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Abstract 

During the intensive growth of the sturgeons, different stressful factors may occur which could 
act isolated or in association, influencing their physiological state. In these conditions, the 
organism tries to cope through a series of biochemical and physiological changes as a result of the 
activation, in cascade, of some mechanisms of the neuroendocrine response to these stressors. This 
paper presents the results of the haematological investigations in a controlled experiment that 
followed the effect of the cold shock stress of water temperature, in the range 12.8 oC ÷ 7 oC 
(initially, after 1 hour, respectively after 3 hours) on the physiology of the Acipenser stellatus 
species (stellate sturgeon), a very valuable species for sturgeon farming in Romania. This 
experiment was part of a series of experiments applied to intensive sturgeon breeding with the aim 
of selecting specific molecular and biochemical markers (gene and protein expressions) to allow the 
analysis of the response mechanisms to stress factors in aquaculture. Haematological indices and 
erythrocyte constants were determined using standard methods for veterinary haematology and the 
data obtained were statistically processed. The determined values of the haematological parameters 
ranged near the lower limit of the optimum interval for Acipenseridae. In the context of our study, 
although there was a constant increasing tendency of haematocrit (Ht) values with the raise of the 
exposure to cold (14.46% - initially, 16.39% - after 1 hour, respectively 17.51% - after 3 hours), in 
parallel with a less uniform reaction of the other haematological parameters, the statistical analysis 
did not reveal significant differences between the three experimental groups. The obtained data 
show the evolution of the haematological profile of the stellate sturgeon and it is useful in 
completing the database with reference values for research in the field of sturgeon culture 
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INTRODUCTION1  
In fishes, like in other ectothermic 

organisms, water temperature influences, 
significantly, the metabolic and physiological 
processes, being considered the “ecological 
master factor" [5], [12] with control on 
growth, reproduction, behaviour etc. In the 
natural aquatic ecosystems, the 
biogeographic distribution of fish species is 
phylogenetically related to its requirements 
in terms of temperature and oxygen. In the 
anthropogenic ecosystems, like aquaculture 
production systems, the fish species could 
suffer, intentionally or not, a wider exposure, 
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with larger variation limits of temperature. In 
fact, till now, many commercially farmed 
fish species have been domesticated and 
breeding improved by manipulating the 
thermal and/or photoperiod regimes during 
growth or gonads’ maturation (rainbow trout, 
European seabass, common carp, common 
perch, tilapia, Atlantic cod etc.). 

Nowadays, sturgeon farming is considered 
one of the most profitable activity in 
aquaculture with the clear target of obtaining 
the fish in the commercial weight and caviar 
as soon as possible [22]. So, manipulating the 
thermal regime during the prespawning and 
spawning season in domestic sturgeon females 
could have a positive impact on the ovarian 
development [14], [23]. As a result of the 
specific rearing requirements, most production 
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facilities need to deal with wide anthropogenic 
variations in temperature, during different 
technological activities, in order to cover the 
temperature range from 8 to 30 °C (natural 
variations in water temperature) and, 
sometimes, sturgeons must face it to acute 
acclimation episodes. In response to these 
disturbances, fish initiate adaptive response to 
thermal stress that includes a large number of 
biochemical, physiological and behavioural 
changes [6]. To understand the effects of water 
temperature on the physiology of juvenile 
Danube sturgeon within the lowest range of 
“normal” temperatures, we performed a 
teamwork experiment to monitor the 
acclimation response of young stellate 
sturgeon in cold shock exposure from 12,8 °C 
to 7 °C, after 1 hour and, respectively, 3 hours. 
In fact, our study was part of a series of 
experiments applied to intensive sturgeon 
breeding with the aim of selecting specific 
molecular and biochemical markers (gene, 
protein expressions, haematological and 
growth patterns) to allow the analysis of the 
response mechanisms to stress factors in 
aquaculture. 

 
MATERIAL AND METHODS 

The experiment was conducted in the 
Horia Research Station of the S.C. Danube 
Research Consulting S.R.L. on one-year old 
juveniles of Acipenser stellatus (Pallas, 
1771). 21 healthy fish were randomly 
assigned into three experimental groups: 
control, 1h_cold stress, 3h_cold stress, 
namely after the period time of the cold stress 
application. The fish were weighed (g), 
measured (cm) and the somatic data are 
presented in the Table 1.  
 
Table 1 Somatic features of stellate juveniles in 
the experimental groups (M±SD) 
 

Group Total length 
(cm) 

Total weight 
(g) 

Control (no stress 
applied) 

28.286 ± 
0.756 

84.429 ± 
12.246  

After 1 h_cold 
stress 

27.929 ± 
1.718  

81.429 ± 
18.026  

After 3 h_cold 
stress 

27.857 ± 
1.215  

77.429 ± 
8.772  

 

Blood samples (1 ml) were collected, in 
situ, from the caudal vein, transferred into 
tubes containing lithium heparin as 
anticoagulant and transported (4÷6 °C) to the 
Research Centre MoRAS-UDJ Galati 
(http://moras.ugal.ro) for haematological 
investigations. Haematological analyses were 
performed by routine methods used in fish 
haematology: the red blood cell counts 
(RBCc, x 106 /µL) were determined by the 
erythrocytes counting on Neubauer 
haemocytometer using Vulpian diluting 
solution. The cells counting (×400) and other 
observations were performed in classic 
microscopy using the AXIO-Imager A1 
(ZEISS) microscope and the 
photomicrographs were performed with the 
Canon PowerShot A640 digital camera. 

The haematocrit (Ht, %) was determined 
using microcapillary tubes centrifuged for 5 
minutes at 12000 rpm. The haemoglobin 
concentration (Hb, g/dL) was 
spectrophotometrically determined at a 540 
nm wavelength (UV/VIS Specord 210 
AnalytikJena) applying cyanmethaemoglobin 
method. The erythrocyte indices: mean 
corpuscular volume (MCV, fL), the mean 
corpuscular haemoglobin (MCH, pg) and the 
mean corpuscular haemoglobin concentration 
(MCHC, g/dL). were calculated by standard 
formulas. 

The obtained values were statistically 
computed using SPSS Statistics 17.0 program 
and analyzed for the normality of distribution 
with the Kolmogorov-Smirnov Z test, for the 
homogeneity of variances with Levene’s test, 
for the comparison of the means with one-
way ANOVA. Significance was accepted at 
p<0.05. The data is presented as mean ± 
standard deviation (M±SD). 

 
RESULTS AND DISCUSSIONS 

Due to its functions, blood analysis can 
highlight, through its parameter dynamics, 
the ability of the organism to cope, 
operatively, with environmental factors 
variations in order to keep within normal 
limits the integrity, structure and 
functionality of the fish body [3], [15]. 

In our study, the haematological reaction 
was reflected by the variations of the 
haematocrit, the haemoglobin concentration, 



Scientific Papers-Animal Science Series: Lucrări Ştiinţifice - Seria Zootehnie, vol. 72 
 

 
- 195 - 

 Article licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License (http://creativecommons.org/licenses/by-nc-sa/4.0/) 

the number of red blood cells, as well as of 
the erythrocyte’s indices, recorded during the 
experiment and presented in fig. 1. The blood 
profile showed values considered normal for 
sturgeon species: [1], [9], [10], [11], [13], 
[17], [25]. 

The red blood cells count (RBCc) 
showed no significant differences between 
those 3 groups (ANOVA, p> 0.05) with the 
values’ variation range between 0.555÷1.235 
x 106 cells/µL. A slight decrease in 
erythrocytes number was observed, after 

1h_cold stress exposure (from 0.830±0.146 x 
106/µL to 0.806±0.196 x 106/µL), same 
pattern as observed in Oreochromis niloticus 
[2] cited by [24], Ameiurus nebulosus [8], 
Cyprinus carpio [4], followed by an 
insignificant increase after 3h_cold stress 
exposure. The RBCc’s rise could results from 
an erythropoiesis process indicating a stress 
reaction, like a hypoxic condition, developed 
under the longer period of applying the cold 
stimulus [18], [21].  

 

 

 

 
 

Fig. 1 Blood profiles of stellate sturgeon juveniles during the experiment of cold shock stress 
 

The haemoglobin concentration (Hb) 
showed a specific pattern without statistic 
difference between groups: after an hour, the 
mean value of the 1h_cold stress group 

(5.794±0.888 g/dL) was higher than in the 
group 3 h_cold stress (5.520±1.399 g/dL), 
followed by the mean value of the control 
group (5.371±0.692 g/dL). In correlation 
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with the anterior values of RBCc, this shift 
suggests, for the 1h_cold stress group, that 
the increasing oxygen affinity of fish 
haemoglobins could be explained by 
adrenergic swelling of erythrocytes [6], [24]. 
The other oxygen transport variables, the 
haematocrit, highlight the same assumption 
of compensatory potential due to increase in 
volume of the erythrocyte: the 3 h_cold stress 
group showed the higher mean value 
(17.514±6.049 %) through the experimental 
lots (16.390±4.126 % for 1 h_cold stress 
group and 14.461±3.695 % for control) that 
can be associated with an increase in oxygen 
demand [6], [20]. In the experiment 
performed on Atlantic sturgeon juveniles 
regarding the effects of temperature and 
hypoxia, Kieffer et al. [16] found that the 
haematocrit was dependent on both hypoxia 
and temperature treatment, but within each 
acclimation temperature (5 °C and 15 °C), 
haematocrit levels were not significantly 
different between the control (normoxia) and 
following 1h of hypoxia. 

The mean corpuscular volume (MCV) 
follows the patern of the haemoglobin 
concentrations: the mean value of the 1h_cold 
stress group (205.418±33.128 fL) was higher 
than in the group 3 h_cold stress 
(188.012±31.807 fL), followed by the mean 
value of the control group (176.218±40.039 
fL), with no statistical differences determined. 

The mean corpuscular haemoglobin 
(MCH) indicates the erythrocyte loading with 
hemoglobin and the maximum range of 
variation is observed in the 1h_cold stressed 
group. Fig. 1 presents the value distribution 
of this parameter among the experimental 
groups.  

Also, the gradual decresing of the mean 
corpuscular haemoglobin concentration 
(MCHC) values could be observed, which 
emphazises that the affinity of haemoglobin 
to oxygen in the 1 h_cold stress group is due 
to an increasing in erythrocite volume, 
followed by an activation of erythrocytes 
releasing in the 3 h_cold stress group. 

Thermal tolerance of the ectothermes 
from the natural cold waters (Antarctic) is 
explained by the low metabolic rates as a 
uniform character of life in those conditions 
[19]. It is considered [20] that in 

cartilaginous fish the spleen seems to have 
the major role in erythropoiesis [20]. 
Differents authors [7], [19], ]24] described 
that thermal changes lead to increased 
oxygen demand and production of reactive 
oxygen species which can determine cellular 
hypoxia and oxidative stress. 

The presented data showed that oxygen 
capacity is a labile parameter that reflects the 
organism’s acclimation to cold shock stress, 
even if no statistical differences between the 
experimental groups of stellate sturgeon 
juveniles were determined. 

 
CONCLUSIONS 

Among the Danube sturgeon species, the 
stellate sturgeon is considered a promising 
and valuable species for domestication, due 
to its caviar quality and that is why we 
wanted to know more about the temperature 
variations in aquatic systems as well as the 
general principles of thermal tolerance and 
the adaptive response of this sturgeon during 
growth period.  

Is it true that, in addition to our 
haematological data, that related to the 
molecular expression (gene and protein 
expression – data unpublished) must be 
integrated in order to illustrate the entire 
systemic levels of biological organization 
(among haematological and blood chemistry 
responses, fish condition, growth, disease 
resistance etc.) for an integrative view. 
Understanding the way in which sturgeons 
respond to environmental stress is essential in 
order to improve the sustainability of both 
natural and farmed fish populations which 
are facing increased environmental pressures 
through habitat conditions and aquaculture 
intensification. 

This study enhances the knowledge about 
the physiological values of haematological 
indices in one-year old juveniles of farmed 
stellate sturgeon exposed to cold shock 
exposure, from 12.8 °C to 7 °C, considered to 
be the lowest range of “normal” temperatures 
to which Danube sturgeons might be 
currently exposed in aquaculture and in 
natural conditions. 
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