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Abstract

Marbled spinefoot, Siganus rivulatus, is a herbivo-

rous euryhaline teleost widely distributed in the

Eastern Mediterranean. It is an economically valu-

able species and a suitable candidate for warm

water aquaculture. Accordingly, understanding

the effects of environmental factors on fish meta-

bolism is important to optimize culture conditions.

Two experiments were performed to establish stan-

dard metabolic rate and study the effect of salinity

on metabolism of marbled spinefoot. In the first

experiment, a series of flow-through respirometry

experiments was performed at 27°C and 35 g L�1.

The standard metabolic rate of marbled spinefoot

juveniles was calculated as 0.57 � 0.02 mg

O2 g�1 h�1 (mean � SE). In the second experi-

ment, fish were maintained at salinities of 25, 30,

35 and 40 g L�1 for 2 weeks. Flow-through

respirometry was performed to measure respiration

rates at the various salinities. Respiration rates

were similar among fish in salinities of 30, 35 and

40 g L�1 but increased significantly at 25 g L�1.

Results suggest that despite the euryhalinity of

marbled spinefoot, farmers should maintain

salinity within the optimal range of

30–40 g L�1 in order to improve productivity.
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Introduction

Siganus rivulatus, commonly known as marbled

spinefoot or marbled rabbitfish, is an herbivorous

fish native to the Indo-West Pacific Regions

(Woodland 1983). Following its invasion from the

Red Sea via the Suez Canal, marbled spinefoot

established large populations along the Eastern

Mediterranean coast (Ghanawi, Saoud & Shalaby

2010). Owing to its commercial importance and

market value, rabbitfish is considered an economi-

cally valuable species and a potentially suitable

candidate for warm water aquaculture (Saoud,

Ghanawi & Lebbos 2008; Saoud, Mohanna &

Ghanawi 2008; El-Dakar, Shalaby & Saoud 2011).

In aquaculture, determining optimal rearing

conditions is essential to improve growth perfor-

mance and increase yields. Respirometry allows

for an estimation of metabolism which increases

during stressful conditions. Accordingly, respirom-

etry can be used to assess the effects of environ-

mental stressors such as salinity. Salinity can have

an impact on fish metabolism in both natural and

aquaculture conditions (Varsamos, Wendelaar

Bonga, Charmantier & Flik 2004). When fish are

salinity stressed, osmoregulatory mechanisms are

employed, whereby energy is expended and opti-

mal growth potentially compromised (Varsamos,

Nebel & Charmantier 2005). Accordingly, estimat-

ing metabolic expenditure through respirometry is

a good indicator of stress and environmental

effects on organisms.

S. rivulatus is a euryhaline fish capable of toler-

ating wide ranges of salinity (10–50 g L�1), with

optimal salinity for growth being 35 g L�1 (Saoud,

Kreydiyyeh, Chalfoun & Fakih 2007). However,

no data are available on the effect of salinity on

respiration rates and to what degree metabolic

energy expenditure changes with salinity. The pre-

sent study was designed to establish the standard

metabolic rate (SMR) of marbled spinefoot juve-

niles in what is considered optimal conditions

(Saoud et al. 2007, 2008), and study the effect of

salinity on metabolism by measuring oxygen con-

sumption rate at various salinities. This study
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would potentially allow for a better understanding

of metabolism and stress response of S. rivulatus,

in an attempt to further optimize growth perfor-

mance and thus increase yields.

Materials and methods

Fish acquisition and holding

Marbled rabbitfish, S. rivulatus, fingerlings were

caught in traps off Ain El Mreisseh beach in Bei-

rut and transported in aerated water to the mar-

ine research laboratory at the American

University of Beirut (AUB). Fish were quarantined

in an outdoor 1-m3 circular tank (1.14-m diame-

ter; 1-m depth) connected to a biological filter for

4 weeks, and were offered a 40% crude protein,

8% lipid commercial feed (Rangen Inc., Buhl, ID,

USA) three times daily to apparent satiation. Dis-

solved oxygen concentrations were maintained

greater than 5 mg L�1, salinity at 35 g L�1 and

water temperature at 27°C (Saoud et al. 2008).

The fish were fasted for 24 h prior to the start of

all experiments in order to avoid post-prandial

metabolism.

Respirometer design and operation

Flow-through respirometry was used for the pre-

sent experiment. A Strathkelvin 929 6-Channel

Dissolved Oxygen System was used for respiration

measurements. The apparatus consisted of a glass

water container (80 9 80 9 80 cm; W 9 L 9 H)

and a 4000-mL Erlenmeyer flask, a submersible

electric heater to maintain water temperature at

27°C, a La Motte thermometer to monitor the tem-

perature, and two submersible water pumps to

maintain a standard water level in the Erlenmeyer

flask (Fig. 1). The container was filled with filtered

seawater, and salinity was adjusted to 35 g L�1.

Water was continuously aerated using two diffuser

air stones connected to an air pump. Before each

experimental run, water was chlorinated and left

for 24 h before de-chlorination with sodium thio-

sulfate, and respiration chambers and all water

tubes used were washed with 10% HCl to reduce

bacterial growth that might affect oxygen mea-

surements. Strathkelvin RC400 respiration cham-

bers (730 mL, 102 mm in diameter) were used,

and water in the chambers was mixed slowly

using a magnetic stir bar under a perforated false

bottom.

Experiment 1: Standard metabolic rate – oxygen

measurements

In all the experiments performed, water tempera-

ture was maintained at 27°C, salinity at 35 g L�1

and pH between 8.0 and 8.2. Following calibra-

tion, fish were placed in respirometry chambers

and water was allowed to flow through the cham-

bers. Flow was regulated such that dissolved oxy-

gen inside each chamber was kept above

4 mg L�1. Fish were allowed to acclimate to their

environment for 6–7 h until respiration rate was

stable for at least 1 h, and then oxygen concentra-

tion in inflowing and outflowing water was

recorded, and flow rate measured.

During each experiment, three chambers were

run simultaneously, and one chamber was always

kept empty and used to calculate a correction fac-

tor for O2 uptake. All chambers were covered with

black plastic sheets to avoid disturbance that

might stress the fish. A total of 14 tests were per-

formed with two to four fish per chamber. Average

total weight of fish in each chamber was

5.88 g � 0.38 (mean � SE) (Table 1). Measure-

ments of mass-specific oxygen consumption rates

were obtained using the 929 Strathkelvin soft-

ware. The calculations were based on the Saoud

and Anderson (2004) formula:

VO2 ¼ FR � ð½O2�i � ½O2�fÞ
BW

where VO2 is the oxygen consumption rate or res-

piration rate (mg O2 g�1 h�1), FR is the water

flow rate (L h�1), [O2]i is the oxygen content in

inflowing water (mg O2 L�1), [O2]f is the oxygen

content of outflowing water (mg O2 L�1) and BW

is the body weight of experimental animal in

grams. Average respiration rate of all experimental

runs was assumed to equal an estimation of stan-

dard metabolic rate of juvenile marbled spinefoot.

Experiment 2: Effect of salinity on oxygen

consumption of S. rivulatus

Experimental fish were maintained in an indoor

environmentally controlled recirculating system

consisting of four batteries of four 180-L square

fibreglass tanks (60 9 60 9 50 cm; L 9 W 9 H).

Water was aerated using a regenerative blower

and submerged air diffusers. Each system was
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connected to a biological filter and settling tank

equipped with a 300-W submersible heater that

maintained water temperature at 27°C.

Measurements of salinity, temperature and oxygen

in the tanks were performed daily using a YSI

Model 85 oxygen meter (Yellow Springs Instru-

ment Company, Yellow Springs, OH, USA). Four

salinities (25, 30, 35 and 40 g L�1) were chosen

for the experiment based on previous determina-

tions of salinity tolerance by Saoud et al. (2007).

Marbled spinefoot juveniles were randomly caught

from the outdoor quarantine tank and equally

divided among the four indoor recirculating sys-

tems. Salinity was reduced by two ppt daily to 30

and 25 g L�1 by gradual additions of dechlori-

nated tap water to sea water in the tanks. Salinity

of 40 g L�1 was reached by allowing tank water

to evaporate and salinity to increase. Following

salinity adjustment, fish were allowed to acclimate

for 2 weeks before the respirometry experiments

commenced.

Metabolic rates of fish at the various salinities

were assessed using flow-through respirometry. All

fish were starved for 24 h prior to the start of

each experiment. The same respirometer design

and procedure used in experiment 1 was used.

Three respiration chambers were used during each

Figure 1 Schematic diagram of the flow-through respirometry setup.

Table 1 Standard metabolic rate of juvenile marbled

spinefoot, Siganus rivulatus, at 27°C and 35 g L�1. Fish

weight refers to the total live fish biomass in the chamber

Fish number

in chamber

Fish

weight (g)

Respiration rate

(mg O2 g�1 h�1)

1 3 8.31 0.56

2 3 5.31 0.68

3 3 5.96 0.59

4 3 7.01 0.65

5 3 6.42 0.63

6 4 7.84 0.64

7 3 4.30 0.56

8 3 4.70 0.61

9 4 3.95 0.58

10 3 6.28 0.41

11 3 7.33 0.52

12 3 5.98 0.51

13 2 4.88 0.49

14 3 4.11 0.49

Mean � SE 5.88 � 0.38 0.57 � 0.02
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run, one of which was always used as a control.

Two fish (7.05 g � 1.43; mean total weight per

chamber � SE) corresponding to any randomly

chosen salinity treatment were placed in each of

the two respiration chambers. Fish were allowed

to acclimate to the respirometry chamber (6–7 h)

until respiration rate was stable for at least 1 h,

and then oxygen concentration in inflowing and

outflowing water was recorded, and flow rate mea-

sured. Fish in each chamber were group-weighed

after termination of the respirometry measure-

ments and mass-specific oxygen consumption rates

calculated accordingly. Oxygen consumption rates

were calculated following the same calculation

method used in the first experiment. Respiration of

the fish in a respirometry chamber at each of the

salinities tested was replicated ten times.

Statistical analysis

Statistical analysis was performed using SAS 9.2

statistical software (V 9.2, SAS Institute Inc., Cary,

NC, USA). Differences in respiration rates of

S. rivulatus among the various salinity concentra-

tions were analysed using a one-way ANOVA. Signif-

icant differences among treatment means were

determined using Student Newman–Keuls means

separation test. Differences were considered signifi-

cant at P < 0.05.

Results

Experiment 1: Standard metabolic rate

Average respiration rate of all experimental runs

was calculated as an estimation of standard

metabolic rate of juvenile marbled spinefoot at a

salinity of 35 g L�1 and temperature of 27°C.
Respiration rates ranged from 0.41 to

0.68 mg O2 g�1 h�1 with a standard metabolic

rate of 0.57 � 0.02 mg O2 g�1 h�1 (mean � SE)

(Table 1).

Experiment 2: Effect of salinity on oxygen

consumption of S. rivulatus

Respiration rate did not vary significantly among

fish in salinities of 30, 35 and 40 g L�1 with rates

of 0.41 � 0.04, 0.43 � 0.04 and 0.33 �
0.01 mg O2 g�1 h�1 (mean � SE) respectively

(Fig. 2). At a salinity of 25 g L�1, respiration rate of

S. rivulatus was 0.89 � 0.10 mg O2 g�1 h�1,

significantly greater than at other salinities tested.

Although respiration rate at 40 g L�1 was not sig-

nificantly different from that at 30 and 35 g L�1, it

was numerically a smaller value, suggesting slower

metabolism at 40 g L�1 than at other salinities.

Discussion

Experiment 1: Standard metabolic rate

Prior to performing any studies on fish metabo-

lism, it is necessary to estimate the standard meta-

bolic rate of the species of interest at known

optimal environmental conditions to set a baseline

for comparisons. For S. rivulatus, the chosen tem-

perature and salinity at which the experimental

runs were performed were 27°C and 35 g L�1

respectively. These parameters were shown to be

the optimal conditions for growth of cultured rab-

bitfish (Saoud et al. 2007, 2008). At these param-

eters the standard metabolic rate of S. rivulatus

estimated in the present work was

0.57 � 0.02 mg O2 g�1 h�1 (mean � SE). How-

ever, it is noteworthy that changes in temperature

(Glencross & Felsing 2006) and salinity affect stan-

dard metabolic rate (Varsamos et al. 2004) and a

new SMR should be measured if environmental

conditions change with season or location.

Accordingly, knowing that 27°C and 35 g L�1are

not necessarily the environmental temperature

and salinity throughout the habitat S. rivulatus,

the standard metabolic rate obtained in the pre-

sent study might only be applicable to S. rivulatus

aquacultured in recirculating systems in controlled

environments. Values would be different if the fish

were reared in sea cages or ponds exposed to the
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Figure 2 Mean respiration rates (mg O2 g�1 h�1) of

marbled spinefoot, Siganus rivulatus, at various salinities

(25, 30, 35 and 40 g L�1) at 27°C. Differing letters

above columns indicate significant differences. Pooled

standard error (PSE) < 0.0001.
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vagaries of nature. Thus, if our results are to be

used for comparison in future experiments, those

experiments have to be performed at the same

temperature and salinity used in the present work.

Standard metabolic rates vary among fish, some

being two to three times greater than those of

other fish (Auer, Salin, Rudolf, Anderson & Met-

calfe 2015). Part of a fish’s daily energy expendi-

ture goes to basic needs to sustain life (Auer et al.

2015) and excess energy is expended for func-

tions such as growth and reproduction. The stan-

dard metabolic rate (0.57 � 0.02 mg O2

g�1 h�1) of juvenile marbled spinefoot determined

in the present study is different from the SMR cal-

culated for other species of the same age group

maintained at their own optimal temperatures

and is an indication of variation in growth rates

and most importantly, feed conversion. For

instance, SMR of juvenile Atlantic cod Gadus mor-

hua at its optimal temperature of 10°C was

reported to be 0.06 mg O2 g�1 h�1 (Schurmann

& Steffensen 1997), and that of carp Cyprinus car-

pio at its optimal temperature of 20°C was

reported to be 0.22 mg O2 g�1 h�1 (Brett &

Groves 1979). Claireaux and Lagard�ere (1999)

showed the SMR of the European sea bass (Dicen-

trarchus labrax) at a temperature of 25°C to be

0.91 mg O2 g�1 h�1. Therefore, compared to

other species, marbled spinefoot appear to have a

high standard metabolic rate which might trans-

late into a high feed conversion ratio (FCR). How-

ever, empirical data suggest otherwise. S. rivulatus

juveniles tend to have an FCR between 1.1 and

1.5 (Barakat, Roumieh, Abdel, Ghanawi & Saoud

2011). This suggests that SMR measurements

alone do not give a complete picture of fish per-

formance in farms.

Experiment 2: Effect of salinity on oxygen

consumption of S. rivulatus

Results of this study showed a decrease in oxygen

consumption rate as salinity increased beyond

25 g L�1. A similar observation was seen by Shi,

Zhang, Liu and Zang (2011) working on tawny

puffer Takifugu flavidus juveniles, where oxygen

consumption decreased significantly as salinity

increased from 25 to 35 g L�1. However, in the

present study, no significant differences in oxygen

uptake of fish reared at salinities 30, 35 and

40 g L�1 were observed. This can be attributed to

the fact that fluctuations in metabolic rate of

euryhaline fish caused by osmotic and ionic regu-

lation are probably minute (Claireaux & Lagard�ere

1999). In a study assessing the effect of various

salinities on S. rivulatus, Saoud et al. (2007)

showed that osmoregulatory energy expenditure at

35 g L�1 was least as estimated using gill Na+ -K+

-ATPase (NKA) activity. Salinities greater or less

than 35 g L�1 entailed an increased NKA activity

and thus an increase in energy expenditure. Saoud

et al. (2007) found differences in gill NKA activity

between fish at 30, 35 and 40 g L�1, but these

differences were not observed in respirometry. This

could be attributed to one of two possibilities:

either fish reduce body metabolism during salinity

stress, thus counteracting the increase in gill

metabolism, or variation in the data within treat-

ments masked out any differences between treat-

ments. The low respiration rate that we observed

at salinity of 40 g L�1 comes as no surprise con-

sidering that S. rivulatus evolved in the high-sali-

nity waters of the Red Sea (39–41 g L�1).

Moreover, results of the present study showed a

significant increase in standard metabolic rate as

salinity decreased from 30 to 25 g L�1. This find-

ing complements and corroborates the results by

Saoud et al. (2007). As salinity decreases, NKA

activity increases, resulting in an increased

demand for energy, and thus oxygen. This sug-

gests that S. rivulatus would be using up more

energy at 25 g L�1; the fish will survive and grow

at 25 g L�1, but growth rate will be slower and

feed conversion will probably be greater than that

at 30, 35 and 40 g L�1. In all cases, our work

suggests that despite the euryhalinity of marbled

spinefoot, farmers should maintain salinity within

the optimal range of 30–40 g L�1 in order to

avoid stress with concomitant negative effects such

as an increase in FCR, increase in disease inci-

dence and reduction in production.
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