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Abstract. Two experimental groups were applied to measure oxygen consumption (OC) of
young grey mullets Mugil cephalus (TL: 27.3x2.1 cm; TW: 187.9+45.8 @) at different
temperatures (15, 20, and 25°C). Specimens of fish from seawater (30 psu) and freshwater (0
psu) were transferred in to brackish water (15 psu). Rate of fish OC after rearing in brackish
water, showed significant difference (P<0.05) in that the grey mullets consumed 90.9, 116.8,
and 172.1 mg O./kg/h at temperatures of 15, 20, and 25°C, respectively. In fish from
freshwater transferred to brackish water, grey mullets consumed 80.5, 114.4, and 161.5 mg
O2/kg/h at 15, 20, and 25°C, respectively (P<0.05). The results showed that the highest
oxygen consumption was found at 25°C compared to those at 15 and 20°C. However, the OC
from both groups did not differ significantly (P>0.05). It can be concluded, that the OC rate
of grey mullets on brackish water has the tendency to increase by temperature rise.
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1. Introduction

Grey mullets Mugil cephalus are distributed worldwide, mainly in tropical and subtropical region.
This species has potential to be developed as cultured species. Grey mullets are truly cosmopolitan
and considered as a commercially important food product [1]. Grey mullets has good osmoregulatory
capacity and can tolerate wide ranges of salinity (euryhaline) [2]. Grey mullets live in seawater as
their natural habitat. They can migrate from seawater to brackish water to feed and grow from
juvenile to adult [3].

The development of aquaculture for this species was required in order to serve the increasing demand
for this fish species. One important factor to support aquaculture development is the availability of
oxygen consumption (OC) data. Oxygen consumption is one of the most important factors in
aquaculture activities, as the oxygen is a vital condition for all organisms living in the water and
having an aerobic type of respiration. Oxygen requirement is one of the most important factors for
aquaculture maintenance of aquatic species, because it is related to metabolism processes. Recently,
metabolism process had become one of the most studied fields on animal physiology [4]. Oxygen
consumption can be used to measure the metabolic rate in fish. It will be useful for determining the
carrying capacity in aquaculture environments [5].
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The metabolism level on aquatic species may be affected by several external factors, such as oxygen
availability, temperature, and food intake [6]. The metabolic process in fish is also closely related to
temperature. Like most biochemical reactions, the reaction of aerobic metabolism is directly affected
by ambient temperature [7]. Thus, fish should have the mechanism to overcome this effect to provide
the energy that is required for ambient temperatures. Higher temperatures will escalate the proportion
of enzymes that have gained their activation energy levels, which increase the average rate of
biochemical reactions to enable more activities [8]. This condition requires more oxygen supply [9].
Therefore, fish metabolism is closely related to temperature. In most aquatic animals, the rate of
aerobic metabolism can be estimated indirectly by measuring the level of oxygen consumption.

Besides temperature, many researches investigated the oxygen consumption of various fish species
[10-12] on several environmental factors, such as salinity [13-15], photoperiod [16, 17], and stocking
density [18-21]. In terms of temperature, it was known that its effects contribute to fish physiological
processes. As an example, previous studies regarding the effects of temperature on fish growth have
been conducted on marine species such as sea bass Dicentrarchus labrax [22, 23], Atlantic cod Gadus
morhua and common eelpout Zoarces viviparus [24], cobia Rachycentron canadum [25, 26], golden
pompano Trachinotus ovatus [27], freshwater species such as African catfish Clarias gariepinus [28],
Channel catfish Ictalurus punctatus [29], nile tilapia Oreochromis niloticus [30], white sturgeon
Acipenser transmontanus [31], mrigal carp Cirrhinus mrigala [32], and common carp Cyprinus
carpio [33]. The impact of temperature on fish growth might vary depending on characteristics of the
fish species itself [34]. Research on oxygen consumption in relation to temperature also continues to
be developed for aquaculture purposes in various species [35-43].

According to the information above, we need to investigate the oxygen consumption in grey mullets
M. cephalus according to temperature changes for the development of its rearing management, as
currently the information on this remains incomplete. Thus, study on oxygen consumption will be
useful to support the aquaculture of grey mullets by providing some information, especially in rearing
conditions. In this study, we aim to assess the effects of different water temperatures on oxygen
consumption of grey mullets reared under brackish water environmental conditions.

2. Materials and Methods

Thirty one grey mullets M. cephalus (total length (TL): 27.3+2.1 cm, total weight (TW): 187.9+45.8
g) which were collected from Suncheon Bay and reared in culture tanks were used for the
experiments. Before the experiments, grey mullets were divided and acclimated into two different
rearing environments, which were seawater (SW, 30 psu) and freshwater (FW, 0 psu). The fish were
reared in recirculating tanks and fed twice a day at 2% of their biomass with commercial food. No
food was given to any experimental fish for 24 hours after the experiments started.

As shown in table 1, two experiments were conducted to measure the OC according to water
temperature changes (15°C, 20°C, and 25°C) of grey mullets M. cephalus. Those two experiments
were fish from seawater (SW, 30 psu) reared in brackish water (BW, 15 psu) as known as seawater
directly transferred to brackish water (SDB) and fish from freshwater (FW, 0 psu) reared in brackish
water (BW, 15 psu) as known as freshwater directly transferred to brackish water (FDB).

Table 1. Experimental conditions in OC measurement

Experiment  Water temp. Salinity Total length Body weight Fish
al groups change (°C) (psu) (cm) (0) number
SDB 15-20-25 15 29.6+1.8 234.0+£31.2 3
FDB 15-20-25 15 27.1+0.5 181.3+18.0 3

Descriptions: SDB: fish reared in SW transferred to BW, FDB: fish reared in FW transferred to BW.

To measure the OC according to water temperature changes, OC measurement system and OC
calculation methods were adopted from a previous study [16]. Three grey mullets were put into a
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respiratory chamber (dimension = 20 x 30 x 20 cm) inside the closed recirculating system with
photoperiod of 12 hours light (07:00 - 19:00) : 12 hours dark (19:00 - 07:00). The measurements were
conducted with five replicates. Dissolved oxygen (DO) of inflow water was maintained above 7.0
mg/L in each experiment, while the salinity inside the closed recirculating system was kept stable at
15 psu. During experiments, water temperature inside the OC measurement system was increased
slowly from 15°C to the target temperature at a rate of 0.5°C/h to avoid any thermal shock. In order to
evaluate the fish activities during the experiments, the breathing frequency was also observed during
experiments. All statistical analysis were performed by one-way ANOVA method (PASW Statistics
18).

3. Results and Discussion

As shown in figure 1, the OC according to temperature rises for each experiment and showed a linear
increase in line with temperature. The OC of grey mullets which was observed every hour clearly
showed various types of OC fluctuations. Various rhythm has appeared at each water temperature
during continuous measurements from 15°C to 25°C. Sudden increase of OC occured in each
experiment during the beginning of the light period and the dark period with various amounts in each
experiment.

Based on the OC according to temperature changes in SDB, the grey mullets consumed 90.9, 116.8,
and 172.1 mg Ox/kg/h at 15, 20, and 25 °C, respectively, showing significant differences at each
temperature (P<0.05). Similar patterns with SDB, grey mullets in FDB consumed 80.5, 114.4, 161.5
mg O./kg/h at 15, 20, and 25 °C, respectively (P<0.05). The OC values in FDB were a bit lower than
SDB. However, no significant difference was found (P>0.05) (table 2).

450
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Figure 1. OC of grey mullets Mugil cephalus by water temperature. SDB and FDB are the same
abbreviations as shown in table 1.

Table 2. Average of OC (mg O./kg/h) of grey mullets Mugil cephalus in each experiment
Water temperature (°C)

15 20 25

SDB 90.9 £ 4.48* 116.8 + 15.5* 172.1 £13.3%* 8.12 -35.84 0.854

FDB 80.5 £ 13.6** 114.4 +16.1°* 161.5 £ 10.8%* 8.12 -43.26 0.853
Descriptions: All abbreviations are the same as shown in table 1. Each value represent means + SD (n = 24).
Different letters indicate significant differences between water temperatures in each experiment,
respectively. Asterisks indicate significant differences between each experiment (P<0.05, one-
way ANOVA).

b a r2

Group

Compared to the previous studies [44, 45], OC rate in the present study was lower. However, another
study on flatfish Senegalese sole (Solea senegalensis) showed lower values of OC compared to this
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study [18]. Our results were similar with another study [46], which reported from different species at
juvenile stage that the OC increased in line with the temperature rise. Another previous studies on
different species [16, 47] also reported that OC of fish increased directly with the temperature rise.
The results showed that water temperature is considered as one of the important parameters
influencing the OC of grey mullets. Breathing frequency and OC per breath were also influenced by
temperature rise. The difference of results compared with previous studies was likely to be influenced
by different species, density, and body weight.

During light and dark periods, fish in each experiment showed various patterns of OC according to
temperatures in both groups. In SDB, the average OC during the dark period was 94.8, 104.9, and
104.4% of that of the light period at 15, 20, and 25°C, respectively. Which means at 20 and 25 °C grey
mullets consumed higher amounts of oxygen during dark periods than light periods (P<0.05).
Meanwhile, in FDB, the average OC during the dark period was 78.2, 93.2, and 105.0% of that of the
light period at 15, 20, and 25°C, respectively. The change in tendency of OC during light and dark
periods was found in these experiments. The results from two experimental groups showed that grey
mullets on SDB consumed a slightly higher amount of oxygen in dark period at 20°C and 25°C after
they consumed a higher amount of oxygen in light period at 15°C, whilst the grey mullets on FDB
consumed higher oxygen during dark periods at 25°C after previously consuming more oxygen during
light periods in 15 and 20°C. The slope (b) of linear regression in SDB during the light period was
higher than FDB. However, the pattern was conversely during the dark period. The slope (b) of linear
regression in SDB during the dark period was lower than in FDB (table 3).

Table 3. Average OC (mg O/kg/h) of grey mullets Mugil cephalus during light and dark periods in
each experiment

Water temperature (°C)

Group L:D b a r?
15 20 25
SDB L 93.3+4.3? 114.048.2° 168.4+£12.0¢ 751 -2497 0.876
D 88.5+3.0? 119.6+20.4° 175.8+£14.1¢ 873 -46.70 0.849
FDB L 90.3+£8.42 118.4+17.1° 1575+£11.5° 6.72 -12.39 0.827
D 70.6+£10.3%* 110.3+14.50* 165.4+£8.7¢ 9.48 -74.13 0.918

Descriptions: All abbreviations are the same as shown in table 1. Each values represent means + SD (n = 12).
Different letters 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).

Within this study, another parameter that could be considered as an influencing factor to the OC of
grey mullets is photoperiod. Results showed that grey mullets consumed a higher amount of oxygen
during light periods than dark periods in brackish water. Both groups showed that the energy demand
of grey mullets is elevated in the morning. These findings indicated that grey mullets were more
active in the morning and sensitive to the light. Another pattern that occurred in the experimental
groups was that the OC shifted from lower consumption amount at dark periods to lower consumption
amount at light periods or vice versa. These conditions indicated that the OC increase of grey mullets
was faster in SDB during light period, whilst in dark period it was faster in FDB. OC of fish reflected
the activity of the fish themselves [48]. Similar with other fish species [49, 50], grey mullets seem to
be more active during day time. Compared with a previous study according to photoperiod using
different species [17], it showed higher results of OC values than grey mullets. The results were likely
to show that grey mullets had a lower metabolic rate under a 12 h photoperiod. It could affect their
growth, physiological and hematological parameters [17]. Daily variations in OC will have an
influence on the water quality requirements of cultured fish. The requirements should be estimated
according to peak OC rates rather than the daily average OC [51].

The breathing frequency of grey mullets from whole experiments at 15, 20, and 25°C shown in figure
2. The slope of linear regression of breath frequency according to different water temperatures in SDB
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and FDB was 2.96 and 2.11, respectively. These values indicated that the breathing frequency in SDB
has been rapidly increasing.
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Figure 2. Breathing frequency per minute and OC per breath in grey mullets Mugil cephalus in SDB
and FDB. All abbreviations are the same as shown in table 1

According to this study, both groups showed that the breathing frequency of grey mullets increased in
line with temperature rise. Compared to previous studies [12, 16, 52], the present study has a similar
pattern. At higher temperatures, fish required an upsurge of breathing frequency for more oxygen
uptake from the ambient water [53]. It means that normally fish will increase their breathing
frequency at higher temperatures within their tolerable temperature range.

4., Conclusion

The OC rate of grey mullets in brackish water has shown to have the tendency to increase by
temperature rise. Based on our results of OC and behavioral observations, culturing grey mullets in
brackish water could be applied at 25°C to optimize aquaculture of this species. We point out that
further detailed studies were needed in order to observe the growth of grey mullets in brackish water
at several rearing temperatures.
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