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Dai1y Food Intake， Feeding Activity and Growth of Marble Goby， 
Oxyeleotris mαrmor，αtus Juveni1es Reared 

under Different Salinity Levels 

Muhammad DARWIS¥ SI1TI RAEHAN姐 Muhd.Shaleh1 and Shigeharu SEN001 

Abstract: Marble goby， Oxyeleotris marmoratus is the most expensive freshwater fish and 
distributed throughout Southeast Asian regions. However， the stable mass seed production 
technique has not yet been established due to the high mortality during early juvenile stage after 
40 days after hatch (d AH). In this study， the effects of different salinities of 0，10 and 30 ppt on the 
daily food intake， feeding activity and growth of juveniles 40 -100 d AH were evaluated. The mean 
daily food intake and specific growth rate (SGR) of juveniles under the treatments varied from 
142.6-1096.9 inds. Artemiα/ day and 3.4 -6.6%， respectively， those being significantly higher (P< 
0.05) at 10 ppt salinity when compared to the others. The mean feed conversion ratio of juveniles 
under the treatments varied from 9.5 -19.1 those， being better at 10 ppt salinity than others. In the 
feeding activity， maximum feed intake was detected between 08: 00 -11 : 00， followed by 17: 00 -
20: 00 at all salinities， indicating that feeding twice a day seems to be adequate for juvenile mass 
production in hatchery scale. 

Key words: Oxyeleotris marmor.αtus; Juvenile; Salinity; Daily food intake 

Marble goby， Oxyeleotris marmoratus is a 

freshwater fish which belongs to the family 

Eleotridae and distributed throughout Southeast 

Asian regions (Mohsin and Ambak 1983; Inger 

and Chin 2002). 0. marmoratus is considered 

as a valuable fish due to the high demand and 

potential for cultivation. This is because 0. mar幽

moratus could easily adapt to captivi匂Tconditions 

and fed on artificial feed (Cheah et al. 1994). 

The farming of 0. mαrmoratus is largely 

depending on wild seed supply. However， its 

natural resource has decreased significantly due 

to over-fishing in recent years. The stable mass 

seed production technique has not yet been 

established because of the high mortali匂Tin early 

juvenile s阻geafter 40 days after hatch (d AH). 

The salini匂Tof rearing water was considered 

as a major cause of high mortality due to osmo-

regulation failure (Senoo et al. 2008). During 

the larval stage (1 -40 d AH) at 28
0

C， the high-

est survival was recorded in 10 ppt salinity 

Received July 22，2008: Accepted January 6，2009. 

level (SaL) (Senoo et al. 2008). Following that， 

the authors tested the early stage of juvenile 

during 40 -100 d AH and the highest growth 

and survival were also recorded in 10 ppt SaL. It 

is interesting to examine the reason why 10 ppt 

SaL is the optimum salinity for growth of juve-

niles O. marmoratus. 

The faster growth of the fish is a result of 

their ability to consume higher amount of feed 

ingestion (Silverstein et al. 1998). It has been 

well known that SaLs influence the dai1y food 

intake in fish. Through osmotic pressure， salin-

ity affects the growth and feed efficiency. The 

energy used for osmoregulation and basic 

metabolism can be minimized if the fish were 

reared in isosmotic condition， therefore feed-

ing consumption would be efficient， and con幽

sequently growth could accelerate (Ferraris 

et al. 1987; Jobling 1994). The energy used for 

osmoregulation could influence the feed con-

sumption， growth and survival in Oreochromis 

1 Borneo Marine Research Institute， Universiti Malaysia Sabah， 88999 Kota Kinabalu， Sabah， Malaysia. 
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niloticus (Cioni et aL 1991). 

The feeding activity of juvenile O. mαrmora-

tus has been remained poorly understood. In 

all stages of fish， information on availability of 

feed consumption is important to assist feeding 

management (McCarthy et aL 1983). It is neces-

sary to study the effects of salinity on daily food 

intake and feeding activity of O. mαrmoratus in 

the early juvenile stage. 

Materials and卦1ethods

Fish and reαring system forαcclimation 

The larvae were obtained from naturally 

spawned eggs under artificial condition (Senoo 

et aL 1993) at Fish Hatchery of Borneo Marine 

Research Institute of Universiti Malaysia Sabah 

for 60 days from June 15 to August 14 2007. 

The eggs hatched at 28.5 -30.5
0

C in a spawn凶

ing glass aquarium. At 1 d AH， the larvae were 

tr羽 lsferredinto a 1 m3 tank at 10 ppt SaL. The 

SaL in the rearing tank was gradually reduced 

to 0 ppt from 10 -35 d AH. The larvae were 

fed rotifer Brachionus sp. (10 inds./ml) until 

15 d AH. At 16 -35 d AH the larvae were fed 

with brine shrimp Artemia salina nauplii (10 

inds./larva). Emulsified cod oil juice and green 

water (Chlorella sp.) of 30 ml/m3/day were 

supplied， and nauplii were maintained at 1.5 x 

106 cells/ ml in the larval rearing aquaria. 

Three 150 1 fibreglass tanks were prepared 

and filled with freshwater. Five hundred 35 d 

AH larvae ware placed in each tank through 

5 days for acclimation to 0 ppt and increasing to 

10 and 30 ppt SaLs. The SaLs were regulated by 

mixing natural seawater and freshwater in rurト

ning water system and checked by a refractom-

eter (A位go，Tokyo， J apan). 

Experimental design 

Three rectangular glass aquarium (60 x 35 

x 40 cm) were prepared and filled with 70 1 of 

o ppt， 10 ppt and 30 ppt SaLs water， respectively. 

Four hundred juveniles at 40 d AH with 0.018:!: 

0.1 g BW and 1.23土 0.1cm TL in the acclimation 

tank were transferred into each aquarium and 

fed twice daily at 08: 00 and 17: 00 with nauplii of 

brine shrimp. During the rearing trial of 60 days， 

water quality parameters， dissolved oxygen， pH 

and temperature were varied from 6.0 -6.7 ppm， 
7.7 -8.6 and 26.8 -29.8

0

C， respectively. 

The observation on daily food intake was 

purchased every ten days during the period 

from 40 to 100 d AH. For the observation， nine 

transparent rectangular plastic aquarium (18 

x 26 x 17 cm) were prepared and filled with 6 1 

water of each SaLs. Triplicate experiments were 

conducted. The juveniles were randomly taken 

out from the rectangular glass aquarium and 

maintained at 30 fish/plastic aquarium. The first 

time for giving Artemia was at 8: 00. At each 

sampling time， counting number of Artemia 
in the rearing water was carried out every 3 h 

during 24 h (11:00，14:00，17:00，20:00，23:00， 

02: 00， 05: 00， and 08: 00). Based on our pre-

liminary observation， Artemia can survive for 

5 h in freshwater through pleasant acclimation 

process. Therefore， Artemia were added in 

the aquarium every 6 h to ensure that Artemia 

were always available for the juveniles. For 

observation， water sampling of 5 ml contain-

ing Artemia was taken at five places inside the 

aquarium (each corner and center of aquarium) 

by counting the number both live and die of 

Artemia. 

Daily Artemia intake for each sampling time 

(3 h) was calculated using the following for-

mula: 

r = v (K -Kt) / n 

where r is daily food intake (Artemia ind./3 h/ 

fish); v， water volume in the aquarium (l); K， 

initial concentration of Artemia (Artemiα/1); 

Kt， concentration of Artemia at the moment 

t (Artemia/l);久 numberof juveniles used in 

the experimental trial (indふ Consequently，
daily Artemia intake of juveniles/ day was calcu-

lated by counting the total number of Artemia 

intake/3 h each sampling time during 24 h. 

The feeding activity of juveniles O. maJι 

moratus was observed every 3 h， which was 

similar with the daily food intake observation. 

The observation was determined by individual 

feeding activiザ ofjuvenile O. mαrmoratus. 

Total 50% of the juveniles O. marmoratus were 

taken 10-day intervals for growth measurement. 
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Specific growth rate (SGR) was determined 

according to the following equation; 

SGR (%/ day) = 100 x (ln Wt -ln Wo) / t 

where ln Wt and ln 既 arethe natural loga-

rithms of final and initial weights， respectively， 
and t is白eperiod of measurement in days. 

Feed conversion ratio (FCR) was calculated 

using the following formula (Capuzzo 1983). 

Feed eaten (g) 

Body weight gain (g) 
FCR= 

Individual weight of Artemia is 0.002 mg. 

Therefore， feed eaten was determined by cal-

culated a total of Artemia eaten X weight indi陶

vidual ofArtemia (g). 

Data analysis 

All the mean data were expressed with their 

standard deviation. Statistical analysis was 

conducted using SPSS version 1.3. One-way 

ANOVA was used to determine differences 

among the experimental groups. Means were 

analyzed using LSD test. The statistical signifi-

cant differences were expressed as Pく0.05.

Results 

Daily Artemia intake 

The mean daily Artemia intake of juveniles 

o.mαrmoratus from 40 -100 d AH is shown in 

Table 1. The highest value ranged between 415.2 

土0.7-1096.9:t 0.2 ind./fish/day in 10 ppt SaL 

and the lowest intake of 142.6:t 1.4 -262.3:t 

0.7 ind./自由/day in 30 ppt SaL.官官 meandaily 

Artemia intake in 10 ppt SaL was significantly 

higher than those in other SaLs. The mean daily 

Artemia intake in 0 ppt SaL was significantly 

higher than those in 30 ppt SaLσable 1). 

Feeding activity and growth戸e穴formance

Feeding activi匂Tat 40 d AH somewhat varied 

among 0， 10 and 30 ppt SaLs (Fig. 1). In 0 and 

10 ppt SaLs， the maximum amount of Artemia 

intake was observed between 08: 00 and 11: 00. 

Then after the amount of Artemia intake 

decreased at 14:00. Artemia intake slightly 

increased at 17: 00 and decreased at 02: 00. The 
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Artemia intake increased again from 05: 00 

to 08: 00. In 30 ppt SaL， Artemia intake kept 

constantly金om11: 00 -20: 00， later decreased 

slowly until 08: 00. 

From 50 -100 d AH， the changes of Artemia 

intake in all SaLs were almost similar. From 
each observation， the Artemia intake rose at 

Table 1. Daily food intake (n宗 3)of juveniles Oxyeleotris 
marmoratus in different salinity levels (SaLs) during 
experiment. Sub-indices over the numeral denote signi:ficant 
different (Student-Newman悶Keuls(SNK) multiple range 
test， P< 0.05) 

Days after hatching Salinity levels 
(dAH) (ppt) 

Daily food intake 
(individuals/fish/ day) 

334.4 :t 
415.2:t o.r 
262.3:t 2.3c 

40 O 
10 
30 

50 364.8:t 0.2b 

504.4 :t 0.5a 

142.6土1.4c

O 
10 
30 

60 435.7:t3.0b 

686.6:t 1.4a 

162.0:t 1.9c 

O 
10 
30 

70 460.3土 O.4b

765.2:t O.la 

204.0:t 1.9c 

O 
10 
30 

80 527.4土0.2b

898.9土 0.03

323.4ことO.sc

O 
10 
30 

90 539.2こと0.5b

922.2土 0.83

326.6こと 1.7c 

O 
10 
30 

100 750.4 1.0b 

1096.9土 0.23

381.8:t 1. 7c 

O 
10 
30 
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Fig. 1. Feeding activity in 3 h of 24 h observation in differ-
ent salinity levels (SaLs) at 40 d AH. Verticalline indicates 
mean土SD(n;3). 



cantly higher than that in 30 ppt SaL (Fig. 8). 

The FCR of O. marmoratus juveniles was 

shown in Fig. 9. The lowest FCR was obtained 

in 10 ppt SaL and the higher one was in 30 ppt 

SaL. The FCR in 10 ppt was significantly lower 

than those in other SaLs. The FCR in 0 ppt SaL 

was significantly lowest than that in 30 ppt SaL. 

M. Darwis， Si投iR. M. S. and S. Senoo 

08:00-11 :00 and 17:00 -20:00 (Figs. 2， 3， 4， 

5，6 and 7)， butfel at 14:00-17:00 and 02:00 

05:00. 
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SGRandFCR 
The SGR of juvenile O. marmoratus at 10 ppt 

SaL was significantly higher than those in other 

SaLs.τbe SGR at 0 ppt SaL was also signi五幽
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Fig. 5. Feeding activity in 3 h of 24 h observation in differ-

ent SaLs at 80 d AH. Verticalline indicates mean :t SD (n~3). 
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Fig. 2. Feeding activity in 3 h of 24 h observation in differ-

ent SaLs at 50 d AH. Verticalline indicates mean :t SD (n~3). 
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Fig. 6. Feeding activity in 3 h of 24 h observation in differ-
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Fig. 3. Feeding activity in 3 h of 24 h observation in diffe子

ent (SaLs at 60 d AH. Verticalline indicates mean土SD(n~3). 
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Fig. 4. Feeding activity in 3 h of 24 h observation in differ-

ent SaLs at 70 d AH. Vertica11ine indicates mean:t SD (n~3). 
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Discussion 

τhe highest dai1y Artemia intake during 

this trial was obtained at 10 ppt SaL followed 

by 0 and 30 ppt SaLs. Few studies have been 

conducted on the effects of salinity on the food 

intake， which was influenced by many factors. 

Food intake and growth are affected by both 

biotic and abiotic factors， such as water temper-

ature， oxygen concentration， photoperiod and 

feed supply (Brett 1979). 

The present study showed that high SGR at 

10 ppt SaL was attributed to higher Artemia 

intake and lower FCR. This SaL may enable 

improving nutrient metabolism and energy 

retentions which lower energy cost for mainte幅

nance of juveni1es (McCarthy and Siegel 1983). 
1ρwer Artemia intake in 30 ppt SaL may be 

associated with energy cost for fish osmoregula-

tion and assimi1ation. In a non四isotonicmedium， 

the ability of juveni1e O. marmoratus to intake 

the feed is considered to decrease and conse-

quent1y influences on growth. Fish in isotonic 

medium cost revealed the lowest standard met-

abolic rate， whereas osmoregulation in seawater 

appeared to be energetically more expensive 

than in freshwater (Boeuf and Payan 2001). 

The energetic cost for osmoregulation is 

lower under nearly isosmotic medium and these 

energy savings would be substantially enough 

to increase the growth. For example， it was esti-

mated that osmoregulation consumed as much 

as 54 68% of the non-swimming metabolic 

output in two marine species of skipjack tuna 

Katsuwonusρelamis and yellowfin tuna Thunnus 

albacares (Bushnell and Brill1992). 

The observations at 40 d AH showed that 

the Artemia intake of juveniles was not stable 

among the treatments. It can be explained due 

to the adaptation process of juveni1es to new 
environmental conditions. The feeding pattern 

at 50 -100 d AH in the present study is almost 

simi1ar in all SaLs. This seems to be probably 
because of the feeding time application. The 

first feeding time in the present experiment was 

at 08: 00 h and the first observation at 11 : 00 h. 

Salinity may be one of the most relevant 

environmental parameters in regards to food 

intake and growth performance in many fish 

species. The food intake of European sea bass， 

Dicentrarchus labrax L. has increased when the 

fish reared in 27 ppt compared to 7 and 0 ppt 

SaLs (Rubio et al. 2005). In gold fish Cαrasszus 

auratus， salini匂T 2 and 4 ppt affected food 

intake， feed conversion ratio and growth com醐

pared with 0 and 10 ppt (Luz et al. 2008). 

For early juvenile Atlantic salmon， Salmo 

salar and brown trout， Salmo trutta， they tend 

to become nocturnal when the water tempera-

加redecreases， although they are diurnal fish 

(Heggenes et al. 1993; Fraser et al. 1995). In same 

species， Jobling et al. (1998) found that the fish in 

poly-culture system at constant low temperature 

also became nocturnal on feeding intake. In many 

studies， fish control their food intake under differ-

ent environmental conditions (temperature， light， 

salinity and hypoxia). Some of them showed they 

affected growth rates (Le Bai1 and Boeuf 1997)， 
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and this fact appears to be linked directly to the 

food ingestion (Gaumet et al. 1995). 

Juvenile O. marmoratus showed similar feed-

ing patlern in different SaLs. Each SaL showed 
仕latthe maximum feeding intake occurred in 

the morning (08: 00 -11 : 00) and evening (17: 00 

-20: 00). However， the morning feeding was 

higher than evening feeding. This appears to 

contrast with some previous findings， because 

sever討 authorshave reported that O. marmorlか

tus is nocturna1 fish (Mohsin and Ambak 1983; 

Ang 1990; Cheah et al. 1994; Senoo et al. 1994; 

Inger and Chin 2002). However， there has been 

no detailed information on stage-specific diet 

feeding activity. Furthermore， possibility that at 

the transforming stage from larvae to juveniles， 

the fish are feeding actively in the morning 

(08: 00 -11 : 00) and in the evening (17: 00 -

20: 00) but they become nocturnal when juvenile 

stage advances. Boujard (1995) found that feed鵬

ing activity related to differences in fish size and 

number of fish. 

Although Artemia were reared in different 

SaLs， the movement of Artemia was not differ-

ent. Therefore， the feeding activity of juveniles 

at each observation time in different SaLヨalso

not differences. From the present observation， 

there were no differences in moving activi匂Tof 

Artemia reared in 0， 10 and 30 ppt SaLs. Dead 

Artemia was found in all SaLs， even though 

large amount of Artemia in 0 ppt SaL died after 

5 h when compared with 10 and 30 ppt SaLs. 

In 60 days rearing trial juvenile 0. marmoratus 

presented the highest SGR at 10 ppt SaL. From 

the viewpoint of growth， the rearing at 10 ppt SaL 

appears to be most suitable. Saline water may 

be indispensable for juvenile 0. marmoratus， 

although adult 0. marmoratus is a freshwater 

fish. In freshwater species， carp Cyprinus cαrpio， 

it had been shown that rearing in 2 ppt SaL con-

siderably increased growth and food efficiency 

(Konstantinov and Martynova 1993). The best 

FCR was obtained at 10 ppt SaL. Those find-

ings clarify that the fish in optimum SaL can use 

effectively the feed to accelerate growth. In an 

optimum SaL， cod have a betler growth resulted 

from increase in food conversion efficiency 

(Lambert et al. 1994). In Chanos chω2OS， 0 ppt 

(freshwater) and 18 ppt (brackishwater) showed 

出ebetler FCR and feed efficiency compared 

to rearing in high SaLs (Alava 1998). From the 

result of the present study， suggested that feed-

ing given twice daily at 08: 00 and 17: 00 in opti-

mum SaL is adequate for juvenile 0. marmoratus 

mass production in hatchery scale. 
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飼育水の塩分がマーブルゴビ Oxyeleotrismαrmoratus 

稚魚、の摂餌と成長に及ぼす効果

Muhammad DARWIS . SITII Raehanah Md. Shaleh .瀬尾重治

マーブルゴピは，東南アジアに分布する最高級の淡水魚である。昨化後40日以降の早期稚魚期に

多量艶死が起こるため，いまだに安定した大量種苗生産技術は確立されていない。そこで，塩分の違

いが摂餌量，摂餌活動，そして成長に及ぼす影響を明らかにするため，塩分が異なる飼育水 (0，10 

および30ppt)で鮮化後40日の稚魚、を60B間飼育した。稚魚の摂餌量，成長速度 (SGR)および増肉

係数は，それぞれ142.6-1096.9inds. Artemia/day， 3.4-6.6%および9.5-19.1であり，いずれも塩分

10 pptにおいて最も優れていた。摂餌はいずれの塩分でも8:00-11: 00および17・00-20:00に活発

となり， 1 B 2回の給餌が稚魚の生産に適していることも示唆された。
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