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consumption rate and glucose levels for Carassius auratus
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Abstract:

This study aimed to investigate the influence of increasing salinity concentrations on
some indicators of energy consumption such as dissolved oxygen consumption, the
consumed energy, as well as the levels of blood glucose in Carassius auratus (Goldfish),
because of their direct relation with the metabolism rates when fish are exposed to
exertion. Fish with an average weight of 37.5+2.5 g were exposed to four salinity
concentrations 0.1, 3, 6, and 9 grams per 1 liter; concentration represented four
treatments, and the first one is control. Results showed that there was increase in the rate
of oxygen consumption to 92.34, 126.24, and 158.86 mg O./kg/hour in the salinity
concentration levels 3, 6, and 9 respectively, compared to the control (88.16 mg
0O2/kg/hour). This increase in oxygen consumption affected the consumption rate of
energy, which achieved 0.311, 0.425, and 0.535 kilo calories in the salinity
concentrations of 3, 6, and 9 gram/L liter, respectively, compared to the control (0.297
kilo calories/kg/hour). Concerning blood glucose levels rose in the salinity
concentrations of 3, 6, and 9 gram/L liter to 68.33, 87.88, and 108.69 mg/100mL,
respectively, compared to the control (66.33 mg/100 mL).
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Introduction

Fish farming aims to provide an ideal
and healthy environment for fish to
increase their growth to the maximum
during the shortest period possible.
Salinity is considered one of the most
important environmental criteria which
affect the growth of fish (Pietri et al.,
2013). Fish requirements of energy are
fulfilled through carbohydrates, fats, and
proteins available in the conservative
feed, which is used either for
maintenance or for growth, where fish
rely on mitochondrial cells to consume
this energy (Jobling and Baardvik,
1994). Although glucose is considered a
key source of energy used for cell
perpetuation and growth, fish may use
other sources of energy when exposed to
higher and exhausting environmental
circumstances such as salinity (Tseng
and Hawang, 2008). Most fish adapt
within the stable salinity environment,
either in fresh or saline water (Whitfield
etal., 2012). Therefore, the fish diversity
level reaches to the climax in both fresh
and saline environments, and this
diversity levels decreases whenever this
species is stay away from the ideal
salinity level for the specified fish
species (Kennish, 1986).

Fish living in rivers and estuaries are
sometimes exposed to the highest level
of salinity change and temperature
change, this occurs due to evaporation
and solar radiation (Strydom, 2015).
Under drought circumstances and lack
of fresh water flow, salt concentrations
may exceed the normal levels; thus, fish
are exposed to very saline environment
(Adams et al., 2016), especially when

the salinity level rises suddenly and fast,
which leads to fish die-off in huge
numbers (Alkhshali and Alhilali, 2017).
The ability of fish to adapt with the
sudden changes in environmental factors
may be a decisive factor in survival of
the species or its extinction (Potter et al.,
2015).

Heterogeneity in time and place of a
specific environment is considered a
normal issue in the ecosystems (Chang
et al., 2007). As for aquatic Animals in
general and fish in specific, salinity
might be an important environmental
factor which affects species distribution
and their behavior in the ecosystem
(Whitehead et al., 2011). Also, being
exposed to salinity concentration levels
which are higher than the normal rates
may lead to physiological changes in
fish and to various responses and
reactions to deal with the rise or the
decrease in salinity (Kultz, 2015). Fish,
behaviorally can respond to change of
salinity by avoiding accessing to high or
low salinity environments, or unsuitable
environments  for  growth  and
reproduction (Tietze and Gerald, 2016),
or swimming in more suitable
environments, this requires the ability of
fish to feel the environments and the
ability to reach the ideal environment
(Kultz, 2015), but if the fish are unable
to get such new environments, they must
use physiological strategies in order to
deal with the change in salinity (Kultz,
2011). Several of changes occur in the
gills, qill epithelium, kidneys and
digestive system (Hwang and Lin,
2013). One of the physiological changes
which fish make in adapting to salinity
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are their ability for osmo-ionoregulation
to maintain the internal balance when
exposed to different salinity levels
(Marshal et al., 2006). The
osmoregulation process requires spend
energy therefore, this reflected in the
standard metabolism rate, which
represents the rate of oxygen
consumption in the state of rest and non-
digest in a certain temperature degree
(Chabot et al, 2016). The energy
specified for osmoregulation ranges
between 5% to 30% (Ern et al, 2014).
Salinity change may lead to variances in
energy  consumption and  using
additional energy for osmoregulation,
and can be seen clearly through
calculating the standard metabolism
rate. In addition, energy used by fish to
complete the osmoregulation relies on
fish activity, where the increase in
movement and activity leads to
increasing  the oxygen demand, and
then, leads to the increase in water and
salts diffusion in gills, which requires an
increase in energy cost (Chabot et al.,
2016) .

Glucose is considered the key prop
in the process of metabolism, and blood
glucose in fish is not subject to change
only among different fish species, but
also among fish with same species
(Hemre et al, 2002). This is supported by
many proofs which indicate that glucose
in fish increases when fish are exposed
to exertion (West et al, 1993).

This study aimed to determine the
negative effects of salinity rise through
measuring some indicators of energy
consumption as physiological responses

of Carassius auratus (goldfish) when
exposed to different salinity
concentrations during the gradual
salinity acclimation.

Materials and methods

Fish acclimation

This experiment was designed to know
the influence of gradual increase of
salinity on consuming some energy
indicators for Carassius auratus
(goldfish). Twelve (12) glass tankswere
used with 40 liters of water, salt
concentrations previously had been
prepared through dissolving a specific
weight of sea salt in 1 liter of tap water
Salt concentrations used were 3, 6, and 9
gram/L liter with three replications for
each salt concentration, as five fish/
replicate. After acclimatizing of fish
with the laboratory conditions using tap
water (0.1 gram/L liter - control), fish
with weights ranging between 35 — 40
grams were gradually exposed to the
mentioned salt concentrations, as the
fish were exposed to the new
concentration at the end of the fourth day
of exposure to the lower concentration.
Fish were fed on a diet with a protein
content of 28% at a rate of 3% of body
weight with consideration of starting
feeding after 24 hours from exposing
fish to the new salt concentration.
Samples were taken every four days
before exposing fish to the new salt
concentration with consideration of
stopping feeding 24 hours before taking
the samples (Olufayo, 2009).
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Measuring of consumed oxygen

The measurement method is based on
the decreased value in the quantity of
oxygen dissolved in water using the
closed bottles method (Nordlie and
Leffer, 1975). A single fish with
determined weight is placed in a dark
conical glass bottle of 1 liter capacity
filled with oxygen-saturated water
through pumping oxygen into water till
saturation level. The gradually-
acclimated fish were taken to the salt
concentrations: Tap water (0.1) 3, 6, and
9 gram/L liter, four days for each salt
concentration in the bottles designed for
measure the consumed oxygen. Fish
were left in the bottles for 24 hours to
acclimatize them to detention. After,
ventilation was stopped; all pots were
closed firmly to prevent oxygen leakage
into the bottles to start the experiment.
Oxygen quantity was measured in close
intervals (every 30 minutes) until
noticing the decrease of the oxygen
dissolved in water by 60% from the
saturation level. Oxygen meter type
WTW-OXI 91 device was used to
measure the concentration of oxygen
with the unit Oz/kg/hour. The consumed
oxygen quantity is transformed to the
energy according to Brett (1972) by the
following equation:

Each 1mg O./kg/hour equals 0.00337
kilo calories/kg/hour.

Measuring of blood glucose

Samples were taken at the end of the
fourth day of the gradual moving of each
salt concentration used in the experiment
(tap water, 3, 6, and 9 gram/liter) to
measure the level of glucose in blood.

The device ACCU-CHECK ACTIVE
68305 was used. In this process, fish is
temporarily anesthetized with a hit on
the head, and then the peduncle cut with
a sharp scalpel. After that, fish is
positioned in a leaning-downward
position with its head up to make the
blood flow continuously. Then, a blood
drop is placed on the device tape, which
is fixed in its specified spot. Result of
blood glucose level (mg/liter) is read
immediately through the number that
appears on the screen of the device.

Results and Discussion

Environmental factors

Table 1 shows the environmental factors
during the first experiment, including
temperature (°C), dissolved oxygen
(mg/liter), and the degree of acidity (pH)
in the different salt concentrations. All
the mentioned environmental factors are
within the range of the safe levels of fish
life and the survival of Carassius
auratus (goldfish) (Newell, 2013)

Salinity influence on the consumption of
oxygen and energy

Table 2 shows the rise in the rates of
oxygen and energy consumption for
Carassius auratus to 92.34, 126.24, and
158.86mg O2/kg/hour for the salinity
levels 3, 6, and 9, respectively,
compared to the control (88.16mg
O2/kg/hour). As for energy
consumption, it also rose to 0.311,
0.425, and 0.535 kilo calories/kg/hour,
compared to the control (0.297 kilo
calories/kg/hour). Results of statistical
analytics indicated that there were
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significant differences at (p<0.05) in the second  experimental group (3
rate of oxygen and energy consumption gram/liter); while the experimental
between the control and the salt groups three and four have significant
concentrations 6 and 9 gram/liter, differences with each other and with the
whereas no significant differences were experimental group two.

found between the control and the

Table 1: Environmental factors in the different salinity levels during experiment.

Salt concentration (mg/liter)  Temperature (°C) Dissolved oxygen Acidity pH
Liquifying water (0.1) 20 -22 5.6 -6.1 6.8-7
3 20 -22 5.6 -6.0 7.2-15
6 20 -22 52-54 7.4-7.6
9 20 -22 4.8-5.0 7.6-7.8

Table 2: Levels of consumed oxygen and energy in the different salinity levels by Carassius auratus
(value represents rateststandard deviation—different letters denote the existence of
significant differences).

Salt concentration Oxygen consumption Energy consumption
(gram/liter) (mg oxygen/ kg/ hour) (Kilo calories/kg/hour)
0.1 88.16° 0.297¢
3 92.34¢ 0.311°
6 126.24° 0.425P
9 158.86% 0.535
Salinity influence on of glucose in the showed that there were significant

blood of Carassius auratus differences (p<0.05) in the rate of

Table 3 shows the rise of glucose in the
blood of Carassius auratus in parallel
with the rise of salt concentrations of 3,

glucose between the third and fourth
treatments, (6 and 9 g/L), with the
control (the first), while both of third and

6, and 9 gram/liter to 68.33, 87.88, and fourth treatments had significant
108.69mg/100mL, respectively, differences between each other, and with
compared to the control the first and the second treatments.

(66.67mg/100mL). The statistical results

Table 3: Glucose levels in the blood of Carassius auratus as exposed to different salt concentrations.
Salinity concentration gram/liter Glucose concentration in plasma mg/100mL

0.1 66.33 ¢
3 68.33 ¢
6 87.88b
9 108.69 a
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Discussion

The metabolism rate represents the
measurement of the energy consumed by
fish to perform some important
physiological operations to survive,
including the osmoregulation and the
main respiratory functions (Eren et al.,
2014). When salinity concentrations are
far from the normal rates which fish are
accustomed to, this negatively
influences the metabolism rate, and fish
will be exposed to exertion (AL-Khshali
and Al-Hilali, 2019). Thus, fish to adapt
and overcome the new situation, they
have to show certain physiological
responses through performing some
physiological operations to achieve a
state of internal balance (homeostasis).
The oxygen rate has been used as an
indicator of the metabolism for all
animals since the beginning of the 20"
century (Svendsen, 2016). When
freshwater fish are exposed to high
salinity concentration, they work on
performing the operation of osmotic and
ionic balance through allowing ions and
salts to enter their bodies by drinking
water (Evans et al., 2005); they also
work on absorbing important ions, such
as chloride, sodium, and calcium, via
mitochondria rich cells called chloride
cells, specialized in taking and disposing
ions with ATPase enzymes, where this
process needs energy consumption
(Erenetal., 2014). Oxygen consumption
is considered an indicator to measure the
consumed energy used to complete the
process of osmoregulation, where the
change in the breathing rate of fish is
usually used as an indicator to estimate

the change occurred in the metabolism
rate and consumption under
environmental imbalance circumstances
(Dube and Hosetti, 2010).

The gills are thought to be the most
energy-consuming organ during the
acclimatization in high-salinity
concentration environments, and that the
energy needs in gills are secured through
oxidation of glucose and lactate
resulting from blood circulation, in
addition to the liver which represents the
main place of glucose for fish (Perry and
Walsh, 1989). Results of various
previous studies about different species
of fish demonstrated that there was
increase in the rate of oxygen
consumption in line with the increase of
the environment salinity, and these
results are consistent with results of this
current study. De Boeck et al. (2000)
mentioned that there was increase in
oxygen consumption for common carp
when exposed to the salinity
concentration of 0 — 10 gram/liter, while
Al-Khshali (2011) mentioned that the
oxygen consumption rate for grass carp
reached 132.11, 197.08, and 241.77mg
O2/kg/hour in the salt concentrations of
4, 8, and 12gram/liter, respectively,
compared to the control (102.72mg
O2/kg/hour),  while the rate of the
consumed energy reached 0.44, 0.66,
and 0.81 kilo calories/kg/hour for the
salt concentrations of 4, 8, and 12
gram/liter, respectively, compared to the
control (0.34 kilo calories/kg/hour).
Results of this study were also agreed
with the results of the study of Zhao et
al. (2011) and Swanson (1998) who
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observed a evident relation between the
increase of salinity and the increase of
oxygen consumption. Kinne (1967), in
turn, affirmed that the rate of oxygen
consumption increased for four fish
species which were exposed to
differences in salt concentrations.
Additionally, Wang et al. (1997) showed
that the rate of oxygen consumption for
Cyprinus carpio in fresh water reached
134.1mg Oz/kg/hour, but it decreased to
123.8mg O2/kg/hour in salinity level of
2.5g/L, compared to higher level 8.5 and
10.5 of salinity g/L, where the
consumption level reached 175.2 and
183.0mg  O2/kg/hour,  respectively.
Another study conducted by McKenzie,
(2001) on Acipenser naccarii showed
that there was increase in oxygen
consumption rate with the increase in
salinity within a range of 0-11gram/liter;
the oxygen consumption rate rose from
112 to 146.4mg Oz/kg/hour, then it rose
to 216mg O/kg/hour during 70 days.
Other studies signaled the rise in
metabolism rate when fish are exposed
to high salinity concentrations which
result in an increase in oxygen
consumption rate above average
(Fischer, 2000; Keddy, 2001).
However, results of some other
studies were not agreed with the results
of this current study. Grotan et al. (2012)
showed that there was no change in
oxygen  consumption  rate  and
metabolism rate for yellowfin seabream
Acanthopagrus latus when exposed to
three different environments (fresh
water, brackish water, and saline water)
through fast exposing to high or low

salinity concentrations when moving
them from saline water to fresh water or
from saline water to brackish water. The
reason for that no-change is that this
species of fish possesses genes which are
responsible for retaining the energy
when there is change in salinity
concentration during a short time as a
part of adaptation to salinity
concentration (McCairns and
Bernatchez, 2010). Awal et al. (2012)
also mentioned that there was a decrease
in oxygen consumption rate for Tilapia
t02.14,0.71, 1.43, and 1.42 mg/ kg/hour
when exposed to salt concentrations of
0, 10, 20, and 30 gram/liter, respectively;
the researchers attributed that decrease
in oxygen consumption rate to the
decrease in fish activity as a result of
salinity increase, which resulted, in turn,
in fish exertion. Also, Al-Hilali and Al-
Khshali (2016) indicated that there was
a rise in the rate of oxygen and energy
consumption for Cyprinus carpio when
salinity was raised to 5, 10, and 15
gram/liter compared to the control. In
addition, Christensen et al. (2018)
showed that there was a rise in oxygen
consumption when salinity was raised to
0%-15% with different temperature
degrees 5, 10, and 15°C for shiner Perch
Cymatogaster aggregata; Christensen et
al. (2018) also mentioned that there was
rise in oxygen consumption rate, and
estimated the used energy quantity at
20% as a difference between the salinity
concentration 12% and 30% for shiner
Perch Cymatogaster aggregata. Noor et
al. (2019), through a study conducted on
the hybrid Grouper Epinephelus, found
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that, when fish were exposed to different
salt concentrations of 10, 15, 20, 25, and
30, oxygen consumption rate was less
for the salinity concentration 15
gram/liter, but it increased for the
salinity concentration rates 25 and 30,
and this reflects the rise of metabolism
rate when salinity concentration is high

The influence of salinity rises in blood
glucose levels

Glucose estimation is considered one of
the signs of fish exertion (Sultan, 2007).
This is because the rise of glucose may
be attributed to wvarious causes,
including, as the most important ones,
the rise of noradrenaline and adrenaline
hormones in blood (Tsui et al., 2012).
The rise of salinity concentration leads
to the rise in the percentage of
catecholamine hormones, which include
dopamine, norepinephrine and
adrenaline hormones, where the adrenal
gland sends catecholamines to the blood
when fish are under effect of exertion
(Wendelaar Bonga,1997).

It was observed that exertion and the
rise of glucose level in blood for
Cyprinus carpio occurred after 20
minutes from being exposed to cold in
what is termed cold shock response
(Tanck et al., 2000). Also, it was
recorded that there was increase in the
levels of glucose for channel catfish
Ictalurus punctatus when exposed to a
high percentage of ammonia or when
there was decrease in oxygen level, and
these are other sources for stress (Small,
2004). Moreover, glucose level increase
was also noticed in the blood of
Oreochromis mossambicus Tilapia in a

stable manner after four hours from
adaptation in fresh water, water salinity
10%, and water salinity 30% (Cataldi et
al., 2005), The changes in energy
amount and its consumption can also
lead to the rise in the rate of oxygen
consumption, which leads, in turn, to the
rise of glucose level in blood (Wendelaar
Bonga, 1997). The rise of glucose in fish
blood is considered a proof of exertion,
and it represents an indicator of
secondary responses which fish do as a
primary response to resist exertion after
the rise of the cortisol (Al-khshali and
Al-hilali, 2016). Zhao et al. (2011) also
observed the rise of glucose in blood of
Chinese sturgeon (Acipenser sinensis) at
the beginning of moving to high salinity,
and then the decrease occurs in levels of
glucose after that. Also, Gamperl et al.
(1994) mentioned that glucose is
considered an indicator which is used to
estimate exertion volume, which leads to
changes in metabolism as a result of
glucose rise, which motivates the
emission of catecholamines and
corticoids. The increase in blood glucose
which usually accompanies salinity rise
is attributed to mobilizing of liver
glycogen (Sangiao—Alvarellos et al.,
2003), where adrenalin works on raising
sugar level in Dblood through the
glycogenolysis process in cases of
exertion; and this process is important
for making a sufficient level of sugar in
blood (Xu, et al., 2013) as to face the
increasing demand for energy in the
organs of osmotic balance during the
salinity acclimatization (DeBoeck et al.,
2000). The production of glucose
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happens usually due to the rise of
cortisol in blood when moving to high
salinity concentration. This is because
glucose gets liberated from the liver and
muscles toward the blood stream, and
then enters into the cells because of
insulin secretion (Nelson and Cox,
2005).

Results of current study show
consistency with the results of various
previous studies which indicated that
there was a rise in the level of glucose
for fish as a result of the rise in the levels
of salinity above its normal levels. In this
context, DeBoeck et al., (2000) showed
that there was a rise in the level of
glucose for Cyprinus caprio exposed to
the salinity of 10 gram/liter for 28 days.
Ahmed et al., (2004) observed a rise in
glucose for Liza abu when moved to the
salt concentration of7 g/L. In addition,
Karsi and Yildiz (2005) demonstrated
that there was a significant rise in blood
glucose for Oreochromis niloticus when
exposed to the salt concentration of 18
g/L. Sultan (2007) also concluded that a
rise in blood glucose occurred for
Juvenile of Acanthopagrus latus when
exposed to the salt concentrations of 7
and 15 g/L; however, it decreased for
fish which were moved to higher salinity
of 23 and 30 g/L. Also, glucose level
decreased for Rainbow trout when
moved from fresh to saline water
(Soengas et al., 1995), and for Black
seabream which were moved to higher
salinity concentrations (Kelly et al.,
1999). This decrease in glucose level in
higher salinity concentrations might be
attributed to the high need and the

frequent taking of glucose to be used in
cells metabolism (Morgan et al., 1997).
Therefore, the frequent use of glucose is
very important in providing energy for
the osmoregulation organs, which
prevents glucose deposition in cells
(Martinez—Alvarez et al., 2002). Other
studies in this respect, such as McLeay
(1977), Barton et al. (1988), and
Wedemeyer et al. (1990) mentioned that
there are factors which affect indirectly
the glucose response level in blood; thus,
changes including nutritional status,
year seasons, and age may affect the
response to exertion and the level of
glucose because they can influence
glycogen volume stored in the liver.
Results of current study are consistent
with various studies which confirmed
the occurrence of rise in blood glucose
for fish as a result of the rise in salinity
levels above the normal levels in the
environments where fish live. This
supports Al- Alkhshali (2011) who
concluded that there was rise in blood
glucose for grass carp
(Ctenopharyngodon idella) when the
salinity was increased to 4, 8, and 12
g/L. Tsui et al. (2012) also mentioned
the rise of glucose concentration when
Grouper epinphelus were moved from
29% to 34% of salinity for a period of 10
— 30 minutes as an indication of the first
exertion factors. In addition, Al-Khshali
and Al-Hilali (2015) showed that there
was rise in blood glucose level for
Cyprinus carpio when salt
concentrations were increased to 5, 10,
and 15 compared to the control. This is
attributed to the increase in demand for
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energy, thus, secretion of stress
hormones, such as adrenalin and
norepinephrine, which have a role in
raising the percentage of blood glucose,
and the body’s continuous demand for
energy, which, in turn, motivates
burning glycogen that exists in the liver
and transforming it into glucose to be
used as the primary source of energy for
fish.

However, the results of current study
were not consistent with the results of
Farghaly et al., (1973) who did not find
any significant influence in blood
glucose level when Tilapia zilli were
exposed to four salt concentrations:
fresh water, 9, 19, 39g/L, where no
significant variances were found. Fast et
al., (2008) also recorded that there was
no blood glucose rise for Atlantic
salmon (Salmo salar) when exposing to
the sudden rise in salinity, but he
recorded a rise in blood glucose when
the same fish were exposed to saline
exertion for a long time.

Conclusion
The rise in salinity led to an increase in
oxygen consumption, energy

consumption and blood glucose
consumption, and this is evidence of the
fish's attempt to reach an adaptation
process with the rise in salt
concentrations in order to reach to
“homeostasis”

Acknowledgments

This research was partially supported by
University of Baghdad and who
provided insight and expertise that

greatly assisted the research. By his
Labs and Staff.

Reference

Adams, J.B., Cowie, M. and Van
Niekerk, L., 2016. Assessment of
completed ecological water
requirement studies for South African
estuaries and responses to changes in
freshwater inflow. Pretoria: Water
Research Commission.

Ahmed, S.M., Al-Dubiakel, A.Y. and
Mohamed, F.A., 2004. Changes in
alkaline phosphatase activity in the
intestine of (Liza abu) Juveniles
during salinity acclimation. Iraqi
Journal of Agricultural Sciences, 11,
17-27.

Al-Khshali, M.S., 2011. Effect of
different salt concentrations on
some physiological and nutritional
aspects  of grass carp
Ctenopharyngodon idella and gold
fish Carassius auratus, University of
Baghdad, Ph.D Thesis 120 P.

Al-Hilali, H.A. and Al-Khshali, M.S.,
2016. Effect of water salinity on some
blood parameters of common carp
(Cyprinus  carpio). International
Journal of Applied Agricultural
Sciences, 2(1), 17-20.

Al-Khshali, M.Sh. and Al-Hilali, H.A.,
2017. Effect of gradual salinity
increasing on some stress
parameters (glucose, total protein,
lactate) in  blood plasma of
common carp Cyprinus  carpio L.
Iragi  Journal of Agricultural
Sciences, 48(2), 573-581


http://dx.doi.org/10.18331/SFS2022.8.3.3
http://sifisheriessciences.com/article-1-184-en.html

[ Downloaded from sifisheriessciences.com on 2023-01-13 ]

[ DOI: 10.18331/SFS2022.8.3.3 ]

Journal of Survey in Fisheries Sciences 8(3) 2022 43

AL-khshali, M.S. and AL-hilali,
H.A., 2019. Influence of Transfer to
High Salinity on Chloride Cells,
Oxygen and Energy Consumption in
Common Carp Cyprinus carpio.
Hayvan Bilimi ve Urinleri Dergisi,
2(1), 1-12.

Awal, M.A., Kuri, K.C. and Sarker,
S., 2012. Effect of salinity on the
oxygen consumption of tilapia
fingerlings. Daffodil International
University Journal of Science and
Technology, 7(1), 12-14.

Barton, B.A., Schreck, C.B. and
Fowler, L.G., 1988. Fasting and diet
content affect stress-induced changes
in plasma glucose and cortisol in
juvenile chinook salmon. The
Progressive Fish-Culturist, 50(1),
16-22.

Brett, J.R., 1972. The metabolic
demand for oxygen in fish,
particularly  salmonids, and a
comparison with other vertebrates.
Respiration  Physiology, 14(1-2),
151-170.

Cataldi, E., Mandich, A., Ozzimo, A.
and Cataudella, S., 2005. The
interrelationships between stress and
osmoregulation in a euryhaline fish,
Oreochromis mossambicus. Journal
of Applied Ichthyology, 21(3), 229-
231.

Chabot, D., Steffensen, J.F. and
Farrell, A.P. 2016. The
determination of standard metabolic
rate in fishes. Journal of Fish
Biology, 88(1), 81-121.

Christensen, E.A., llling, B., lversen,
N.S., Johansen, J.L., Domenici, P.

and Steffensen, J.F., 2018. Effects
of salinity on swimming performance
and oxygen consumption rate of
shiner perch Cymatogaster
aggregata. Journal of Experimental
Marine Biology and Ecology, 504,
32-37.

De Boeck, G., Vlaeminck, A., Van der
Linden, A. and Blust, R., 2000. The
energy metabolism of common carp
(Cyprinus carpio) when exposed to
salt stress: an increase in energy
expenditure or effects of starvation?.
Physiological and  Biochemical
Zoology, 73(1), 102-111

Dube, P.N. and Hosetti, B.B., 2010.
Behavior surveillance and oxygen
consumption in the freshwater fish
Labeo Rohita (Hamilton) exposed to
sodium cyanide. Biotechnology in
Animal Husbandry, 26(1-2), 91-103.

Ern, R., Huong, D.T.T., Cong, N.V,,
Bayley, M. and Wang, T., 2014.
Effect of salinity on oxygen
consumption in fishes: A review.
Journal of Fish Biology, 84(4), 1210-
1220.

Evans, D.H., Piermarini, P.M. and
Choe, K.P., 2005. The
multifunctional fish gill: dominant
site of gas exchange, osmoregulation,
acid-base regulation, and excretion of
nitrogenous waste. Physiological
Reviews, 85(1), 97-177.

Farghaly, A.M., Ezzat, A.A. and
Shabana, M.B., 1973. Effect of
temperature and salinity changes on
the blood characteristics of Tilapia
zilli G. in Egyptian littoral lakes.
Comparative  Biochemistry  and


http://dx.doi.org/10.18331/SFS2022.8.3.3
http://sifisheriessciences.com/article-1-184-en.html

[ Downloaded from sifisheriessciences.com on 2023-01-13 ]

[ DOI: 10.18331/SFS2022.8.3.3 ]

44 Al-Khshali and Al-Hilali, Influence of salinity acclimatization on energy, oxygen consumption ...

Physiology Part A: Physiology,
46(1), 183-193.

Fast, M.D., Hosoya, S., Johnson, S.C.
and Afonso, L.O., 2008. Cortisol
response and immune-related effects
of Atlantic salmon (Salmo salar L.)
subjected to short-and long-term
stress. Fish and Shellfish
Immunology, 24(2), 194-204.

Fischer, P., 2000. An experimental test
of metabolic and behavioural
responses of benthic fish species to
different types of substrate. Canadian
Journal of Fisheries and Aquatic
Sciences, 57(11), 2336-2344.

Gamperl, A.K., Vijayan, M.M. and
Boutilier, R.G., 1994. Experimental
control of stress hormone levels in
fishes: techniques and applications.
Reviews in Fish Biology and
Fisheries, 4(2), 215-255.

Grotan, K., @stbye, K., Taugbgl, A.
and Vgllestad, L.A., 2012. No short-
term effect of salinity on oxygen
consumption in threespine
stickleback (Gasterosteus aculeatus)
from fresh, brackish, and salt water.
Canadian Journal of Zoology,
90(12), 1386-1393.

Hemre, G.I., Mommsen, T.P. and
Krogdahl, A., 2002. Carbohydrates
in fish nutrition: effects on growth,
glucose metabolism and hepatic
enzymes. Aquaculture Nutrition, 8,
175-194.

Hwang, P.P. and Lin, L.Y., 2013. Gill
ionic transport, acid-base regulation,
and  nitrogen  excretion.  The
Physiology of Fishes, 4, 205-233.

Jobling, M. and Baardvik, B.M., 1994.
The influence of environmental
manipulations on inter—and intra—
individual ~ variation in  food
acquisition and growth performance
of Arctic charr, Salvelinus alpinus.
Journal of Fish Biology, 44(6), 1069-
1087.

Karsi, A. and Yildiz, H.Y., 2005.
Secondary stress response of nile
tilapia, Oreochromis niloticus, after
direct transfer to different salinities.
Tarim BilimLeri Dergisi, 11(2), 139-
141.

Keddy, P.A., 2001. Competition, 2nd
edition, volume 26 London : Kluwer
Academic Publishers. [Google
Scholar]

Kelly, S.P., Chow, I.N. and Woo, N.Y.,
1999. Effects of prolactin and growth
hormone on strategies of
hypoosmotic adaptation in a marine
teleost, Sparus sarba. General and
Comparative Endocrinology, 113(1),
9-22.

Kennish, M.J., 1986. Ecology of
estuaries. v. 1: Physical and chemical
aspects.-v. 2: Biological aspects.

Kinne, O., 1967. Physiology of
estuarine organisms with special
reference to salinity and temperature:
general aspects. Estuaries, 83, 525-
540.

Komen J., 2000. Cold shocks: a stressor
for common carp. Journal of Fish
Biology, 57, 881-894.
d0i:10.1111/j.1095-8649.2000.
th02199.x

Kiltz, D., 2011. Osmosensing, p. 1373—
1380. In: Encyclopedia of Fish


http://dx.doi.org/10.18331/SFS2022.8.3.3
http://sifisheriessciences.com/article-1-184-en.html

[ Downloaded from sifisheriessciences.com on 2023-01-13 ]

[ DOI: 10.18331/SFS2022.8.3.3 ]

Journal of Survey in Fisheries Sciences 8(3) 2022 45

Physiology: From Genome to
Environment, Vol.A. P. Farrell (ed.).
Academic Press, San Diego

Kiltz, D., 2015. Physiological

mechanisms used by fish to cope with
salinity  stress. Journal of
Experimental  Biology, 218(12),
1907-1914.

Martinez-Alvarez, R.M., Hidalgo,

M.C., Domezain, A., Morales, A.E.,
Garcia-Gallego, M. and Sanz, A,
2002. Physiological changes of
sturgeon Acipenser naccarii caused
by increasing environmental salinity.
Journal of Experimental Biology,
205(23), 3699-3706

McCairns, R.S. and Bernatchez, L.,

2010. Adaptive divergence between
freshwater and marine sticklebacks:
insights into the role of phenotypic
plasticity from an integrated analysis
of candidate gene expression.
Evolution : International Journal of
Organic Evolution, 64(4), 1029-
1047.

McKenzie, D.J., 2001. Effects of

dietary fatty acids on the respiratory
and cardiovascular physiology of
fish. Comparative Biochemistry and
Physiology Part A: Molecular and
Integrative Physiology, 128(3), 605-
619.

McLeay, D.J., 1977. Development of a

blood sugar bioassay for rapidly
measuring stressful levels of pulpmill
effluent to salmonid fish. Journal of
the Fisheries Board of Canada,
34(4), 477-485.

Morgan, J.D., Sakamoto, T., Grau,

E.G. and Iwama, G.K. 1997.

Physiological and respiratory
responses of the Mozambique tilapia
(Oreochromis  mossambicus) to
salinity acclimation. Comparative
Biochemistry and Physiology Part A:
Physiology, 117(3), 391-398.

Nelson, D.L. and Cox, M.M., 2005.

Diabetes mellitus arises from defects
in insulin production or action. In
Principles of Biochemistry (4th edn).
Lehninger (ed). Freeman and
Company: NewYork; 909-910.

Newell, R.C. (Ed.), 2013. Adaptation to

environment:  essays on the
physiology of marine animals.
Elsevier.

Noor, N.M., Cob, Z.C., Ghaffar, M.A.

and Das, S.K., 2019. An evaluation
of the effect of salinities on oxygen
consumption and wellbeing in the
hybrid grouper Epinephelus
fuscoguttatusx  E.  lanceolatus.
Turkish Journal of Fisheries and
Aquatic Sciences, 19(12), 1017-1023.

Nordlie, F.G. and Leffler, C.W., 1975.

lonic regulation and the energetics of
osmoregulation in Mugil cephalus
Lin. Comparative Biochemistry and
Physiology Part A: Physiology,
51(1), 125-131.

Olufayo, M.O., 2009. Haematological

characteristics of Clarias gariepinus
(Burchell 1822) juveniles exposed to
Derri elliptica root powder. African
Journal of Food, Agriculture,
Nutrition and Development, 9(3).

Perry, S.F., and Walsh, P.J., 1989.

Metabolism of isolated fish gill cells:
contribution of epithelial chloride


http://dx.doi.org/10.18331/SFS2022.8.3.3
http://sifisheriessciences.com/article-1-184-en.html

[ Downloaded from sifisheriessciences.com on 2023-01-13 ]

[ DOI: 10.18331/SFS2022.8.3.3 ]

46 Al-Khshali and Al-Hilali, Influence of salinity acclimatization on energy, oxygen consumption ...

cells. Journal of Experimental
Biology, 144(1), 507-520

Pietri, E.S., Fazio, R.H. and Shook,
N.J., 2013. Recalibrating positive
and negative weighting tendencies in
attitude generalization. Journal of
Experimental Social Psychology,
49(6), 1100-1113.

Potter, I.C., Tweedley, J.R., Elliott, M.
and Whitfield, A.K., 2015. The
ways in which fish use estuaries: A
refinement and expansion of the guild
approach. Fish and Fisheries, 16(2),
230-239.

Sangiao-Alvarellos, S., Laiz-Carrion,
R., Guzman, J.M., Martin del Rio,
M.P., Miguez, J.M., Mancera, J.M.
and Soengas, J.L., 2003.
Acclimation of parus aurata to
various salinities alters energy
metabolism of osmoregulatory and
nonosmoregulatory organs.
American Journal of Physiology-
Regulatory, Integrative and
Comparative Physiology, 285(4),
R897-R907.

Small, B.C., 2004. Effect of dietary
cortisol administration on growth and
reproductive success of channel
catfish. Journal of Fish Biology,
64(3), 589-596.

Soengas, J.L. And, M.A. and Andrés,
M.D., 1995. Gradual transfer to sea
water of rainbow trout: effects on
liver  carbohydrate  metabolism.
Journal of Fish Biology, 47(3), 466-
478.

Strydom, N.A., 2015. Patterns in larval
fish  diversity, abundance, and
distribution in temperate South

African estuaries. Estuaries and
Coasts, 38(1), 268-284.

Sultan, F. A., 2007. Effect of Salinity
Acclimation on some Physiological
an Nutritional aspects in
Acanthopagrus latus (Houttyn, 1782)
Juveniles. University of Basrah, Ph.D
Thesis., P162.

Svendsen, M.B.S., Bushnell, P.G. and
Steffensen, J.F., 2016. Design and
setup of intermittent-flow
respirometry system for aquatic
organisms. Journal of Fish Biology,
88(1), 26-50.

Swanson, C., 1998. Interactive effects
of salinity on metabolic rate, activity,
growth and osmoregulation in the
euryhaline milkfish (Chanos chanos).
Journal of Experimental Biology,
201(24), 3355-3366.

Tanck, M.W.T., Booms, G.H.R.,,
Eding, E.H., Bonga, S.W. and
Komen, J., 2000. Cold shocks: a
stressor for common carp. Journal of
fish Biology, 57(4), 881-894.

Tietze, S.M. and Gerald, G.W., 2016.
Trade-offs between salinity
preference and antipredator
behaviour in the euryhaline sailfin
molly Poecilia latipinna. Journal of
Fish Biology, 88(5), 1918-1931

Tseng, Y.C. and Hwang, P.P., 2008.
Some insights into  energy
metabolism for osmoregulation in
fish. Comparative Biochemistry and
Physiology Part C: Toxicology and
Pharmacology, 148(4), 419-429.

Tsui, W.C., Chen, J.C. and Cheng,
S.Y., 2012. The effects of a sudden
salinity change on cortisol, glucose,


http://dx.doi.org/10.18331/SFS2022.8.3.3
http://sifisheriessciences.com/article-1-184-en.html

[ Downloaded from sifisheriessciences.com on 2023-01-13 ]

[ DOI: 10.18331/SFS2022.8.3.3 ]

Journal of Survey in Fisheries Sciences 8(3) 2022 47

lactate, and osmolality levels in
grouper Epinephelus malabaricus.
Fish Physiology and Biochemistry,
38(5), 1323-1329.

Wang, J.Q., Lui, H., Po, H. and Fan,
L., 1997. Influence of salinity on food
consumption, growth and energy
conversion efficiency of common
carp (Cyprinus carpio) fingerlings.
Aquaculture, 148(2-3), 115-124.

Wedemeyer, G.A., Barton, B. A. and
McLeay, D.J., 1990. Stress and
acclimation. Pages 451-489 in C. B.
Schreck and P. B. Moyle, editors.
Methods for fish biology. American
Fisheries Society, Bethesda.
Maryland

Wendelaar Bonga, S.E., 1997. The
stress response in fish. Physiological
Reviews, 77(3), 591-625.

West, T.G., Arthur, P.G., Suarez,
R.K., Doll, C.J. and Hochachka,
P.W., 1993. In vivo utilization of
glucose by heart and locomotory
muscles of exercising rainbow trout
(Oncorhynchus mykiss). Journal of
Experimental Biology, 177(1), 63-79.

Whitehead, A., Roach, J.L., Zhang, S.
and Galvez, F., 2011. Genomic

mechanisms of evolved physiological
plasticity in killifish distributed along
an environmental salinity gradient.
Proceedings of the National Academy
of Sciences, 108(15), 6193-6198.

Whitfield, A.K., Elliott, M., Basset, A.,

Blaber, S.J.M. and West, R.J.,
2012. Paradigms in  estuarine
ecology-a review of the Remane
diagram with a suggested revised
model for estuaries. Estuarine,
Coastal and Shelf Science, 97, 78-90.

Xu, J., Song, D., Xue, Z., Gu, L.,

Hertz, L. and Peng, L., 2013.
Requirement of glycogenolysis for
uptake of increased extracellular K+
in astrocytes : potential implications
for K+ homeostasis and glycogen
usage in brain. Neurochemical
Research, 38(3), 472-485.

Zhao, F., Qu, L., Zhuang, P., Zhang,

L., Liu, J. and Zhang, T., 2011.
Salinity tolerance as well as osmotic
and ionic regulation in juvenile
Chinese sturgeon (Acipenser sinensis
Gray, 1835) exposed to different
salinities.  Journal of  Applied
Ichthyology, 27(2), 231-234.


http://dx.doi.org/10.18331/SFS2022.8.3.3
http://sifisheriessciences.com/article-1-184-en.html
http://www.tcpdf.org

