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ABSTRACT

Rock bream Oplegnathus fasciatus is one of economically important marine fish species in East Asia. However,
lack of information about the salinity tolerance of rock bream related to its physiological response made
this issue were needed to be studied. The present study was conducted to determine the effects of different
salinity levels on physiological and hematological response of rock bream in order to obtain its salinity
tolerance. Twelve rock breams (total length: 26.9 ± 0.6 cm, body weight: 477.3 ± 61.9 g) were used for
experiments. Four experimental groups with three replications were conducted to measure the effects of
salinity (5, 15, 25, and 35 practical salinity unit (psu)) on physiological and hematological response of rock
bream. Fish were stocked into the chamber inside the closed recirculation system. At the end of each
experiment, blood samples were collected. The study revealed that lower salinity exposure had tendency
to decrease the physical and chemical properties of blood in rock bream. The value of Na+, Cl-, Ca, Mg, and
osmolality showed tendency to decrease with lowering salinity, while cortisol and glucose showed tendency
to increase from 35 psu to low salinity environment, indicating the enhancement of fish stress and resulted
in fish mortality at 5 psu. The lowest cortisol value was 76.3 ng/mL in 25 psu, and the highest value was
188.8 ng/mL in 5 psu. Meanwhile, the lowest glucose value was 35.3 mg/dL and the highest value was 166.7
mg/dL (P<0.05). Results indicate that rock bream could tolerate lower salinity up to 15 psu.
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INTRODUCTION

Stress can be defined as a state of threatened
homeostasis that is reestablished by a complex suite
of adaptive responses (Chrousos, 1998). Stress
response of fish is an adaptive mechanism which
provides fish to overcome real or perceived
stressors for keeping it in normal or homeostatic
state. Environmental stressors had been studied by
researchers because of its effects on metabolism
and growth, disease resistance, reproductive capa-
city, health, condition, and survival of fish popula-
tions (Barton et al., 2002). Blood parameters can be
one of the methods to determine the stress
response of fish.

Several studies have observed the effects of stres-
sors to the stress of fish, such as temperature (Hous-
ton & Rupert, 1976), salinity (Chang & Hur, 1999; Choi
et al., 2007), and high stocking density (Tapia et al.,
2012). According to several studies, the popular meth-
ods to evaluate fish physiological responses related
to environmental disturbances are by blood proper-
ties measurements (Barton et al., 2002).

The effect of salinity on stress response  have
already investigated in several fish species, such as
pejerrey Odontesthes bonariensis (Tsuzuki et al., 2001),
euryhaline flounder Paralichthys orbignyanus (Sampaio
& Bianchini, 2002), sturgeon Acipenser naccarii
(Martinez-Alvarez et al., 2002), and chinook salmon
Oncorhynchus tshawytscha (Morgan & Iwama, 1991;
Stewart et al., 2016). The metabolic responses of fish
to salinity changes showed inconsistent patterns, and
the optimal salinities for growth are different within
species, life stage, and season (Morgan & Iwama,
1991). Other species need to be observed their phy-
siological response related to salinity changes.
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Rock bream Oplegnathus fasciatus is one of high
commercial fish species in East Asia (Lipton & Kim,
2009; Biswas et al., 2010). This species have high
metabolism activity (Liu et al., 2011) and normally live
at salinity range of 25-35 psu (Liu et al., 2012). The
growth potential of rock bream under intermediate
salinity conditions is one of interesting topics to be
observed for understanding their osmoregulation
ability. However, there are limited information on low
salinity tolerance of rock bream related to their stress
response. According to that reason, the aim of this
study was to evaluate the effects of various level of
salinity on physiological and hematological response
of rock bream.

MATERIALS AND METHODS

Twelve rock breams with a total length of 26.9 ±
0.6 cm and body weight of 477.3 ± 61.9 g were used
for experiments. Four experimental conditions with
three replicates for each condition were conducted
to measure the effects of salinity (35, 25, 15, and 5
psu) on the physiological and hematological response
of rock bream (Table 1). The fish were fed twice a day
at 2% of its body weight with commercial feed. Fish
were deprived for 24 hours before experiment.

Fish were stocked into the chamber (dimension=
20 cm x 30 cm x 20 cm) inside the closed recircula-
tion system. To observe the fish with lower salinity
exposure (5, 15, and 25 psu), water salinity inside
the closed recirculation system was declined slowly
into the target salinity by adding some amount of
freshwater on the day before experiment. Water tem-
perature was maintained at 20°C ± 0.5°C with 12:12
hour light : dark cycle. Each experiment lasted for 24
hours. At the end of each experiment, blood samples
were collected, and analyzed to determine the phy-
siological and hematological response of rock bream.

Fish were anesthetized using 2-phenoxyethanol
and blood samples were collected from caudal part of
fish using heparinized syringes (1 mL each samples).
Blood samples were centrifuged (12,000 rpm, 5
minute). The physical and chemical properties were
analyzed. The physical blood properties analyzed in

this study were hematocrit (Ht) and hemoglobin (Hb).
On the other hand, the chemical blood properties
obtained in this study were sodium (Na+), potassium
(K+), chloride (Cl-), calcium (Ca), magnesium (Mg),
osmolality, cortisol, glucose, and total protein. He-
matocrit (Ht) was analyzed by using micro-hematocrit
reader (Micro Hematocrit Reader, Hawksley). Hemo-
globin (Hb), glucose, sodium (Na+), potassium (K+),
chloride (Cl-), calcium (Ca), and magnesium (Mg) were
analyzed by using Chemical Analyzer (Fujifilm Dri-Chem
3500i, Japan). Meanwhile, plasma cortisol was ana-
lyzed by Enzyme Immunoassay (EIA) using Cortisol
EIA kit (Oxford Biomedical Research, USA). Plasma
osmolality was examined with Vapor Pressure Osmo-
meter (Vapro 5520; Wescor Co., USA). The collected
data were analyzed by one-way ANOVA.

RESULTS AND DISCUSSIONS

Salinity changes affected the value of Ht and Hb.
There were a tendency of decreasing the value of Ht
and Hb in relation with the changes of salinity level
from 35 psu to 5 psu. The highest value of Ht and Hb
were found in salinity level of 35 psu (43.3% and 12.5
g/dL, respectively). On the other hand, the lowest value
of Ht and Hb was 28.0% and 7.1 g/dL in salinity of
5 psu. Hematocrit (Ht) and hemoglobin (Hb) levels
among experimental conditions were significantly
different (P<0.05), except the hematocrit level on
the experiments of 15 and 5 psu (P>0.05) (Table 2).

At this present study, the results of physical blood
properties indicated that salinity affected the hema-
tological parameters of rock bream. The changes of
salinity had a tendency to decrease the hematocrit
and hemoglobin levels. Based on the observation, rock
bream exposured in low salinity showed slower
opercular movement due to the stress condition. It
might be lethal if the exposure is in a long-term. He-
matocrit (Ht) and hemoglobin (Hb) values decreased
from 35 psu to a lower salinity. These results indi-
cated that low salinity exposure (as the environmen-
tal stressor) affected hematocrit and hemoglobin of
rock bream, which will have an impact on metabo-
lism. Barton (1997) stated that temperature, salinity,

Table 1. Four experimental conditions in physiological and hematological response
measurement according to different salinity levels

Experiment Water temperature (oC) Salinity (psu) Number of fish Replication

I 20 35 1 3
II 20 25 1 3
III 20 15 1 3
IV 20 5 1 3
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nutritional state, water quality, time of day, light, and
fish density were the environmental factors that af-
fected the stress response of fish.

Fish exposed to environmental stressor will
suffer physiological disturbances in order to preserve
the consistence and body stability. Blood hematocrit
will change due to the differences between the inter-
nal and external environment ions concentrations. The
decrease in hematocrit that related with low salinity
exposure could be attributed to changes in the water
content in the blood, caused by the change in envi-
ronmental salinity (Plaut, 1998; Martinez-Alvarez et al.,
2002). Wurts (1998) stated that in order to cope with
low salinity exposure, fish need to replace salts lost
through diffusion to the water and eliminate excess
water absorbed from the environment. This condi-
tion affected the percentage of hematocrit. On the
other hand, hemoglobin concentrations has also been
considered as indicator for environmental change (Bani
& Vayghan, 2009). Hemoglobin as protein was
carried by red blood cell and having a role in respira-
tion. The change in hemoglobin leads to change the
number of red blood cell which have an important
role to transfer the oxygen (Al-Hilali & Al-Khshali,
2016). Low salinity exposure had clear impact on their
modification of energy demands and oxygen con-
sumption (Morgan & Iwama, 1991). Therefore, lack
of hemoglobin tended to decrease the oxygen con-
sumption rate of fish and lead to increase the stress
of fish. The statement was also strengthened by the
results from low salinity exposure observations on
oxygen consumption rate and blood properties of grey
mullets (Mugil cephalus) (Prakoso et al., 2015). Similar
results about the effects of environmental stressor
to hematological features was also reported by
Houston & Rupert (1976), Dheer et al. (1986), and
Chang & Hur (1999).

The results of chemical properties of blood showed
a tendency of decreases by low salinity exposure,
except for cortisol, glucose, and total protein. The
blood factors including Na+, Cl-, Ca, Mg, and osmola-
lity decreased with lowering salinity. Meanwhile, cor-
tisol and glucose have tendency to increase from 35
psu to 5 psu. The lowest cortisol value was 76.3 ng/
mL in 25 psu, and the highest value was 188.8 ng/mL
in 5 psu, while the lowest glucose value was 35.3 mg/
dL and the highest value was 166.7 mg/dL (P<0.05).
In other parameter, total protein did not have any
special tendency since the values were fluctuated
compared among experimental conditions (Table 3).

The results of biochemical properties of rock
bream also showed a clear impact of salinity to their
physiological and hematological response, which
clearly indicating the stress of fish by low salinity
exposure. Stress will have impact to the metabolism
and growth, immune systems, reproduction, and be-
havior of fish. It can be recognized by loss of amount
of sodium, chloride, and total osmolality inside the
blood. Blood ions and plasma osmolality were the
indicator of hydromineral imbalance which disturbed
the fish osmoregulatory system. In marine fish spe-
cies, stress might increase the osmolality, ion influx,
and water loss across the gills (Wendelaar Bonga, 1997;
Cech, 2000; Barton et al., 2002).

Present study showed that cortisol and glucose
level had tendency to increase by lowering salinity,
and it was associated with their low activity during
low salinity rearing as the impact of stress increase.
This results was similar to those of Tsuzuki et al.
(2001) and Choi et al. (2007) which reported the stress
increase of fish by low salinity exposure. Moreover,
Sampaio & Bianchini (2002) investigated Paralichthys
orbignyanus under low salinity exposure, and suggest

Table 2. Physical properties of blood in rock bream Oplegnathus fasciatus at
the end of experiments

HB: hemoglobin, Ht: hematocrit. Values are the mean ± SD
(n= 3). Different letters within the same column indicate
significant differences between experimental conditions
(P<0.05, one-way ANOVA)

Ht (%) Hb (g/dL)

35 43.3 ± 0.6c 12.5 ± 0.4d

25 32.3 ± 0.6b   9.7 ± 0.1c

15 28.3 ± 0.6a   9.4 ± 0.1b

5 28.0 ± 1.0a   7.1 ± 0.1a

Salinity 
(psu)

Component
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that long-term exposure to freshwater reduced the
growth rate, possibly due to an increase in energy
expenditure associated to the osmoregulation and
ionoregulation under low salinity exposure. Morgan
& Iwama (1991) reported that such kind of response
could indicate that fish was subjected to a stressing
salinity condition. In this present study, low salinity
exposure as the stressor triggered the hypothalamus-
pituitary-interrenal activity. This condition resulted
in cortisol secretion (Perry & Reid, 1993). Cortisol
had been shown to increase glucose concentration
and liver gluconeogenic capacity (Mommsen et al.,
1999). As a result, the circulating level of cortisol is
commonly used as a stress indicator of fish (Barton
& Iwama, 1991; Wendelaar Bonga, 1997). The physio-
logical response of fish may be compromised or in-
fluenced their health and well-being, or may become
maladaptive by long-term environmental stressors
exposure (Barton & Iwama, 1991). Liu et al. (2012)
stated that the optimal salinity range for rock bream
growth is 25-30 psu. Based on that information, the
present study strengthened the statement that opti-
mal rearing condition for rock bream was 25 to 35
psu. However, rock bream can survive and grow in
15 psu rearing condition.

CONCLUSION

Low salinity exposure increased the stress of rock
bream Oplegnathus fasciatus. Salinity tolerance for rock
bream was 15 psu or higher. Meanwhile, the optimal
condition for rock bream rearing condition was in
25-35 psu.
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