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SUMMARY

Haematological indices are important parameters for the evaluation of fish 

physiological status. The aim of present study was to obtain a basic knowledge 

of the haematological response of European catfish maintained in different 

technological condition induced by stocking density. Specimens belonging to 

two experimental groups had individual weights of 619.74 ± 216.49 g/ex. for 

the first experimental tank (C1), respectively 560, 83 ± 193.20 g/ex. for second 

tank (C2). The stocking density was 88 kg/m³for C1 variant, respectively 42.86 

kg/m³for C2 variant. The sampling of catfish blood from the two variants before 

and after the experimental trial allowed determination of haematological 

indices. At the fish raised in higher density (88 kg/m

3

) was observed an increase 

of RBCC (+15.78%), PVC (+ 28.7%), Hb (6.41%), MCV (+11.5%) and a 

reared of MCH (-8.16%) and MCHC (-18.06%) while at the fish reared in lower 

density (42.86 kg/m

3

) was observed an increase in RBCC (+21.21%), PVC (+ 

33.18%), Hb (-2.18%), MVC (+11.00%) and a decrease of MCH (-18.59%) and 

MCHC (- 26.32%). Physiological stress induced by maintenance in high stoking 

density is reflected in the haematological indices with direct implications at the 

biotechnological level.
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INTRODUCTION

Silurus glanis species grow in our country, mostly, in polyculture with the 

cyprinids in systematic and semi-systematic settlements. It was exploited in the 

last years in semi-closed production systems (flow-through) with one passage of 

technological water through the system (Grecu, 2008).

High stocking densities can negatively affect the individual biological fish 

functions (Barton et al., 2002), growth performances (Procarione et al., 1999), 

disease resistance and health state (Ortuño et al., 2001).

The haematological indices are important parameters to evaluate the 

general status physiological of the fish and are considered as stress indicators to 

estimate the response reactions of the fish to various environmental conditions. 
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It is well-known that blood sampling, laboratory techniques, seasonal 

variations, fish size, genetics patterns, stocking density, food privation, social 

stress, handling and transport can influence the haematological values (Rey 

Vazquez and Guerrero, 2007).

The haematological tests can also provide important information on 

erythropoiesis condition (Rehulka and Adamec, 2004). The values of the 

hematocrit, haemoglobin concentration and mean cell haemoglobin 

concentration indicate the blood oxygen-carrying capacity in the case of teleost 

fish.

There are several studies regarding the reactions and modifications of the 

haematological indices in response to various stress factors (Gbore et al., 2006, 

Munteanu 2005, ).

In the case of short-term stress density, Montero et al. (1999) reported 

increases in hematocrit value, haemoglobin amount and red blood cell count, 

suggesting a strategy to increase the ability of oxygen transportation in the 

blood during periods of metabolic breakdown.

Significant increases in hematocrit, haemoglobin, and MCHC during high 

stocking density environment have been reported in Salmo salar (Kjartannson 

et al. 1988), while in Carassus auratus both the hematocrit and the amount of 

haemoglobin depleted with the increasing stocking density (Burton and Murray, 

1979).

We initiated and monitored in this paper an experiment of intensive 

growing of European catfish into a flow-through system with the purpose to 

quantify the influence of high stocking density as stress factor. The aim of this 

study was to define the intervals of variation of the red blood cell count, 

hematocrit, haemoglobin concentration and red blood indices of the two years-

old European catfish raised in a flow-through system under different stocking 

densities.

MATERIAL AND METHODS

Fish species and growing conditions

This study used Silurus glanis specimens, with the age of two years, from 

the Brates

in a flow-through system at the pilot aquaculture station from the Aquaculture, 

Environment Science and Cadastre Department.

The two experimental fish groups had individual mean weights of 619.74 ± 

216.49 g in the first tank (Vf1), and 560.83±193.20 g in the second tank (Vf2). 

The stocking density was 88.00 kg/m³ for Vf1 and 42.86 kg/m³ for Vf2.

The daily feeding rate was 1% of fish body weight (% BW) given in three 

equal meals of 4 mm, Advance 2 P pellets, with the biochemical composition 

presented in table 1.
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Table 1.Biochemical composition of the Advance 2 P pellets (4 mm)

Header

Crude protein, % 41

Crude fat, % 12

Crude fibre, % 2.5

Ash, % 7

Phosphorus, % 0.9

Vitamin A, UI/kg 10,000

Vitamin D
3
, UI/kg 1,250

Vitamin E, mg/kg 150

Copper (CuSO4), mg/kg 6

Blood sampling and analysis

1 ml of blood was sampled, at the beginning and the end of the 

experimental trial, from 10 fish specimens of each tank by caudal venous 

puncture using lithium heparin as anticoagulant.

The red blood cell counts (RBCC, x 10

6

/mm

3

) was determined by counting 

the erythrocytes from 5 small squares of Neubauer hemocytometer using 

Vulpian diluting solution. The hematocrit (PVC, %). was determined by 

duplicate using heparinised capillary tubes centrifuged for 5 minutes at 12000 

rpm in a micro hematocrit centrifuge. Haemoglobin concentration (Hb, g/100 

ml) was estimated by Sahli method. Using standard formulas according 

Ghergariu (1985) the red blood indices were computed: the mean corpuscular 

volume (MCV, µm

3

), the mean corpuscular haemoglobin (MCH, pg) and the 

mean corpuscular haemoglobin concentration (MCHC, g/dl).

During the experiment, besides the haematological indices, some 

biotechnological indicators were calculated with the purpose to determine the 

induced effect of the growing conditions on the haematological profile of our 

studied specie. Water quality parameters were also monitored.

Before the beginning of the experiment (V
0
 moment), fish biomass was 

maintained in the same rearing conditions. In the present study, the analysis of 

the haematological indices involved comparisons between the initial and final 

experimental moments (V
0
 versus Vf1 and Vf2) and between the experimental 

variants (Vf1 versus Vf2).

Statistical analysis

The haematological parameters of the two experimental groups (variants) 

were expressed by mean and standard deviation (M ± St. Dev.) and the 

differences between the values were statistic analyzed with t-Student test.

RESULTS AND DISCUSSION

The haematological modifications of the studied fish were analyzed in 

corroboration with the technological factors (stocking density, water quality) 

which can influence metabolic processes. 
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The haematological parameters at the beginning (V
0
) and the end of 

experiment (V
f1

– tanks 1, respectively V
f2

– tanks 2), are presented in the Table 

2. These haematological values ranged, with some exceptions, with the normal 

values for European catfish found by several authors (Table 3).

Table 2. Haematological indices of the European catfish during the experiment (M ± 

Stdev.)

Haematological indices V
0

V
f1

V
f2

PVC (%) 22.30 ± 2.7 28.70 ± 1.9

**

29.70 ± 1.48

Hb (g/dl) 7.33 ± 0.88 7.80 ± 0.61

*

7.17 ± 0.29

RBCC (x 10 

6

/mm

3

) 1.36 ± 0.17 1.57 ± 0.21

**

1.65 ± 0.24

MCV (µm

3

) 165.66 ± 25.06 184.71 ± 22.48

**

183.89 ± 28.33

MCH (pg) 54.43 ± 8.05 49.99 ± 4.65

*

44.31 ± 6.27

MCHC (g/dl) 32.97 ± 2.38 27.23 ± 2.01

*

24.19 ± 1.31

V
f1 

– 88 kg/m

3

 final density of the first tank (C1)

V
f2 

– 42.86 kg/m

3

 final density of the second tank (C2)

*

- significant differences (between those two experimental variants) for t-Student test applied to 

paired variables.

**

- insignificant differences (between those two experimental variants) for t-Student test applied 

to paired variables.

Table 3. Range values of the haematological indices of the European catfish at different 

ages (bibliographic references) 

Haematological

indices

Silurus glanis

Juvenile (12-14 g)

Silurus glanis

One year-old (160 g)

Silurus glanis

Adult 

Ht (%) 12.00 ±1.22 20 ±  4.5 20.00

Hb (g/dl) 4.00 ± 0.33 5.9 ± 0.55 7.00

RBCC (x10

6

) 1.51 ± 0.06 1.4 ± 0.18 1.4

MCV (µm

3

) 79.47 ± 4.73 - 258

MCH (pg) 26.49 ± 1.09 - 50 - 63

MCHC (g/dl) 33.33 ± 0.58 - 15 - 25

Bibliographic 

references

Köprücü et al., 

2006

Munteanu and 

Cristea, 1995

Ghittino, 1983 quoted 

The haematological indices of the European catfish in the beginning of the 

experiment express a normal physiological state in correlation with fish 

condition.

RBC count in higher density case decreased by 4.5 % and the hematocrit 

value decreased not significantly, by 3.37 % (p>0.05). In the literature, different 

authors quoted by  reported a slightly decrease of the hematocrit 

under the influence of high density stress at some fish species like rainbow trout 

(Kebus et al., 1992), Atlantic cod (Staurnes, 1994) tilapia (Bejerano, 1984), 

also.
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Haemoglobin quantity increased significantly in the first final variant 

(p<0.05) due to the higher density and increased oxygen demand of the fish that 

caused a severe decrease of the water dissolved oxygen concentration. In 

consequence, the erythrocytes were stimulated to synthesize more haemoglobin 

in order to maintain the optimum oxygen level in blood.

Analyzing the calculated values of the erythrocyte constants (Table 2) it 

can be observed that the higher density has induced significant increase of the 

MCH (p<0.05) and MCHC (p=0.001- highly significant) that expresses an 

haemoglobin enrichment of the erythrocytes.

Table 4. Interval variation of haematological indices during the experimental period (95 

% confidence level of the mean)

Haematological indices V
0

V
f1

V
f2

PVC (%) 18 – 27 25 – 32

*

28 – 32

*

Hb (g/dl) 6.4 – 9 6.4 – 8.8

**

6.6 – 7.6

**

RBCC (x 10 

6

/mm

3

) 1.09 – 1.65 1.22 – 1.95

*

1.29 – 1.98

*

MCV (µm

3

) 129.23 – 198.41 153.85 – 214.05

*

145.45 – 219.7

**

MCH (pg) 44.31 – 71.15 43.08 – 58.18

**

34.29 – 54.26

*

MCHC (g/dl) 29.6 – 37.78 23.75 – 30.34

*

22.5 – 26.79

*

*

- significant differences (from the initial moment) for t-Student test applied to paired variables

**

- not significant differences (from the initial moment) for t-Student test applied to paired 

variables

15.74

21.21

28.70

33.18

6.4111.50

11.00

-8.16

-9.41

-17.41

-26.63

-2.18

-40% -20% 0% 20% 40% 60% 80%

1

2

variant 1

variant  2

RBC PVC Hb MVC MCH MCHC

Fig 1. Modification degree of the haematological parameters in the two final variants at 

the experiment’s ending comparing with the initial moment.

In comparison with the initial moment, an increase of RBC count, PVC, 

Hb, MCV and a decrease of MCH, MCHC were observed in the European 
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catfish specimens from the first variant (88 kg/m

3

). An increase of RBC count, 

PVC, MCV and a decrease of Hb, MCH, MCHC (Fig. 1) were observed in the 

specimens from the second final variant (42,86 kg/m

3

).

The following observations resulted from the analysis of the variation of 

the haematological parameter values (in comparison with the initial moment) 

presented in Table 4:

• Statistically significant increase of the red blood cells count correlated 

with the statistically significant increase of the hematocrit in both 

experimental variants.

Our data from the literature (Barton et al., 2002) prove that the second level 

of physiological responses induced by the first level of stress responses 

(catecholamine secretion, elevation of circulating corticosteroids etc) includes 

haematological responses that can be used as quantitative indicators of stress: 

increasing hematocrit value, plasma glucose, blood chemistry and even 

metabolic rhythm etc. In our experiment, because the increase of hematocrit 

was statistically significant between the initial and final moments but 

statistically not significant between the two final variants, shows that this 

haematological parameter was not relevant as indicator of the stress response of 

the European catfish induced by the higher density.

• The apparent increase of the haemoglobin in the first final variant (V
f1

), 

insignificant statistically (p >0.05) in comparison with the initial 

moment. 

• The red blood constants (MVC, MCH and MCHC) changed differently 

at the end of the experiment in relation with the beginning moment.

o The mean corpuscular volume (MCV) increased significantly 

(p <0,05) in the higher stocking density (V
f1

) in correlation with 

the significant increase of the RBCC and PVC;

o The mean corpuscular haemoglobin (MCH) decreased 

insignificantly (p >0,05) in the double stocking density variant;

o The mean corpuscular haemoglobin concentration (MCHC) 

decreased significantly (p <0.05) in both experimental variants.

CONCLUSIONS

The higher stocking density (over density) had as effect water quality 

depletion, in fact rapid consumption of the dissolved oxygen concentration, 

mostly. In our experimental conditions, the physiological stress induced by 

maintenance in high stoking density is reflected in the haematological indices 

with direct implications at the biotechnological level.

Under these conditions, some haematological indicators (Hb, MCH and 

MCHC) had been significant influenced by the stocking density.

Even if the mean values of the haemoglobin concentration at the end of the 

experiment displayed significant differences between the two variants we 

considered this haematological indicator not so relevant to express the adaptive 



Archiva Zootechnica 13:2, 63-70, 2010 69

response to the density-induced stress as long the water concentration of the 

dissolved oxygen is not affected. In this case, the density-induced stress can 

influence haemoglobin synthesis through hypoxia conditions.

Because the mean corpuscular haemoglobin concentration decreased 

statistically significant in comparison with the beginning of the experiment as 

well as between both final variants, we propose this particular red blood 

parameter to characterize the adaptive response of the European catfish 

specimens to the density-induced stress in our study.
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