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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 (SEA¥DEC) in Iloilo, Philippines for
eventual mass seed production. Several broblems were
erncountered 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 brcodstock, and to monitor variables strictly dependent
cn the parents: maturation, spawning frequency, fertilization
rates, egg diameter, hatching rates, nofmality 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.



MATERIALS AND METHOLS

Experimental Fish and Zolding 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 inr the study. Four
broocdstocks 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 1 water volume with zeration. Spawned
eggs or the hatched larvae were then transferred to a
series of 15 250-1 cylindroconic fiberglass tanks for

larval rearing. The tanks were aerated and the water

partially changed at intervals.



Table 1. The different broodstocks of Siganus quttatus used in this study in March 1983 - January 1984,
fed various diets.

broods tc ck g$m2$gh Source Feeding Availability of broodstock
Treatment Mo A M OJd Jd A S 0 N
A 22 Hatchery Commercial diet X X X X X X X X X
L 22 Hatchery Fresh Food X X X X
C | 16 Hatchery Experimental X X X X
diets
Y 22 Guimaras Fresh food X X
diveniles 160 Pandan Experimental X X X X

diets




sroodstock Dict and Feeding Fxperiments

The commercial crustacean diet given to broodstock A
was used as the control. Fresh food given to broodstock B

consisted of Enteromorpha sp., squid, imussel, shrimp and

trash fish, chopped to suiteble size. In one experiment of
15 days duration, fish were given all 5 kinds of fresh food;
in a subsequent experiment of 35 days duration, only

Enteromerpha and squid were used. The fish were fed

ad l1libitum from feeding trays. Weighted aliquots (30-40 g
each, deperding on kind) were added to the feeding trays as
soon as they were lacking. The exact food consumption by
the fish in the canvass tanks was determined daily from
the amount of aliquots removed by the fish from the feeding
trays, corrected for the amount leached out as the chopped
food got into the water.

Samples of all diets were dried in an oven at SOOC,
dry weights were measured and samples sent for proximate
analysis. Analysis showed that the commercial diet had

437% protein; Enteromorpha, only 11%; and the other kinds of

fresh food, €2-747 (Table 2). Enteromorpha, which turned

out to be a preferred food of the broodstock, became scarce
in August-November, so formulated artificial diets were
resorted to. These diets were processed at the Department's

Feed Laboratory, with the advice of Dr. F. Pascual. Threce



Table 2. The proximate analysis of the various diets used for the broodstocks of 5. guttatus.

rogsinxe mme o VHRERwosmre JORELL ol o
Extract Fat diet

(%) (Kecallkg) (Kecal/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 h.0 1.2 11.7 3.3 82.0 3216 3688
Fish 72.7 10.0 4.0 11.4 5.6 80.4 3808 L0372

Commercial crustacean - ¢

diet 43.0 5.2 1.7 8.3 41.8 11.7 2188 3860
Experimental diet 1 18.6 3.2 3.4 10.6 64,3 11.9 1032 3604
Experimental diet 2 21.9 9.3 4.3 12.9 51.7 1C.8 1713 3781
Experimental diet 3 25.8 13.8 b.2 13.7 42.5 11.0 2274 3374




experimental diets with similar ingredients (Table 3) were
prepared. Their protein contents were relatively low (18-26%),
and fat levels varied (3, 2 and 14%) (fable 2). The diets
were steamed to assure stability in seawater for several hours.
These experimental diets 1, 2 and 2 were used in feeding

s

allel in August-November on broodstock

e

experiments run in par

C and on the juveniles.

Observations on growth, maturation and spawning

The fish were 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. 4 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.



Table 3. Composition of the experimental diets fed to s. guttatus.

Percent weight

Ingredients —
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 Ly, 5 25.0 3.5
Rice hulls 8.0 12.8 20.0
Soybean oil .0 0.7 3.5
Mineral mixture + Vic C 5.0 5.0 5.0

+ BHT




Spawning was very casy to monitor among the siganid
broodstock since the eggs are adhesive and demersal. The
fish spawned without bormonal treatment. The dates on which
eggs appeared in the tenks 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 metnod
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 diffarent 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
evaluaticon 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




©

and Isochrysis) were given to the larvae once a day, and
y

oyster trochophores and artificial feeds 2-5 times daily.
Nitrate and ammonia concentrations were monitor=d to control
water quality. Salinity was 29-32 ppt; temperatures ranged
27-21%%,

There is as yet no standardized-technique to rear
S. guttatus larvae although the species has been reared at
the Aquaculture Departmen:t since 1981. Wy 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, mussszl, shrimp and trash fish taken by

adult S. guttatus (broodstock 3) during a day's feeding from
trays averagaed 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 welight

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

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



Table 4.

Daily consumption of fresh food by adult s. guttatus.

Daily Food Consumption

P

(g dry wt/kg fish)

(% dry weight)

Type of fresh food

15 day expt.

35 day expt.

15 day expt.

35 day expt.

i(dry weight food)
(wet weight fish)

Tank 1 Tank Tank 1 Tank 2 Tank 1 Tank 2 Tank 1 Tank
Enteromorpha 7.6 7.2 15.3 14%.4 28 26 43 L
ISquid 9.8 5.2 21.3 18.7 36 33 58 58
Mussel 3.0 b.9 11 18
Shrimp 4.2 3.6 18 13
F 4
Fish 2.3 2.8 e 10
é N
Feeding rate (%) 2.69 2.77 3.63 3.31

Each tank had 11 fish.



11

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 Enteromorpht respectively

accounted for 234.57 and 27% in dry weigh%, 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 indicatc 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 cxtract (22-36%) than the
commercial diet and the experimental diets (Table 2).
The total encrgy of the fresh food diets were 3000-3400

Ecal/kg (Table 5). 1In comparison, the total energy from

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




Table 5.

Bicchemical quality of the fresh food diets actually consumed by S. guttatus
broodstock.

DIETS Protéin Fat Fiber Ash Mitrogen Moisture tnergy Total
(%) (%) (%) (%) free (%) Protein + Energy of
Extract Fat diet
(%) (Kcal/kg) (Kcal/kg
Fresh Food Diet 51.1 5.2 1.8 19.5 22 .4 80.90 2512 3408
(April- May)

Fresh Food Diet

{June-~Jduly) 31.4 3.1 2.9 26.5 36.1 80.90 1535 2979

7\



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

Table 6 shows the total energy and ash contents of
the diffcrent diets and percentagcs of total energy in the
diets that come from proiein, 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, feceding rate and focd
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.€% lost weight. Broodstock C did not take
well to the experimental diets 2 and 3, feeding only at
2% and losing weight; diet 1 was only slightly better
(food efficiency = 0.01). ¥Fcod efficiency is quite low

for aduit S. guttatus, positive for broodstock fed
-— e Badhiidiusdiiindend



Table 6. Distribution of energy in the diets.

FTET Total energy Enerqy from Energy from Enerqgy Ash Total Ash content
e (Kcai’kg) protein carbohydrate fat(% of content energy rela relative to
(% of total energy) (% of total total (%) tive to diet Enteromorph
energy) 3 (%) (%)
Enteromorpna 1498 24 71 5 50 47 100

‘resh fooa

{Avril-Yay) 3408 60 26 14 20 86 40
frosh food _
{June-July) 2974 42 43 10 27 75 54
ix.aerimental

uiet 1 3604 21 71 R 11 91 272
Exzerimental

diet 2 3781 23 55 22 13 95 25
Ixperimental

diet 3 3974 26 43 31 14 100 28
cormercial

Tiet 3850 45 43 iz 8 97 16

i



Table 7.

various diets during various periods.

frowth, feeding rate and food efficiency of hatchery-bred adult S. guttatus fed

. . . . =5 Feadinag
Broodstock Numbey Feeding Period covéred me;21;;?1ht mea51321ﬁh+ eeding Food
Al of fishes treatment (1284) ' () * TN rate efficiency
L Yy ((’i (%
A 22 Commercial March-Hovember 238.0 AZB .5 1.7 L noan
4 diet Ruaust-November 2043 9.5 1.7 L 0.2/
B 27 Fresn food Harch-Apri? 3035 415.0 3.0 L 517
1"\
e June-Juiv 415.0 331.0 1.5 0,09
4 txperimental
diet 1 Aucust-~Fovenber &K G 1.8 2.5 L N0
C i cxporimental
diet 2 L2405 413.3 2.1 L -0,07
4 Experimenteal
diet 3 an3.3 304 .0 1.9 L -0,

Entaromorpha

400.0

Fecding rate =

2
£, e .
Feed efficiency

dry weiaht of foed consumad

wet weiaht of fish y

gain wet weianht of fish

dry weight of food consumed

. denotes fish

foed ad 1ibitum.

ql



ad libitum on fresh food and commercial diet, about zero
for fish fed the expoerimental dicts and negative for fish
fed restricted amounts of fresh fcod.

Fig. 1 shows the growth of male and femalc hatchery-~
bred broodstocks during almost a year's observation. The
best growth was realized by broodstcck B fed ad libitum
with fresh food. Crowth 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 ¢ spawned
monthly and lost 5-107 of their body weight in broadcast eggs.

Table 8 shows the growth of wild juveniles reared
in captivity on the commercial diet and the coxperimental diets.
During a 4-week observation period, the juveniles fed at
low rates of 2-2.57 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 fecding rate was low (2-2.9%),
food efficiency was bhigh (0.35-0.42), while in diets 1 and
2 where feeding rates were higher (3.5-3.8%), food efficiency
was much lower (0-0,.23).

On the commercial dict and the experimental diets,
the feeding ratc of juveniles is higher than of the adults.

The food efficiency is about 4-5x greator for juveniles



(g)

wet weight

broodstock A females -

L50¢ -

broodstock B.L females

Broodstock B.C mates

350¢

250F

mar. apr. may jun . Jul. aug. sep. oct.  nov.

months 1983

Fig. 1. Growth of S. guttatus adults, males and females, fed on
commercial diet - broodstock A, on fresh food and experimental
diets, broodstock B and C.



Table 3. Growth, feeding rate and food efficiency of juvenile S. aguttatus frem the wild reared
jr canvas tanks in August~November 1583.

Fezding Number of Period covered Initial mean Final mean Feeding Food 2
treatment fishes (Wocks) weight (q) weight (q) rate (%} efficiency

Commercial 25 & 47 .2 64.8 2.5 0.42

r~ » n - a
fyperimantal Z5 4 51.2 50.0 2.4 -C.03
i - >
et 1 25 s 0.0 05,8 3.2 0.23
o~ [ Is] NG
Exnerimerntal 25 3 1.8 518 i C.C0o
Dizt 2 25 12 51.8 0z.8 3.5 0.20
Experimantal b 3 50.9 0.9 2.C 0.390
Jiet 3 25 12 62,9 122,56 2.6 0.35
\ Foeding rate _dvy weight of food consumed
[ e i cva = K, =
R S Twet weight of fich
oo Vg oy 5 it N =
. ain weti weight of fish
2 Food efficiency =33 TR A Fond Corsumad
drv weight of food corsumad

3\



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 =xpressad by the

equations:

Adults: R = -0.00238 & + 10.8% r -0.94, P <0.01

-0.00366 E + 17.16 r

Juveniles: 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 a2 whole, and those
from proteins, from fats andé from carbohydrates were
estimated. 1 looked for correlations between food
efficiency and the cnergy values. Significant correlations

were seen between thc food efficiency and the energy from

protein 4+ fat ir the adults =nd juveniles (Fir.3).



feeding rafe (% dry food/wetweight)

~
(@}

(UN]
(@w]

™~
[an]

20

3400

Fig. 2.

3800 £000

energy (kcal/ kg dry diet)

Relationships: feeding rate - energetic value of the

diet for adults and juveniles fed ad 1ibitum on various
diets.



food efficiency

03

02

041

-01

-0.2

21

kcal /day.kg.fish

1 ! i | Il 1 1 ]

0 10 20 30 40 50 60 70 80

energy (protein+ fafb) of fhe dief

Fig. 3. Relationships: food efficiency and daily (protein + fat)
energy intake for juveniles and adults, fed on various
diets.
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The regressions can be represented by the equations:

Adults: F 0.00406 ¢ - 0.125 r = 0,79, P < 0.05

i

]
(@}
()
o
&
[\
o

i
o
&
<
wW

Juveniles ; F r 0.80, P < 0.05
where F is the food =fficiency and e is the 2aily energ
irtake from protein in =dults and protein plus fat in
Jjuveniles. These relationships were obtained where the
energy from preotein and fat constitute respectively 80-2Z0¥%
of this cenergy for the adults. and 60-40% of this cnergy 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 Relationshkip

The length-weight relationship in various groups
of fish was determined to ecstimate general bodily condition
(Table 9). TFig. 4 shows the regression for two batches of
newly-caught wild fish: the broodstock from Guimaras and
the juveniles frorm Pandan. The regression line for the
2 batches combined is given by the equation:

W = 0.0105 1°2%

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



Table 9. Length-weight relationshins in various groups of S. guttatus.

“ish, diet, period of sampling Sampling Length-weight reiationshipz Sample Condition
date] Ragression b In a size factor
duveniles from Pandan July (13) A 2.64 -3.07 41 0.04¢
D, newly caught aduits JuneD19 3 3.16 4,37 22 0.013
Adults D + juveniles 7 3.24 -4.56 63 0.01¢€
A, commercial diet dJune D 19 { 2.38 -1.73 22 0.177
A, commercial diet July D 17 2 2.79 2.97 22 0.051
B, Enteromorpha, 1 month Juiy D 12 4 3,38 ~4.52 10 0.907
, Entoromorpha, 1 month Aug D 6 5 2.57 ~2.55 10 0.178
~ + B, bcginning expefiment,
females March (14) g 2.38 -1.78% 22 0.168
O, newly caught adult,
females June D 16 g 3.35 ~4.,90 11 0.007
A+ B, bnginning experiment,
males March (14) 19 2.£9 -2.82 16 0.069
U, newly caught adults,
males June D 19 11 3.101 -4.12 16 0.016

1Sampiing date is the stage of maturation D] - 030 or date of month (in parenthesis).
2Regressions are significant (P <0.001).

T



[wet weight (g)]

(n

1 L

L 5, It L

Fig. 4.

25 30 35

(n [ fork length (cm)]

Length weight relationship of newly-
captured wild S. guttatus.

3 - broodstock D, Guimaras

6 - Jjuveniles E, Pandan
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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 hatcaery-bred adults
had higher weights at any given length than the newly-caught
wild adults. TFed ad libitum with the same comrercial 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.c. they have higher weights at given lengths
than the others. No difference is seen between males and
females among the newly-captursd wild fish.

The general average condition factor for wild fish
(0.023) is lower than that of hatchery-bred fish {(0.0990),

The lowest value is seen in fish fed Enteromorpha for one

month and in females from the wild (0.007).

Growth Curve of Sigunus guttatus

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

specimens of hatchery-bred adults, hatchery-bred juveniles



ln [wet weight (g)]

6.5

6.0t

557+

507

26

3.0 3.1 3.2 3.3
tn { fork length (cm) ]
Fig. 5. Length-weight relationship of bred broodstock and newly-

captured broodstock, fed on various diets.

Broodstock A fed on commercial diet (June D 19)
Broodstock A fed on commercial diet (July D 17)
Adults newly caught (June D 19)
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Fig. 6. Length-weight relationships of hatchery-bred and newly
captured S. guttatus broodstocks.

8 females A+B hatchery-bred (March 1983)
10 males A+B hatchery-bred (March 1983)

9 females D newly-captured (June 1983)
11 males D newly-captured (June 1983)
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Growth curve of S. guttatus.
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and wild juveniles. The curve shows slow growth (4 g/month
weight gain) up to 3 months, fast srowth (33 g/month) up to
age of 15 months and =apgain slower growth (23 g/month) up to

age 22 months.

Occurrence of Spawning

The dates of spcwning 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
S 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 spawring tanks 2-3 days before the
expected spawning dates,

Some fish kept in dark conditicns during the two
spawning nights in Decemver spawned as expected that month,
together with fish kept in the open mocn-lighted tanks.

It was observed, however, that in January their spawning
was shifted out of the regular pericd; they spawned during

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



Tatle 10. Thwe detes of recorded natural spawning of $. guttatus in canvas tanks in 1983-84.

Honth Dates of Dates of Date of full Inter-spawning
natiral first quarter moon period (days)
snawning of moon

@Y Ch 23-24 22 25 -
Aprii 22-23 20 27 30
“hay 20-22 26 27 28.5
June 19-20 12 25 29.5
July 18-20 1 24 29.5
August 18-19 1o 23 35.5
September 16-18 14 21 31.0
Hetober 156-18 13 20 28.5
sovermber 15-1€ 12 19 29.5
vecenper 12-12 11 18 27.0
January 14-15 10 17 32.5
Jancary | 17-18 10 17 35.5

]Fi:h were ia covered tanks in December and spawned when expected in that month; in
January, spusnirg was shifted later than predicted, and coincided with the full moon.
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Spawner Frequency

The eleven females (together with il males) fed ad
libitum with the cemmercial diet were maintained under the
seme conditions for nearly one year. Table 11 shows the
number of females that spawned of the number observed each
month. About 75-1C0% of mature females spawn each month

under captive tank conditions.

Maturation of Qocytes

Since

o]

guttatus spawns rmonthly, one maturation

cycle covers the day after spawning (D 1) to the day of
spawning (D 28 - D 3Z). Fig. 8 shows the maturation process

in June-July as determined by cannulaticn and shown by the
increase in the frequency of occytes with the largest diameter.

The vitellogencsis was sween to take 28 days for one batch of

og

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 techiniques employed.



Table 17, The frequency of female S. guttatus that spawred every month in 1983-1984.

Honth Aar Apr Aay Jun Jul fyg Sep ct Nov Dec Jan
Spawner 16/ 11 1617 111 /9 10/10 10/11 6/5 6/6 2/2 €/6 5/8
freouency

Table 12. riean diameter of oocytes of proodstock S. guttatus at the same
maturations stages.

Stage of Broodstocks Mean occyte. Number oocytes
maturation diameter (um) examined
A 490 182
D, B 4G5 252
44
205 3
(June) C 398 233
A 39¢ 2¢e1
017 B 39% 166
(July) C 338 308

(S0
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Fig. 8. Development of the oocytes in the gonads of
S. guttatus during one month maturation.
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Fip. 2 approximate the velume increment associated
with the incrsase in mean oocyte diamcter. About 2/3 of the
gonadal material seems to be synthesized during the last
19 days of the maturation cycle.

The degree of maturatisn of cocytes was determined
for brocdstocks A4, B arnd C at D 2C in June and D 17 in
July. Table 12 shows that the mean diameter of the oocytes
was similar anong the 3 broodstocks, 401 um in June and

394 um 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 millicn eggs, while a 520 g fish of GSI
12.6 had 1.2 million eggs. Estimates from direct counts of
eggs 1in spawning tarks indicate that 450-500 g females
spawned 0.45-1.3 million eggs in January.
It was estimated that the egss broadcasted during
one spawning constitute abcut 12% of the total number of
ovarian oocytes (Fig. 8) and account for some 5-106% body

weight loss of the females every month.
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Fertilization and Iiatching Rates

The fertilization rates ranged £4-987% and hatching
rates ranged 96-587 in both aatchery-~-bred broodstocks and
newly-captured wild broodstocks in Aprik-July. Subsequently,
however, the guality of spawn did not stay as good.
slonitoring did not remain quite systematic but it was noted
that in October—-December., natching rates were not as high.
In fish fed the experimental diet 1, the hatching ratc was
90-100%;5 in diet 2, 49-60%; in diet 3, 5-10%. In January,
2-18% of the eggs from fish fed thc commercial diet for
10 nonths and the diet 1 for one month, diel in early
embryonic develiopment.

It seems that broodstock diet affects the quality

of the spawn, but information from fertiiization and hacching

rates is not conclusive,

Diaweter -f IZogs fron Jifferent 3roodstoc

Siganus zuttatus“cegs range 520-590 ur in diameter

(mean 555 uym * 77%). Breodstock A under constant feeding and
water maragement showed fluctuations in the cgg diameter . with

low values in larch-kay, September and November,; and high



values in July-fugust, October and January (¥Fig. 10). A
similar pattern of low and high values was seen in broodstock
3 and C;, although the diameters (540-540 um) were significantly
greater than in broodstock A, The wild fish from Cuimaras
produced eggs of bigger diameter {(5£C um) in June and of
equivalent diameter (570 wm) in July as’broodstock RB.

Three sources of variability of the egg diamster
can be pointed cut. The interfish wvariability can modify
the egg diameter by + 1%. Seasonal fluctuations account
for + 3-4y of the variability, while interbroodstock
differences makce for +4%. Table 13 and Fig. 11 show the
relationsnip between the condition factor of the spawners
and the diameter of the eggs they =nroduce., Aan inverse
correlation exists of the eguation:

D =568 - 76.¢2 C r = 0,78, P < 3.01
where D is the egg diameter (um) and C is the condition
factor cf the spawner. A condition factor of 0.6 is
associated with an egz diameter of &20 um, and 0.01 with

560 um.

Larval Rearing

Little success was realized in the rearing attempts

(Table 14). In the June to 3September trials, total mortality

of larvae occurred within 5 days, except in July when
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Tablie 13. Relationship between the condition factor of spawners and
eqq diameter.

Broodstock Month Condition factor Egg diameter
of spawner (um)
A Harch 0.383 527
April G.657 530
ay 0.440 5Z1
June 5,177 540
July 0.0%1 £43
g April 0.365 541
June G.023 561
July 6.109 57¢
C June .013 533
July 5.029 571

£¢
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Fig. 11. Relationship egg diameter - condition factor
of broodstocks. A-B-C during March-June
period.
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Table 14.

Results of larval rearing of S. guttatus in 1983-84.

Month Broodstock Feeding Scheme Results

Jung A and B Isochrysis, Brachionus (la) Total mortatity
and chlorella used together within 5 days.

uuly R-E-D Isochrysis, Chlorella and No differences

hyggust and
septerber

{ctober

Movember

vecemt er

January

O

Tetraselmis used singly,
with Brachionus (1a)

+ Brachionus (1b)

Microencapsulated diets-
daried powdered Brachionus
eggs and larvae of gysters

Oyster trochophores and
-~

Brachicnus (Z2) alone

Oyster trochophores and
Brachicnus (2) alone
Isochrysis + Brachionus (2)

Isochrysis + Brachionus (2)

Isochrysis + Brachionus (2)

among algae.
Mortality in
5 days.

Survival to 9
days

Mortality in
5 days.

Survival to
metamorphosis
(21 %)

Survival to
metamorphosis in
the two cases
(¢« 1 %)

Survival to meta-

morphosis { <<1%)

Survival to meta
morphosis (- 5%)

Brachionus {(7a) "big" strain recared at 20-24°/.o.

7 B

Zrachionus {1b) "big" strain reared at 30°/.,.
Srachionus (2) “small" strain reared 20°-24%/,c.

g



larvae survived 9 days. These July larvae were fed

Srachionus ztrdih 1 rearec in 30 ppt rather than 20-24 ppt.

Less than 17 of larvae survived past metamorphosis in Octover,
very few in Ncvember-December and more than 5% in January,

all fed with Brachionus strain 2.

Finding the right-sized food particle was obviously
part of the problem in larval rearing. Finely powdered
(40~100 um) artificial diets were used, likewise oyster cggs
and trochophores (60 ym). Results were not clear-out,
probably complicated by the water management. In July, the
ammonia concentration in the rearing tanks with live
algae reached 1.0 ppm within 4 days. In 211 other runs,
the amnonia concentration stayed less than 0.6 ppm in all
tanks. Under static water conditions and temperatures

o . C o .
about 307C, bacteria developed on the artificial diets

¢

within 24 hr. In 202 1 rearing tanks with a water turnover
of 250 ml/min, total mortality occurred significantly earlier
than in tanks under static counditions, although the ammonia
level did not exceed .2 ppm.

In October, when survival of larvae past
metamorphosis was first obtained, the rearing scheme was
as follows: HNo algas wzre added at all. Oyster eggs and
larvae were given on day 2 from hatching, 3-5 times a day,
every day until day 4. % strain of small Brachionus
(strain 2) was first given on day 2 and mointained at

concentrations cf 10-20/ml. Water was not changed during



the first 5 days of rearing; sucsequently, cnly 30% of tne
volume wag replacesd every dey until metamorphosis. The
ammonina concentration was less than 0.5 ppm even in tanks with

high (40-50/ml) rotifer densities.

3

Size and Survival of Larvae from Different Brocdstocks

In Junc and July, the newly-hatched larvae of
broodstock A measursd 1.3-1.55 mm; of broodstock B, 1.40-
1.€5 mm; of broodstock C, 1.5-1.7 mm. However, all larvae
grew to 2.2 mm within 2% hi. This nositive exponential
growth is related to the negative exponential depletion of
the yoli (wore than 8271 resorbed in 48 hr).

Table 14 shows that broodstock C fed diet 1 produced
larvac which survived past metamorphosis in Cctober and
November. FDroodstock A fed the commercial diet produced
larvae which survived past metanorphosis in December.

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

and in January,; produced lsrvae thet also survived past
metamorphosis. Larvae from broodstock € fed diets 2 and 3,
and from broodstock A reared under the same conditions in

October and Nevember did not survive past metamorphosis.



DISCUSSION

Growth asnd Filrst Sexual iaturity

Ben-Tuvia et al. {(1973) and von Westernhagen and
Rosenthal (1272) compared the zrowth rates of different
species ¢of rabbitfish., It seems that growth-wise, 3. guttatus
is not suited for aquaculture, Horstmann (1275) and Tahil

(1978) both worked on

|l

iuvenile fi

i

h in sea cages; the former

19}

found that 1& g fry reached 35 g in 5 weeks; the latter, in

5-6 months. In the present study in flow-through canvas tanks,
the 39 g size would be obtained'in 2 nonths., Von Westernhagen
and Rosenthal (1876) found that fishk in closed water systems
need 10 meonths to grow from 40 g to 150 g; in this study,

only 3 months. TFig. 7 shows that it takes S. guttatus 16
months to reach 280 gz weight.

Fed on commercial diets, the males of the batch of
Jjuveniles from Pandan reached first sexuszl maturity at about
200 g. Females of the hatchery-bred broodstock A fed
commercial diet were first sexually mature at 260 g. This
200~-260 g weight at first sexual maturity is marked by the
second inflection of the curve in fig. 7. Adult fish do
not grow as fast as juveniles.

The length-wveight relationships (Figs. 4, 5, 6 and

e
¥
w

Table © indicate that hatchery-bred fish are heavier at a



given weight than noewly-captured wild fish, This difference
is mostly due tc the hatcherv-bred females which shift the
range of vweights for fork length 20-22 em from 18§0-240 2
to 21i0-27 g. This indicates that first sexunl maturity is
reached at a smaller size in hatchery-bred fisn than in
wild fish. This may be relsted to the high energy content
and high protein content of the formulated diets given to
the captive broodstock.

The aquaculture of S. guttatus, if pursued, will neve
To depend on the natural fry sources until technical
problems in hatchery production of fry are solved. As the
growth performance of the species is specially slow between
tae fry and fingerling stage, it 1is better to collect the
fingerlings which cuon soon achieve fast growth. In intensive
culture systens, two crops a2 year may be possible. The
fish in grow-out pcnds should be harvested when they reach

200-250 g size because thereafter the growth slows down.

Effect of Dict Quality on Growth

The commercial crustacean diet with £3% protein taken to.a total
of €7 Keal/day kg fish resulted in qood grewth porformance of aduit
S. quttatus. Fresh food with 51% protein-and 102 Kczl/day. kg fish as
total norgy intake spparcently overfed the fish and went to waste. Fresh

food with 31% protein content and only 338 tcnl/day. kg fish



underfod the fish and inhibited growth.
The experimental dict with lower energy content than diets
2 anc 3 was consumed a2t o bigher rate, to a total of 140 Xcal
for juveniles and 88 ¥col for adults. Despite this high
energy intske, zgrowth was not any better on diet 1.
Marais-iZissil (2379) likewise found that sea bream
Jjuveniles and adults consume more of those diets that have
low energy content. However, thzy found that faster growth
always acccripanied high cenergy intake. This may have been
due to the high protein content of the diets they used,
43% in contrast to 18} in this study's diet 1. This
suggests that eneregy from a high protein diet and energy
from 2 low prctein diet are not equivalent in terms of the
resultant growth. P}oreover, the protein quality differs
according to its source. Diet 1 had €7 protein from animal
sources and 12% from vegetable sources. Vegetableproteins
usually lack cystein and tryptophan. When these aminc acids
are not added to the diets, vegetable proteins do not

perform as well as animal proteins (Dabrowska et al. 1977).

Consumption of Fresh Food

Babbitfishes are mostly recognized as herbivorous

species. Tsuda and Jdryan (1873) and Westernhagen (1974)

N

noted the preference of 8. argenteus, 8. spinus and



S. striolata for Enteromorpha among many cther species of

algae. Nevertheless, through the studies of varicus
investigatcrs, Lan (1574) summarized the food tendency of
siganids as 'potentially omnivorous".

S. guttatus broodstock is able to consume fresh
food with high protein content, ag nuch as 130 g food per
kg fisbh daily. They selzct their food; they preferred

Enteromorpha and sguid over shrimyv, mussel and trash fish,

They can ecasily overfecd thomselves with fresh food,
particulary scuid.

With these high protein ifresh 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 Requireuwents

Fig. 3 shows the relation between the food efficiency
(gain wet weight c¢f fish/dry weight of food consumed) and
the daily energy intake of ithe fish. The food efficiency
is poorly correlated with the total encrgy but is significantly
correlated with the cncrgy {from protein in adults and with
the energy from protein + f2t in juveniles. Thus weight
zain is mostly due te thesce two encrgy sources, with the

protein source of energy apparentiy required first. Under



sufficient protein supply, fat improves the food efficiency
in juveniles. The importance of a fat energy source for
the adult fish is dehataple,

Howaver, the correletion between the fcod efficiency
and the energy content of the food may actually be bpetter
tnan it appears, considerint the fact that adults lose
5-10% of their weight monthly after spawning (and there
were & spawnings during the period under study). The high
protein content of the diets may also have contributed to
the occurrence of spontaneocus spawning every month.

Table 15 shows the inverse relation between the
food counversion factor and the protein content of the diet.

The food conversion factor was computed from the formula

by letailler et 21. (1381):

feeding rate
o

feed conversicn factor =

where o0 is from the formula:
- . T
‘\;"iT = 3 (1 + o /1.00)
- ¢}
where WT is final weight cof fish
W is the initial weight of the fish
T is the number of days cf feeding
Smaller amounts of food are required for a unit weight gain
of fish when the food has a hieh protein content. Protein

may be the main factor ic zrowth and reproduction. It was

2

opserved that fish fed fresh food (:7-88% protein) and the
commercial diet (42% protein) had bypeicistended abdomens

during the prespawning stage whereas the fish fed on the 3



Tablec 15, Feed conversion factor

in S. guttatus

Ciet Protein Feed conversion Author
content (%) factor
Commercial trout pellet 40 3.2 Hesternhagen et al. (1976)
Rabbit pellet 12.5 4.0-6.5 Westernhagen et 21. (1976)
Commercial crustacean 43 2.5 This study
neilet
Expverimental diets 16 - 25 2,8-5.9 This study

The feed conversion factor in this study was computad frem the formula of
netailler et al. (19581): feed conversion factor = feeding

. W] = o T 2
where vy = v, (1 + "7?&7_) , wher

¥y initial weight of

rate

o

fish

W = final weight of figh

T = number of days feecing

bY
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experimental diets (1L{-2¢&% protein) and Enteromornig

(117 protein) had little or no swelling.

Model for the Formulation of Diets for 8. guttatus
From the relationships between feeding rate and
encrgy in the diet (Fiz. 2) ond between the food efficiency

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

N

et

here presented that considers the btiglogical and
economic aspects of nutrition and zrowth of S. guttatus.

Defipition of wvariablces:

R = feading rate (%)

F = food efficiency

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

e_3 = daily energy intake of fish in terms of protein

: (Xcal/day. kg fish)

B = total energy content of the diet (Xcal/kg)

. = energy from protein plus fat in the diet {Kcal/Ky)

En = energy from protein in the diet (Keal /Ky)
L
K, = E /%
+ p
Kz = Ep+f/b
R

Relsticonships:
K is a function of E

F is a functicn of e in juveniles, r=5.tC

p+f

F is a function of ep in adults, r=0.&5
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e =R x % x ¥, for aluls

Y

e =8 x & x Ko for o weniles
p+f =

From these relwtionships, another emerges c¢f the form:

<

T = ak®® + LKL - ¢
The foond efficicncy is thus correlated with the

o

otal energy in the diet ¥ ans the ratic (0<&,<i in the adult

1
fish) of the energy from protein, or tne ratio (G<K2<1 in the
juveniles) of the energy from protein plus fat relative to
the total energy in the diet.

The derived equations arcs

For the adults:

R S . -4
Fo= -1.07 z i07 'K E + 5 x 1¢ K,E - 0.095
1 1
For juveniles:
@ = ~3.37 x 10“7K222 + 1,58 x 10"3K2E - 0.2C3

P

A series of curves are drawn in Fig. 1% for various
Kl and K2 values. A parabclic relatiorshin appears between
the food efficiency and the cnersy in the diet. All the
curves are asymptotic at the same energy value: 2300-2490C
¥cal. The theoretical extremes of diet energy would be
0 Kcal and 4700 Xcal. Could the value 2350 Kcal be translated
~as the ideal caloric content of the optimal diet for
S. guttatus? This value is greater than the energy content

of Enteromorpha (1900 Kcal). On this low energy diet, the

adults would have to feed at 5.5% and the juveniles at

8.6% of the bedy weight to cbtain optimal food efficiency.
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On Entercmorphnsa alcne, adults have to feed at a rate of

6.5% and thse juveniles at 10.2%. Will the fish feed at these
high rates? It is cbviously cconcmically disadvantagecous to
have tc 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 28G0 XKcal and 177 protein
will permit a food efficiency of 0.5, but can the fish feed
at 7% of its body weight? A diet of 2700 Kcal and about
337 protein will permit the same food efficiency at a
feeding rate or 2.5%. 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 3703 Ecal and 337% protein
will pe a little more expensive but the amounts required
will be half that in adiet with 2800 Keal.

The touo low protein + fat content of the experimental
diet 1 did not permit it to be as efficienct as theoretical
diet 2 inspite of the equivalence of their total energy
(3600-3720 Kcal) (Table 16). At similar Koo the commercial
diet (K2=0056} and tae theoretical diet 2 (K2=0560) result
in different food efficiencies. The higher ¢ ash in the
theoretical diet 2 reduces the total erergy content of the
diet at the same sz the conseouent increase in feeding rate

increases the food efficiency.



Table 16.

Comparison between theorasticai diets and

dicts used in experiment on S. guttatus

Diet Total energy Feeding K, Food % Protein % Fat % WFE % Ash + Fiber
rate (%) efficiency
Theeretical diet 1 2800 7 0.4 0.51 17 5 42 36
Theoretical diet 2 3700 3.5 0.6 g.52 33 10 37 20
Theoretical diet 3 4200 1.75 0.7 0.22 44 13 32 11
Experimental diet 1 3600 4.0 0.25 0.23 139 3 64 14
Commercial diet 3600 2.9 0.56 5.38 33 5 42 10
Entercmorpha 1800 10.0 0.28 ¢.33 11 1 34 54
Table 17, The size of spawned egos and newly hatched Tarvee of siganids.

Sicanus sp.

Egg diameter
Lram)

Length newly

hatched larvae

Author

| canaliculatus

{(mm)

argenteus 0.65 2.5 Burgan, 1379
fuscescens 0.62-0.6¢ 2.6 Fujita and Ueno, 1854
lineatus - 2.5 Bryan and Madraisau, 1977
vermiculatus 0.56 1.5 Popper et al., 1976
rivulatus - 1.8-2.3 Popper ot al., 1973
canaliculatus C.5% 2.1 May et al., 1974

§.42-0.46 1.58 Soh and Lam, 15973

bs
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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 Kecal/kg
realize a food efficiency of $.17. Abeout 70-100% of the
females fed fresh ¥ood and the commercial diet spawned
monthly while only 307 ~f those fed the experimental diets
did so. The 19-267 protein content associated with the high
total energy (Z¢00-400C Lcal/kg) in the experimental diets
apparently do not permit high enough food intake, nor ¢nough
protein intake to support greater growth and reprcductive
activity.

Caution is necessary in the consideration and
application of the above results and exirapolations. The
relationships in Figs. £ and 3 ars significant inspite of
the varied guality of the diets used. The energy values
were calculated from the proximate analysis of the diets
and the calcric equivalents of the different classes of
energy sources, without due consideration of the origin
of the feedstuffs (Hastings, 1978; Smith, 1978). Another
peint is that the Kg valucs cre defined at €0} of the energy
from protein and 4C}% of the enersy 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 concert in the diet, the fish
will waste energy and the incroement 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 o food efficiency of .33 only if the
y

feediny rate is 147 (i.e. 1007 feeding rate in terms of fresh

Snteromorphal). Is this physiologically possible?

In summary, the model considers the biclogical
and economic aspects of S. guttntus nutrition and growth.,
it implies that production of juvenilc fish (200-250 g) would
require a formulated diet with about 3500-3700 XKcal/kg total
energy, 33% protein, 107 fat, 20¥ ash. For seed production
purposes; the feeding management of the brondstock should
take into account the herbivorous habit of the fish. The
model suggests that a diet of about 2400-280C Xcz2l/kg total
energy be given to adults at 4-5% feeding rate. An increment
in ash content will pernit 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

maturatiocn,

Spawning Season of $. guttatus

It has been shown that in captivity under conditions

of high protein diet, 5. guttatus spawned every month. The
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general condition of the fish appears tc get progressively
better towards July, and is particularly greater in June-
July and November than in March-iay. 1t was also shown that
broodstock 4 fed the same Jiet the wheole year produced
sigpificantly bigger eggs in July-Ausust, October and
January, than in HMarch-lav, Septemper and November. Within
the same month, the difference in mean eggz diameter from the
same broodstock does not exceed 10-15 um, whereas between
May and October, the difference is 40 um. This suggests a
genetic tendency tc preduce bigger eggs at certain months
0f the year, vprobably coincident with the natural spawning
season.

The spawning season of 5. guttatus in the wild may
not extend the whole year, but will nrobably cover June-July.

Fishermen in Guimaras note that adults with well-developed

gonads occur in shallow-water fish traps starting June

0]

eachr year. In nearby Cebu Island, S. guttatus fry could be
collected the whole year from different localities, and for
periods of 3~12 morths ir any one locality (Tahil, 1978).

If fry asre considered to be one month old, the highest
frequency of S. guttatus spawning around Cebu then appears
to be from February to May, in 70-801 of the places surveyed.

The spawning season differs among species of

Siganus. The spawning saason of S. canaliculatus in Negros
Island is February-Sentember (alcala and Alcazar, 1579),

whereas for S. vermicuiatus in Fiji, it is almost




the complementary period, November-February (Popper et al.;
1876). Information from vavicus authors (Lam, 1874: Pcpper

07T

and Gundermann, 1375, Joheanuvs, 1978) indicate that the

o5

spawning seasong 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 Februarv-June:; the second when
it occurs is usually around Hovember.

In tropical seas where the annual environmental
fluctuaticons arce minimai, time to maturation tends to be
considerably reduced and the frequency of spawning incrcased
(Hempel, 127%). S. guttatus has the potential to spawn
every mcenth, but ir the wild, it probably has “"rest"
neriods, imposed by fluctuations in food availability and
abundance. Siganid species that have omnivorous tendencies
will tend to have longer spawning seasons {(Lam, 1874).

S. guttatus has omnivorous food habits, can spawn every
month in captivity, and thus can very possibly spawn most

months c¢f the year in the wild.

Lunar Periodicity in Spawning of §. guttatus

In the one-ycar study conducted, S. guttatus spawned
during the first guarter period, 5-2 days before each full
moon. This pericdicity 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, 1878),
This Junar pericdicity in spawning has been explained

various ways. McVey (1872) is of the copinion that the most

important factor influencing the spawning of §. fuscescens

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

In the present study, 8. guitatus expericnced little change
in water level and water quality in the canvass tanks, yet
the fish spawned as predictod every month. ©On the other
hand, Schwassman (1971) sugrested that in the grunion,

"the time ¢f spawning seems toe be deterwmined Ly the inter-

action of a physioclogical rhytho of sonadal maturation ang

ot
@)

some factor related the second preceding full moon or

new moon'. Results cf my preliminary experiment suggest

that the environmental factor releasing maturation is strongly
associated with the 1light of the moon, since no other factor
fluctuated reguiarly undsr the conditions I studied. It is

of interest to mention that the guppy reacts directly to
different intensities and spectral rangzes of the moon

(Lang, 1967),

Johannes (197¢) =2rgsucs that spawning durins the new
moon and full moon periods, as cobserved in many coral reef
species would enhence the cffsheore flushing of eggs and
larvae away from benthic reef predators. The sicanids
appear to be one of th=z few groups thet spawn, not during

the full moon nor new meon pericd but duriaz the first
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quarter period (Johannes, 31878). Of the species of Sicanus

common in Philippine waters, 8. vormiculatus and S, cuttatus

\

spawn after the first auarter, while 5. canaliculatus spawns

before the first gquarter (llanacop, 1237; MacVey, 1872,

Popper and Gundermann, 1876; Johannes, 1881; this study).

Maturation Process

While it is common for cold-watcr 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 maturaticn
cycles and incrcased frequency of spawning. Vitellogenesis
takes 5 months in the black sea breazm (Soletchnik, 1382) but

only 20 days in tho loach (Suzuki, 19€63). Vitellogenesis

is completed within 27--28 days in $. guttatus (Fig. &).
In some months,; the cycle is longer prcbably because a
short resting period follows the spawning. eeding rates
are reduced during these rest periods of 2-3 days.
The rate of maturation is influenced by environmental
conditions (Lam, 1874). For 8. guttatus, the important
factor appears to be food abundance and diet quality. Host
of the female 8. guttatus fed the crustacean diet with
437 protein spawned nontnly for 11 consecutive months. In

contrast, S. vermiculatus under the same conditions of
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cantivity and fed the same diet from June to October did
not spawn (unpublished data). Suzuki (1983) induced captive
lcach to spawn 22 times in 27 consecutive months.

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

increment of 27 body weizght after § days starvation during which
the males and juveniles lest 5-107% of their body weight, and
the females that spawned, 11--147. In other words, this
female was 7-127 heavier than the others after 2 days
starvation. This weight increment is not due to food

intake and synthesis of materials, but due to an increase

in gonad weisht which is probably <due to water intake. On
the same score, Taylor (1980) sugeested that the ovarian
welght increase in the killifish is due to the accumulation
of water in the maturing oocytes. This uptake of water in
S. guttatus is also suggested by the fact that the diameters
of spawned eggs of broodstock A; B and D are significantly
different in June (Fig. 10), althcugh there were no
significant differences in cocyte diameters at D 20

June and D 17 July among the 3 broodstocks. Indeed, when
the c¢gg diameter increases as the fecundity decreases, one

proposed: that crowded eggs

©

physic¢al explanation may b
present less accessibility to water.

If uptake of weater by maturing ococytes does take
place, then scawater quelity uecomes an important factor

that sheculd be contreolled ir 8. cuttatus breeding systems.



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 baitch of oocytes that occurswith
the nizhest frequency in the ovary. In fact, the gametogenic
cycle includes the period of accumulation of nutrients by
the fish, the pericd of high metabolic activity from the
oogonium stage to the primary oocyte {(Giese and Pearse, 1974).
How long is the gametogenic cycle compared with tie follicular
maturation cycle (Taylor, 19&0)? lHow important is the food
intake mary months before (back -7 months), compared with
the food intake during vitellogenesis? These questions
need tc be answered so that the broodstock could be

appropriately managed,

Size and Quality of Eggs and Larvae

B. guttatus eggs measure 555 um on the average, and
the newly hatched larvee about 1.5 mm, although Avila (1980)
recorded 660 um for the eggs in 1977 and Duray (pers. comm.)
recorded 2.1 mm for the larvace in 1881. 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. argenteuq
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5. fuscescens nud 8. lineatus.

The highest values of egg diameter (5&80-58C um)
were recorded in June with the newly-captured fish from
Guimaras and in January with the hatchery-bred fish fed
commercial dist »pd then fed oxporirental Jdiet 1 for one
mon*l before the spawning. The spawners of these large-
sized eggs had low condition coefficients (0.012-90.013).

In §. guttatus, 2 nesntive correlntion is seen between the
condition of the spawners and the diameter of spawned eggs
(Takle 11) that is highly significant (P < 9.01). Hempel
(1979) has shown for the cod and brook trout a similer
correlation.

& negative correlation between fecundity (number
0of 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 equations

F = 599.6 - 7.29 D
where F is number of eggs/gram and D is egg diameter. This
relaticonship, however, is restricted to the higher range of
egg diameters (5280-585 um); if cxtrapolated to 525 um, an
unlikely fecundity of 5 million eggs would be attributed to
a 5006 o female. The inverse relation between fecundity and
egy size is usually denonstrated intcrspecifically
(Blaxter, 19€%), but apparcntly can be resolved also

intraspecifically in S. guttatus.
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The biochemical compositinn of 8. guttatus eggs is
not known, but from studies of other species, it is shown
that protein is the major constituent (Blaxter, 1969).
Protcin in egg yolk is what mostly goes into larval tissue,
and protein is what the spawnars should have in quantity to
synthesize the eggs. Thus the guality of cegs depends on

the diet of the broodstock.

Rearing and Feeding of S. guttatus Larvue
Rearing siganid larvae is generzally difficult
(Lam, 1874; May et al., 1973) beccuse of the need for small-
sized prey organisms. In the 6 mouthly rearing trials of
S. guttatus with about 20 spawns and feeding schemes, the

0.1-57 survival was achieved with Brachionus of the small

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

plus Isochrysis. Oyster larvae and Isochrysis may not

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

could be provided in adequate amounts. S. guttatus larvae
of 1.5 mm length heve mouth width of about 125 um
(Bagarinac, pers. comm.); the optimal size of first prey
is 70-100 um. Yufera (31882) has shown that depending on

the strain, 1-2/) or 807 of Brachionus plicatilis can be

smaller than 150 um. The culture nethod is alsc 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 observaticns). On the other hand,

unicellular alyrae such as Tetraselmis anid Isochrysis are

too small to pe of direct utility tc §. guttatus larvae.
sigzer larvae tend to have preater chaunces for
survival (Hunter, 19€1). 1In 1281, Duray (pers. comm.)

&

baed

recorded 157 survival of 3. guttatus larvac; these were

2.1 mm long at batching. The 5% survival of larvae in
January 13284 (this study) may be associated with the larger
egg diameter (£90 um); larger eggs give rise to larger larvae.
It would seerm from the size-relzted rearing problem
that S. guttatus is not so suitable for aguaculture. Other

tropical species used for aguaculture have bigger egg

14y}

milkfish, 1.2 mm; tilapia, 2-3 mm; sea bass, 0.8 mm; grey
mullet, 0.893 mm (Liaoc et al., 187% = MManeewongsa and
Tattanon, 1982; Nash st 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 concentraticns of Brachionus and Artemia

nauplii without any kind of clsgae and survive at high rates
of 70-8C7% durine the first morth (Fuchy 1981). Ciliateg
and tintinnids were found to be importent for first feeding
of the marbre (Divaroch Xentouri, 1983). Altaough oyster
trochophores are of tie righi size (40 um) for most newly
hatchad larvae, they do not consistently produce good

larval survival (inton et u'. , 1982; Lasker et al., 1370).
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The naked dinoflagellate Gymnodinium splendens has been uscd

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 tc the sanie prey. Symunodiniuwm is not

considered appropriats for grey mullet larvae (Hash et al.,
1974).

Variousg species of unicellular algae are used in
larval rearing, cf which “green' water Calorella is most
popular. Survival of many species of larvae is enhanced
by phytopiankton biooms in reariny tanks (Houde ’IQ73),

but not of all. 3. guttatus larvae in my study, provided

g
with 3 kinds of algae did nct survive past day 5 (Table 14).
Pepper et al. (1273) noted total mortality of S. rivulatus
2-12 days after they fed them unicellular algae. Popper

et al (1279) obtained similar results for S. luridus and

]

77
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S. argenteus. Bryan and Madraisau (10 obtained respectively

&/

for S. vermiculatus and S. lineatus, 8% survival out of 200

larvae and 18% survival out of 5000 larvac in big volumes of

W

20 mS and 8 m~ with high concentrations of multi-species
algae under field conditions.

The effect of phytoplankton on larval rearing is
not clear. It apparently z2cts as a water conditiouner Fhat
removes metabolites produced by fist larvae and their
zooplanrton prey, throush phctosynthetic activity., It

also serves as food for the zooplankton. TFor the rotifer



Brachionus, it may nct be necessary to add algae to the

rearing tanks, if freshly fed rotifers are given to larvae
every day, rotifers survive 2-2 days without algae at

28°C. On the other hand, alzal blooms in rearing tanks may
reduce the 1light intensity to levels favorable to the larvae.
However, in static systems, these blcoms may induce wide
fluctuations in envircnmental parameters within 24 hr., The
oxygen requirement increases considerably at night. Dead
algee are an inpertanrt substrate for bacterial infection that
very likely contaminates the larvae. The presence cf high
concentrations of alzal cells in rearing tanks may stress

the larvae that continually ingest them without gaining

any energy.
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CONCLUSIONS AND RICO-IENDATIONS

In captivity, 8. guttatus broodstocks under conditions
of high (43%) nrotein diet spawn every month during the
first guarter neriod, without hormonal treatment.
Broodstocks fed commercial diet (42%) protein and the
experimental diet 1 (18% protein) produced larvae that
survived to metamorphosis, with results being more
consistent with diet 1,

The length of newly--hatched larvae is correlated with
the egg diamecter. The egg diameter varies with the
broodstock source (wild or hatchery~bred) and diet, the
season, and verhaps salinity. Thus, broeoodstock diet
influences the quality of the larvae through the egg
size.

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

moutn width of 125 ym. The cptimal first vrey required
is 70-80 ym in size. Brachionus smaller than 100 um
constitute only a small percentage of the population.
The quality of Brachionus (culture salinity, dict) is
also an important factor in successful larval rearing.
Oyster eggs and trochophores do not scem so appropriate
for S. guttatus larvac. Other small living prey like
tintinnids and ciliates could be tried. Other siganid

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

lincatus produce bhigger eggs than S. guttatus. They
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condition tTact-r of fish on ¢diet 1, it is suTrestad
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Ash + fiber: 13237
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Errata

These relationships were obtained where
the energy from protein and energy from fat
constitute respectively 80% and 207 in
the adults, and 60% and 407 in the
juveniles.

7 combined regression

(Dabrowska and Wojno, 1977)

Westernhagen and Rosenthal (1976)

Burgan and Zeeleczky (1979)



	INTRODUCTION
	MATERIALS AND METHODS
	Experimental fish and holding systems
	Broodstock diets and feeding experiments
	Observation on growth, maturation and spawning
	Larval rearing

	RESULTS
	Consumption of fresh food and preference for Enteromorpha and squid
	Biochemical quality of the food actually consumed
	Feeding rate and growth of adults and juveniles
	Length-weight relationship
	Growth curve of Siganus guttatus
	Occurrence of spawning
	Spawner frequency
	Maturation of oocytes
	Some fecundity measurements
	Fertilization and hatching rates
	Diameter of eggs from different broodstocks
	Larval rearing
	Size and survival of larvae from different broodstocks

	DISCUSSION
	Growth and first sexual maturity
	Effect of diet quality on growth
	Consumption of fresh food
	Food efficiency and energy requirements
	Model for the formulation of diets for S. guttatus
	Spawning season of S. guttatus
	Lunar periodicity in spawning of S. guttatus
	Maturation process
	Size and quality of eggs and larvae
	Rearing and feeding of S. guttatus larvae

	CONCLUSION AND RECOMMENDATIONS
	REFERENCES
	Errata



