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INTRODUCTION

The rabbitfish Siganus guttatus, one of the common 

species in Philippine waters is being studied at the 

Aquaculture Department of the Southeast Asian Fisheries 

Development Center (SEAFDEC) in Iloilo, Philippines for 

eventual mass seed production. Several problems were 

encountered in the rearing of this species in the hatchery. 

One of those suspected was egg quality. This study was 

conducted to investigate the problem. At the start of the 

study, the orientation was to improve the feeding management 

of the broodstock, and to monitor variables strictly dependent 

on the parents: maturation, spawning frequency, fertilization 

rates, egg diameter, hatching rates, normality of larvae. 

Subsequently, the quality of the larvae was investigated using 

variables such as size at hatching, speed of yolk resorption 

and early growth. The later part of the study included feeding 

of broodstocks with formulated experimental diets and rearing 

the larvae produced.

On the whole, this investigation included several 

aspects of the biology of S. guttatus and provides information 

on nutrition, growth and reproduction, with emphasis on 

their applications to aquaculture.
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MATERIALS AND METHODS

Experimental Fish and Holding Systems

Siganus guttatus that had been reared in the hatchery 

of the SEAFDEC Aquaculture Department, as well as some that 

were captured from the wild were used in the study. Four 

broodstocks were designated (Table 1), together with a batch 

of wild juveniles. Broodstocks A and B both consisted of 

1.5 yr old hatchery-bred adults; A was fed a pelletized 

commercial crustacean diet, while B was fed fresh food. 

Broodstock C was the fish of B turned over to experimental 

diets. Broodstock D consisted of fish captured in Guimaras 

Island. The juveniles were captured in Pandan, Panay Island. 

The fish were kept in 4 m and 6 m-diameter cylindrical 

canvas tanks with a flow-through system. Water depth was 

adjusted to obtain 200% turnover daily. Stocking rate 

varied between 0.5 and 1.5 kg/m3.

For spawning, groups of broodstock fish, 1-2 male- 

female pairs were transferred to cylindrical fiberglass 

tanks of 200-600 l water volume with aeration. Spawned 

eggs or the hatched larvae were then transferred to a 

series of 15 250-l cylindroconic fiberglass tanks for 

larval rearing. The tanks were aerated and the water 

partially changed at intervals.



T a b le  1 . T h e  d i f f e r e n t  b r o o d s t o c k s  o f  S ig a n u s  g u t t a t u s  u s e d  i n  t h i s  s t u d y  i n  M a rc h  19 8 3  -  J a n u a r y  1 9 8 4 ,  
f e d  v a r i o u s  d i e t s .

Broodstock Number 
o f f is h Source Feeding 

Treatment
A v a ila b il i ty  o f broodstock

M A M J J A S O N D J

A 22 Hatchery Commercial d ie t X X X X X X X X X X X

B 22 Hatchery Fresh Food X X X X

c 16 Hatchery Experimental 
d ie ts

X X X X

D 22 Guimaras Fresh food X X

Juveniles 100 Pandan Experimental 
d ie ts

X X X X

3
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Broodstock D ie t and Feeding Experiments

The commercial crustacean d ie t  g iven to  b roodstock A 

was used as the c o n t r o l . Fresh food g iven to  b roodstock B 

con s is ted  o f Enteromorpha sp. ,  sq u id , m ussel, shrimp and 

tra s h  f is h ,  chopped to  s u ita b le  s iz e , In  one experim ent o f 

15 days d u ra t io n , f is h  were g iven a l l  5 k inds  o f fre s h  food; 

in  a subsequent experim ent o f  35 days d u ra t io n , on ly  

Enteromorpha and squ id  were used. The f is h  were fed 

ad l ib i tu m  from fee d in g  t r a y s . Weighted a liq u o ts  (30-40 g 

each, depending on k in d ) were added to  the fee d in g  tra y s  as 

soon as they were la c k in g . The exact food consumption by 

the f is h  in  the  canvass tanks was determ ined d a ily  from 

the amount o f a liq u o ts  removed by the  f is h  from the fee d in g  

t ra y s ,  co rre c te d  fo r  the  amount leached out as the chopped 

food got in to  the w a te r.

Samples o f a l l  d ie ts  were d r ie d  in  an oven a t 60°C, 

dry w e igh ts were measured and samples sent fo r  proxim ate 

a n a ly s is . A n a lys is  showed th a t  the commercial d ie t  had 

43% p ro te in ;  Enterom orpha, o n ly  11%, and the o th e r k in ds  o f 

fre sh  food , 62-74% (Table  2 ) .  Enterom orpha, which tu rned  

out to  be a p re fe rre d  food o f the b roodstock , became scarce 

in  August-November, so fo rm u la ted  a r t i f i c i a l  d ie ts  were 

re so rte d  to .  These d ie ts  were processed a t the D epartm ent's 

Feed L a b o ra to ry , w ith  the  advice o f D r. F. P ascua l. Three



T a b le  2. The p ro x im a te  a n a ly s is  o f  th e  v a r io u s  d ie t s  used f o r  th e  b ro o d s to c k s  o f  S. g u t t a t u s .

DIETS
P ro te in  

(%)
Fat 
(%)

F ib e r 
(%)

Ash 
(%)

N itro g e n  
fre e  

E x tra c t 
(%)

M o is tu re  
(%)

Energy 
P ro te in  + 

Fat 
(K c a l/k g )

T o ta l 
Energy o f 

d ie t  
(K ca l/kg )

Enteromorpha 11.4 1.0 4.0 49.8 33.8 88.5 546 1898

Squid 73.9 7.5 0.5 6. 7 11.4 83.8 3631 4067

Mussel 61.9 8.4 0.3 13.2 16.2 86.8 3232 3880

Shrimp 73.9 4.0 1.2 11.7 9.3 82.0 3316 3688

F ish 72.7 10.0 4.0 11.4 5.6 80.4 3808 4032

Commercial crustacean 
d ie t 43.0 5.2 1.7 8.3 4 1 .8 11.7 2188 3860

E xperim enta l d ie t  1 18.6 3.2 3.4 10 .6 64.3 11.9 1032 3604

E xperim enta l d ie t  2 21.9 9.3 4.3 12.9 51.7 10.8 1713 3781

E xperim enta l d ie t  3 25. 8 1 3 .8 4.2 13.7 42.5 11.0 2274 3974

5
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experimental diets with similar ingredients (Table 3) were 

prepared. Their protein contents were relatively low (18-26%) 

and fat levels varied (3, 9 and 14%) (Table 2). The diets 

were steamed to assure stability in seawater for several hours 

These experimental diets 1, 2 and 3 were used in feeding 

experiments run in parallel in August-November on broodstock 

C and on the juveniles.

Observations on growth, maturation and spawning

The fish wore regularly sampled for body lengths and 

weights to determine the effects of the various diets on 

growth. After sexual differentiation of the adults, males 

were marked from the females by a cut in the dorsal fin. 

This permitted subsequent identification of the sexes without 

the stress of anaesthesia and cannulation. The mark was 

recognizable several months after the operation. To 

determine sexual maturation, the fish were anaesthesized with 

2-phenoxyethanol and cannulated. A polyethylene tubing 

0.86 mm in diameter was inserted in the urogenital opening 

of the fish to sample the gonadal material. The maturation 

of oocytes in. 5 females in July was monitored through 

cannulation.
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Table 3. Composition of the experimental diets fed to S. guttatus.

Ingredients Percent weight

Diet 1 Diet 2 Diet 3

Fish meal 10.0 10.0 10.0

Soybean meal 15.0 26.5 28.0

Defatted soybean meal 8.5 0.0 0.0

Rice bran 4.0 15.0 25.0

Ipil ipil leaves 5.0 5.0 5.0

Corn starch 44.5 25.0 3.5

Rice hulls 8.0 12.8 20.0

Soybean oil 0.0 0.7 3.5

Mineral mixture + Vic C 
+ BHT

5.0 5.0 5.0
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Spawning was very easy to monitor among the siganid 

broodstock since the eggs are adhesive and demersal. The 

fish spawned without hormonal treatment. The dates on which 

eggs appeared in the tanks were recorded to determine the 

spawning periodicity. The frequency of spawners every 

month was determined from the degree of maturation of the 

particular broodstock, from the physical appearance of the 

females before and after the spawning date, and from direct 

observation of isolated pairs of fish in spawning tanks. 

Fecundity measurements were made by the volumetric method 

using ovaries in the pre-spawning stage of maturation, or 

by direct counting of the adhesive eggs in small collectors 

set in the spawning tanks. The diameters of eggs spawned 

by the different broodstocks each month were measured to 

determine effects of the different diets.

Larval Rearing

In June and July, it became clear that it was 

necessary to include larval survival as a criterion in the 

evaluation of the quality of broodstock. Siganid eggs were 

collected from the spawning tanks and transferred usually 

at the gastrula stage to rearing tanks. Rotifers 

(Brachionus plicatilis) and algae (Chlorella, Tetraselmis
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and Isochrysis) were given to the larvae once a day, and 

oyster trochophores and artificial feeds 2-5 times daily. 

Nitrate and ammonia concentrations were monitored to control 

water quality. Salinity was 29-32 ppt; temperatures ranged 

27-31°C.

There is as yet no standardized technique to rear

S. guttatus larvae although the species has been reared at 

the Aquaculture Department since 1981. My attempts at 

rearing are efforts in that direction.

RESULTS

Consumption of Fresh Food and Preference for Enteromorpha 

and Squid

Table 4 shows the amounts in dry weight of 

Enteromorpha, squid, mussel, shrimp and trash fish taken by 

adult S. guttatus (broodstock B) during a day's feeding from 

trays averaged for a number of fish over periods of 15 days 

and 35 days. The feeding rates, determined from the dry 

weight of the fresh food consumed and the average weight 

of the fish in the treatment, were about 2.7% and 3.6% 

during the 15-day and 35-day periods, respectively (Table 4).



Table 4. D a ily  consumption o f fre s h  food by a d u lt  S. g u tta tu s .

Type o f fre s h  food
D a ily  Food Consumption

(g d ry  w t/kg  f is h ) (% d ry  w e igh t)

15 day exp t. 35 day exp t. 15 day e xp t. 35 day exp t.

Enteromorpha

Tank 1 Tank 2 Tank 1 Tank 2 Tank 1 Tank 2 Tank 1 Tank 2

7.6 7.2 15.0 14.4 28 26 41 44

Squid 9.8 9 .2 21.3 18.7 36 33 58 5 6

Mussel 3.0 4.9 11 18

Shrimp 4.2 3.6 16 13

F ish 2.3 2.8 9 10

Feeding ra te  (%) 
( d ry  w e igh t fo o d ) 
(wet w e igh t f is h )

2.69 2.77 3.63 3.31

Each tan k  had 11 f is h .

10
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In terms of wet weight, this feeding rate is about 20% of 

fish body weight.

It appears that the fish preferred Enteromorpha and 

squid over the 3 other animal food sources. During the 

15-day experiment, chopped squid and Enteromorpha respectively 

accounted for 34.5% and 27% in dry weight, and 26.5% and 

38.5% in wet weight of the total daily food consumption of 

S. guttatus.

Biochemical Quality of the Food Actually Consumed

The quality of the fresh food actually consumed was 

determined for broodstock B for the periods April-May when 

they were fed all the 5 kinds, and June-July when they were 

fed only Enteromorpha and squid. The biochemical quality 

was estimated from the daily average consumption of each 

kind (Table 4) and the proximate analysis of these (Table 2), 

Results indicate that the actual fresh food intake (Table 5) 

has 31-51% protein, 3-5% fat, a higher ash content (20-27%) 

and a lower nitrogen-free extract (22-36%) than the 

commercial diet and the experimental diets (Table 2). 

The total energy of the fresh food diets were 3000-3400 

Kcal/kg (Table 5). In comparison, the total energy from 

Enteromorpha alone was low (1900 Kcal/kg), and those from



T a b le  5 . B io c h e m ic a l q u a l i t y  o f  th e  f r e s h  fo o d  d ie t s  a c t u a l l y  consum ed by S. g u t t a t u s  
b r o o d s to c k .

D IE T S P r o t e i n
(% )

F a t  
(% )

F i b e r  
(% )

A s h  
(% )

N i t r o g e n  
f r e e  

E x t r a c t  
(% )

M o i s t u r e  
(% )

E n e r g y  
P r o t e i n  + 

F a t  
( K c a l / k g )

T o t a l  
E n e r g y  o f  

d i e t  
( K c a l / k g

F r e s h  F o o d  D i e t  
( A p r i l - M a y )

5 1 . 1 5 . 2 1 . 8 1 9 . 5 2 2 . 4 8 0 . 9 0 2 5 1 2 3 4 0 8

F r e s h  F o o d  D i e t  
( J u n e  - J u l y ) 3 1 . 4 3 . 1 2 . 9 2 6 . 5 3 6 . 1 8 0 . 9 0 1 5 3 5 2 9 7 9

1
2
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the experimental diets were higher (3600-4000 Kcal/kg) 

(Table 2).

Table 6 shows the total energy and ash contents of 

the different diets and percentages of total energy in the 

diets that come from protein, carbohydrate and fat. It is 

to be noted that the total energy in the diet decreases 

when the ash content increases.

Feeding Rate and Growth of Adults and Juveniles

Table 7 shows the growth, feeding rate and food 

efficiency of hatchery-bred adults during the periods 

April-May, June-July and August-November when fed the 

commercial diet (broodstock A), fresh food (broodstock B) 

and experimental diets (broodstock C). Feeding rate on 

the commercial diet was 1.7% of body weight for which 

broodstock A realized a 0.07-0.1 food efficiency (wet 

weight gain over the dry weight of food consumed). 

Broodstock B that fed ad libitum at 3% body weight

gained weight (food efficiency = 0.17), while those 

that fed at 1.6% lost weight. Broodstock C did not take 

well to the experimental diets 2 and 3, feeding only at 

2% and losing weighty diet 1 was only slightly better 

(food efficiency = 0.01). Food efficiency is quite low 

for adult S. guttatus, positive for broodstock fed



T a b le  6 . D i s t r i b u t i o n  o f  e n e rg y  in  th e  d i e t s .

DIET to ta l  energy 
( Kca1 /kg)

Energy from 
p ro te in

( % of to ta l energy)

Energy from 
carbohydrate 
(% of to ta l 

energy)

Energy 
f a t (% of 
to ta l

Ash 
con ten t 

( %)

Tota l 
energy re la ­
t iv e  to  d ie t  

3 (%)

Ash content 
r e la t iv e  to  
Enteromorph

( % )

Enteromorpha 1898 24 71 5 50 47 100

Fresh food 
( A p r i l - Ma y) 3408 60 26 14 20 86 40

Fr esh food 
(Ju n e -Ju ly ) 2979 42 48 10 27 75 54

Experim ental 
d i et 1 3604 21 71 8 11 91 22

Experim ental 
d ie t  2 3781 23 5 5 22 13 95 25

Experimenta l 
d ie t  3 39 74 26 43 31 14 100 28

Commercial 
d ie t 3860 45 43 12 8 97 16

14



Table 7. Growth, feeding rate and food e f f ic ie ncy  o f  hatchery-bred adul t S. guttatus fed 
various diets during various periods.

B r o o d s t o c k Number 
o f  f i s h e s

Feeding 
t r e a t m e n t

P e r io d  c o ve red  
(1984)

I n i t i a l  
mean w e i g h t  

( g )

F in a l  
mean w e i g h t  

( g )

Feed ing  

r a t e 1 
( %)

Food 
e f fi c i e n c y 2

A 22 Commercial  
d i e t

March-November 288 . 0 4 2 9 .5 1 .7  L 0 .1 0
4 Augus t -Novem ber 419 . 8 1 . 7  L

B 22 Fre sh  food M a r c h - A p r i l 3 0 3 .5 4 1 5 .0 3 . 0  L 0 .17
12

J u n e - J u l y 4 15 .0 381 .0 1 . 6 - 0 . 0 9

C

4 E x p e r im e n ta l  
d i e t  1 Augus t -Novem ber 3 45 .5 351 .8 2 .5  L 0. 0 1

4
E x p e r im e n ta l  

d i e t  2 4 2 4 .0 413 .3 2 . 1 L -0 .01

4 E x p e r im e n ta l  
d i e t  3 4 0 3 .3 39 4 . 0 1 .9  L - 0 . 0 1

10 En terom orpha J u n e - J u l y 4 0 0 .0 3 5 8 .0 1 .5 - 0 . 1 0

1 Feeding rate = dry weight o f  food consumed ; L denotes f is h  fed ad l ib i tum .wet weight o f  f ish

2 Feed e f f ic ie n cy  = gain wet weight o f  f is h
dry weight o f  food consumed

15
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ad libitum on fresh food and commercial diet, about zero 

for fish fed the experimental diets and negative for fish 

fed restricted amounts of fresh food.

Fig. 1 shows the growth of male and female hatchery- 

bred broodstocks during almost a year's observation. The 

best growth was realized by broodstock B fed ad libitum 

with fresh food. Growth was subsequently depressed in these 

fish when the diet was restricted to 1.6% body weight, and 

levelled off when the experimental diets were given for 

4 months. About 50% of the females of broodstock C spawned 

monthly and lost 5-10% of their body weight in broadcast eggs.

Table 8 shows the growth of wild juveniles reared 

in captivity on the commercial diet and the experimental diets. 

During a 4-week observation period, the juveniles fed at 

low rates of 2-2.5% body weight. They gained weight on the 

commercial diet and on the experimental diet 3, but not 

on diets 1 and 2. During a 12-week observation period, 

feeding rates were higher and growth was realized in all 

feeding treatments. It is interesting that for diet 3 and 

the commercial diet where feeding rate was low (2-2.9%), 

food efficiency was high (0.35-0.42), while in diets 1 and 

2 where feeding rates were higher (3.5-3.9%), food efficiency 

was much lower (0-0.23).

On the commercial diet and the experimental diets, 

the feeding rate of juveniles is higher than of the adults. 

The food efficiency is about 4-5x greater for juveniles
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F i g .  1 . G r o w t h  o f  S. g u t t a t u s  a d u l t s ,  m a l e s  a n d  f e m a l e s ,  f e d  o n  

c o m m e r c i a l  d i e t  -  b r o o d s t o c k  A ,  o n  f r e s h  f o o d  a n d  e x p e r i m e n t a l  

d i e t s ,  b r o o d s t o c k  B a n d  C .



T a b l e  3.  G r o w t h ,  f e e d i n g  r a t e  and f o o d  e f f i c i e n c y  o f  j u v e n i l e  S . g u t t a t u s  f r om t h e  w i l d  r e a r e d  
i n c a n v a s  t a n k s  i n  A u g u s t - N o v e m b e r  1983 .

F e e d in g  
t r e a t m e n t

N u m b e r  o f  
f i s h e s

P e r i o d  c o v e r e d  
( W e e k s )

I n i t i a l  m e a n  
w e i g h t  ( g )

F i n a l  m e a n  
w e i g h t  ( g )

F e e d i n g  
r a t e  (% )1

F o o d  
e f f i c i e n c y 2

C o mm e r c i a l  

D i e t

2 5 4 4 7 . 2 6 4 . 8 2 . 5 0 . 4 2

2 5 1 2 6 4 . 8 1 7 0 . 4 2 . 5 0 . 3 8

E x p e r i m e n t a l  

D i e t  1

2 5 4 5 1 . 2 5 0 . 0 2 . 4 - 0 . 0 3

2 5 12 5 0 . 0 1 0 5 . 8 3 . 9 0 . 2 3

E x p e r i m e n t a l  

D i e t  2

2 5
4 51. 6 5 1 . 8 2 . 1 0 . 0 0

2 5 1 2 5 1 . 8 9 2 . 6 3 . 5 0 . 2 0

E x p e r i m e n t a l  

D i e t  3

2 5 4 5 0 . 9 6 0 . 9 2 . 0 0 . 3 0

2 5 1 2 6 0 . 9 1 3 2 . 9 2 . 6 0 . 3 5

1. F e e d i n g  r a t e  =
d r y  w e i g h t  o f  f o o d  c ons umed
w e t  w e i g h t  o f  f i s h

2 Food e f f i c i e n c y  =
g a i n  w e t  w e i g h t  o f  f i s h
d r y  w e i g h t  o f  f o o d  c on s u me d

18
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than for adults fed the commercial diet. Among the 

experimental diets, the feeding rate was highest and food 

efficiency tended to be lowest in diet 1 which had the least 

% protein and least % fat; the converse was true for diet 3.

The feeding rate is higher in juveniles than in 

adults on any one diet. The feeding rate in both groups 

seems to be associated with the total energy content of the 

diet (Fig. 2). The regressions can be expressed by the 

equations:

Adults: R = -0.00233 E + 10.89 r = -0.94, P <0.01

Juveniles: R = -0.00366 E + 17.16 r = -0.97, P <0.05

where R is feeding rate in % body weight (dry) and E the 

total energy in the diet in Kcal/kg.

The extrapolation of these regressions to a 

theoretical feeding rate of zero gives respectively for 

juveniles and adults 4690 and 4680 Kcal/kg as the limiting 

values of total energy in the diet for S. guttatus.

From the feeding rates (Tables 7 and 8) and the 

biochemical composition of the diets (Tables 2-5), the 

daily energy intake from the diet as a whole, and those 

from proteins, from fats and from carbohydrates were 

estimated. I looked for correlations between food 

efficiency and the energy values. Significant correlations 

were seen between the food efficiency and the energy from 

protein + fat in the adults and juveniles (Fig. 3).
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F ig .  2 .  R e l a t i o n s h i p s :  f e e d in g  r a t e  -  e n e r g e t i c  v a lu e  o f  t h e  
d i e t  f o r  a d u l t s  a n d  j u v e n i l e s  f e d  ad  l i b i t u m  on v a r io u s  
d i e t s .
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F i g .  3 .  R e l a t i o n s h i p s :  fo o d  e f f i c i e n c y  a n d  d a i l y  ( p r o t e i n  + f a t )  
e n e r g y  i n t a k e  f o r  j u v e n i l e s  a n d  a d u l t s ,  f e d  on v a r io u s  

d i e t s .
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The regressions can be represented by the equations:

Adults: F = 0.0040 e - 0.125 r = 0.79, P < 0.05

Juveniles : F = 0.0092 e - 0.203 r = 0.80, P < 0.05

where F is the food efficiency and e is the daily energy 

intake from protein in adults and protein plus fat in 

juveniles. These relationships were obtained where the 

energy from protein and fat constitute respectively 80-20% 

of this energy for the adults, and 60-40% of this energy for 

the juveniles.

At any defined level of energy intake, the food efficiency 

of juveniles is higher than that of adults (Fig. 3).

Length-Weight Relationship

The length-weight relationship in various groups 

of fish was determined to estimate general bodily condition 

(Table 9). Fig. 4 shows the regression for two batches of 

newly-caught wild fish: the broodstock from Guimaras and 

the juveniles from Pandan. The regression line for the 

2 batches combined is given by the equation:

W = 0.0105 l3.24

where W is body weight in grams and L is fork length in cm.



T a b le  9 . L e n g th - w e ig h t  r e la t i o n s h ip s  in  v a r io u s  g ro u p s  o f  S . g u t t a t u s .

Fi s h ,  d i e t ,  p e r io d  o f  s a m p lin g Sampl in g  

d a te 1

L e n g th - w e ig h t  r e la t i o n s h i p 2 Sam ple 

s iz e

C o n d i t io n  

f a c t o rR e g re s s io n b l n a

J u v e n i le s  fro m  Pandan J u ly  ( 13) Q 2 .6 4 - 3 .0 7 41 0 .0 4 6

D , n e w ly  c a u g h t  a d u l t s Ju n e D 19 3 3 .1 9 - 4 .3 7 22 0 .0 1 3

A d u l t s  D + j u v e n i l e s 7 3 .2 4 - 4 .5 6 53 0 . 0 10

A , c o m m e rc ia l d i e t June D 19 1 2 .3 8 - 1 .7 3 22 0 .1 7 7

A , c o m m e rc ia l d i e t J u ly  D 17 2 2 .7 9 - 2 . 9 7 22 0 .0 5 1

B , E n te ro m o rp h a , 1 m on th J u ly  D 19 4 3 .3 8 - 4 . 9 2 10 0 . 0 07

B , E n te ro m o rp h a , 1 m on th Aug D 6 5 2 . 6 2 -2 .5 5 10 0 .0 7 8

A + B , b e g in n in g  e x p e r im e n t ,  

fe m a l es M arch (1 4 ) 8 2 .3 8 - 1 . 78 22 0 .1 6 8

D , n e w ly  c a u g h t a d u l t ,  
fe m a le s June D 19 9 3 .3 5 -4 .9 0 11 0 .0 0 7

A + B , b e g in n in g  e x p e r im e n t ,  
mal es M arch ( 14 ) 10 2 .6 9 -2 .8 2 16 0 .0 6 0

D , n e w ly  c a u g h t a d u l t s ,  
m a le s June D 19 11 3 .1 1 - 4 .1 2 10 0 .0 1 6

1 S a m p lin g  d a te  i s  th e  s ta g e  o f  m a tu r a t io n  D1 -  D30 o r  d a te  o f  m on th  ( i n  p a r e n t h e s is ) .2 

R e g re s s io n s  a re  s i g n i f i c a n t  (P < 0 . 0 0 1 ) .

2
3
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F i g .  4 .  L e n g t h  w e i g h t  r e l a t i o n s h i p  o f  n e w l y -  
c a p t u r e d  w i l d  S . q u t t a t u s . 
3 -  b r o o d s t o c k  D ,  G u i m a r a s  
6 -  j u v e n i l e s  E ,  P a ndan
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Fig. 5 compares this regression for wild fish with that of 

broodstocks A and B. it shows that only the fish that had 

been fed Enteromorpha for one month and sampled in the post- 

spawning period had a relationship comparable to that of the 

newly-caught adults from Guimaras. At the same time in the 

maturation cycle in June and July, the hatchery-bred adults 

had higher weights at any given length than the newly-caught 

wild adults. Fed ad libitum with the same commercial diet, 

the hatchery-bred broodstock had higher weights in July than 

in June.

Fig. 6 resolves the length-weight relationship for 

male and female fish from both the hatchery and the wild. 

It appears that the regression for hatchery-bred females 

is different, i.e. they have higher weights at given lengths 

than the others. No difference is seen between males and 

females among the newly-captured wild fish.

The general average condition factor for wild fish 

(0.023) is lower than that of hatchery-bred fish (0.090). 

The lowest value is seen in fish fed Enteromorpha for one 

month and in females from the wild (0.007).

Growth Curve of Siganus guttatus

Fig. 7 shows a plot of the weights against age of 

specimens of hatchery-bred adults, hatchery-bred juveniles
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F ig .  5 .  L e n g t h - w e ig h t  r e l a t i o n s h i p  o f  b r e d  b r o o d s t o c k  a n d  n e w ly -  
c a p t u r e d  b r o o d s t o c k ,  f e d  on v a r io u s  d i e t s .

1 B r o o d s t o c k  A f e d  on c o m m e rc ia l d i e t  ( J u n e  D 1 9 )
2 B r o o d s t o c k  A f e d  on c o m m e rc ia l d i e t  ( J u l y  D 1 7 )
3 A d u l t s  n e w ly  c a u g h t  ( J u n e  D 1 9 )
4 One m o n th  f e d  e n te r o m o r p h a  ( J u l y  D 1 9 )
5 One m o n th  f e d  e n te r o m o r p h a  ( A u g u s t  D 6 )
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F i g .  6 .  L e n g t h - w e ig h t  r e l a t i o n s h i p s  o f  h a t c h e r y - b r e d  a n d  n e w ly  
c a p t u r e d  S . g u t t a t u s  b r o o d s t o c k s .

8 f e m a le s  A+B h a t c h e r y - b r e d  (M a rc h  1 9 8 3 )
10 m a le s  A+B h a t c h e r y - b r e d  (M a rc h  1 9 8 3 )

9 f e m a le s  D n e w ly - c a p t u r e d  ( J u n e  1 9 8 3 )
11 m a le s  D n e w ly - c a p t u r e d  ( J u n e  1 9 8 3 )
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F ig .  7 . G row th c u rv e  o f  q u t t a t u s .
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and wild juveniles. The curve shows slow growth (4 g/month 

weight gain) up to 9 months, fast growth (33 g/month) up to 

age of 15 months and again slower growth (23 g/month) up to 

age 22 months.

Occurrence of Spawning

The dates of spawning of the different broodstocks 

are shown in Table 10. From March 1983 to January 1984. the 

fish spawned every month on 2 consecutive nights (sometimes 

3 nights) 2-5 days before the full moon, i.e. during the 

first quarter period. The spawning could be predicted 

with reasonable accuracy and it became routine to transfer 

male-female pairs into spawning tanks 2-3 days before the 

expected spawning dates.

Some fish kept in dark conditions during the two 

spawning nights in December spawned as expected that month, 

together with fish kept in the open moon-lighted tanks. 

It was observed, however, that in January their spawning 

was shifted out of the regular period; they spawned during 

the full moon instead of 3 days before (Table 10).



Ta b l e 10 .  T he  d a te s  o f  r e c o r d e d  n a t u r a l  s p a w n in g  o f  S . g u t t a t u s  i n  c a n v a s  ta n k s  i n  1 9 8 3 - 8 4 .

Month Dates o f
natural
spawning

Dates o f 
f i r s t  quarter 
o f moon

Date o f f u l l  
moon

Inter-spawning 
period (days)

March 23-24 22 29 -

April 22-23 20 27 30

May 20-22 20 27 28.5

June 19-20 18 25 29.5

July 18-20 17 24 29.5

August 18-19 16 23 30.5

September 18-19 14 21 31.0

October 16-18 13 20 28.5

November 15-16 12 19 29.5

December 12-13 11 18 27.0

January 14-15 10 17 32.5

January1 17-18 10 17 35.5

1 F is h  w e re  i n  c o v e r e d  ta n k s  i n  D e ce m b e r a n d  sp a w n e d  w hen e x p e c te d  i n  t h a t  m o n th ;  i n  

J a n u a r y , s p a w n in g  w as s h i f t e d  l a t e r  th a n  p r e d i c t e d ,  a n d  c o in c id e d  w i t h  t h e  f u l l  m oon .

3
0
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Spawner Frequency

The eleven females (together with 11 males) fed ad 

libitum with the commercial diet were maintained under the 

same conditions for nearly one year. Table 11 shows the 

number of females that spawned of the number observed each 

month. About 75-100% of mature females spawn each month 

under captive tank conditions.

Maturation of Oocytes

Since S. guttatus spawns monthly, one maturation 

cycle covers the day after spawning (D 1) to the day of 

spawning (D 28 - D 32). Fig. 8 shows the maturation process 

in June-July as determined by cannulation and shown by the 

increase in the frequency of oocytes with the largest diameter. 

The vitellogenesis was seen to take 28 days for one batch of 

oocytes, without other batches maturing in the ovary.

In October and January, the ovaries of fish in the 

prespawning stage (D 27) were dissected. The oocyte diameter 

distribution is shown in Fig. 8. A difference is seen in 

the size-frequency distribution of oocytes between the July 

fish and the October and January fish probably due at least 

in part to the difference in the techniques employed.



T a b l e  1 1 . T h e  f r e q u e n c y  o f  f e m a l e  S . g u t t a t u s  t h a t  s p a w n e d  e v e r y  m o n th  i n  1 9 8 3 - 1 9 8 4 .

Month Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan

Spawner 
frequency

10/11 10/11 11/11 /9 10/10 10/11 6/6 6/6 2/2 6/6 6/8

T a b l e  1 2 .  M ean  d i a m e t e r  o f  o o c y t e s  o f  b r o o d s t o c k  S .  g u t t a t u s  a t  t h e  s a m e  

m a t u r a t i o n s  s t a g e s .

Stage of 
m atu ra tio n

Broodstocks Mean oo cy te  
d iam eter ( µm)

Number oocytes 
examined

D20 

(June)

A 400 182

B 405 292

C 398 233

D17 

(Ju ly )

A 390 281

B 395 166

C 398 308

3
2
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F i g .  8 .  D e v e lo p m e n t  o f  t h e  o o c y t e s  i n  t h e  g o n a d s  o f  
S . g u t t a t u s  d u r i n g  o n e  m o n th  m a t u r a t i o n .  
[ T e c h n iq u e  u s e d :  c a n u l a ] .

a )  Ova b r o a d c a s t e d  a n d  n o t  f e r t i l i z e d
b )  A f t e r  d i s s e c t i o n  o f  o v a r i e s  i n  O c to b e r  

a n d  J a n u a r y



34

Fig. 8 approximate the volume increment associated 

with the increase in mean oocyte diameter. About 2/3 of the 

gonadal material seems to be synthesized during the last 

10 days of the maturation cycle.

The degree of maturation of oocytes was determined 

for broodstocks A, B and C at D 20 in June and D 17 in 

July, Table 12 shows that the mean diameter of the oocytes 

v/as similar among the 3 broodstocks, 401 µm in June and 

394 µm in July.

Some Fecundity Measurements

Measurements made in October and January using 

dissected ovaries showed that a 400 g fish of GSI (gonadosomatic 

index) 13.8 had 0.8 million eggs, while a 520 g fish of GSI 

12.6 had 1.2 million eggs. Estimates from direct counts of 

eggs in spawning tanks indicate that 450-500 g females 

spawned 0.45-1.3 million eggs in January.

It was estimated that the eggs broadcasted during 

one spawning constitute about 12% of the total number of 

ovarian oocytes (Fig. 8) and account for some 5-10% body 

weight loss of the females every month.
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F ig .  9 .  I n c r e m e n t  o f  t h e  v o lu m e  o f  t h e  o o c y te s  
i n  t h e  g o n a d  o f  S . g u t t a t u s .

a )  A f t e r  b r o a d c a s t in g  w i t h o u t  f e r t i l i z a t i o n
b )  E ggs
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Fertilization and Hatching Rates

The fertilization rates ranged 94-98% and hatching 

rates ranged 96-98% in both hatchery-bred broodstocks and 

newly-captured wild broodstocks in April-July. Subsequently, 

however, the quality of spawn did not stay as good. 

Monitoring did not remain quite systematic but it was rioted 

that in October-December, hatching rates were not as high. 

In fish fed the experimental diet 1, the hatching rate was 

90-100%; in diet 2, 40-60%; in diet 3, 5-10%. In January, 

2-18% of the eggs from fish fed the commercial diet for 

10 months and the diet 1 for one month, died in early 

embryonic development.

It seems that broodstock diet affects the quality 

of the spawn, but information from fertilization and hatching 

rates is not conclusive.

Diameter of Eggs from Different Broodstocks

Siganus guttatus eggs range 520-590 µm in diameter 

(mean 555 µm ± 7%). Broodstock A under constant feeding and 

water management showed fluctuations in the egg diameter with 

low values in March-May, September and November, and high
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values in July-August, October and January (Fig. 10). A 

similar pattern of low and high values was seen in broodstock 

3 and C, although the diameters (54O-560 µm) were significantly 

greater than in broodstock A. The wild fish from Guimaras 

produced eggs of bigger diameter (580 µm) in June and of 

equivalent diameter (570 µm) in July as broodstock B.

Three sources of variability of the egg diameter 

can be pointed out. The interfish variability can modify 

the egg diameter by ± 1%. Seasonal fluctuations account 

for ± 3-4% of the variability, while interbroodstock 

differences make for ±4%. Table 13 and Fig. 11 show the 

relationship between the condition factor of the spawners 

and the diameter of the eggs they produce. An inverse 

correlation exists of the equation:

D = 566 - 76.9 C r = 0.78, P < 0.01

where D is the egg diameter (µm) and C is the condition 

factor of the spawner. A condition factor of 0.6 is 

associated with an egg diameter of 520 µm, and 0.01 with 

560 µm.

Larval Rearing

Little success was realised in the rearing attempts 

(Table 14). In the June to September trials, total mortality 

of larvae occurred within 5 days, except in July when



F i g .  1 0 . Egg d i a m e t e r  o f  S. g u t t a t u s  b r o o d s t o c k .

A B r o o d s to c k  A (M arch  19 8 3 - J a n u a r y  1 9 8 4 )
B B r o o d s to c k  B ( A p r i l  -  J u l y )
C B r o o d s to c k  C ( O c to b e r  -  N o v em b er)
D B r o o d s to c k  D ( J u n e  -  J u l y )

( a )  B r o o d s to c k  A f e d  t h e  l a s t  m o n th  o n  E x p e r im e n ta l  d i e t  1

3
8



T a b l e  1 3 .  R e l a t i o n s h i p  b e t w e e n  t h e  c o n d i t i o n  f a c t o r  o f  s p a w n e r s  a n d  

e g g d i a m e t e r .

B ro o d s to ck Month C o n d itio n  f a c t o r  
o f  spaw ner

Egg d ia m e te r  
( µm)

A March 0 .3 5 3 527
A p ril 0 . 657 530
May 0 .4 4 0 521
Ju n e 0 . 177 540
J u ly 0.051 543

B A p ril 0 .3 6 4 541
June 0 .0 2 3 561
J u ly 0 .1 0 9 576

C Ju n e 0 .0 13 58 3
J u ly 0 .0 2 9 571

3
9
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F i g .  1 1 . R e l a t i o n s h i p  e g g  d ia m e t e r  -  c o n d i t i o n  f a c t o r  
o f  b r o o d s t o c k s .  A -B -C  d u r in g  M a rc h -J u n e  
p e r i o d .



T a b le  14 .  R e s u l t s  o f  l a r v a l  r e a r i n g  o f  S. g u t t a t u s  i n 1 9 8 3 - 8 4 .

M o n th B r o o d s to c k F e e d in g  Schem e R e s u l t s

J u n e A a n d  B I s o c h r y s i s ,  B r a c h io n u s  ( l a )  
a n d  c h l o r e l l a  u s e d  t o g e t h e r

T o t a l  m o r t a l i t y  
w i t h i n  5 d a y s .

J u l y A -B -D I s o c h r y s i s ,  C h l o r e l l a  a n d  
T e t r a s e lm is  u s e d  s i n g l y ,  
w i t h  B r a c h io n u s  ( l a )

No d i f f e r e n c e s  
am ong a lg a e .  

M o r t a l i t y  i n  
5 d a y s .

+ B r a c h io n u s  ( 1 b ) S u r v i v a l  t o  9 
d a y s

A u g u s t  and  
S e p te m b e r

A M ic r o e n c a p s u la t e d  d i e t s -  
d r i e d  p o w d e re d  B r a c h io n u s  
e g g s  a n d  la r v a e  o r  o y s t e r s

M o r t a l i t y  i n  
5 d a y s .

O c to b e r C O y s t e r  t r o c h o p h o r e s  a n d  
B r a c h io n u s  ( 2 )  a lo n e

S u r v i v a l  t o  
m e ta m o rp h o s is  

(<  1 %)

N o ve m b e r C O y s t e r  t r o c h o p h o r e s  a n d  
B r a c h io n u s  ( 2 )  a lo n e  
I s o c h r y s i s  + B r a c h io n u s  ( 2 )

S u r v i v a l  t o  
m e ta m o rp h o s is  i n  
t h e  tw o  c a s e s  
( <  1 %)

D e ce m b e r A I s o c h r y s i s  + B r a c h io n u s  ( 2 ) S u r v i v a l  t o  m e ta ­

m o r p h o s is  ( <  1%)

J a n u a r y A I s o c h r y s i s  + B r a c h io n u s  ( 2 ) S u r v i v a l  t o  m e ta ­
m o r p h o s is  ( > 5%)

B r a c h io n u s  ( 1a )  " b i g "  s t r a i n  r e a r e d  a t  2 0 - 2 4 ˜ ‰ .
B r a c h io n u s  ( 1 b )  " b i g "  s t r a i n  r e a r e d  a t  3 0 ‰ .
B r a c h io n u s  ( 2 )  " s m a l l "  s t r a i n  r e a r e d  2 0 ° - 2 4 ‰ .

41
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la rva e  su rv ive d  9 days. These J u ly  la rva e  were fed 

Brachionus s tra in  1 rearea in  30 pp t ra th e r  than 20-24 p p t . 

Less than 1% o f la rva e  su rv ive d  past metamorphosis in  O ctober, 

very few in  November-December and more than 5% in  January, 

a l l  fed  w ith  Brachionus s t r a in  2.

F in d in g  the  r ig h t - s iz e d  food p a r t ic le  was o b v io u s ly  

p a rt o f the problem in  la r v a l re a r in g . F in e ly  powdered 

(40-100 µm) a r t i f i c i a l  d ie ts  were used, lik e w is e  o y s te r eggs 

and trochophores (60 µm). R esu lts  were not c le a r -o u t ,  

p robab ly  com p lica ted  by the  w ate r management. In  J u ly ,  the 

ammonia co n c e n tra tio n  in  the  re a r in g  tanks w ith  l i v e  

algae reached 1.1 ppm w ith in  4 days. In  a l l  o th e r run s , 

the ammonia c o n c e n tra tio n  stayed le ss  than 0.6 ppm in  a l l  

tan ks . Under s t a t ic  w ate r c o n d itio n s  and tem peratures 

about 30°C, b a c te r ia  developed on the a r t i f i c i a l  d ie ts  

w ith in  24 h r .  In  200 l  re a r in g  tanks w ith  a w ate r tu rn o ve r 

o f 250 m l/m in , t o t a l  m o r ta l i t y  occurred  s ig n i f ic a n t ly  e a r l ie r  

than in  tanks under s t a t ic  c o n d it io n s , a lthough the ammonia 

le v e l d id  no t exceed 0 .2  ppm.

In  O ctober, when s u rv iv a l o f la rva e  past 

metamorphosis was f i r s t  o b ta in e d , the re a r in g  scheme was 

as fo l lo w s : No algae were added a t a l l .  O yster eggs and 

la rva e  were g iven on day 2 from h a tc h in g , 3-5 t in e s  a day, 

every day u n t i l  day 4 . A s t r a in  o f sm all Brachionus 

( s t r a in  2) was f i r s t  g iven on day 2 and m ain ta ined at 

co n ce n tra tio n s  o f 10 -20 /m l. Water was not changed d u rin g
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the first 5 days of rearing; subsequently, only 30% of the 

volume was replaced every day until metamorphosis. The 

ammonia concentration was less than 0.5 ppm even in tanks with 

high (40-50/ml) rotifer densities.

Size and Survival of Larvae from Different Broodstocks

In June and July, the newly-hatched larvae of 

broodstock A measured 1.3-1.55 mm; of broodstock B, 1.40- 

1.65 mm; cf broodstock C, 1.5-1.7 mm. However, all larvae 

grew to 2.5 mm within 24 hr. This positive exponential 

growth is related to the negative exponential depletion of 

the yolk (more than 90% resorbed in 48 hr).

Table 14 shows that broodstock C fed diet 1 produced 

larvae which survived past metamorphosis in October and 

November. Broodstock A fed the commercial diet produced 

larvae which survived past metamorphosis in December. 

From December to January, broodstock A was fed diet 1, 

and in January, produced larvae that also survived past 

metamorphosis. Larvae from broodstock C fed diets 2 and 3, 

and from broodstock A reared under the same conditions in 

October and November did not survive past metamorphosis.
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DISCUSSION

Growth and F i r s t  Sexual M a tu r ity

Ben -T uv ia  e t a l . (1973) and von Westernhagen and 

Rosenthal (1976) compared the  growth ra te s  o f d i f fe r e n t  

species o f r a b b i t f is h .  I t  seems th a t g ro w th -w ise , S. g u tta tu s  

is  not s u ite d  fo r  a q u a cu ltu re . Horstmann (1975) and T a h il 

(1978) both worked on ju v e n ile  f is h  in  sea cages,  the form er 

found th a t 15 g f r y  reached 35 g in  5 weeks; the  la t t e r ,  in  

5-6 months. In  the presen t study in  flo w -th ro u g h  canvas ta n ks , 

the  35 g s iz e  would be ob ta ined  in  2 months. Von Westernhagen 

and Rosenthal ( 1976) found th a t  f is h  in  c losed w ater systems 

need 10 months to  grow from 40 g to  150 g; in  th is  s tu d y , 

on ly  3 months. F ig . 7 shows th a t i t  takes S. g u tta tu s  16 

months to  reach 280 g w e ig h t.

Fed on commercial d ie ts ,  the  males o f the batch o f 

ju v e n ile s  from Pandan reached f i r s t  sexual m a tu r ity  a t about 

200 g. Females o f the  h a tche ry -b red  broodstock A fed 

commercial d ie t  were f i r s t  s e x u a lly  mature a t 260 g. Th is  

200-260 g w e igh t a t f i r s t  sexual m a tu r ity  is  marked by the 

second in f le c t io n  o f the  curve in  F ig . 7. A d u lt f is h  do 

not grow as fa s t  as ju v e n ile s .

The le n g th -w e ig h t re la t io n s h ip s  (F ig s . 4, 5, 6 and 

Table 9 in d ic a te  th a t h a tch e ry -b re d  f is h  are he av ie r a t a
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is  m ostly  due t o the h a tch e ry -b re d  females which s h i f t  the 

range o f w e igh ts  fo r  fo rk  le n g th  20-22 cm from ISO-240 g 

to  210-27 g. Th is  in d ic a te s  th a t f i r s t  sexual m a tu r ity  is  

reached a t a sm a lle r s iz e  in  ha tch e ry -b re d  f is h  than in  

w ild  f is h .  Th is  may be re la te d  to  the  h igh  energy con ten t 

and h igh  p ro te in  con ten t o f the  fo rm u la ted  d ie ts  g iven to  

the c a p tiv e  b roodstock .

The a q ua cu ltu re  o f S. g u t ta tu s , i f  pursued, w i l l  

depend on the  n a tu ra l f r y  sources u n t i l  te c h n ic a l 

problems in  ha tche ry  p ro d u c tio n  o f f r y  are so lved . As the 

growth performance o f the  species is  s p e c ia lly  slow between 

the f r y  and f in g e r l in g  s tage , i t  is  b e t te r  to  c o l le c t  the 

f in g e r l in g s  which can soon achieve fa s t  grow th. In  in te n s iv e  

c u ltu re  systems, two crops a year may be p o s s ib le . The 

f is h  in  grow-out ponds should be harvested when they reach 

200-250 g s iz e  because th e re a fte r  the  growth slows down.

E ffe c t  o f D ie t Q u a lity  on Growth

The commercial crustacean d ie t with 43% protein taken to a total 

o f  67 Kcal/day kg fish  resulted in good growth performance of adult 

S. guttatus. Fresh food with 51% protein and 102 Kcal/day. kg fish  as 

total energy intake apparently overfed the fish and went to waste. Fresh 

food with 31% protein content and only 48 Kcal/day. kg fish

45
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underfed the f is h  and in h ib i te d  grow th. 

The e x p e r im e n ta l  d i e t  w i t h  lo w e r  e n e rg y  c o n te n t  th a n  d i e t s  

2 and  3 was consum ed a t  a h ig h e r  r a t e ,  t o  a t o t a l  o f  140 K ca l  

f o r  j u v e n i l e s  and  88 K c a l f o r  a d u l t s .  D e s p it e  t h i s  h ig h  

e n e rg y  i n t a k e ,  g r o w th  was n o t  an y  b e t t e r  on  d i e t  1 .

M a r a is - X i s s i l  ( 1 97 9 )  l i k e w is e  fo u n d  t h a t  se a  b ream  

j u v e n i l e s  and a d u l t s  consum e m ore  o f  th o s e  d i e t s  t h a t  h a ve  

lo w  e n e rg y  c o n t e n t .  H o w e v e r, th e y  fo u n d  t h a t  f a s t e r  g ro w th  

a lw a y s  a c c o m p a n ie d  h ig h  e n e rg y  i n t a k e .  T h is  may h a v e  been  

due t o  th e  h ig h  p r o t e i n  c o n te n t  o f  th e  d i e t s  th e y  u s e d , 

43% i n  c o n t r a s t  t o  18% in  t h i s  s t u d y 's  d i e t  1 ,  T h is  

s u g g e s ts  t h a t  e n e rg y  f ro m  a h ig h  p r o t e i n  d i e t  and e n e rg y  

f ro m  a lo w  p r o t e i n  d i e t  a re  n o t  e q u iv a le n t  i n  te rm s  o f  th e  

r e s u l t a n t  g r o w th .  M o re o v e r ,  t h e  p r o t e i n  q u a l i t y  d i f f e r s  

a c c o r d in g  t o  i t s  s o u r c e .  D ie t  1 had  6% p r o t e i n  f ro m  a n im a l 

s o u rc e s  and 12% fro m  v e g e ta b le  s o u r c e s ,  V e g e ta b le  p r o te in s  

u s u a l l y  la c k  c y s t e in  and  t r y p t o p h a n .  When th e s e  a m in e  a c id s  

a re  n o t  added  t o  t h e  d i e t s ,  v e g e ta b le  p r o t e in s  do n o t  

p e r fo r m  as w e l l  as a n im a l p r o t e in s  (D a b ro w s k a  e t  a l .  1 9 7 7 ) ,

C o n s u m p tio n  o f  F re s h  Food

R a b b i t f i s h e s  a re  m o s t ly  r e c o g n iz e d  as h e r b iv o r o u s  

s p e c ie s ,  T s u d a  and  B ry a n  (1 9 7 3 )  and  W e s te rn h a g e n  (1 9 7 4 )  

n o te d  th e  p r e fe r e n c e  o f  S . a r g e n te u s , S . s p in u s  and
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S. striolata for Enteromorpha among many other species of 

algae. Nevertheless, through the studies of various 

investigators, Lam (1974) summarized the food tendency of 

siganids as "potentially omnivorous".

S. guttatus broodstock is able to consume fresh 

food with high protein content, as much as 130 g food per 

kg fish daily. They select their food; they preferred 

Enteromorpha and squid over shrimp, mussel and trash fish. 

They can easily overfeed themselves with fresh food, 

particularly squid.

With these high protein fresh food diets, there was 

no evident improvement in the egg quality. The little increase 

in egg diameter may, however, be useful in larval rearing, 

as longer, stronger larvae hatch from larger eggs (Hunter, 1981).

Food Efficiency and Energy Requirements

Fig. 3 shows the relation between the food efficiency 

(gain wet weight of fish/dry weight of food consumed) and 

the daily energy intake of the fish. The food efficiency 

is poorly correlated with the total energy but is significantly 

correlated with the energy from protein in adults and with 

the energy from protein + fat in juveniles. Thus weight 

gain is mostly due to these two energy sources, with the 

protein source of energy apparently required first. Under
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sufficient protein supply. fat improves the food efficiency 

in juveniles. The importance of a fat energy source for 

the adult fish is debatable.

However, the correlation between the food efficiency 

and the energy content of the food may actually be better 

than it appears, considering the fact that adults lose 

5-10% of their weight monthly after spawning (and there 

were 8 spawnings during the period under study). The high 

protein content of the diets may also have contributed to 

the occurrence of spontaneous spawning every month.

Table 15 shows the inverse relation between the 

food conversion factor and the protein content of the diet. 

The food conversion factor was computed from the formula 

by Metailler et al. (1981):

feed conversion factor = feeding rate
α

where α is from the formula:

WT = WO (1 + α /100)T 

where is final weight of fish

WO is the initial weight of the fish 

T is the number of days of feeding

Smaller amounts of food are required for a unit weight gain 

of fish when the food has a high protein content. Protein 

may be the main factor in growth and reproduction. It was 

observed that fish fed fresh food (47—55% protein) and the 

commercial diet (43% protein) had hyperdistended abdomens 

during the prespawning stage whereas the fish fed on the 3



Table  15. Feed convers ion f a c t o r  in S. g u t t a tu s

Diet P ro te in  
con ten t  (% )

Feed conversion 
f a c to r

Author

Commercial t r o u t  p e l l e t 40 3.2 Westernhagen e t  a l . ( 1976)

Rabbit  p e l l e t 12.5 4 .0 -6 .5 Westernhagen e t  e l . (1976)

Commercial c rus tacean  
p e l l e t

43 2.5 This study

Experimental d i e t s 18 - 25 2 .8 -5 .0 This study

The feed conversion f a c t o r  in t h i s  study was computed from the  formula of  
Me t a i l l e r  e t  a l . (1981): feed conversion f a c t o r  = feeding r a t e

α
where WT = WO ( 1 +

α
) T1 0 0 , where

WO = i n i t i a l  weight o f  f i s h

WT = f in a l  weight o f  f i s h  

T = number o f  days feeding

49
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experimental diets (19-26% protein) and Enteromorpha 

(11% protein) had little or no swelling.

Model for the Formulation of Diets for S. guttatus

From the relationships between feeding rate and 

energy in the diet (Fig. 2) and between the food efficiency 

and the energy from protein plus fat (Fig. 3), a model is 

here presented that considers the biological and 

economic aspects of nutrition and growth of S. guttatus.

Definition of variables:

R = feeding rate (%)

F = food efficiency

ep+f = daily energy intake of fish in terms protein plus 
 fat (Kcal/day. kg fish)

ep = daily energy intake of fish in terms of protein 
 (Kcal/day. kg fish)

E = total energy content of the diet (Kcal/kg)

Ep+f = energy from protein plus fat in the diet (Kcal/Kg)

Ep = energy from protein in the diet (Kcal /Kg)

K1 = Ep /E

K2 = Ep+f/E

Relationships:

R is a function of E

F is a function of ep+f in juveniles, r=0.80

F is a function of ep in adults, r=0.85
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ep =  R x E x K1 fo r  adul t s

ep+ f =  R x E  x K 2 fo r  ju v e n ile sp+f
From these re la t io n s h ip s , another emerges o f the  form: 

F = aKE2 + bKE -  C

The food e f f ic ie n c y  is  thus c o rre la te d  w ith  the 

to ta l  e n e rg y  in  the d ie t  E  and the r a t io  (0<K1<1  in  the a d u lt 

f is h )  o f the energy from  p r o te in  o r the  r a t io  (0<K2<1  in  the 

ju v e n ile s )  o f the  energy from p ro te in  p lu s  f a t  r e la t iv e  to  

the  t o t a l  energy in  the  d i e t .

The d e rive d  equa tions ares 

For the  a d u lts :

F = - 1 . 07 x 10-7 K1E2 + 5 x 10-4K1 E -  0.095 

For ju v e n ile s ,

F = -3 .3 7  x 10-7 K2E2 +  1.58 x 10- 3K2E -  0.203 

A s e r ie s  o f curves are drawn in  F ig , 12 fo r  va rio u s  

K1 and K2 va lu e s . A p a ra b o lic  r e la t io n s h ip  appears between 

the food e f f ic ie n c y  and the  energy in  the  d ie t .  A l l  the  

curves are asym pto tic  a t the same energy values 2300-2400 

Kca l .  The th e o re t ic a l extremes o f d ie t  energy would be 

0 Kca l and 4700 Kca l .  Could the  va lue  2350 Kca l be tra n s la te d  

as the  id e a l c a lo r ic  con ten t o f the  o p tim a l d ie t  fo r  

S. g u t ta tu s ? Th is  va lue  is  g re a te r than the  energy con ten t 

o f Enteromorpha (1900 Kca l ) . On th is  low energy d ie t ,  the 

a d u lts  would have to  feed a t 5.5% and the  ju v e n ile s  at 

8 .6 % o f the  body w e igh t to  o b ta in  o p tim a l food e f f ic ie n c y .
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Fig. 12. Relationships: food e ff ic ie n c y  - energy 
content in the d ie t fo r  ju ven iles  (— ) 
and adults ( - - - ) .

K1 : % energy from pro te in  in the d ie t
K2 : % energy from (p ro te in  + fa t )  in 

the d ie t
1.2 .3 . c - Experimental values of food e ffic ie n c y  

from the juven iles  fed respective ly  on 
d ie t 1.2.3 and commercial d ie t.

t 1 t 2 t 3 - 3 the o re tica l d ie ts  - E - theo re tica l 
value of food e ffic ie n c y  fo r  enteromorpha.

○ - formulated d ie t and fresh food - resu lts  
from adu lts .
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On Enteromorpha alone, adults have to feed at a rate of 

6.5% and the juveniles at 10.2%. Will the fish feed at these 

high rates? It is obviously economically disadvantageous to 

have to provide great amounts of food to cultured fish.

Table 16 considers different possible feeding 

schemes with theoretical diets 1, 2 and 3 for juvenile 

S. guttatus. A diet with only 2800 Kcal and 17% protein 

will permit a food efficiency of 0.5, but can the fish feed 

at 7% of its body weight? A diet of 3700 Kcal and about 

33% protein will permit the same food efficiency at a 

feeding rate of 3.5%. A high energy diet with 4200 Kcal/kg 

will be consumed at the least amount but will not permit 

high food efficiency (Fig. 12). Economically then the 

second diet is best. A diet with 3700 Kcal and 33% protein 

will be a little more expensive but the amounts required 

will be half that in a diet with 2800 Kcal.

The too low protein + fat content of the experimental 

diet 1 did not permit it to be as efficient as theoretical 

diet 2 inspite of the equivalence of their total energy 

(3600-3700 Kcal) (Table 16). At similar K2 , the commercial 

diet (K2=0.56) and the theoretical diet 2 (K2=0.60) result 

in different food efficiencies. The higher % ash in the 

theoretical diet 2 reduces the total energy content of the 

diet at the same the consequent increase in feeding rate 

increases the food efficiency.



Table 16. Comparison between theore tica l diets and diets used in experiment on S. guttatus

Diet Total energy Feeding 
rate (%)

k2 Food
e f f ic iency

% Protein % Fat % NFE % Ash + Fiber

Theoretical d ie t  1 2800 7 0.4 0.51 17 5 42 36
Theoretical d ie t  2 3700 3.5 0.6 0.52 33 10 37 20
Theoretical d ie t  3 4200 1.75 0.7 0.22 44 13 32 11
Experimental d ie t  1 3600 4.0 0.29 0.23 19 3 64 14
Commercial d ie t 3900 2.9 0.56 0.38 43 5 42 10
Enteromorpha 1900 10.0 0.28 0.33 11 1 34 54

Table 17. The size of spawned eggs and new ly hatched larvae of siganids.

Siganus sp. Egg diameter 
(mm)

Length newly 
hatched larvae 

(mm)

Author

argenteus 0.65 2.5 Burgan, 1979
fuscescens 0.62-0.66 2.6 Fu j i ta  and Ueno, 1954
l ineatus - 2.5 Bryan and Madraisau, 1977
vermiculatus 0.56 1.5 Popper et  a l . ,  1976
r ivu la tus - 1.8-2.3 Popper et a l . , 1973
canaliculatus 0.55 2.1 May et  al ., 1974

canaliculatus 0.42-0.46 1.55 Soh and Lam, 1973

54
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The adult fish have even lower tolerance for high 

energy diets than the juveniles. The feed ng rates are lower. 

Only fish fed ad libitum on fresh food with 3400 Kcal/kg 

realize a food efficiency of 0.17. About 70-100% of the 

females fed fresh food and the commercial diet spawned 

monthly while only 50% of those fed the experimental diets 

did so. The 19-26% protein content associated with the high 

total energy (3600-4000 Kcal/kg) in the experimental diets 

apparently do not permit high enough food intake, nor enough 

protein intake to support greater growth and reproductive- 

activity .

Caution is necessary in the consideration and 

application of the above results and extrapolations. The 

relationships in Figs. 2 and 3 are significant inspite of 

the varied quality of the diets used. The energy values 

were calculated from the proximate analysis of the diets 

and the caloric equivalents of the different classes of 

energy sources, without due consideration of the origin 

of the feedstuffs (Hastings, 1976; Smith, 1978). Another 

point is that the K2 values are defined at 60% of the energy 

from protein and 40% of the energy from fat in juveniles. 

The model can only work within food efficiencies less than 

0.5, which is the maximum that can be expected (Hastings, 

1976). At too high protein content in the diet, the fish 

will waste energy and the increment of food efficiency will 

be reduced. Finally, the model considers the total diet
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energy associated with maximal feeding rates. For example, 

juveniles could obtain a food efficiency of 0.33 only if the 

feeding rate is 10% (i.e. 100% feeding rate in terms of fresh 

Enteromorpha). Is this physiologically possible?

In summary, the model considers the biological 

and economic aspects of S. guttatus nutrition and growth. 

It implies that production of juvenile fish (200-250 g) would 

require a formulated diet with about 3500-3700 Kcal/kg total 

energy, 33% protein, 10% fat, 20% ash. For seed production 

purposes, the feeding management of the broodstock should 

take into account the herbivorous habit of the fish. The 

model suggests that a diet of about 2400-2800 Kcal/kg total 

energy be given to adults at 4-5% feeding rate. An increment 

in ash content will permit reduction of the total energy in 

the diet. A protein content of 17-20% will maintain a low 

food efficiency. Low food efficiency is associated with low 

condition factor, which in turn is correlated with bigger egg 

diameters. If the food efficiency is too low and the fish do 

not spawn, a diet with higher protein content would induce 

maturation.

Spawning Season of S. guttatus

It has been shown that in captivity under conditions 

of high protein diet, S. guttatus spawned every month. The
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general condition of the fish appears to get progressively 

better towards July, and is particularly greater in June- 

July and November than in March-May. It was also shown that 

broodstock A fed the same diet the whole year produced 

significantly bigger eggs in July-August, October and 

January, than in March-May, September and November. Within 

the same month, the difference in mean egg diameter from the 

same broodstock does not exceed 10-15 µm, whereas between 

May and October, the difference is 40 µm. This suggests a 

genetic tendency to produce bigger eggs at certain months 

of the year, probably coincident with the natural spawning 

season.

The spawning season of S. guttatus in the wild may 

not extend the whole year, but will probably cover June-July 

Fishermen in Guimaras note that adults with well-developed 

gonads occur in shallow-water fish traps starting June 

each year. In nearby Cebu Island, S. guttatus fry could be 

collected the whole year from different localities, and for 

periods of 3-12 months in any one locality (Tahil, 1978). 

If fry are considered to be one month old, the highest 

frequency of S. guttatus spawning around Cebu then appears 

to be from February to May, in 70-90% of the places surveyed

The spawning season differs among species of 

Siganus. The spawning season of S. canaliculatus in Negros 

Island is February-September (Alcala and Alcazar, 1979), 

whereas for S. vermiculatus in Fiji,  it is almost
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the complementary period, November-February (Popper et al., 

1976). Information from various authors (Lam, 1974; Popper 

and Gundermann, 1975; Johannes, 1978) indicate that the 

spawning seasons of siganids extend 2-8 months, usually 

4-5 months, in one or two periods of the year. The main 

period in most species is February-June; the second when 

it occurs is usually around November.

In tropical seas where the annual environmental 

fluctuations are minimal, time to maturation tends to be 

considerably reduced and the frequency of spawning increased 

(Hempel, 1979). S. guttatus has the potential to spawn 

every month, but in the wild, it probably has "rest" 

periods, imposed by fluctuations in food availability and 

abundance. Siganid species that have omnivorous tendencies 

will tend to have longer spawning seasons (Lam, 1974). 

S. guttatus has omnivorous food habits, can spawn every 

month in captivity, and thus can very possibly spawn most 

months of the year in the wild.

Lunar Periodicity in Spawning of S. guttatus

In the one-year study conducted, S. guttatus spawned 

during the first quarter period, 5-2 days before each full 

moon. This periodicity is so ingrained that the 2-3 spawning 

nights could be predicted plus or minus one. A lunar
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periodicity in spawning is also shown by various species of 

Siganus and many other reef fishes (Johannes, 1978).

This lunar periodicity in spawning has been explained 

various ways, McVey (1972) is of the opinion that the most 

important factor influencing the spawning of S. fuscescens 

(should be S. canaliculatus) is the change in tidal levels. 

In the present study, S. guttatus experienced little change 

in water level and water quality in the canvass tanks, yet 

the fish spawned as predicted every month. On the other 

hand, Schwassman (1971) suggested that in the grunion, 

"the time of spawning seems to be determined by the inter­

action of a physiological rhythm of gonadal maturation and 

some factor related to the second preceding full moon or 

new moon". Results of my preliminary experiment suggest 

that the environmental factor releasing maturation is strongly 

associated with the light of the moon, since no other factor 

fluctuated regularly under the conditions I studied. It is 

of interest to mention that the guppy reacts directly to 

different intensities and spectral ranges of the moon 

(Lang, 1967).

Johannes (1978) argues that spawning during the new 

moon and full moon periods, as observed in many coral reef 

species would enhance the offshore flushing of eggs and 

larvae away from benthic reef predators. The siganids 

appear to be one of the few groups that spawn, not during 

the full moon nor new moon period but during the first
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quarter period (Johannes, 1978). Of the species of Siganus 

common in Philippine waters, S. vermiculatus and S. guttatus 

spawn after the first quarter, while S. canaliculatus spawns 

before the first quarter (Manacop, 1937; MacVey, 1972; 

Popper and Gundermann, 1976; Johannes, 1981; this study).

Maturation Process

While it is common for cold-water fish species to 

alternate during the year periods of intensive feeding, 

spawning and starvation, tropical species, particularly 

reef fishes, have a more stable environment, short maturation 

cycles and increased frequency of spawning. Vitellogenesis 

takes 5 months in the black sea bream (Soletchnik, 1982) but 

only 20 days in the loach (Suzuki, 1983). Vitellogenesis 

is completed within 27-28 days in S. guttatus (Fig. 8). 

In some months, the cycle is longer probably because a 

short resting period follows the spawning. Feeding rates 

are reduced during these rest periods of 2-3 days.

The rate of maturation is influenced by environmental 

conditions (Lam, 1974). For S. guttatus, the important 

factor appears to be food abundance and diet quality. Most 

of the female S. guttatus fed the crustacean diet with 

43% protein spawned monthly for 11 consecutive months. In 

contrast, S. vermiculatus under the same conditions of
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c a p t iv i t y  and fed the  same d ie t  from June to  October d id  

not spawn (unpub lished  d a ta ) . Suzuki (1983) induced c a p tiv e  

loach to  spawn 22 tim es in  22 consecu tive  months.

In  January,  a female o f stage D 29-D 30 showed an 

increm ent o f 2% body w e igh t a f te r  9 days s ta rv a t io n  d u rin g  which 

the  males and ju v e n ile s  lo s t  5-10% o f t h e ir  body w e ig h t, and 

the  females th a t spawned, 11-14%. In  o th e r words, th is  

female was 7-12% h e a v ie r than the  o th e rs  a f te r  9 days 

s ta rv a t io n .  T h is  w e igh t increm ent is  not due to  food 

in ta k e  and syn th e s is  o f m a te r ia ls ,  but due to  an increase  

in  gonad w e igh t which is  p robab ly  due to  water in ta k e . On 

the same score , T a y lo r (1980) suggested th a t the ova ria n  

w e igh t increase  in  the k i l l i f i s h  is  due to  the  accum ulation 

o f w ater in  the  m a tu ring  oocytes. Th is  uptake o f w ater in  

S. g u t ta tu s is  a lso  suggested by the fa c t  th a t the  d iam eters 

o f spawned eggs o f broodstock A , B and D are s ig n i f ic a n t ly  

d i f fe r e n t  in  June (F ig .  1 0 ), a lthough th e re  were no 

s ig n i f ic a n t  d if fe re n c e s  in  oocyte d iam eters a t D 20 

June and D 17 J u ly  among the 3 b roodstocks . Indeed, when 

the  egg d iam eter increases as the fe c u n d ity  decreases, one 

p h y s ic a l e xp la n a tio n  may be proposed: th a t crowded eggs 

presen t le ss  a c c e s s ib i l i t y  to  w a te r.

I f  uptake o f w ater by m atu ring  oocytes does take 

p la ce , then seawater q u a l i ty  becomes an im p o rtan t fa c to r  

th a t  should be c o n tro lle d  in  S. g u tta tu s  breed ing  systems.
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The amount of oocytes in the ovary of 3. guttatus 

is 7x the quantity of eggs that are spawned. About 6/7 of 

the total number of oocytes is thus constituted by primary 

oocytes. The maturation cycle I have considered (Fig, 8) 

is the maturation of that batch of oocytes that occurs with 

the highest frequency in the ovary. In fact, the gametogenic 

cycle includes the period of accumulation of nutrients by 

the fish, the period of high metabolic activity from the 

oogonium stage to the primary oocyte (Giese and Pearse, 1974). 

How long is the gametogenic cycle compared with the follicular 

maturation cycle (Taylor, 1980)? How important is the food 

intake many months before (back 6-7 months), compared with 

the food intake during vitellogenesis? These questions 

need to be ansv/ered so that the broodstock could be 

appropriately managed.

Size and Quality of Eggs and Larvae

S. guttatus eggs measure 555 µm on the average, and 

the newly hatched larvae about 1.5 mm, although Avila (1980) 

recorded 660 µm for the eggs in 1977 and Duray (pers, comm.) 

recorded 2.1 mm for the larvae in 1981. The Siganidae tend 

to have small eggs and larvae (Table 17). The egg diameter 

is positively correlated with the size of larvae at hatching. 

S. guttatus larvae are significantly smaller than S. argenteus
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S. fuscescens and S. lineatus.

The highest values of egg diameter (580-590 µm) 

were recorded in June with the newly-captured fish from 

Guimaras and in January with the hatchery-bred fish fed 

commercial diet and then fed experimental diet 1 for one 

month before the spawning. The spawners of these large­

sized eggs had low condition coefficients (0.012-0.013). 

In S. guttatus, a negative correlation is seen between the 

condition of the spawners and the diameter of spav/ned eggs 

(Table 11) that is highly significant (P < 0.01). Hempel 

(1979) has shown for the cod and brook trout a similar 

correlation.

A negative correlation between fecundity (number 

of eggs/gram ovary) and egg diameter was seen in females of 

broodstock A in January. A relationship that is significant 

(P < 0.05) can be given by the equation:

F = 599.6 - 7.29 D

where F is number of eggs/gram and D is egg diameter. This 

relationship, however, is restricted to the higher range of 

egg diameters (580-595 µm ) ; if extrapolated to 525 µm, an 

unlikely fecundity of 5 million eggs would be attributed to 

a 500 g female. The inverse relation between fecundity and 

egg size is usually demonstrated interspecifically 

(Blaxter, 1969), but apparently can be resolved also 

intraspecifically in S. guttatus.
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The biochemical composition of S. guttatus eggs is 

not known, but from studies of other species, it is shown 

that protein is the major constituent (Blaxter, 1969). 

Protein in egg yolk is what mostly goes into larval tissue, 

and protein is what the spawners should have in quantity to 

synthesize the eggs. Thus the quality of eggs depends on 

the diet of the broodstock.

Rearing and Feeding of S. guttatus Larvae

Rearing siganid larvae is generally difficult 

(Lam, 1974; May et al., 1973) because of the need for small­

sized prey organisms. In the S monthly rearing trials of 

S. guttatus with about 30 spawns and feeding schemes, the 

0.1-5% survival was achieved with Brachionus of the small 

strain (< 150 µm) plus oyster larvae, and with Brachionus 

plus Isochrysis. Oyster larvae and Isochrysis may not 

really be necessary if small Brachionus (less than 100 µm) 

could be provided in adequate amounts. S. guttatus larvae 

of 1.5 mm length have mouth width of about 1.25 µm 

(Bagarinao, pers. comm.); the optimal size of first prey 

is 70-100 µm. Yufera (1982) has shown that depending on 

the strain, 1-2% or 80% of Brachionus plicatilis can be 

smaller than 150 µm. The culture method is also important, 

Brachionus cultured at 20 ppt weakened and perished in
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larval rearing tanks at 30 ppt sooner than those cultured 

at 28-30 ppt (unpublished observations). On the other hand, 

unicellular algae such as Tetraselmis and Isochrysis are 

too small to toe of direct utility to S. guttatus larvae.

Bigger larvae tend to have greater chances for 

survival (Hunter, 1981). In 1981, Duray (pers. comm.) 

recorded 15% survival of S. guttatus larvae; these were 

2,1 mm long at hatching. The 5% survival of larvae in 

January 1984 (this study) may be associated with the larger 

egg diameter (590 µm); larger eggs give rise to larger larvae.

It would seem from the size-related rearing problem 

that S. guttatus is not so suitable for aquaculture. Other 

tropical species used for aquaculture have bigger eggs: 

milkfish, 1.2 mm; tilapia, 2-3 mm; sea bass, 0.8 mm; grey 

mullet, 0.93 mm (Liao et al., 1979; Maneewongsa and 

Tattanon, 1 9 8 2 ; Nash et al., 1974); rearing of these species 

is less problematic.

When the newly hatched larvae are bigger than 

2.5-3.0 mm, there is less of a feeding problem. The sole 

can be fed low concentrations of Brachionus and Artemia 

nauplii without any kind of algae and survive at high rates 

of 70-80% during the first month (Fuchs, 1981). Ciliates 

and tintinnids were found to be important for first feeding 

of the marbre (Divanoch Kentouri, 1983). Although oyster 

trochophores are of the right size (60 µm) for most newly 

hatched larvae, they do not consistently produce good 

larval survival (Minton et. al., 1983; Lasker et al., 1970).



66

The naked dinoflagellate Gymnodinium splendens has been used 

successfully in rearing various subtropical species at the 

Southwest Fisheries Center in La Jolla, California. It has 

to be noted, however that different species of larvae may 

react differently to the same prey, Gymnodinium is not 

considered appropriate for grey mullet larvae (Hash et al., 

1974).

Various species of unicellular algae are used in 

larval rearing, of which "green" water Chlorella is most 

popular. Survival of many species of larvae is enhanced 

by phytoplankton blooms in rearing tanks (Houde, 1 9 73), 

but not of all. S. guttatus larvae in my study, provided 

with 3 kinds of algae did not survive past day 5 (Table 14). 

Popper et al, (1973) noted total mortality of S. rivulatus 

2-12 days after they fed them unicellular algae. Popper 

et al (1979) obtained similar results for S. luridus and 

S. argenteus. Bryan and Madraisau (1977) obtained respectively 

for S. vermiculatus and S. lineatus, 9% survival out of 200 

larvae and 16% survival out of 5000 larvae in big volumes of 

30 m3 and 8 m3 with high concentrations of multi-species 

algae under field conditions.

The effect of phytoplankton on larval rearing is 

not clear. It apparently acts as a water conditioner that 

removes metabolites produced by fish larvae and their 

zooplankton prey, through photosynthetic activity. It 

also serves as food for the zooplankton. For the rotifer
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Brachionus, it may not be necessary to add algae to the 

rearing tanks, if freshly fed rotifers are given to larvae 

every day; rotifers survive 2-3 days without algae at 

28°C. On the other hand, algal blooms in rearing tanks may 

reduce the light intensity to levels favorable to the larvae. 

However, in static systems, these blooms may induce wide 

fluctuations in environmental parameters within 24 hr. The 

oxygen requirement increases considerably at night. Dead 

algae are an important substrate for bacterial infection that 

very likely contaminates the larvae. The presence of high 

concentrations of algal cells in rearing tanks may stress 

the larvae that continually ingest them without gaining 

any energy.
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CONCLUSIONS AND RECOMMENDATIONS

1 In captivity, S. guttatus broodstocks under conditions 

of high (43%) protein diet spawn every month during the 

first quarter period, without hormonal treatment.

2. Broodstocks fed commercial diet (43%) protein and the 

experimental diet 1 (18% protein) produced larvae that 

survived to metamorphosis, with results being more 

consistent with diet 1.

3. The length of newly-hatched larvae is correlated with 

the egg diameter. The egg diameter varies with the 

broodstock source (wild or hatchery-bred) and diet, the 

season, and perhaps salinity. Thus, broodstock diet 

influences the quality of the larvae through the egg 

size.

4. The major problem in siganid larval rearing is the 

availability of the right-sized prey for first-feeding 

larvae. Larvae are 2.5 mm at first feeding, with 

mouth width of 125 µm. The optimal first prey required 

is 70-80 µm in size. Brachionus smaller than 100 µm 

constitute only a small percentage of the population. 

The quality of Brachionus (culture salinity, diet) is 

also an important factor in successful larval rearing. 

Oyster eggs and trochophores do not seem so appropriate 

for S. guttatus larvae. Other small living prey like 

tintinnids and dilates could be tried. Other siganid 

species such as S. argenteus, S. fuscescens and S. 

lineatus produce bigger eggs than S. guttatus. They
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should be tried for aquaculture where they occur. 

Rearing of the larvae of these species would be loss 

problematic, assuming that the nutritional requirements 

would be satisfied by readily available rotifers. 

5. For S . guttatus fed ad libitum, the food intake is 

inversely correlated with the total energy in the 

diet. This increase in consumption is associated with 

the energy requirements. The tolerance of juveniles 

for high energy diets is higher tha n that of adults. 

The optimum diet for juveniles would be different 

than for adults. Food efficiency is correlated with 

the daily protein intake of the adults and the protein 

plus fat intake of the juveniles. ft the sane daily 

protein intake, the food efficiency is higher for 

juveniles than for adults. The protein content of the 

diet seems to induce the maturation process, and is 

associated with high fecundity and high spawning 

frequency in females.

6. For optimum growth of juveniles, a diet with about 

3700 Kcal/kg total energy, 33% protein, 10 % fat and 

20% ash is advisable.

7. The biggest eggs (500 µm) produced in January by fish 

fed the commercial diet (43% protein, 3300 Kcal/kg) 

for 9 months, then the experimental diet 1 (18% protein, 

3600 Kcal/kg) for 1 month resulted in 5% larval 

survival past metamorphosis. Assuming that this result 

is associated with the low food efficiency and low
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c o n d it io n  fa c to r  o f f is h  on d ie t  1, i t  is  suggested 

th a t S. g u tta tus broodstocks be m ain ta ined  on a d ie t  

w ith  low energy c o n te n t, lo w % p ro te in ,  h igh  % ash 

(cheap, s im i la r  to  the  n a tu ra l he rb ivo rous  d ie t  o f 

the f i s h ) . Fo r m a tu ra tio n  and spawning purposes, the  

f is h  nay subsequently  be fe d  a d ie t  w ith  h igh  energy 

co n te n t, h igh  % p ro te in  and lo wer  % ash. Fo r example, 

fo r  m aintenance:

Feeding ra te :  4.5% body w e ight

T o ta l energy o f the  d ie t :  2800 Kca l/k g

P ro te in : 17%

F a t: 5%

N FE : 42%

Ash + f ib e r :  36%

Food e f f ic ie n c y  expected: 0.05

For m a tu ra tio n  and spawning:

Feeding ra te :  2.5% body w e igh t

T o ta l energy: 3500 Kc a l/k g

P ro te in : 40%

F a t: 5%

NFE: 3 6 %
Ash + f ib e r :  19%
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Errata

Page 22 read: These relationships were obtained where 

the energy from protein and energy from fat 

constitute respectively 80% and 20% in 

the adults, and 60% and 40% in the 

juveniles.

Page 24 read: 7 combined regression

Page 46 Line 19 read: (Dabrowska and Wojno, 1977)

Page 49 Fig. 15 read: Westernhagen and Rosenthal (1976)

Page 54 Table 17 read: Burgan and Zeeleczky (1979)
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