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Time of digestion experiments were carried out in a 15-liter rearing glass aquaria (water volume 10

liters) containing 1,500 larvae. The larvae were fed with sufficient rotifer, Artemia or Moina and then trans-

ferred to another rearing glass aquarium without food. Samples of 20 larvae were checked at 10-minute

intervals until no food remained in the larval digestive tract. It was found that the time required to empty

the larval digestive tract with rotifer, Artemia or Moina was as follows. Larvae 3-18 days old fed with rotifer

took 130-180 minutes to empty the digestive tract while larvae 21-27 days old fed with rotifer and Artemia
took 110-120 minutes and larvae 30-45 days old fed with Moina took 80-100 minutes at water temperature

of 25-29ºC. Time consumed to empty the gut content tended to decrease as larval age increased.

Experiments to determined the time and amount of prey required to get satiation were carried out in

a 15-liter rearing glass aquaria (water volume 10 liters) containing 1,500 larvae. The larvae were fed with

rotifer, Artemia or Moina after starvation of 24 hr. Samples of 20 larvae were checked at 10-minutes intervals

after the start of feeding until 3 hr. It was found the time required to fill the larval digestive tract with rotifer,
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Artemia or Moina for 3-18 days old larvae was 80-110 minutes and amount of rotifer to get satiation was 4.8-

26 ind/larvae. For 21-27 day-old larvae the corresponding time was 60-80 minutes and was 28.5-31.6 ind/

larvae. For 30-45 day-old larvae the time was 40-60 minutes and amount of Moina to get satiation was 34.6-

52.4 ind/larvae at water temperature of 25-29ºC. The time required to fill the larval gut, tends to decrease

with larval age but the amount of prey required to fill the larval gut, tends to increase with larval age.

Experiments to determined the amount of food uptake in a day were done in a 15-liter rearing glass

aquaria (water volume 10 liters) containing 500 larvae, and 10 ind/ml of rotifer, Artemia or Moina. The

amount of food taken was calculated based on changes of rotifer, Artemia or Moina density in the rearing

glass aquarium with and without fish larvae, the 5 samples of each replication were examined at 2 hourly

intervals. The average amounts of rotifer uptake in a day for 3, 6, 9, 12, 15 and 18 day-old larvae were 58.8,

95.4, 64.0, 88.8, 134.0 and 147.4 ind/larvae, respectively. The mean numbers of rotifer added Artemia uptake

in a day by 21, 24 and 27-day old larvae were 181.6, 185.6 and 241 ind/larvae, respectively. And average

amounts of Moina uptake in a day for 30, 33, 36, 39, 42 and 45 day-old larvae were 177.4, 179.4, 214.8, 249.6,

362.8 and 366.2 ind/larvae, respectively.

Key words : time of digestion, time of satiation, daily food uptake, larviculture,
sand goby, Oxyeleotris marmoratus
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Studies on the sand goby have been carried
out by Hiranwat (1980), Silikun and Buawpun
(1980), Pasukdee and Sirikun (1982), Viputhanu-
mas et al. (1985) and Tawaratmanikul et al. (1989).
The growth of larval sand goby fed with living
food organisms has not been reported previously.
The growth and survival rate of larval and juvenile
fish are determined by various enviromental fac-
tors and food supply. Mass mortality of larval and
juvenile fish might occur if the food supply is
inadequate (Houde, 1978). For rearing larvae and
juveniles on set of feeding, feeding techniques,
feeding rate and amount of food uptake in a day
are very important. Therefore, it is essential to
determine digestion periods of larvae and juveniles
because feeding frequency depends upon duration
of digestion (Sagar and Glova, 1988).

The purpose of this study was to investigate
digestion time, amount of food to achieve satiation
in each meal and amount of food intake in a day of
larval sand goby in order to indicate the suitable
time for feeding and suitable food for larval sand
goby.

Materials and Methods

To determine gastric emptying time, experi-
ments were carried out using 15-liter aquaria (water
volume 10 liters) each containing 1,500 larvae. The

larvae were fed with living food organisms such
as rotifer, Artemia or Moina depending on larval
stage and then transferred to another aquarium
without food. Samples of 20 larvae were taken at
10-minute intervals until no food was observed in
the larval digestive tract. Specimens were fixed in
5% buffered formalin, and  the digestive tract was
later dissected (Hassan, 1990).

To examine time and amount of prey required
to fill the larval gut, the larvae were fed with living
food  organisms  i.e.  rotifer,  Artemia  or  Moina,
depending on larval stage after starvation of 24 h.
Samples of 20 larvae were taken at a 10-minute
intervals after start of feeding until 3 hr and then
fixed in 5% buffered formalin for later digestive
tract determination. The time required to fill the
larval gut was defined as the time when the greatest
number of ingested food was observed (Hassan,
1990).  All  experiments  were  done  in  15-liter
aquaria (water volume 10 liters) containing 1,500
larvae.

To determine the daily food uptake by the
larvae  and  juveniles,  three  experiments  were
carried out. All experiments were done in 15-liter
aquaria (water volume 10 liters) containing 500
larvae. The larvae were fed with living food orga-
nism i.e. rotifer, Artemia or Moina depending on
larval stage with food density of 10 ind/ml. The
amount of food intake was calculated based on
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changes of food density in the aquarium with and
without fish larvae, from which 5 water samples
were taken at 2-hour intervals. Aquaria without
larvae were set for a control of natural fluctuation
in food density (Hassan, 1990). Known numbers
of food were added when the density became low.

Results

The times required to empty the larval di-
gestive tract of rotifer for 3, 6, 9, 12, 15 and 18-
day-old larvae were 180, 180, 160, 160, 150 and
130 minutes, respectively, at a water temperature
of 25-29ºC. The times required to empty the larval
digestive  tract  of  rotifer  and  Artemia  for  21,  24
and 27-day-old larvae were 120, 110 and 110
minutes,  respectively,  at  a  water  temperature  of
25-29ºC, and the times required to empty the larval
digestive tract of Moina for 30, 33, 36, 39, 42 and
45-day-old larvae were 100, 90, 90, 80, 80 and 80
minutes, respectively, at a water temperature of
25-29ºC (Figure 1).

The times required to achieve maximum
number of rotifer in the larval digestive tract for
3, 6, 9, 12, 15 and 18-day old larvae were 110, 90,
80, 80, 110 and 100 minutes, respectively, and the
numbers of rotifer required for satiation of 3, 6, 9,

12, 15 and 18-day old larvae were 4.8, 7.5, 12.3,
13, 13.4 and 26 ind/larvae at a water temperature
of  25-29ºC.  The  times  required  to  achieve
maximum number of rotifer added Artemia in the
larval digestive tract for 21, 24 and 27-day old
larvae were 70, 80 and 60 minutes, respectively,
and the numbers of rotifer required for satiation of
21, 24 and 27-day old larvae were 28.5, 30.7 and
31.6 ind/larvae at a water temperature of 25-29ºC.
The times required to achieve maximum number
of Moina in the larval digestive tract for 30, 33,
36, 39, 42 and 45-day old larvae were 60, 50, 50,
40,  50  and  40  minutes,  respectively,  and  the
numbers of Moina reguired for satiation of 30, 33,
36, 39, 42 and 45-day old larvae were 34.6, 40.2,
42.8, 46.2, 50.2 and 52.4 ind/larvae at a water
temperature of 25-29ºC  (Figure 2 and 3).

The mean numbers of rotifer eaten in a day
by 3, 6, 9, 12, 15 and 18-day old larvae were 58.8,
95.4,  64.0,  88.8,  134.0  and  147.4  ind/larvae,
respectively. The mean numbers of rotifer added
Artemia uptake in a day by 21, 24 and 27-day old
larvae  were  181.6,  185.6  and  241  ind/larvae,
respectively. The mean numbers of Moina uptake
in a day by 30, 33, 36, 39, 42 and 45-day old larvae
were 177.4, 179.4, 241.8, 249.6, 362.8 and 366.2
ind/larvae, respectively (Figure 4).

Figure 1. Times required to empty the digestive tract of larval sand goby
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Figure 2.  Time required for feeding to  satiation by larval sand goby

Figure 3.  Number of food eaten to satiation of larval sand goby

Figure 4. Number of food eaten  per day by of larval sand goby
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Discussion

The time required to empty the larval di-
gestive tract of rotifer, Artemia and Moina were in
the  range of 1 hr 20 min - 3 hr. The digestive tract
of older larvae was better developed than that of
younger larvae, as it was found  that the digestive
period  in  older  larvae  was  shorter  than  in  the
younger  ones.  Tawaratmanikul  et  al.  (1988)
reported that the time to digest Moina particles by
giant catfish (Pangasianodon gigas) larvae aged
2-3 days, 5-6 days and 8-9 days were 3, 4 and
5 hours, respectively. Hassan (1990) measured
digestion time in mullet, Liza haematocheila; the
amount of rotifers or Artemia nauplii in the diges-
tive tract decreased rapidly at the beginning of
consumption , that to most of the food was digested
within  4  hr  and  the  digestive  tract  was  empty
within about 8 hr.

It was found that the time required to fill
the larval digestive tract with rotifer, Artemia or
Moina was in a range of 40 min. - 1 hr 50 min.
depending on larval age i.e. for 3-18 days old larvae
it was 80-110 minutes and the amount of rotifer to
get satiation were 4.8-26 ind/larvae. For 21-27 days
old larvae it was 60-80 minutes and the amount of
rotifer and Artemia to get satiation was 28.5-31.6
ind/larvae, and for 30-45 days old larvae it was 40-
60 minutes and the amount of Moina to get satia-
tion was 34.6-52.4 ind/larvae. The time required
to fill the larval gut, tended to decrease with larval
age. On the contrary, the amount of prey required
to fill the larval gut, tended to increase with larval
age. The time required for feeding to satiation of
larval sand goby is similar to that of other species.
Amornsakun  et al. (1998) reported that the time
required to fill the gut of larval green catfish (Mystus
nemurus) was in the range of 1 hr 30 min. - 2 hr
and the mean numbers of Moina in the digestive
tract of 3, 6, 9, 12 and 15-day-olds were 9.9,
21.2, 31.8, 24.2 and 68.8 ind/larvae, respectively.
Vatcharakornyothin  et  al.  (1988)  reported  that
the time required to get satiation with Moina of
freshwater catfish (Clarias macrocephalus) larvae
aged 5-6 days, 8-9 days, 11-12 and 14-15 days
were 105, 105, 105, and 75 minutes, respectively.

The times required to get satiation of sharp-tooth
African catfish (Clarias qariepinus) larvae aged
2-3 days,  5-6 days,  8-9 days,  11-12  and  14-15
days were 150, 150, 150, 150 and 75 minutes,
respectively. The satiation time of juvenile masu
salmon, Oncorhynchus masou was less than 60
minutes, with a tendency to increase with increas-
ing fish size (Nagata, 1989).

It was found that the larvae of age 3-45 days
spent 3-4 hr each time to feed on rotifer, Artemia
or Moina depending on larval stage. The mean
numbers of rotifer eaten in a day by 3, 6, 9, 12, 15
and 18-day old larvae were 58.8, 95.4, 64.0, 88.8,
134.0 and 147.4 ind/larvae, respectively.  Rotifer
were eaten by fish larvae in the range of 58.8-147.4
ind larvae-1 day-1. The mean numbers of rotifer
added Artemia eaten in a day by 21, 24 and 27-day
old larvae were 181.6, 185.6 and 241 ind/larvae,
respectively. Rotifer added Artemia  were eaten by
fish larvae in the range of 181.6-241 ind larvae-1

day-1.  And the mean numbers of Moina eaten in a
day by 30, 33, 36, 39, 42 and 45-day old larvae
were 177.4, 179.4, 241.8, 249.6, 362.8 and 366.2
ind/larvae,  respectively.  Moina  were  eaten  by
fish larvae in the range of 177.4-366.2 ind larvae-1

day-1. This increases with larval age as shown in
Figure 4. The numbers of prey consumed showed
a similar trend to those of other fish. Amornsakun
et al. (1998) reported that Moina were eaten by
fish larvae of green catfish (Mystus nemurus) in
a  range  of  61.56-421.74  ind  larvae-1  day-1.
Tawaratmanikul et al. (1988) reported that the
studies on numbers of Moina taken in a day by
giant catfish (Pangasianodon gigas) larvae for the
2-3 day, 5-6 day and 8-9 day old larvae were 64,
396  and  341  ind,  respectively.  Hassan  (1990)
reported the amount of food taken in a day by
larval and juvenile mullet, Liza haematocheila. A
23-day old larva and a 28-day old larva consumed
about 1,900 and 3,300 rotifers a day, respectively,
and a 31-day old larva and a 42-day old larva
consumed about 440 and 2160 Artemia nauplii a
day, respectively.  Bryant and Matty (1980) reported
optimum Artemia feeding rate for carp larvae,
Cyprinus carpio, to be 200-250% of their body
weight  on  Artemia  nauplii  per  day.  It  is  very
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important to determine the suitable amount of food
consumed by a larva per day at each stage of its
sequential growth. Suitably estimating the amount
food needed for a certain number of cultured larvae
or juveniles will ensure better growth and survival
as well as avoid unnecessary food wastage.

Acknowledgments

I  am  grateful  to  the  National  Research
Council of Thailand (TEC 45076) for financial
support  of  the  field  work.  I  also  thank  Miss
Wilawan Panrungsri for assistance in research.

References

Amornsakun, T., Hassan, A., Ambak, A. and Chiay-
vareesajja, S. 1998. The culture of green catfish,
Mystus nemurus (Cuv. & Val.) II: Gastric empty-
ing times and feed requirements of larvae fed
with Moina. Songklanakarin J. Sci. Technol.,
20(3): 379-384.

Bryant,  P.L.  and  Matty,  A.J.  1980.  Optimisation  of
Artemia feeding rate for carp larvae, Cyprinus
carpio Linnaeus.  Aquaculture,  21: 203-212.

Hassan,  A.  1990.  Study  on  the  Life  History  and
Aquaculture of the Mullet, Liza haematocheila
Distribute in the Ariake Sound.  Ph.D. thesis,
Graduate School of Marine Science and Engi-
neering, Nagasaki University, 199 p.

Hiranwat, S. 1980. Biology of Sand Goby, Oxyeleotris
marmoratus. Technical Paper No. 13, Thailand:
National Inland Fisheries Institute, 18 p. (in Thai)

Houde,  E.D.  1978.  Critical  food  concentrations  for
larvae of three species of subtropical marine
fishes.  Bull. Mar. Sci. 28(3): 395-411.

Nagata, M. 1989. Satiation and gastric evacuation in
juvenile masu salmon. Nippon Suisan Gakkaishi,
55(9): 1523-1528.

Pasukdee, S. and Sirikun, C. 1982. Rearing Sand Goby,
Oxyeleotris marmoratus by Using Rotifer. In
Annual Paper 1982, Thailand: Chainat Fresh-
water Fisheries Station, Inland Fisheries Divi-

sion,  Department  of  Fisheries,  Ministry  of
Agriculture and Co-operatives, p. 116-128. (in
Thai).

Sagar, P.M. and Glova, G.J. 1988. Diel feeding perio-
dicity,  daily  ration  and  prey  selection  of  a
riverine population of juvenile chinook salmon,
Oncorhynchus tshawytscha (Walbaum). J. Fish.
Biol., 33: 643-653.

Silikun, C. and Buawpun. 1980. Sand goby, Oxyeleotris
marmoratus propagation. Thai Fish. Gazet.,
33(1): 37-39.

Tawaratmanikul,  P.,  Viputanimat,  T.,  Mewan,  A.  and
Pokasap, K. 1988. Study on the Suitable Moina
Density  in  Nursing  the  Giant  Catfish,
Pangasianodon gigas. Technical Paper No. 6/
1988, Thailand: Pathumthani Freshwater Fish-
eries  Station,  Inland  Fisheries  Division,  De-
partment  of  Fisheries,  Ministry  of  Agriculture
and  Co-operatives,  6  p.  (in  Thai  with  English
abstract)

Tawaratmanikul, P., Meewan, A., Viputhanumas, T. and
Vatcharakornyothin, V. 1989. Sand Goby Pro-
pagation and Nursing. Technical Paper No.10/
1989, Thailand: Pathumthani Freshwater Fish-
eries Station, Inland Fisheries Division, Depart-
ment of Fisheries, Ministry of Agriculture and
Co-operatives, 25 p. (in Thai)

Vatcharakornyothin,  V.,  Viputhanumas,  T.,  Tawarat-
manikul, P. and Pokasap, K. 1988. The Suitable
Moina Density in Nursing the 3 Different Species
of Catfish Fries. Technical Paper No.7/1988,
Thailand: Pathumthani Freshwater Fisheries
Station, Inland Fisheries Division, Department
of Fisheries, Ministry of Agriculture and Co-
operatives, 22 p. (in Thai with English abstract)

Viputhanumas, T., Tawaratmanikul, P. and Vatchara-
kornyothin, V. 1985.  Larval Development and
Rearing. Annual Paper 1985, Thailand: Pathum-
thani Freshwater Fisheries Station, Inland Fish-
eries Division, Department of Fisheries, Ministry
of Agriculture and Co-operatives, p.71-89. (in
Thai)


