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Abstract 
The influence of stocking density (1.5, 3 and 6 kg/m2) was investigated on weight, 
haematological and biochemical parameters of great sturgeon (H. huso) juveniles for a 
period of 8 weeks. After 8 weeks of rearing, the mean weight was 527.27±6.82g, 
467.91±18.81g and 431.02±24.25g in densities of 1.5, 3 and 6 kg/m2, respectively with 
no significant differences among treatments (P>0.05). A significant difference 
(P<0.05) was observed in haematocrit and eosinophil at treatment 1.5 kg/m2  on 30th 
and 60th day of rearing period, but the other haematological parameters including red 
blood cells (RBC), and lymphocyte, neutrophil and monocyte showed no significant 
effect with stocking density (P>0.05). WBC count showed significant increase in 1.5, 
3 and 6 kg/m2 at 60 day of the experiment. Cortisol and glucose increased significantly 
on day 30 at the level of 3 kg/m2. Our results showed that rearing density had no major 
effect on the growth and some haematological parameters suggesting that great 
sturgeon exhibited lower stress responses to high stocking density. However, 
increasing stocking density exhibited significant effect on eosinophil, haematocrit and 
WBC count as well as cortisol and glucose.  
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Introduction 

 
Great sturgeon (Huso huso Linnaeus, 1758), an 

important aquaculture species in Iran, is a commercially 
well known source of caviar and meat. This species is 
suitable for aquaculture due to their fast growth, 
reproduction capacity and adaptability for unfavourable 
rearing conditions (Rafatnezhad et al., 2008). Stocking 
density is one of the key factor in determining the 
productivity and profitability of commercial fish farms.  

Many studies have concluded an effect of stocking 
density on various aspects of the health of farmed fish 
(Iwama et al., 2011), though the results depend on the 
species (Jørgensen et al., 1993; Montero et al., 1999; 
Vazzana et al., 2002). Overcrowding is a common 
chronic stressor in aquaculture that can induce a 
prolonged elevation of plasma cortisol levels (Pickering 
and Pottinger, 1989), which may have damaging 
consequences (Barton and Iwama, 1991). The 
evaluation of blood biochemistry and hormones could
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be useful for the diagnosis of diseases and to monitor 
the physiological status of fish (Stoskopf, 1993). There 
is little information about the effects of rearing density 
on this species; therefore, the aim of this study was to 
evaluate the effect of various stocking density on 
haematological and biochemical indices in great 
sturgeon juveniles. 
 
Materials and Methods 
 
Experimental design and maintenance of fish 

Using great sturgeon juveniles (Huso huso), with 
an initial weight of 143± 0.29 g were artificially 
propagated at the same hatchery and adapted to an 
artificial diet. Fish were randomly distributed into nine 
small ponds reinforced concrete at three different 
densities including 1.5 (n=11), 3 (n=22) and 6 (n=43) 
kg/m2 with three replicates. The dimensions of the 
rearing small pond were (2×1×1 m), with a water flow 
rate of 36.2± 1.0 l/min (using water from the deep 
well). Water depth in each pond was 70 cm. The water 
supply of each pond was independent of the others. 
Before the initiation of the experiment, fish were 
acclimatized to experimental conditions for two weeks. 
Feed was offered four times (08:00, 12:00, 16:00 and 
20:00 h) daily using a commercial diet (BioMar, no.3 
Nersac, France; 50% crude protein, 18% crude fat, 10% 
ash, 1.3% fiber) for 8 weeks. Food was supplied at 2% 
of body weight (BW) on daily basis during the 
experimental period (Rafatnezhad et al., 2008). Uneaten 
pellets were drained off and counted every day to 
calculate the total feed consumption per pond using a 
mean dry pellet weight. There was no fighting among 
fish for obtaining food. Dissolved oxygen, pH and 
temperature were measured daily and CO2, NH3, NO3 
and NO2 were measured fortnightly during the 
experiment (Table 1).  
 
Sampling protocol and blood analysis 

Body weight was measured on biweekly basis. In 
each pond, 30% of the fish were randomly sampled at 
the start of trial (30th day) and the end of the 
experimental period (60th day) in order to evaluate 
haematological and biochemical parameters. Animals 
were not anaesthetized before blood sampling since 
anaesthesia has been considered as a stressful and 
unsuitable for cortisol measurement. Fish were quickly 
captured and 3 ml blood samples were taken from the 
caudal vein using a non-heparinized 5ml syringe 
(Trenzado et al., 2003). Blood samples were stored in 
ice and transferred to the laboratory, haematocrit was 
determined by centrifuging whole blood in heparinized 
micro hematocrit capillary tubes at 3500 g for 10 
minutes (Trenzado et al., 2003). Blood plasma was 
separated by centrifugation at 3000 g for 10 min 
(Rotllant et al., 2001).  

A 100 µl blood plasma sample from each fish (67 
blood plasma samples per sampling) was transferred to 
an eppendorf tube and stored at -20°C for next 
analyses. Cortisol was measured by radioimmunoassay 
(Rotllant et al., 2001) and glucose was determined by 
enzymatic method (Weil et al., 2001; Yousefi et al., 
2012). 

We also calculated number of white blood cells 
(WBCs), number of red blood cells (RBCs), percent of 
lymphocyte, neutrophil, eosinophil and monocyte as 
differential WBC count  (Ranzani-Paiva et al., 2004). 
 
Statistical analysis 

Results were analyzed by analysis of variance 
using One-way ANOVA, and comparisons among 
treatment means were made by Tukey test as a post-hoc 
test using SPSS®19 software (Chicago, IL, USA). 
Statistical significance was accepted at the P<0.05 
level. All data in the text are presented as Mean±SE. 
 
Results  
 

Changes in the average weight of great sturgeon 
juveniles reared at different densities are presented in 
Figure 1. Final weight was not significantly different 
among treatments (P>0.05). In this investigation, 
haematological parameters including RBC, lymphocyte, 
neutrophil and monocyte did not differ among rearing 
densities (P>0.05; Tables 2&3). A significant increase 
(P<0.05) was observed in eosinophil at treatment 1.5 
kg/m2 on 30th and 60th day of rearing. A significant 
decrease in Hct concentration was found in 1.5 kg/m2 
on the sampling day. Similarly, WBC showed 
significant increase in 1.5, 3 and 6 kg/m2 at 60 day of 
the experiment.  

The plasma cortisol and glucose concentration 
showed significant difference (P<0.05; Table 4). 
Cortisol and glucose increased significantly on day 30 
at the level of 3 kg/m2.    
 
Discussion 
 

Our data showed that high stocking density had no 
significant effects on some haematological parameters 
including RBC count (erythrocyte), lymphocyte, 
neutrophil, and monocyte in the great sturgeon 
juveniles, but there was a significant differences in the 
percentage of haematocrit, eosinophil and WBCs 
values. These results suggested some sensitivity to high 
density stress in juveniles. Many researchers reported 
effect on haematological parameters as a common 
effect of fish crowding (Kjartansson et al., 1988; Mazur 
and Iwama, 1993; Caldwell and Hinshaw, 1994; 
Martinez et al., 1994; Montero et al., 1999 & 2001). 
This response may be the cause of increasing the 
oxygen  carrying  capacity  of  blood under high-energy 
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Fig. 1: Changes in average weight of great sturgeon 

juveniles reared at different densities during 8 
weeks (Mean±SE) 

 
Table 1: Physico-chemical parameters of pond water 

inflow during the culture of great sturgeon 
juveniles (Mean±SE) 

(Mean±SE)Parameter (Mean±SE) Parameter 
0.35±0.26 NH3 (mg/l) 23.3±1.48 Temperature ºC 
0.32±0.11 PO4 (mg/l) 6.81±0.98 O2 (mg/l) 
5.34±0.99 BOD5 (mg/l) 8.06±0.09 pH 
14.66±2.64NO3 (mg/l) 0.75±0.21 CO2 (mg/l) 

  1.07±0.66 NO2 (mg/l) 
 
Table 2: Effect of different density on values of blood 

indices (RBC, WBC, and Haematocrit) in great 
sturgeon juvenile (Mean±SE) 

Hct (%) WBC  
(103/mm3) 

RBC  
(103/mm3) Day Density  

(kg/m2) 
20.5±2.21a40.51±1.14a 836±16.64a 0 control 
17.7±3.42b20.71±1.77b 847.5±32.01a 30 1.5 
20.3±3.32a20.98±1.77b 751.66±38.29a 30 3 
19.8±1.72a22.37±1.84b 872.77±17.08a 30 6 
17.9±2.84b27.60±5.67c 1268.57±72.04a 60 1.5 
19.8±2.53a35.43±8.84c 924.44±28.30a 60 3 
19.9±2.81a33.26±6.98c 965.55±67.34a 60 6 

Means values bearing different superscripts in a column differ 
significantly (P<0.05). 
 
demand situations such as chronic stress (Montero et 
al., 2001). Rafatnezhad et al. (2008) reported that Hct in 
great sturgeon under higher densities (8 kg/m2) 
increased and that is similar with present study. 

Falahatkar and Barton (2007) reported that after 8 
weeks of rearing at low (2 kg/m2) and high (7 kg/m2) 
density had no significant effect on hematocrit in 
juvenile. Changes in hematocrit in fish subjected to 
acute disturbance may be due to changes in erythrocyte 
number, erythrocyte swelling or haemodilution from 
osmo regulatory disturbance (Wedemeyer et al., 1990; 
Iwama et al., 1995). Nilson and Grove (1984) 
demonstrated that adrenergic and cholinergic 
innervations cause contract of the spleen which 
increases hemoglobin and hematocrit. These changes 
occurs as a possible strategy to increased oxygen-
carrying capacity of blood or a consequence of 

increased swimming activity during periods of high 
energy demand (Caruso et al., 2005).  

In the present study, the number of RBC, 
lymphocyte, neutrophil, and monocyte had no 
significant different among stocking densities, that 
agreed to the study of Rafatnezhad et al. (2008) in great 
sturgeon juveniles, and study of Mazur and Iwama 
(1993) in wild and hatchery-reared Chinook salmon 
(Oncorhynchus tshawytscha). A drop in WBC 
principally leucocytes at 30th day of rearing as 
compared to control group, is a typical response to 
acute stress in fishes (Wedemeyer et al., 1990) and may 
be mediated by cortisol (McLeay, 1983). 

During our experiment, fish showed stocking 
density had dramatic effect on plasma glucose and 
cortisol concentration in great sturgeon juveniles. 
Rafatnezhad et al. (2008) found that stocking density 
did not affect at plasma glucose and cortisol in great 
sturgeon juveniles at different densities (1-8 kg/m2). 
Ruane et al. (2002) found that density does not affect 
plasma glucose in common carp (Cyprinus carpio). 
Increased blood glucose is a characteristic response of 
fish subjected to an acute or chronic stressor. 

In many studies, fishes reared at high densities had 
no significant difference in plasma cortisol level 
compared with those reared at lower densities (Kebus et 
al., 1992; Rotllant and Tort, 1997; Procarione et al., 
1999; Martins da Rocha et al., 2004; Falahatkar and 
Barton, 2007). A previous exposure to a chronic 
stressor, such as low water quality or high stocking 
density, however, can alter the cortisol response to a 
subsequent acute disturbance (Pickering and Pottinger, 
1987; Ruane et al., 2002; Barton et al., 2005). 

Bayunova et al. (2002) documented that high 
loading density of Acipenser stellatus during holding in 
the transport tank showed increased cortisol and 
glucose concentrations. Similarly, Montero et al. (1999) 
found that high stocking density in juvenile (Sparus 
aurata) resulted in plasma cortisol concentration four-
fold higher than those in fish held under lower density. 
Falahatkar and Barton (2007) reported significant 
elevation in serum cortisol from 10.8 to 14.6 ng/ml 

when juvenile (H. huso) were subjected to handling and 
confinement. In contrast, teleosts responded to a single 
acute stressor with cortisol elevations that can exceed 
200 ng/ml (Barton, 2002) and to multiple and chronic 
stressors with cortisol responses much higher (Maule et 
al., 1988; Mazik et al., 1991; Noga et al., 1994). The 
reasons for low corticosteroid response of some 
sturgeon species to stress compared with teleosts may 
result from a variety of factors. These include 
differences in neuroendocrine events that occur in the 
brain between sensory perception of the stressor and 
activation of the HPI axis, anatomical differences in 
internal tissue (adrenal homologue) and differences in 
internal sensitivity and physiological response capacity 
(Barton et al., 2000). 
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Table 3: Effect of different density on values of blood indices lymphocyte, neutrophil, eosinophil and monocyte in great 
sturgeon juvenile (Mean±SE) 

Monocyte (%) Eosinophil (%) Neutrophil (%) Lymphocyte (%) Day Density (kg/m2) 
1.1±0.2a 15.4±1.6ab 18.9±1.5a 66.9±6.6a 0 Control 
1.3±0.5a 14.4±3.2a 17.2±2.7a 67.9±4.6a 30 1.5 
1.2±0.4a 10.6±2.8b 15.3±3.7a 74.1±5.9a 30 3 
1.2±0.4a 11.5±2.1b 15.5±2.9a 72.8±3.5a 30 6 
1.3±0.5a 16.2±4a 19.5±3.3a 78.8±6.6a 60 1.5 
1.7±0.4a 13.8±6.4b 19.6±3.3a 72.5±4.9a 60 3 
1.2±0.4a 11.7±3.5b 17.3±3.1a 75.5±5.2a 60 6 

Means values bearing different superscripts in a column differ significantly (P<0.05) 
 
Table 4: Concentration of cortisol and glucose in blood 

plasma in great sturgeon juveniles (Mean±SE) 
Density  
(kg/m2) Day Cortisol  

(ng/ml) 
Glucose  
(mg/dl) 

Control 0 8.57±1.1b 70.12±3.6ab 
1.5  30 9.65±0.76b 73.77±2.93ab 
3 30 12.77±1.88a 85.00±6.0a

6 30 9.77±0.88b 63.33±3.89b 
1.5  60 9.84 ±0.89ab 75.66±3.65ab 
3 60 11.71±1.49ab 70.77±3.24ab 
6 60 10.11±0.78ab 66.55±1.97ab 

Means values bearing different superscripts in a column differ 
significantly (P<0.05) 
 
Conclusion 

The results showed that unlike many other fish, 
great sturgeon (H. huso) exhibited significant effect in 
some parameters during stress when confined at high 
stocking density.  
 
References  
 
Barton BA (2002) Stress in fishes: a diversity of 

responses with particular reference to changes in 
circulating corticosteroids. Integr Comp Biol 42: 
517-525. 

Barton BA, Bollig H, Hauskins BL, Jansen CR (2000) 
Juvenile pallid (Scaphirhynchus albus) and hybrid 
pallid×shovelnose (S. albus×platorynchus) 
sturgeons exhibit low physiological responses to 
acute handling and severe confinement. Comp 
Biochem Phys A 126: 125-134. 

Barton BA, Iwama GK (1991) Physiological changes in 
fish from stress in aquaculture with emphasis on 
the response and effects of corticosteroids. Annu 
Rev Fish Dis 1: 3-26. 

Barton BA, Ribas L, Acerete L, Tort L (2005) Effects 
of chronic confinement on physiological responses 
of juvenile gilthead sea bream, Sparus aurata L., to 
acute handling. Aquac Res 36: 172-179. 

Bayunova L, Barannikova I, Semenkova T (2002) 
Sturgeon stress reactions in aquaculture. J App 
Ichthyol 18: 397-404. 

Caldwell CA, Hinshaw J (1994) Physiological and 
haematological responses in rainbow trout 

subjected to supplemental dissolved oxygen in fish 
culture. Aquaculture 126: 183-193. 

Caruso G, Genovese L, Maricchiolo G, Modica A 
(2005) Haematological, biochemical and 
immunological parameters as stress indicators in 
Dicentrarchus labrax and Sparus aurata farmed in 
off-shore cages. Aquacult Int 13: 67-73. 

Falahatkar B, Barton BA (2007) Preliminary 
observations of physiological responses to acute 
handling and confinement in juvenile beluga Huso 
huso L. Aquac Res 38: 1786-1789. 

Iwama GK, Pickering A, Sumpter J, Schreck C (2011) 
Fish stress and health in aquaculture. Cambridge 
University Press. 

Iwama GK, Morgan JD, Barton BA (1995) Simple field 
methods for monitoring stress and general 
condition of fish. Aquac Res 26: 237–282. 

Jørgensen EH, Christiansen JS, Jobling M (1993) 
Effects of stocking density on food intake, growth 
performance and oxygen consumption in Arctic 
charr (Salvelinus alpinus). Aquaculture 110: 191-
204. 

Kebus M, Collins M, Brownfield M, Amundson C, 
Kayes T, Malison J (1992) Effects of rearing 
density on the stress response and growth of 
rainbow trout. J Aquat Anim Health 4: 1-6. 

Kjartansson H, Fivelstad S, Thomassen JM, Smith MJ 
(1988) Effects of different stocking densities on 
physiological parameters and growth of adult 
Atlantic salmon (Salmo salar L.) reared in circular 
tanks. Aquaculture 73: 261-274. 

Martinez F, Garcia-Riera M, Ganteras M, De Costa J, 
Zamora S (1994) Blood parameters in rainbow 
trout (Oncorhynchus mykiss): simultaneous 
influence of various factors. Comp Biochem Phys 
A 107: 95-100. 

Martins da Rocha R, Carvalho EG, Urbinati EC (2004) 
Physiological responses associated with capture 
and crowding stress in matrinxã Brycon cephalus 
(Gunther, 1869). Aquac Res 35: 245-249. 

Maule AG, Schreck CB, Bradford CS, Barton BA 
(1988) Physiological effects of collecting and 
transporting emigrating juvenile Chinook salmon 
past dams on the Columbia River. T Am Fish Soc 
117: 245-261. 



                                                                                                Res. Opin. Anim. Vet. Sci., 2015, 5(8): 348-352. 
 

 352

Mazik PM, Simco BA, Parker NC (1991) Influence of 
water hardness and salts on survival and 
physiological characteristics of striped bass during 
and after transport. T Am Fish Soc 120: 121-126. 

Mazur CF, Iwama GK (1993) Effect of handling and 
stocking density on hematocrit, plasma cortisol, 
and survival in wild and hatchery-reared Chinook 
salmon (Oncorhynchus tshawytscha). Aquaculture 
112: 291-299. 

Mcleay Dj (1983) Effects of cortisol and 
Dexamethasone in gold fish and salmon. Gen 
Comp Endocr 21: 441-450. 

Montero D, Izquierdo M, Tort L, Robaina L, Vergara J 
(1999) High stocking density produces crowding 
stress altering some physiological and biochemical 
parameters in gilthead seabream, Sparus aurata, 
juveniles. Fish Physiol Biochem 20: 53-60. 

Montero D, Tort L, Robaina L, Vergara J, Izquierdo M 
(2001) Low vitamin E in diet reduces stress 
resistance of gilthead seabream (Sparus aurata) 
juveniles. Fish Shellfish Immun 11: 473-490. 

Noga E, Kerby J, King W, Aucoin D, Giesbrecht F 
(1994) Quantitative comparison of the stress 
response of striped bass (Morone saxatilis) and 
hybrid striped bass (Morone saxatilis × Morone 
chrysops and Morone saxatilis × Morone 
americana). Am J Vet Res 55: 405-409. 

Nilson S, Grove DJI (1984) Adrenergic and cholinergic 
innervations of the spleen of the cod (Gadus 
morhua). Eur J Pharmacol 28: 135–138. 

Pickering A, Pottinger T (1987) Poor water quality 
suppresses the cortisol response of salmonid fish to 
handling and confinement. J Fish Biol 30: 363-374. 

Pickering A, Pottinger T (1989) Stress responses and 
disease resistance in salmonid fish: effects of 
chronic elevation of plasma cortisol. Fish Physiol 
Biochem 7: 253-258. 

Procarione LS, Barry TP, Malison JA (1999) Effects of 
high rearing densities and loading rates on the 
growth and stress responses of juvenile rainbow 
trout. N Am J Aquacult 61: 91-96. 

Rafatnezhad S, Falahatkar B, ToloueiGilani MH (2008) 
Effects of stocking density on haematological 
parameters, growth and fin erosion of great 

sturgeon (Huso huso) juveniles. Aquac Res 39: 
1506-1513. 

Ranzani-Paiva MJT, Ishikawa CM, EirasACd, 
SilveiraVRd (2004) Effects of an experimental 
challenge with Mycobacterium marinum on the 
blood parameters of Nile tilapia, Oreochromis 
niloticus (Linnaeus, 1757). Braz Arch Biol Techn 
47: 945-953. 

Rotllant J, Balm P, Perez-Sanchez J, Wendelaar-Bonga 
S, Tort L (2001) Pituitary and internal function in 
gilthead sea bream (Sparus aurata L., Teleostei) 
after handling and confinement stress. Gen Comp 
Endocr 121: 333-342. 

Rotllant J, Tort L (1997) Cortisol and glucose responses 
after acute stress by net handling in the sparid red 
porgy previously subjected to crowding stress. J 
Fish Biol 51: 21-28. 

Ruane NM, Carballo EC, Komen J (2002) Increased 
stocking density influences the acute physiological 
stress response of common carp Cyprinus carpio 
(L.). Aquac Res 33: 777-784. 

Stoskopf M (1993) Clinical pathology. Fish Medicine. 
113-131. 

Trenzado C, Carrick T, Pottinger T (2003) Divergence 
of endocrine and metabolic responses to stress in 
two rainbow trout lines selected for differing 
cortisol responsiveness to stress. Gen Comp 
Endocr 133: 332-340. 

Vazzana M, Cammarata M, Cooper E, Parrinello N 
(2002) Confinement stress in sea bass 
(Dicentrarchus labrax) depresses peritoneal 
leukocyte cytotoxicity. Aquaculture 210: 231-243. 

Wedemeyer GA, Barton B, Mcleay DJ (1990) Stress 
and acclimation. Methods for fish biology. 
American Fisheries Society, Bethesda, Maryland. 
451-489. 

Weil L, Barry T, Malison J (2001) Fast growth in 
rainbow trout is correlated with a rapid decrease in 
post-stress cortisol concentrations. Aquaculture 
193: 373-380. 

Yousefi M, Abtahi B, Kenari AA (2012) 
Hematological, serum biochemical parameters, and 
physiological responses to acute stress of Beluga 
sturgeon (Huso huso, Linnaeus 1785) juveniles fed 
dietary nucleotide. Comp Clin Path 21: 1043-1048. 

 


