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ABSTRACT

Grey mullet (Mugil cephalus) can adapt to saline and freshwater. Although belonged to euryhaline species,
but information regarding their stress response on low temperature. Environmental disturbance such as
low water temperature may effect their physiological condition. These information can be useful for
aquaculture development of this species in freshwater. Therefore, the purpose of study was to investigate
the effects of low water temperature on the stress response of grey mullets Mugil cephalus acclimated in
freshwater. The blood samples of experimental fish (TL: 28.2±1.1 cm, BW: 198.6±25.9 g) were collected
during winter season when the water temperature of controlled rearing system was stable at 25°C and
uncontrolled rearing system slowly dropped until 12°C. Their stress response on both rearing systems was
observed. The results showed that low temperature affected to lower the behavior activity and increase the
stress response of grey mullets. The breath frequency of grey mullet regarding their opercular movement
at 12°C was 74-97 breath/min., while at 25°C it was 95-114 breath/min. Hematocrit (Ht) and hemoglobin
(Hb) were shown higher values of 43.5% and 9.5 g/dL, respectively at 25°C than 12°C (28.0% and 7.1 g/dL,
respectively). The tendencies of cortisol and glucose level increased with the lowering temperature, showing
higher value of 264.8 ng/mL and 35.5 mg/dL in 12°C than 5.5 ng/mL and 32.7 mg/dL in 25°C. The chemical
properties of blood in grey mullets showed same tendency comparing between 12°C and 25°C, there was
no significant different between each temperature, except for chloride (P<0.05). Chloride value was higher
at 25°C, while other blood components such as osmolality, sodium, potassium, and magnesium were
showing no significant differences. However, the results showed lower values at 12°C in every blood
components, except for chloride. In conclusion, lowering water temperature to 12°C had impact as stressor
to the behavior and stress response of grey mullets acclimated in freshwater.
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INTRODUCTION

Blood parameters can be one of the methods to
determine the stress response of fish. Environmen-
tal condition is one of the main reasons which af-
fecting the stress of fish. Many authors investigated
the stress response of fish according to the environ-
mental condition, including freshwater fish and ma-
rine fish (Tapia et al., 2012; Chang & Hur, 1999; Chen
et al., 1995; Min et al., 2010). According to numerous
studies, the most popular approaches for evaluating
physiological responses of fish to environmental dis-
turbances are measurements of plasma cortisol, glu-
cose, lactate, chloride (and other ions), and osmola-

lity, and various hematological features (Barton et al.,
2002).

The grey mullet (Mugil cephalus) is a euryhaline
species which can can adapt to marine and freshwa-
ter environments (Saleh, 2008). As the advantage of
their osmoregulation ability, grey mullet often cul-
tured together with other species (polyculture) in
brackish and freshwater semi-intensive fishponds. In
Asian and Mediterranean markets, mullet roe is a high-
priced product, supplementing the fish flesh. These
commercial and environmental attributes make mul-
let an important candidate for domestication (Aizen
et al., 2005). Although this species can tolerate to
freshwater, more information were needed to inves-
tigate their response on low water temperature. The
temperature range of distribution of Mugil cephalus
is known to be 12°C-25°C, but the lower limit of tem-
perature controlling the natural distribution of the
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species seem to be between 16°C and 18°C. Their
temperature tolerance was stretchable, depending on
the natural temperature at their geographical loca-
tions (Oren, 1981). The information can be useful for
aquaculture development of this species in freshwa-
ter. Thus, oxygen consumption data will be useful in
aquaculture management of freshwater-acclimated
grey mullets. The purpose of this study was to obser-
ve the effects of low water temperature on the stress
response of grey mullets acclimated in freshwater.

MATERIALS AND METHODS

Fish (grey mullets) were acclimated into freshwa-
ter for six months and fed two times a day at 2% of
its body weight with commercial feed. Fish were di-
vided into two rearing systems, one with tempera-
ture controlled system (25°C), and the other is with-
out temperature controlled system (12°C). These
experiments were conducted on indoor recirculating
system by using 10 fish in fiber tank (diameter: 50
cm; water level: 100 cm) with two replications. The
experiments were conducted to measure the effects
of water temperature at 12°C (treatment) and 25°C
(control) on the stress response of grey mullets ac-
climated in freshwater. The size of fish used in these
experiments was about 28.2±1.1 cm in total length
and 198.6±25.9 g in body weight.

In this study, blood samples were analyzed to de-
termine the stress response of grey mullets. At the
time during winter season when the water tempera-
ture of uncontrolled rearing system slowly dropped
until reach to 12°C, their stress response on both
rearing systems was observed. Blood samples were
collected from three fish in each rearing systems.
Before collecting blood, fish were starved for 24
hours. Fish were anesthetized using 2-phenoxyethanol
and blood samples were collected from caudal part of
fish using heparinized syringes (1 mL each samples),
centrifuged (12,000 rpm, 5 min.), and stored in deep
freezer until analyzing blood properties of hematocrit
(Ht), hemoglobin (Hb), glucose, plasma cortisol, os-
molality, sodium, chloride, potassium, and magne-
sium. Hematocrit (Ht) was analyzed by using micro-
hematocrit reader (Micro Hematocrit Reader,
Hawksley). Hemoglobin (Hb), glucose, sodium, chlo-
ride, potassium, and magnesium were analyzed by
using Chemical Analyzer (Fujifilm Dri-Chem 3500i,
Japan). Plasma cortisol was analyzed by Enzyme
Immonoassay (EIA) using Cortisol EIA kit (Oxford Bio-
medical Research, USA), while plasma osmolality was
examined with Vapor Pressure Osmometer (Vapro
5520; Wescor Co., USA). The behavior of the fish was
also observed during experiment, including their
movements in the water. Collected data were ana-
lyzed by PASW Statistics 18.

RESULTS AND DISCUSSION

Behavioral Response of The Fish

The fish behavior was investigated by visual ob-
servation during experiments. In each experiment
showed different responses based on their activity
and breath frequency. At low water temperature (12°C),
the activity of grey mullets was lower than the fish
reared at 25°C. It also obviously can be seen by their
opercular movement. The opercular movement of fish
at low water temperature was slower compared to
the fish reared in the rearing system with tempera-
ture controlled (25°C). The breath frequency of grey
mullet regarding their opercular movement at 12°C
was 74-97 breath/min., while at 25°C it was 95-114
breath/min. It showed that low water temperature as
the stressor had clear impact to the activity of grey
mullets. At the stress conditions caused by low wa-
ter temperature, it triggered the modifications in
oxygen consumption and energy demands (Morgan &
Iwama, 1991).

Blood Properties

As shown in Table 1, it showed significant differ-
ences in hematocrit (Ht) and hemoglobin (Hb) levels
between treatment and control (P<0.05). The change
of water temperature has tendency to decrease the
hematocrit and hemobglobin levels (Table 1). The grey
mullets reared at low water temperature showed
slower opercular movement due to the stress condi-
tion. If it continuously happened, it might be lethal
for grey mullets.

At this present study, the results of blood proper-
ties indicated that water temperature affected to the
stress response of grey mullets. It can be obtained
from their blood properties results. Hematocrit (Ht)
and hemoglobin (Hb) values were lower at 12°C than
25°C. Changes in Ht and Hb according to environ-
ment condition were also reported by Chang & Hur
(1999). As the effect of thermal acclimatization, it
expressed as the change of oxygen consumption af-
ter cold-acclimation (Graham & Farrell, 1990).

Note:
Values are the mean ± SD (n = 3). The mean values with differ-
ent superscript are significantly different (P<0.05, t-test)

Table 1. Physical properties of grey mullets’ blood
during experiments

12oC 25oC

Hematocrit (%) 18.9±5.4a 26.8±0.2b

Hemoglobin (g/dL)   4.2±0.6a   6.4±0.2b

Component
Experiments
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The results of blood parameters showed that cor-
tisol on grey mullets at 25°C was significantly lower
than 12°C (P<0.05). The blood parameters such as
plasma osmolality and glucose were not significantly
different between 12°C and 25°C (P>0.05). Cortisol
levels increased with the lowering temperature, it
showed 264.8 ng/mL in 12°C and 5.5 ng/mL in 25°C,
while glucose at low temperature showed 35.3 mg/
dL in 12°C and 32.7 mg/dL in 25°C (Table 2).

Stress is mediated through neuronal and endo-
crine pathways, known as the primary response, fol-
lowing initial perception of the stressor, which in
turn influence secondary physiological features and
whole-animal performance characteristics in the fish.
Initially, the stress response is considered adaptive,
one designed to help the fish overcome the distur-
bance and regain a homeostatic or normal state
(Barton et al., 2002). If the stressor’s intensity is long-
lasting, the physiological response of fish may be
compromised or influenced their health and well-be-
ing, or may become maladaptive (Barton & Iwama,
1991).

Cortisol as one of the stress indicator was as-
signed to stimulate the liver gluconeogenesis and
elevating blood sugar levels (Wedemeyer et al., 1990).
The hypothalamus-pituitary-interrenal activity was
triggered by stressor, which resulting in cortisol se-
cretion (Perry & Reid, 1993) and increased the blood
glucose (Tomasso et al., 1980). In this study, low wa-
ter temperature as a stressor tend to increase the
stress of grey mullets. It was also related to behavior
and breath frequency of grey mullets, as the results
showed low activity at low water temperature. The
blood properties of grey mullets also showed clear
impact of temperature.

The results of chemical properties of blood in grey
mullets showed same tendency compare between
12°C and 25°C, there was no significant different be-
tween each temperature, except for chloride (P<0.05).
Chloride value was higher at 25°C, while other blood
components such as osmolality, sodium, potassium,
and magnesium showed no significant differences.

However, the results showed lower values at 12°C in
every blood components, except for potassium (Table
3).

Stress will make impact to fish metabolism and
growth, immune systems, reproduction, and their
behavior. Stress can be identified by the loss of blood
ions such as sodium, chloride, and total osmolality.
While for marine fishes, stress may exhibit an increase
in ion influx, osmolality, and loss of water across the
gills (Wendelaar Bonga, 1997; Cech, 2000). Change of
blood ions and plasma osmolality can be indication
of hydromineral imbalance which can possibly affect
to the disturbance of fish osmoregulatory system
(Barton et al., 2002).

The acclimation temperature of fish likely con-
tributed for the elevations of blood ions and corti-
sol. Temperature, salinity, nutritional state, water
quality, time of day, light, and fish density were the
environmental nonstress factors that can affect the
stress response of fish (Barton, 1997). Rapid decreases
in water temperature may result in a number of physi-
ological, behavioural, and fitness consequences for
fishes termed “cold-shock”. Cold-shock stress occurs
when a fish has been acclimated to a specific water
temperature or range of temperatures and is subse-
quently exposed to a rapid decrease in temperature,
resulting in a cascade of physiological and behavioural
responses and, in some cases, death (Donaldson et
al., 2008).

Exposure to environmental stressors is a concern
to biologists and managers because of the possible
detrimental effects on important fish performance
features such as metabolism and growth, disease re-
sistance, reproductive capacity, and ultimately the
health, condition, and survival of fish populations. If
the stressor is overly severe or long-lasting, how-
ever, the fish may no longer be able to cope with it
and enters a maladaptive or distressed state leading

Table 2. Stress indicator paramaters of grey mullets’
blood during experiments

12oC 25oC

Plasma cortisol (ng/mL) 264.8±76.8b   5.5±2.3a

Glucose (mg/dL) 35.3±2.1a 32.7±3.5a

Component
Experiments

Note: Values are the mean ± SD (n = 3). The mean values with
different superscript are significantly different (P<0.05,
t-test)

Table 3. Chemical properties of grey mullets’ blood
during experiments

Note: Values are the mean ± SD (n = 3). The mean values at the
same row with different superscript are significantly dif-
ferent (P<0.05, t-test)

12oC 25oC

Osmolality (mOsm/kg) 340.3±39.8a 350.0±35.4a

Sodium (mEq/L) 134.0±4.0a 139.3±7.2a

Chloride (mEq/L) 132.0±6.0a 150.7±12.2b

Potassium (mEq/L) 2.5±0.4a 2.4±0.3a

Magnesium (mg/dL) 1.1±0.1a 1.8±0.7a

Component
Experiments
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to a pathological condition or possibly death (Barton
et al., 2002). Long-term effects of low temperature
on the physiological response of grey mullets were
not observed in this study.

The results from this study showed the effect of
low water temperature as a stressor was not signifi-
cantly change the blood ions and osmolality of grey
mullets, except in chloride. It seems that the grey
mullets were still able to control their blood ions
and osmolality at 12°C, at least not on the long-term
exposure. However, generally the values of blood ions
and osmolality were lower at 12°C, which means lower
temperature slightly affect the blood properties of
grey mullets. McCormick et al. (2000) stated that water
temperature can affect the activity of gill Na+-K+ AT-
Pase. Generally at lower temperature, it reduced the
enzyme activity. Another statement from Mackie et
al. (2005) suggested that Na+-K+ ATPase is involved
in chloride cell secretion by providing an electro-
chemical gradient for Na+ and Cl- movement between
blood and water.

Acclimation to low temperature or cold shock lead
to failure in osmotic regulation such that fish in salt-
water gained plasma electrolytes while freshwater-
acclimated fish losed ions (Donaldson et al., 2008).

CONCLUSION

From the results of this study, lowering water
temperature to 12°C had impact as stressor to the
behavior and stress response of grey mullets Mugil
cephalus acclimated in freshwater. According to the
results of blood properties, grey mullets acclimated
in freshwater should be avoided from low water tem-
perature or cold shock to prevent from the stress or
mortality. The effects of long-term acclimation at low
temperature of grey mullets acclimated in freshwa-
ter should be observed in the further study to ana-
lyze their physiological response.
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