of protein in a purified diet for mullet,
Mugit dussumieri {(Valenciennes).

Pairat Kosutarak

INTRODUCTION

At present, most of the mullet that are sold in the market come from natural fishihg grounds.
As a result, in the near future the amount of mullet will certainly decrease. Te solve this problem,
the culture of mullet should be examined.

This experiment was carried out to study the optimum level of protein to include in a
purified diet for mullet Mugil dussumieri (Valenciennes). The levels of protein studied were:
0%, 13.4%, 22.3%, 31.2%, 40.1% and 49.0% of a purified diet, respectively.

MATERIALS AND METHODS

Experimental fish

Fingerling sized mullet were obtained from Songkhla Lake in April, 1984. They were kept in
tanks and maintained first on a formula diet, then on a purified diet. About 1,000 fish, weighing
more than !.3g each, were fed a diet, then on a purified diet. About 1,000 fish, weighing more

than 1.3g cach, were fed a diet containing 40.1% protein as in Table 1, for one week, then sorted
before the start of the experiment.

Feeding and testing

Six, 500 g plastic tanks were used. These were supplied with well seawater (salinity 30-32
Yo, temp.26-28°C at a rate of 0.8 to 1.0 ¢/min, and aerated sufficiently. 90 fish were put
into each tank for each experimental dief. Feeding was done twice a day, 9 a.m. and 3 p.m., ex-
cept on measuring day when there was no feeding. Fish were fed 10% of their body wéight per
day. The food was in the form of a paste which was rolled into a ball and put into a small
basket. Fish were weighed individually, at 2 week infervals, by anesthetizing them with an
18 ppm quinéldine solution. The feeding experiment contained for 8 weeks.
Diet

The d_iéts used in this experiment are shown inTable 1. New supplies of the diets
were prepared every week and stored in a refrigerator a2t -3°C until used.



Table 1. Composition of test diets.

Lot No.

Ingredients 1 2 3 4 ) 6
Vitamin-free casein 55 45 35 25 15 0
Dextrin 16 26 36 46 56 71
Cellulose powder* 4 4 4 4 4 4
Mineral mixture** 7 7 7 7 7
Oil*** 8 8 8 8 8 8
CM.C. 10 i0 10 10 16 10
Water 100 100 100 100 100 100
Crude protein (%) ++  49.0 401 312 223 134 0

*  Vitaminized cellulose powder. The amount of vitamine mixiure added to
each diet was the same as reported by Halver (1957).

#+  USPXI, Salt mixture No.2 plus trace metals (Hajver 1957).

2% A mixture of corn oil and cod liver oil in 2:1, .
++  Expressed on dry basis and calculated from nitrogen content of casein
{Nx6.25).

RESULTS AND DISCUSSION

The body weight and number of fish at the beginning and end of the expériment, the
percent gain in body weight, daily feed intake, feed efficiency, and food conversion rate are all
summarized in Table 2. In Fig. 1, the percent gain in body weight is shown with regard to the
different protein levels of the various diets. The mullet showed a remarkable decrease in body
weight when kept on a non-protein diet, while diets containing more than 13.4% protein showed
a positive weight gain. The best growth rates were for diets of 49.0%, 40.1%, 31.2%, 22.3%,
and 13.4% protein, in that order. However, there was no significant difference in growth among
the 49.0%, 40.1%, 31.2%, and 22.3% protein groups (P = 0.001).

Table 2. Results of feeding experiment for 8 weeks.

Lot No. i 2 3 4 5 6
Number of fish
al beginning {No) 90 90 0 20 90 90
at end (N} 90 87 83 88 90 90
Average body weight (g)
at beginning (Wo) 1.65 1.61 1.56 1.51 1.51 1.47
SD. 0.54 0.47 0.47 0.50 (.46 045
at end (W) 3.30 3.12 2.96 2.76 2.33 1.20
~ SD. 1.21 1.32 1.24 1.70 1.15 0.40
Percent gain®- . 100.0 93.8 89.7 82.8 543 -184
Daily feed intake (%)** 8.7 8.8 8.8 8.6 8.8 9.6
Feed efficiency (%) *** 12.8 12.2 117 11.3 8.1 -3.5
Food conversion raie * ¥** 7.8 8.4 8.6 8.8 124 00
* Percent gain - E).O(:vvﬂ_)_ %% Feed efficiency (%) = 50 (W-W(I):) {(N+No)
° :
. . 400F . - wet weight of feed
** Daily feed intake (%) = ———————-————  &#x% Popd conversion rate @ e T
v (W+Wo) (N+No)} D wel weight pained
Remarks: F = Total amount of feed intake (g)

D = Days — 87 —
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Fig. 1. The growth of mullet in a §—week feeding experiment.

The resuits show that the highest percentage of protein (49.0%) giveé a better growth rate,
narrower distribution of size and higher food conversion rate than 4.1%, 31.2%, or 22.3% pro-
tein. However, if the economic cost of the diets is taken into consideration, the best choice may be
the diet with 22.3% protein.
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Nutritional evaluation of feedstuffs made in Thailand,

Pairat Kosutarak and Hivoshi Qgata®

Five feedstuffs made in Thailand, fish meal, squid meal, shrimp meal, soy bean meal and rice
bran meal were evaluated in nuirition value in March—April 1988, at National Research Institute
of Aquaculture, Mie, Japan. .

These feedstuffs were bought in the market in Songkhla province except the squid meal which
was made by using only head-part. _ .

Crude protein was measured by the micro-Kjeldahl rr{ethod, ash by combustion in a furnace at
550-600°C, moisture by drying at 105°C, crude fat by extraction with ethyl' ether (Ex-fat:
Laboman  Geneco), gross energy (GE) value by a bomb calorimeter (Shimadzu CA-3), fatty acid
compositions by gas chromatograph and amino acid compositions by an automatic amino acid
analyzer (Hitachi, Model 835).

The results were summarized in Table 1, 2 and 3.

Table I. Proximate compositions of feedstuffs made in Thailand.

Rice bran  Soy bean

Fish meal Squid meal Shrimp meal meal meal
Moisture (%) 117 3.8 15.2 14.5 938
Crude protein (%) 54.3 68.9 32.6 11.6 46,7
Tatal lipid {%) 8.1 8.1 3.0 8.0 4.3
Crude fat (%) 5.1 5.6 1.3 7.3 1.8
Crude ash (%) 26.7 F1.3 38.5 10.4 7.0
Gross energy {calfg ) 3678 4192 2482 3022 3869

¥ National Research Institute of Aquaculture, Tamaki, Mie 519—04, Japan



Table 2. Amine acid composition and A/E ratio of feedstuffs made in Thailand.

Composition (/100 é,dty meal) ) " AJE ratio —
Amino acids Shrimp Fish “Squid Soy Rico. " shrimp  Fish  Squid  Soy Itfr‘f;
meal meai meal meal meal “meat _"fi?t\ meal meal meal
Arginiue 2.033 3.571 3425 38n 0.656 126 132 149 239 145
Histidine 0.641 1.282 0937 0.986 0.25% 40 .47 41 64 57
Isoleucine 1.195 2,001 1.839 1113 0.343 74 74 80 69 76
Leucine 2021 3.747 3.201 2165 0.629 125 133 M0 134 139
Lysine 3.842 5.741 4119 1.823 - 0557 238 212 180 2 - 12
Methioninz 0.612 1.451 1.284 0.294 0,171 4B - 54 56 B 33
Cystine 0.410 0.589 0.728 0.613 0.350 25 22 32 38 78
Met + Cys . (63) {16} (8%) {56) 116y
Phenylalanine 1,293 1.993 1.566 1.577 0.349 80 KL 68 - 97, 71
Tyrosize 1166 1.719 1.682 1.246 0318 12 63 73 7 7t
Phe + Tyr 7 (152) {1371 (141) (174) (148)
Threenine 1314 2291 1784’1 - 1039 0.343 82 85 21 65 6
Tr}'piophan 0.176 0.333 0.446 0.032 0.025 1i 12 19 2 6
Valine 1.420 2407 - L1814 1.445 0.517 88 89 82 89 114
Alanine 1.520 3.398 2419 1.492 0.510
Aspartic acid 2:509 3962 3.61_5 3.013 ) 0:6E8
Glutamie acid 4.049 6.947 6.029 . 5733 1.029
Glyeine 1.851 3,787 " 2.653 2435 - 0473
Proline 1.173 2.467 Yo - 15857 0.384
Hydroxyproline 0 0.951 0.801 0.448 0
erine 1.265 2154 1.761 1.662 Qdit
Taurine 0.386 0.158 2.203 0 0
Ammonit 0.512 0496 0320 0.623 0.137
Totat 29.420 52.045 44.522 33188 8.079
Table 3. Fatty acid compositions of feedstuffs made in Thailand (%)
Fatty acid Fish Squid Shrimp Rice bran - Boybean -
T meal meal _meal meal - meal
Myristic 14:0 4.6 2.4 2.4 1.3 0.5
15:0 16.6 1.3 4.1 04 -
15:1 0.4 0.2 1.3
Paimitic 16:0 26.0 326 29.4 10.7 7.5
Palmitoleic l6:1 4.6 2.3 4.3 2.5 1.t
17:0 1.5 29 4.8 0.9 0.4
17:1 2.5 0.8 3.9 3.6
Stearic 18:0 98 214 16.9 11.4 18
Oleic 18:1 11.4 9.4 144 5.5 20.4
- Linoleie . 18.2 0.3 0.3 0.4 32.2 19.5
Linolenic . 18:3
4. Eicosenoic 20:1 0.7 4.1 29 19.8 2.3
Octadecatetragnoic 18:4 0.4
T i9:0 09
Eicosatrienoic 20:3wbé : 1.6 0.4
Avachidonic - - 204w
- & Docoseoic 22:1- . 2.8 6.5 15 2.0
Arachidonie. 204wl 0.8
Eicosapentacnoic 20:5w3 34 4.6 2.2 0.8
Docosatetragnaie 22:4wh 16 1.2 19 0.3 10
_Dotosapentaenoic - 22:5w6 1.0 0.8 0.3 1.9
* Docosapentaenoic. ©22:5w3 1.0 0.7 09
“Docosaliexaeoic ' 22:6w3 T3 6% 0.9 0.2 0.5
~-Upknown | - s - : C 4.2

Unknown2 .. o . 28.8
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Haematological study on kidney disease in seabass, Lates calcarifer

Yaowanit Danayadol and Jaruratt Boonranapanichagit

INTRODUCTION

In November 1983 kidney dlsease broke ouf in seabass, Lates calcaufer in three arcas of
southem Thaﬂand and was the subject of an earlier mport (Danayadol and Boonranapamchaglt
1984) This report described the bacteriological exammatlon performed and noted the hlstologlc'al
changes_wh]ch occurred in some organs, especially the k1dney. The most important at observahon
made concerned the needle-type crystals which were found on smear slides of nodules taken from
the kidueys- and which could be disolved in either acid or alkaline solutions. Because of this, it was
supposed that the crystals were caused by a mineral imbalance or an overdose of one mineral.
When further examination showed that the crystals could not be stained by Alizarin 8., it was
reported that the crystals were compounds of P. mineral.

The current experiment was carried out to further investigate the kidney dzsease both through
haematologlcal examination and through a check of the calcium (Ca) and phosphorus ) balance
present in the kidneys and in the muscles.

MATERIALS AND METHODS

Sample Fish:

A control group of 10 normal seabass, Laies calcarifer, about 2.5 months in age, 5.1-12.6 cm
in length, and 3.45--45.55 g in weight were taken from the wet laboratory of the National
Institute of Coastal Aquaculture. They were kept in running seawater of 32 %, salinity and about
28°C. Their diet consisted of raw fish, mostly sardines, including bone and meat. They were fed

twice a day.

Eight diseased fish, 4.0--6.5 cm in length and 5.0--19.5 g in weight were brought in from the
culturing area in Natap, Songkhla province. They were cultured in water of 32 %, salinity and
about '29?(,‘. Their diet consisted only of muscle of raw fish, mostly sardines, which they were fed

~twice a day.
Pathological Anatomical Study:

External and internal examinations were made of both normal and diseased fish unaided and
under the microscope. Slide smears of the kidney were also examined,
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Preparation of Biood Samples:

Blood was collected in heparinized capillary tubes by tail cut from fish which were not
anesthetized. An attempt was made to keep the effects of handling to a minimum. Haematocrit
levels were measured by Hematocut accessory after centmfugmg at 12,000 rpm for 5 minutes,
Plasma total protein levels were measured by hand protein refraptometer.

Ca and P Level Tests:

Ca and P levels were analysed using a pooléd sample from the kidneys and muscles of about §
fish. The kidncy or muscle tissue was homogenized and diluted 10—100 times in 0.1 N HCI
solution after being weighed. Ca levels were measured by the OCPC method, and P levels by the
modified Lowry—pretz method using a Ra BA machine (Chugai Pharmaceutical Co. Ltd., Japan).

RESULTS

General Symptoms:

Most of the symptoms found in the diseased fish in this study were the same as those found in
the fish with kidney disease in the earlier report.

Haematocrit Levels:

As shown in Table 1, the haematocrit level in healthy fish ranged from 36.0% to 45.5% with a
mean level of 40.39%, while the level in diseased fish varied from 5.0% to 19.5% with a mean level
of 9.3%. The haematocrit level in most of the diseased fish was lower than 10%, or about % of the
normal level, and the rahge in the level for these fish was very wide.

Plasma Total Protein:

In healthy fish, the plasma fofal protein level varied from 3.5 to 5.0 g/100 mi, with a mean
level of 4.6, while the level in diseased fish ranged trom 2.0 to 5.3 g/100 ml, with a mean level of
3.4, The range of levels in diseased fish was very wide. Some levels were siinilar to those of healihy
fish while some were very low, about half the normal level.

Ca and P Levels:

~ The Ca level in kidneys of the healthy fish varied from 30.9 to 45.3 mg/100 nig of tissue, with
-a mean of 41, 2, while the P level ranged from 36.7 to 59.5 mg/lOO mg tissue, with a mean level of
48, 3 P per mg of Ca varied from 1.11 to 1.22 with a mean of 1.17.

The €a 1evel in muscle tlssue of healthy fish ranged from 2.7 to 10.6 mg/100 mg tissue, with a
"mean level of 10.15, while the P level ranged from 112.1 to 122.7 mg/100 mg tissue, with a mean
-level of 1 17. 4 Pper mg « of Ca was 10.58and 12.65 with a mean of 41.62.

The Ca levcl in kidneys of diseased fish ranged from 38.7 to 72.5 mg/100 mg tissue, with 2
'mean level of 53.2, while the P fevel ranged from 69.6 (o 135.3 mg/100 mg tissue, with a mean



tevel of 113.4. P per mg of Ca varied from 2.80 with a mean of 2.16.

In general, the Ca level was the same in both diseased and healthy fish, but the P level and P:Ca
ratio were twice as high in diseased fish, The Ca and P levels were lower for less serious cases of the
disease than for serious cases, but the P:Ca ratio remained the same. The amount of P present
correlated with the severity of the symptoms.

DISCUSSION

The data in Table 1 show that the level of the haematocrit was lower in .diseased fish than in
healthy ones. This means that there was anemia present in diseased fish. Which may have been
caused by iron deficiency or lack of vitamin Byz. This is supported by the data obtained from
observation of fish farming methods; i.e., none of the fish were given internal fish organs as part of
their diet, non were they given Vitamin B,, supplements. The decrease in anterior kidney func-
tion is related to lower haematocrit levels because it reduces the blood forming tissue’s ability to
produce new blood.

Table 1. Haematocrit level and plasma total protein level of normal and diseased scabass,
Lates calcarifer.

B.L. (cm.) B.W. (gm.) Ht (%) T.P. (g/100 ml.)
Normal fish
No. | 12.6 4999 36.0 4.1
No. 2 12.6 48.87 40.4 . 4.8
No. 3 6.5 7.34 37.5 4.4
No. 4 7.3 8.80 40.0 5.0
No. 5 8.1 11.46 39.0 4.6
No. 6 6.5 7.33 45.5 44
No. 7 5.1 3.95 43.0 4.6
No. § 8.8 18.97 40.5 5.0
No. 9 6.7 8.60 40.5 4.8
No. 10 6.0 5.03 41.5 39
nmean _ 8.02 17.03 40.39 4.6
Diseased [ish
No. ] 6.4 5.43 9.5 5.3
No. 2 4.2 1.73 9.0 —
No.3 6.4 4.57 10.0 2.8
No. 4 - 6.9 6.02 6.0 2.6
No. 5 5.2 2.54 5.5 2.0
No. 6 6.9 5.42 9.5 4.8
No. 7 5.9 3.44 5.0 38
No. 8 4.0 1.07 10.0 2.3
mean 5.2 3.18 9.3 3.4




The data in Table 2 show that the P level and the P:Ca ratio were twice as high in the kidneys
of diseased fish as in those of healthy fish, while tha Ca level remained relatively the same in each,
“Since it is known that i‘isll__f;lﬂl]er_é generally use fish muscle as food for culturing seabass and thyt
fish muscle contains a high levet of P, it may be that the formation of nodules in the kidueys of
these seabass was caused by an excessive amount of P in their diet. '

It can be concluded, that there were two diseases found in the examined fish. First, kidney
discase caused by a decrease in the function of the posterior kidney due to the formation of
nodules caused by an imbalance of P and Ca levels. Second, anemia caused by a decrease in
haematocrit levels. The presence of anemia meant that fish with only mild symptonis of kidney
disease sometimes died.

Table 2. Ca and P level in Kidney or muscle of normal and diseased seabass,
Lates calcarifer. - : '

Ca P " P:Caratio
Normat fish Kidney No. 1 493 599 1.22
Mo. 2 43.5 40.3 1.11
No.3 30.9 36.7 1.19
mean 41.2 48.3 1.17
Muscle No. | 10.6 12.1 10.58
No. 2 97 122.7 12.65
mean 10.15 117.4 11.62
Diseased fish
Kidney No. 1 38.7 69.6 1.8
No. 2 43.3 1353 2.3
No.3 72.5 135.3 1.87
mean - _ 53.2 113.4 2.16

Notes: Unit of Ca or P level is mg/100mg of wet tissue.
No. 1 of diseased fish is of light syinploms.
Na. 2 & No. 3 of diseased fish are of serious symptoms.
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