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Abstract

A 10-day trial was conducted to evaluate the salinity tolerance and hematological responses of juvenile ship sturgeon Acipenser
nudiventris under different salinity levels. A total of 240 fish averaging 6.2 + 0.13 g (mean + SD) were randomly distributed into
12 tanks in groups of 20, and each tank was then randomly assigned to one of three replicates of four different salinities at 0, 4, 8
and 12%o. At the end of 10 days of experimental period, plasma protein value of fish exposed to 0%o and 4%o salinities was signifi-
cantly higher than those of fish exposed to 8% and 12%o salinities (P < 0.05). Significantly higher values for plasma cortisol and
glucose were obtained in fish exposed to 12%o salinity compared to the fish exposed to 0%o and 4% salinities (P < 0.05). Plasma
potassium and sodium values increased significantly by increment of salinity levels (P < 0.05). Therefore, these results indicated
that in natural environments, juvenile ship sturgeon, 4. nudiventris in migratory populations could be able to migrate and adjust
successfully into brackish water with a salinity of up to 8%o without any short-term hematological stress responses.
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Introduction

All species of sturgeons have complex life histories (Ky- Hungary, Iran, Kazakhstan, Moldova, Romania, Russia, Slo-
nard, 1997), requiring tolerance to a large range of environ- vakia, Turkey, Ukraine and Uzbekistan. There were originally
mental conditions at different times of the life cycle, which two isolated populations in the northern Caspian Sea, but only
may be facilitated by physiological mechanisms (Burggren the Ural River population is thought to exit today. In the south-
and Randall, 1978). Many species of sturgeons are anadro- ern part of the Caspian Sea, the species is known to migrate
mous, as they spawn in rivers and after a variable length of in several rivers.
time, migrate downstream to brackish areas or even the open Global studies have shown that hatchery reared fish have
sea, where they mature until they return to spawn upstream lower survival rates and provide lower returns to anglers than
(Martinez-Alvarez, 2002). Ship sturgeon, Acipenser nudiven- the wild fish (Heggberget et al., 1992). One of the major prob-
tris, is rare in the Caspian Sea and classified as endangered lems associated with the viability of restocking is the dramatic
in literature (IUCN, 1996). The CITES database lists the dis- level of mortality of newly released individuals (Olla et al.,
tribution of ship sturgeon as: Armenia, Azerbaijan, Bulgaria, 1998). A study by Berejikian et al. (2000) assumed that per-
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haps one of the problems of previous attempts to assess the ef-
fects of training fingerlings before release is that both trained
and untrained fish have been released together. Controlling the
induced acclimation to the seawater is a first step to solve a
problem. Therefore, study on the physiological condition of
juveniles during early stages of life is necessary to understand
restocking management (Farabi et al., 2009).

Several studies demonstrated that age and body size have
been postulated as determining factors of the salinity toler-
ance of fish (McEnroe and Cech, 1985; Garcia-Gallego et al.,
1998). For example, Mojazi Amiri et al. (2009) reported that
early salinity tolerance of two sizes (10 and 30 g) of one-year-
old juvenile white sturgeons, 4. transmontanus, differed when
exposed abruptly to diluted seawater (0, 8, 16, 24 and 32%o),
showing that at the same age salinity tolerance was higher in
heavier fish. Also, some aspects of these osmoregulatory pro-
cesses have been previously studied in several sturgeon spe-
cies such as A. gueldenstaedti and A. stellatus from the North
and Middle parts of the Caspian Sea (Krayushkina and Se-
menova, 2006), A. transmontanus (McEnroe and Cech, 1985),
A. naccari (Cataldi et al., 1995), and A. persicus (Kazemi,
2003). The mechanisms controlling this adaptation are similar
to those described in other teleosts. These include changes in
branchial ion regulatory capacity as a result of morphological
and physiological changes (Hoar, 1988; Evans, 1993). There-
fore, this study was designed to evaluate the salinity tolerance
of juvenile ship sturgeon, A. nudiventris, from the Southeast
part of the Caspian Sea, with two major objectives: (1) provide
baseline data on plasma biochemical parameters, and (2) to
assess how plasma biochemistry is modified following salin-
ity stress.

Materials and Methods

Source of Juvenile Acipenser nudiventris and Pre-
liminary Acclimation

Three months old juveniles of 4. nudiventris were trans-
ported from the freshwater local Shahid marjani hatchery
to Gharehso brackish water hatchery, Gorgan, Iran. Prior to
the start of the experiment, fish were acclimated in indoor fi-
berglass tanks for 7 days during which they were fed at ap-
proximately 3% of the total stocked biomass daily with the
commercial feed (BioMar, Nersac - France) applied in the fish
farm.

Experimental design

At the beginning of the experiment, a total of 240 juvenile
ship sturgeon (average initial weight 6.2 + 0.13 g) was care-
fully selected from the stock tanks and directly distributed into
12 fiberglass tanks filled with 100 L of water (20 fish/tank).
Each tank was then randomly assigned to one of the three rep-
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licates of the four different experimental salinities such as; 0
(control), 4, 8 and 12%o. Fish were not fed throughout the ex-
perimental period (10 days). Different salinities were provided
by dilution of coastal Caspian brackish water (approximately
12.5%o0) with dechlorinated municipal freshwater. Water salin-
ity was determined with a digital salinometer (Cond 3301/ set
WTW, Germany) and adjusted daily. Supplemental aeration
was provided to maintain the dissolved oxygen at 6.2 £ 0.06
mg L, and also water temperature and pH during the experi-
ment were maintained at 23.5 £ 0.08°C and 7.8 + 0.02, respec-
tively. Water was replaced in order to prevent accumulation of
ammonia and other toxic metabolites in the tanks every day.
In addition, siphoning was done every morning in each rearing
tank; also, dead fish were removed and recorded daily.

Fish sampling and analytical methods

At the end of the trial, five fish per tank were randomly
captured, anesthetized with ethylene glycol phenyl ether (200
mg L' for 5-10 min), and blood samples were collected from
the caudal vein with heparinized syringes for determination
of red blood cells (RBC) count, hematocrit (HCT) and hemo-
globin (Hb). After the abovementioned measurements with
whole blood, plasma was separated by centrifugation at 5,000
g for 10 min and stored at —70°C for determination of blood
biochemical parameters including plasma cortisol, glucose
(GLU), potassium (K*) and sodium (Na*). Heparinized mi-
crohaematocrit capillary tubes were centrifuged at 16,329.6
g for 5 min in a clinical centrifuge (Hettich-D7200 Tuttlin-
gen, Germany) for HCT. RBC performed by microscope and
hemocytometers over cells suspended in Rees-Escher’s solu-
tion. Hb was measured using the cyanmethemoglobin method
by spectrometer (Cecilce 1020, Germany) at wavelength of
540 nm. Plasma cortisol (mg dlI'') was determined with Ra-
dioimmunoassay method with Gama control automatic ma-
chine (L.K.B model, Finland). Plasma glucose (mg dl'') was
determined with Ceceil 3021 machine (Technicon Company,
USA). Plasma K*and Na* values (mM 1"') were measured us-
ing a Flamephotometer machine (Corning 480 Model, Jenway
Company, England).

Data analysis

Data were analyzed according to one-way ANOVA (Statis-
tix 3.1; Analytical Software, St. Paul, MN, USA) to test the
effects of the different water salinities. When a significant
treatment effect was observed, an LSD test for multiple com-
parisons was performed. Treatment effects were considered at
P <0.05 level of significance.

Results

Fish exposure to 0%o salinity presented normal swimming
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Fig, 1. Effects of different salinity levels on mortality rate of juvenile
ship sturgeon Acipenser nudiventris after 10 days. Values are means +
S.E.M. Data values with different letters are significantly different (P < 0.05).
The lack of superscript letter indicates no significant differences among
treatments.

and did not show any external signs of distress. Under 4%o and
8%o salinities, ship sturgeon still did not show any external
signs of distress. However, when fish were exposed to 12%o
salinity, there was a marked reduction in swimming speed.
The highest percentage mortality (10.0%) was observed in ju-
venile ship sturgeon exposed to 12%o, while the lowest (5.0%)
was recorded in the control (Fig. 1), and there were no signifi-
cant differences between treatments (P < 0.05).

Table 1 shows the hematological parameters of fish under
different salinity levels. RBC of fish exposed to 8% salinity
was significantly higher than those of fish subjected to 0%,
4%o and 12%o salinities (P < 0.05). However, there were no
significant differences in RBC among fish subjected to 0%o,
4%o and 12%o salinities (P > 0.05). HCT was significantly
higher in fish exposed to 8%o and 12%o salinities than those of
fish subjected to 0%o and 4%o salinities. However, there were
no significant differences in HCT among fish subjected to 0%o
and 4%o salinities, or among those subjected to 8%o and 12%o
salinities. Furthermore, there were no significant differences
in Hb value of fish among all treatments. Plasma protein val-
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Fig. 2. Effects of different salinity levels on plasma potassium (a) and
sodium (b) values of juvenile ship sturgeon Acipenser nudiventris after
10 days. Values are means + S.E.M. Data values with different letters are
significantly different (P < 0.05). The lack of superscript letter indicates no
significant differences among treatments.

ues of fish exposed to 0%o and 4% salinities were significantly
higher than those of fish subjected to 8%o and 12%o salinities.
However, there were no significant differences in plasma pro-
tein value among fish subjected to 0%o and 4%o salinities, or
among those subjected to 8% and 12%o salinities. Fish ex-
posed to 12%o salinity showed significantly higher plasma cor-
tisol and glucose values than those of fish subjected to 0%o and
4%o salinities. However, there were no significant differences
in plasma cortisol and glucose values among fish subjected to

Table 1. Effects of different salinity levels on hematological parameters of juvenile ship sturgeon Acipenser nudiventris after 10 days'

Salinity RBC’ HCT® Hb* Protein (mg mL™) Cortisol (ug dI™) Glucose (mg dI'™")
0 %o 4.02° 20.02° 8.02 4427 1.31° 18.45°
4 %o 3.93° 20.50 8.20 43.23° 1.56" 22.88"
8 %o 455 22.66" 7.55 40.61° 1.82% 27.23%
12 %o 3.81° 21.92° 7.57 39.52° 1.94° 29.97*
Pooled SEM’ 0.08 0.74 0.24 1.46 0.07 1.28

'Values with different superscript letters within each column are significantly different (P < 0.05). The lack of superscript letter indicates no significant

differences among treatments.

2RBC (x10°cells mI™): Red blood cell.
*HCT (%): Hematocrit.

“*Hb (g 100cm™): Hemoglobin.

*Pooled standard error of means: SD/+/n.

http://e-fas.org



Fish Aquat Sci 18(1), 45-50, 2015

8%o and 12%o salinities, among fish subjected to 4%o and 8%o
salinities, or among those subjected to 0%o and 4%o salinities.

Plasma potassium (Fig. 2a) and sodium (Fig. 2b) values
increased significantly by increment of salinity levels (P <
0.05). Plasma potassium (K*) value of fish exposed to 12%o
salinity was significantly higher than those of fish subjected
to 0%o and 4%o salinities (P < 0.05). However, there were no
significant differences in plasma potassium value among fish
subjected to 8%o and 12%o salinities, among fish subjected to
4%o and 8%o salinities, or among those subjected to 0%o and
4%o salinities (P > 0.05). Plasma sodium (Na®) value of fish
exposed to 12%o salinity was significantly higher than those of
fish subjected to 0%o, 4%o and 8% salinities.

Discussion

In the present study, Mortality among fish transferred to
brackish water is inversely related to their ability to osmo-
regulate and depending on fish size, such transfer often re-
sults in high mortality rates (Cataldi et al., 1999). Our results
showed that 3-month old juvenile ship sturgeons were able to
survive direct transfer to brackish water (4, 8 and 12%o) and
little mortality was detected among the individuals subjected
to these salinity levels.

The effect of cortisol on osmoregulatory parameters has
been amply studied in teleosts (Hegab and Henque, 1984). Its
primary action seems to be the stimulation of Na*/K*-ATPase
activity. In the current study, the trend of increasing levels of
cortisol at higher salinity in ship sturgeon indicates that for
this chondrostean, the role of cortisol must be similar to that in
teleosts. Besides, the increase of plasma cortisol value is con-
sidered to be a primary indicator of stress response (Cataldi
et al., 1998). Cleary et al. (2002) showed that plasma cortisol
levels of stressed snapper is possible that following the initial
osmotic challenge and associated immediate serum chemis-
try perturbations, and subsequent restoration of homeostasis,
that stress hormones influenced plasma electrolyte flux. It is
known that stress induced hormonal responses, such as ele-
vated levels of plasma cortisol and catecholamines, lead to os-
motic imbalances in fish subjected to hypertonic and hypoton-
ic environments (Pickering and Pottinger, 1995). The trend for
the cortisol level to rise in response to growing environmental
salinity should, like a hyperglycemia-causing hormone, raise
the plasma glucose value. Similarly, we found such rise in our
results. Previous studies of this issue are contradictory, show-
ing both a rise (Assem and Hanke, 1979; Bashamohideen and
Parvatheswararao, 1972) and a fall (Krumschnabel and Lack-
ner, 1993; Soengas et al., 1991) in glucose value during sea-
water adaptation. There appears to be a high glucose demand
in order to supply the energy by osmoregulatory mechanisms
(Krumschnabel and Lackner, 1993; Plaut, 1998), whereupon
glyconeogenesis even increases (Jiirss and Bittorf, 1990). The
greater use of glucose could mask the plasma glucose increase

http://dx.doi.org/10.5657/FAS.2015.0045

48

prompted by the cortisol.

The decline found in plasma proteins during increase of sa-
linity could also be accounted for by the high osmoregulatory
energy demand. Huang et al. (2006) noted that as environmen-
tal salinity increased, fish consumed more energy, while glu-
cose and lipids provided the energy required for metabolism.
Therefore, when the available food source lacks sufficient en-
ergy, protein in the feed would be utilized as energy source
(Lin, 1999).

The HCT and RBC increased with increasing salinity lev-
els up to 8%o salinity; afterwards, they subsequently decreased
as the salinity increased further. The change in environmental
salinity can be attributed to changes in the water content in
the blood (Plaut, 1998). Thus, at the beginning of exposure to
a hyperosmotic environment, the fish would lose water pas-
sively, and thereby undergo increases in the concentrations of
blood-cell elements. Afterwards, the compensatory increase
in water ingestion would provide a transitory dilution of the
blood parameters. Finally, these would return to initial val-
ues as a result of the rest of the osmoregulatory mechanisms,
which act to re-establish the extracellular volume (Martinez-
Alvarez et al., 2002).

If the internal perturbation of the fish, either directly or as a
result of alterations of the environment, overwhelms the phys-
iological mechanisms of the animal for response and adapta-
tion to new conditions can be threatened and death is resulted
(Martinez Alvarezi et al., 2002). Therefore, anadromous fish
must develop complex osmoregulatory mechanisms to sur-
vive successfully both in hypoosmotic environments (e.g. riv-
ers) and hyperosmotic environments (e.g. estuaries and open
sea). In previous investigations, it was noted that broodstock
and juvenile acipenserids of euryhaline species stabilize the
plasma osmolarity and ionic concentration after transferred
from freshwater more slowly, for the duration of 7-10 days
(Krayushkina, 1983a) than teleost fish in particular salmonids,
for duration 3-5 days to seawater (Krayushkina, 1983b).

In the present study plasma potassium (K*) and sodium
(Na*) values in ship sturgeon significantly increased by incre-
ment of salinity levels. In agreement with our results, Farabi
et al. (2009) noted an increase in plasma potassium (K*) and
sodium (Na®) values in ship sturgeon with increasing water
salinity. Likewise, Lebreton and Beamish (1998) found that
the plasma concentrations of (K*) and (Na*) ions in 4. fulve-
scens, were increased by increment salinity level. The differ-
ent rhythms in acclimation recorded between this research and
our study may be explained by differences in osomoregulatory
ability among different species and even populations of stur-
geon.

This observation indicates that a difference exists in the ion
levels between fish acclimated to brackish water and freshwa-
ter. These differences might be due to species-specific mor-
phophysiological mechanisms for salinity adaptation and tol-
erance, which would be directly related to the natural history
of this species. In conclusion, these results indicated that in



natural environments, juvenile ship sturgeon, 4. nudiventris,
in migratory populations could be able to migrate and adjust
successfully into brackish water with a salinity of up to 8%o
without any short-term hematological stress responses.
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