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INTRODUCTION 

Rock bream Oplegnathus fasciatus is one of 
high-valued species for aquaculture in Korea. Its 
high commercial value makes it a promising aqua-
culture species in East Asian countries, such as Ko-
rea and Japan (Lipton and Kim, 2009; Biswas et al., 
2010). However, there is lack of information on the 
proper water temperature and salinity for the metabo-
lism of rock bream and their related physiological 
factors such as oxygen uptake to support aquaculture 
development of this species.  

Oxygen is one of most vital factor in aquacul-
ture and oxygen consumption (OC) of aquatic organ-
isms is related with their metabolism. According to 
that fact, many researches investigated the OC of fish 
related to temperature (Franklin et al., 1994; Wares 

and Igram, 1979; Requena et al., 1997; Das et al., 
2005), salinity (Marais, 1978; Tsuzuki et al., 2008; 
Iwama et al., 1997), photoperiod (Chang et al., 
2005), and stocking density (Bjornsson et al., 2006; 
Miller et al., 1995). The researches on OC were con-
tinuously developed for aquaculture study in various 
species (Kim et al., 1995; Byun et al., 2008; Jeong et 
al., 2007).  

As previous studies suggested, salinity and 
water temperature influence the oxygen consumption 
rates of several fish species. However, there are still 
limited data explaining about the effect of salinity 
and temperature related to OC in rock bream. The 
null hypothesis is that salinity and water temperature 
change will not affect the oxygen consumption of 
rock bream. The alternative hypothesis suggests that 
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ABSTRAK 

Ikan rock bream Oplegnathus fasciatus merupakan salah satu spesies ikan laut yang memiliki nilai komersial tinggi di wilayah Asia Timur. 
Studi mengenai metabolisme terkait dengan faktor lingkungan untuk spesies ini masih sedikit dilakukan. Penelitian ini dilakukan untuk 
mengetahui efek salinitas dan suhu pada konsumsi oksigen ikan rock bream (Panjang total: 26.9 ± 0.6 cm, Bobot: 477.3 ± 61.9 gr) dengan 
menggunakan respiratory chamber. Penelitian dilakukan di Pukyong National University, Busan, Korea Selatan. Empat kelompok 
percobaan dilakukan untuk mengukur konsumsi oksigen berdasarkan salinitas (35, 25, 15, dan 35→5 psu) dan perubahan suhu 
(15→20→25oC). Hasil penelitian menunjukkan bahwa tingkat salinitas mempengaruhi penurunan konsumsi oksigen pada ikan rock bream 
(87.1, 78.3, 66.3, dan 58.5 mg O2/kg/jam masing-masing pada 35, 25, 15, dan 5 psu). Sedangkan konsumsi oksigen ikan rock bream 
meningkat dengan adanya peningkatan suhu pemeliharaan (35 psu: 64.7, 104.0, dan 175.9 mg O2/kg/jam masing-masing pada suhu 15, 20, 
dan 25oC; 25 psu: 45.8, 101.7, dan 185.9 mg O2/kg/jam masing-masing pada suhu 15, 20, dan 25oC; 15 psu: 29.8, 103.3, dan 155.5 mg O2/
kg/jam masing-masing pada suhu 15, 20, dan 25oC).  
 

Kata kunci : Rock bream, Oplegnathus fasciatus, Salinitas, Suhu, Konsumsi oksigen. 
 

ABSTRACT  
Rock bream Oplegnathus fasciatus is one of marine fish species with high commercial value in the region of East Asia. However, studies on 
the metabolism related to environmental factors for this species is still lacking. This study was therefore aimed to assess the effects of salini-
ty and temperature on oxygen consumption (OC) of rock bream (TL: 26.9±0.6 cm, BW: 477.3±61.9 g) was observed by using respiratory 
chamber to understand the optimal salinity and temperature for culture of rock bream. Research was conducted in Pukyong National Univer-
sity, Busan, South Korea. Four experimental groups were conducted to measure oxygen consumption (OC) according to salinity (35, 25, 15, 
and 35→5 psu) and temperature changes (15→20→25oC). The results showed that low salinity exposures tend to decrease OC of rock 
bream (87.1, 78.3, 66.3, and 58.5 mg O2/kg/h at 35, 25, 15, and 5 psu, respectively). Meanwhile, the oxygen consumption of rock bream 
increased with increasing water temperatures (35 psu: 64.7, 104.0, and 175.9 mg O2/kg/h at 15, 20, and 25oC, respectively; 25 psu: 45.8, 
101.7, and 185.9 mg O2/kg/h at 15, 20, and 25oC, respectively; 15 psu: 29.8, 103.3, and 155.5 mg O2/kg/h at 15, 20, and 25oC, respectively). 
 

Key words : Rock bream, Oplegnathus fasciatus, Salinity, Temperature, Oxygen consumption.  
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salinity and water temperature change will affect the 
oxygen consumption of rock bream. It suggests that 
the treatment will give significant impact on the rate 
of respiration. The aims of this study were to evalu-
ate the effects of different range of salinity and water 
temperature on OC of rock bream.  

 

MATERIALS AND METHODS 

Research was conducted in Pukyong National 
University, Busan, South Korea. The size of rock 
breams used in the experiments was 26.9±0.6 cm in 
total length and 477.3±61.9 g in body weight. The 
fish were fed twice a day at 2% of its body weight 
with commercial feed. In order to avoid the metabo-

lic effect, no food was given to any experimental fish 
during 24 hours before experiment. A total of four 
different experiments were conducted to investigate 
the effects of salinity (15, 25, 35 psu, and gradual 
salinity changes from 35 to 5 psu) and water temper-
ature (15oC, 20oC, and 25oC) on the OC of rock 
bream (Table 1).  

A closed recirculating system with a respira-
tory chamber was used to measure OC (dimension of 
respiratory chamber: 20 × 30 × 20 cm). Fish were 
stocked in the respiratory chamber for 3 hours before 
running the experiment in order to stabilize the meta-
bolic rate. The experimental fish were exposed with 
12:12 hour light:dark cycle (07:00-19:00, 19:00-

07:00). The methods for OC calculation and sche-
matic diagram of OC measuring system was adopted 
from Chang et al. (2005). Dissolved oxygen content 
on the inlet water was maintained not lower than 7.0 
mg/L in each experiment. Water temperature inside 
the respiratory chamber was increased gradually 
from 15oC to the target temperature at a rate of 
1.0oC/h to minimize any thermal shock to the fish in 
OC experiment according to water temperature 

change. Meanwhile, water temperature was kept con-
stant at 20oC in experiment to measure OC by gradu-
al salinity changes from 35 to 5 psu. Salinity was 
changed to lower salinity on the next day after one 
day OC measurement of target salinity.  

Breath frequency was counted using opercular 
cover movements (Wares and Igram, 1979). The 
opercular cover movements were counted for 1 mi-
nute interval and expressed as the average rate calcu-
lated from 10 records for each fish. In addition to 
measuring OC under different salinity, the behavior 
of the fish was observed during experiments, includ-
ing their movements in the water and breathing fre-
quency per minute. All data was tested to see the 
differences among the treatment given in this study 
using t-test and one-way ANOVA.  

 

RESULTS 

OC according to salinity and temperature 

The OC of rock bream according to salinity 
and temperature showed linear increase and fluctua-
tions (Figure 1). The fluctuations occured in 35, 25, 
and 15 psu during light and dark period. The pattern 
of OC was similar between each other. During the 
experiments, the OC of rock bream was slightly fluc-
tuated. However, the highest fluctuation of OC can 
be found in 25 psu at 20oC during light period.  

Another experiment in lowering salinity from 
35 to 5 psu showed the OC decline by salinity chang-
es. The rock bream consumed lower amount of OC 
in different salinity. The lowest amount can be found 
during 5 psu. Rock bream can survived and con-
sumed low amount of oxygen in 4 days at 5 psu. Af-
ter 4 days, rock bream finally died (Figure 2).  

Table 2 illustrated the OC in each experiment 
with significant differences according to water tem-
perature (P<0.05). The tendency of OC was de-

Experiment 
(Perlakuan) 

Water temp 

[Suhu air (oC)] 
Salinity (Salinitas) 

(psu) 
Number of fish 

(Jumlah ikan) 
I 15, 20, 25 35 1 

II 15, 20, 25 25 1 

III 15, 20, 25 15 1 

IV 20 35 → 25 → 15 → 5 1 

Table 1. Exper imental conditions in OC measurement (Kondisi perlakuan saat pengukuran konsumsi 
oksigen)  
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creased linearly with the lowering salinity in each 
temperature, with the highest value of 185.9 mg O2/
kg/h at 25oC in 25 psu and the lowest value of 29.8 
mg O2/kg/h at 15oC in 15 psu. The highest slope of 
OC was found in 25 psu with the b value of 12.94, 
while the lowest was found in 35 psu with the b val-
ue of 10.87. Another experiment in gradual salinity 
changes from 35 to 5 psu showed the same tendency 
to decrease the OC with the highest value of 87.1 mg 
O2/kg/h in 35 psu and the lowest value of 58.5 mg 
O2/kg/h in 5 psu (Table 3).  

The OC rate of rock bream showed higher 
value on light period rather than dark period at each 
temperature, except in 15 psu at 20oC (Table 4). The 
average value of OC during the light period was 
107.6, 115.7, and 110.1% than dark period at 15, 20, 
and 25oC, respectively in 35 psu. Meanwhile, the 
average value of OC during light period was 116.2, 
112.4, and 110.8% than dark period at 15, 20, and 
25oC, respectively in 25 psu. However, the average 
of OC during the light period showed lower amount 
than dark period in 15 psu at 20oC, the value was 
93.5% than dark period, while it was higher in light 
period than dark period showing the value of 131.1 
and 116.4% at 15 and 25oC, respectively. Significant 
differences of OC between light and dark period 
were only found at 25oC in each experiment 
(P<0.05). Furthermore, the slope were higher in 
light period compared to dark period, which means 

the OC was increased faster in light period than dark 
period. On the other hand, gradual salinity changes 
from 35 to 5 psu showed the percentage of 118.4, 
141.3, 124.4, and 115.1% in average value of OC 
compared between light and dark period at 35, 25, 
15, and 5 psu, respectively with higher slope during 
light period (Table 5).  

 

Fish breath frequency  
The slope of linear regression of breath fre-

quency according to different water temperature in 
rock bream at 35, 25, and 15 psu was 5.40, 4.42, and 
3.49, respectively (Figure 3). Meanwhile, the slope 
of linear regression of breath frequency according to 
gradual salinity changes in rock bream from 35 to 5 
psu was 0.81. These values indicated that the breath 
frequency increment was on the highest value at 35 
psu.  

 

DISCUSSION 

Results from this study suggested that OC of 
rock bream was affected by temperature increase. 
Their breath frequency and OC per breath were also 
increased in line with temperature rise. These results 
were similar with that of Oh et al. (2006), that 
reported the same species at juvenile stage the OC 
was increased in line with the temperature rise. 
Gardner and King (1922) as well as Chang et al. 
(2005) also reported that OC of fish increased 

Figure 1. Oxygen consumption (OC) of rock bream Oplegnathus fasciatus according to different salinity  
   and water temperature (Konsumsi oksigen ikan rock bream Oplegnathus fasciatus berdasarkan per- 

    bedaan salinitas dan suhu air).  
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directly as temperature rised. This study also showed 
that the highest OC was in 25 psu at 25oC, which 
means optimal condition for rock bream rearing was 
at that point.  

According to OC data, rock bream consumed 
higher amount of oxygen during light period than 
dark period. Beamish and Mookherjii (1964) report-
ed that OC of fish reflected the activity of fish itself. 
Associated with it, rock bream seems to be more 
active during day time than night time, which was 
similar with many fish species reported (Gibson, 
1973; Muller, 1978). The OC values from this study 
also showed lower values than reported by Lim et al. 
(2004) and Oh et al. (2010). These lower results 

caused by different species, density, and body 
weight. Rock bream seems to have low metabolism 
rate compared with other fish species observed.   

Salinity had impact on decreasing OC of rock 
bream from 35 psu to lower salinity. This phenome-
na was mostly associated with natural habitat of rock 
bream. It was also related to behavior and breath 
frequency of rock bream, as the results showed low 
activity at low salinity environment. Morgan and 
Iwama (1991) suggested that salinity was associated 
with the low metabolic rates. This results were simi-
lar to that of Jeong et al. (2007) when observing 
black porgy’s OC and found that OC values in 
freshwater was lower than seawater. However, the 

Figure 2. Oxygen consumption (OC) of rock bream Oplegnathus fasciatus in gradual lower ing salinity   
    changes at 20oC (Konsumsi oksigen ikan rock bream Oplegnathus fasciatus pada perlakuan        
    penurunan ke salinitas rendah secara gradual pada suhu 20oC).  

Experi-
ments/ 

(Perlaku
an) 

Water temperature (Suhu air) (oC) 
b a r2

 

15 20 25 

35  64.7 ± 7.5a***
 104.0 ± 16.3b*

 175.9 ± 12.2c**
 10.87 -102.47 0.833 

25 45.8 ± 6.7a**
 101.7 ± 11.6b*

 185.9 ± 12.4c**
 12.94 -154.36 0.883 

15 29.8 ± 9.0a*
 103.3 ± 7.7b*

 155.5 ± 16.7c*
 11.97 -145.02 0.887 

Table 2. Average OC (mg O2/kg/h) of rock bream Oplegnathus fasciatus according to different salinity and 
water temperature (Rata-rata konsumsi oksigen (mg O2/kg/jam) dari ikan rock bream Oplegnathus 
fasciatus berdasarkan perbedaan salinitas dan suhu air)  

Description: Each values represent means ± SD (n = 24).  Different superscr ipt letter s indicate significant differences among water 
temperatures in each salinity experiment, respectively. Asterisks indicate significant differences among salinities in each tem-
perature experiments (P<0.05, one-way ANOVA) (Masing-masing nilai menggambarkan nilai rata-rata ± standar deviasi 
(n=24). Perbedaan huruf yg dicetak atas mengindikasikan adanya pengaruh suhu air yang berbeda nyata pada masing-

masing perlakuan salinitas. Tanda bintang mengindikasikan adanya pengaruh salinitas yang berbeda nyata pada masing-

masing perlakuan suhu (P<0.05, ANOVA satu arah).  
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Experi-
ment 
(Per-

lakuan) 

Salinity(Salinitas) (psu) 
b a r2

 

35 25 15 5 

35→5 87.1 ± 16.6b
 78.3 ± 20.4a

 66.3 ± 13.3a
 58.5 ± 14.8a

 0.96 53.47 0.324 

Table 3. Average OC (mg O2/kg/h) of rock bream Oplegnathus fasciatus in gradual lowering salinity changes at 
20oC (Rata-rata konsumsi oksigen (mg O2/kg/jam) dari ikan rock bream Oplegnathus fasciatus pada 
perlakuan penurunan ke salinitas rendah secara gradual pada suhu 20oC)  

Notes:  Different superscr ipt letter s indicate significant differences between salinity, r espectively (P<0.05, one-way ANOVA) 
            (Perbedaan huruf yg dicetak atas mengindikasikan adanya pengaruh yang berbeda nyata pada masing-masing salinitas (P<0.05,  
            ANOVA satu arah)).  

Experi-
ments
(Perla-
kuan) 

L : 
D 

Water temperature (Suhu air )(oC) 
b a r2

 

15 20 25 

35 
L 67.1 ± 3.5a

 111.9 ± 17.9b
 184.4 ± 9.3c**

 11.72   -113.54 0.931 

D 62.4 ± 9.6a
   96.7 ± 10.5b

 167.4 ± 8.4c*
 10.50 -101.21 0.922 

25 
L 52.1 ± 6.9a

 107.6 ± 12.9b
 195.4 ± 7.1c**

 14.33 -168.19 0.961 

D 44.9 ± 4.1a
   95.7 ± 6.2b

 176.3 ± 8.6c*
 13.14 -157.24 0.970 

15 
L 33.8 ± 5.5a

   99.8 ± 4.3b
 167.3 ± 14.9c**

 13.35 -166.63 0.972 

D 25.8 ± 10.2a
 106.7 ± 8.9b

 143.7 ± 7.9c*
 11.79 -143.82 0.927 

Table 4. Average OC (mg O2/kg/h) of rock bream Oplegnathus fasciatus according to different salinity and 
water temperature during light (L) and dark period (D) (Rata-rata konsumsi oksigen (mg O2/kg/jam) 
dari ikan rock bream Oplegnathus fasciatus berdasarkan perbedaan salinitas dan suhu air saat peri-
ode terang (L) dan gelap (D))  

Notes:  Each values represent means ± SD (n = 12). Different letter s indicate significant difference between water  temperature in 
each experiment, respectively (P<0.05, one-way ANOVA). Asterisk indicates significant difference between light and dark in each 
experiment, respectively (*: P<0.05, **:  P<0.01, ***: P<0.001, t-test). (Tiap angka merupakan nilai rata-rata ± standar deviasi 
(n=12). Perbedaan huruf yg dicetak atas mengindikasikan adanya pengaruh yang berbeda nyata antar suhu air pada masing-

masing perlakuan (P<0.05, ANOVA satu arah). Tanda bintang mengindikasikan adanya pengaruh yang berbeda nyata antara 
terang dan gelap pada masing-masing perlakuan (*: P<0.05, **:  P<0.01, ***: P<0.001, uji-t)).  

Experiment 

(Perlakuan) 
L : D 

Salinity (Salinitas) (psu) 
b a r2

 

35 25 15 5 

35→5 

L 94.5 ± 20.4b
 91.7 ± 17.6b

 73.5 ± 12.1a
 62.6 ± 8.9a

 1.16 57.06 0.509 

D 79.8 ± 6.5b
 64.9 ± 12.9a

 59.1 ± 10.6a
 54.4 ± 18.2a

 0.76 49.89 0.239 

Table 5. Average OC (mg O2/kg/h) of rock bream Oplegnathus fasciatus in gradual lowering salinity changes at 
20oC during light and dark period (Rata-rata konsumsi oksigen (mg O2/kg/jam) dari ikan rock bream 
Oplegnathus fasciatus pada perlakuan penurunan ke salinitas rendah secara gradual pada suhu 20oC 
saat periode terang (L) dan gelap (D))  

Notes:  Each values represent means ± SD (n = 12). Different letter s indicate significant difference between water  temperature in 
each experiment, respectively (P<0.05, one-way ANOVA). Asterisk indicates significant difference between light and dark in each 
experiment, respectively (*: P<0.05, **:  P<0.01, ***: P<0.001, t-test). (Tiap angka merupakan nilai rata-rata ± standar deviasi 
(n=12). Perbedaan huruf yg dicetak atas mengindikasikan adanya pengaruh yang berbeda nyata antar suhu air pada masing-

masing perlakuan (P<0.05, ANOVA satu arah). Tanda bintang mengindikasikan adanya pengaruh yang berbeda nyata antara 
terang dan gelap pada masing-masing perlakuan (*: P<0.05, **:  P<0.01, ***: P<0.001, uji-t)).  
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results were different from Lim et al. (2004) whose 
observing on hybrid stripped bass and reported the 
opposite pattern of OC when comparing seawater 
and freshwater. 

 

CONCLUSION 

Salinity level and water temperature changes 
had significant impact to the oxygen consumption of 
rock bream Oplegnathus fasciatus. The oxygen con-
sumption of rock bream decreased with lowering 
salinities. Meanwhile, the oxygen consumption of 
rock bream increased with increasing water tempera-
tures.  
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