
   

2008

A
P
P

L
IE

D

    

A
N

D
N

ATURAL SCIENC

E
F
O

U
N

D
A

T
IO

NANSF

JANS Journal of Applied and Natural Science 7 (1) : 5 - 9  (2015) 

Effects of acclimation on the haematological indices of different groups of 

fresh water teleosts 
 

K. Roy George*, N. A. Malini and D. Rajasree 

Post Graduate and Research Department of Zoology, St. Thomas College Kozhencherry - 689 641 (Kerala), INDIA  

*Corresponding author: E- mail: dr.roygeorgek@gmail.com 

Received: September 7, 2013; Revised received: October 18, 2014; Accepted: January 26, 2015 

Abstract: Hematological parameters have been recognized as valuable tools for monitoring fish health. The aim of 
the present study was to obtain a basic knowledge of the hematological responses of different groups of fresh water 
teleosts during acclimation period. Haematological analysis was carried out in three different groups of teleosts 
namely Group I: Heteropneustes fossilis and Clarias gariepinus (Siluriformes), Group II: Anabas testudineus and 
Channa striatus (Perciformes), Group III: Labeo rohita and Cyprinus carpio (Cypriniformes). In all groups of teleosts, 
RBC and Hb were significantly (p<0.05) decreased after 7 days of captivity in response to stress factors raised in 
capture, handling and sampling procedure. WBC was found to be significantly (p<0.05) increased in group I 
(Siluriformes), group II (Perciformes) and group III (Cypriniformes) of teleosts after 7 days of captivity due to  
enhanced production of leucocytes in the hematopoietic tissue of the kidney and the spleen. RBC count and WBC 
count were found to be higher in H. fossilis and C. gariepinus than other groups of teleosts due to their active predacious 
nature. Hb values were high in 2nd group (Perciformes) consisting of A. testudineus and C. striatus by virtue of their 
possessions of accessory respiratory organs. PCV, MCV and MCHC were significantly (p<0.05) increased in three 
groups of teleosts during acclimation and  values were high in second group of consisting of  A. testudineus and  C. stria-
tus. MCH was higher in 3rd group of fishes consisting of L. rohita  and C. carpio. 
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INTRODUCTION 

Haematological indices are important parameters for 

the evaluation of fish physiological status. Their 

changes depend on the fish species, age, the cycle of 

sexual maturity and health condition (Vosylien´e, 

1999; Hrubec et al., 2001). It has been observed that 

blood parameters such as haematocrit, hemoglobin 

concentration and RBC count are related to  

environmental factors such as water temperature and 

salinity (Graham, 1997). Additionally, the relationship 

between Hb and O2differs between loading and 

unloading sites and shows adaptations not only to  

environmental conditions but also to metabolic  

requirements, both of which govern oxygen availability 

and transport to tissues (Weber and Wells, 1989). Such 

adaptations may involve quantitative changes in total 

Hb content, or qualitative changes in Hb–oxygen 

– binding properties, and may appear both at the  

inter and intra–specific level (Weber and Wells, 1989). 

The hematological tests can also provide important  

information on erythropoiesis condition (Rehulka and 

Adamec, 2004). The values of the haematocrit, hemoglobin 

concentration and mean cell hemoglobin concentration 

indicate the blood oxygen-carrying capacity in the case 

of teleost fish. These primary red blood cells indices 

may be highly variable and dependent on the fish  
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species. The hemoglobin rate needed to reversibly bind 

oxygen reflects the ability to extract oxygen from water 

and also the need for delivering oxygen to the tissue. 

Consequently, fish differ considerably in their activity 

patterns accordingly to their habits (Graham et al., 

1985; Wells et al., 2005). Therefore, besides serving as 

an index of oxygen transport capability; the hematological 

parameters may also supply additional information 

about the health of a fish population and its immune 

system. These indices have been employed in effectively 

monitoring the responses of fishes to the stressors and 

thus their health status under such adverse conditions. 

They can provide substantial diagnostic information 

once reference values are established under standardized 

conditions. Therefore, in the present study changes in 

the hematological characteristics of different groups of 

teleosts at normal and laboratory conditions were studied. 

The fish species selected for the present study were 

Heteropneustes fossilis and Clarias gariepinus

(siluriformes) - Group I ; Anabas testudineus and 

Channa striatus (perciformes) - Group II ; Labeo rohita 

and Cyprinus carpio (cypriniformes) - Group III. 

MATERIALS AND METHODS 

20 live, healthy animals of each species (irrespective 

of sex and almost equal size) were collected from 

paddy fields and brought to the laboratory. The fishes 
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were treated with 0.05% KMnO4 solution for 2 min to 

clear any external infection. They were then  

transferred to 100L capacity glass tanks filled with 

dechlorinated water. A minimum of 4 fishes were  

introduced in each tank.  The carnivorous fishes were 

fed with natural food like Tilapia fingerlings, insects, 

earthworm etc. and cultivable fishes with ground nut 

oil cake, rice bran etc. The water was renewed after 

every 24 h, leaving no fecal matter, unconsumed food 

or dead fish, if any. Every effort was made to provide 

healthy condition for fish and no mortality occurred 

during this period. The physicochemical characteristics 

of the tap water used in this study were: Temperature  

– 24 ± 20C, pH-7,Dissolved O2 -4.48 ± 1.6ml / l,  

Alkalinity - 35 ± 2ppm, CO2 - 8 ± 2ppm. 

At the start of experiment i.e. at the day of catch itself, 

one half of the experimental fishes was sacrificed and 

their blood samples were collected using syringe and 

needle by puncturing the caudal peduncle to cut ventral 

aorta. Blood was collected in small glass bottles  

containing a pinch of sodium citrate as an anticoagulant. 

This fresh unclotted blood was used for studying  

hematological parameters. The blood parameters  

selected for the present study were red blood cell count 

(RBC), white blood cell count (WBC), hemoglobin 

(Hb), packed cell volume (PCV) or haematocrit, mean 

corpuscular volume (MCV), mean corpuscular  

hemoglobin (MCH) and mean corpuscular hemoglobin 

constant (MCHC). The other halves of the fish were 

analyzed for these parameters similarly by the end of 

the 7th day. 

Erythrocyte constants were determined as described by 

Cyril and Eric (1979). RBC count and WBC count 

were done using the Neubauer haemocytometer. The 

hemoglobin concentration was estimated by Sahli's 

method. A minimum of 8 replicates were taken for 

each parameter and the data was subjected to statistical 

analysis using ANOVA and student‘t’ test. 

RESULTS 

Table 1. represents changes in haematological parameters 

between 3 groups of fishes in normal and acclimation 

period. The ‘t’ test was done by categorizing the fishes 

into 3 groups belonging to three orders. Then the inter 

group comparisons were done from the values of first 

day and 7th day at P05 significance. The haematological 

changes produced by the effects of acclimation to laboratory 

condition showed a significant (p<0.05) reduction in 

the values of RBC and Hb in three groups of fish species.  

RBC count and WBC count at normal and laboratory 

conditions were found to be higher in siluriformes  

(H. fossilis and C. gariepinus) when compared to other 

groups. The WBC count and PCV were significantly 

(p<0.05) increased in three groups after acclimation to 

laboratory condition. MCV and MCH were also  

significantly (p<0.05) increased in three groups in  

acclimation period. However, MCHC was significantly 

(p<0.05) decreased in three groups in laboratory condition. 

Perciformes possess highest value of Hb, PCV, MCV 

and MCHC in normal condition and in the acclimation 

period. On the contrary, MCH was higher in cypriniformes 

in normal and acclimation period. 

DISCUSSION 

Hematological variables have been used as indices of 

fish health status in a number of fish species to detect 

physiological changes as a result of stress condition 

such as exposure to pollutants, hypoxia, transportation, 

anesthetic and acclimation (Akinrotimi et al., 2009). 

Hematological indices are ready tools used by fish 

biologists and researchers in many parts of the world. 

The blood constituents in teleost fishes are influenced 

by factors like temperature ecological habitat, food 

selection and mode of life. Therefore, it is difficult to 

establish any normal values for the class as a whole. 

But, if data are collected for different species as well 

as within species under different conditions, some  

normal ranges of values can be arrived at, which can 

form a valuable diagnostic aid in fisheries (Goel et 

al.,1984).  In the present study altered hematological 

profile of different groups of teleosts at normal and 

laboratory conditions were studied. 

In our study, RBC and Hb in different groups of 

teleosts were decresed after 7 days in response to  

certain stress factors due to capture, handling and  

sampling procedures which can cause intra-species 

hematological variations (Hattingh and Van Pletzen, 

1974). The reduction observed in these parameters is 

an indication of acclimation to the laboratory  

conditions. This response could be as a result of  

disruption in erythrocyte production (Wintrobe, 1978; 

Omoregie, 1995), haemodilution (Sampath et al., 

1993) and destruction of intestinal cells involved in the 

production of vitamin B12 used in the production of the 

hemoglobin portion of the red cells (Gardner and 

Yevich, 1970). Similar results were recorded by 

Gabriel et al. (2007a) in Sarotherodon melanotheron 

subjected to acclimation for seven days. In a stress 

situation erythrocyte count is one of the first parameters 

that is affected. The decrease in RBC count in various 

teleosts can be attributed to scarcity of food in the 

laboratory conditions. The competition for food causes 

a stress on the individuals which decreases their red 

blood cell count and induces anemia (Verma et al., 

1982). 

Das (1965) stated that both RBC and Hb concentration 

tend to increase with length and age.  Banerjee (1957) 

reported that both of them increase in fish with  

increase in their weight, which have been established 

in our study in first group of teleosts consisting of H. 

fossilis and C. graiepinus. Since both of them are  

carnivore, their metabolic rate is high and consumes 

high levels of proteins which are utilized for energy. 

When compared to herbivorous cultivable fishes, their 

respiratory rate and oxygen consumption are very 

high; thus the fish requires increased surface area for 

K. Roy George et al.  / J. Appl. & Nat. Sci. 7 (1) : 5 - 9  (2015) 
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respiration. So RBC was found to be higher in this 

group of fishes compared to other teleosts. Goel et al.,

(1984) reported that the RBC numbers are found 

higher in the active and predacious fishes, such as H. 

fossilis and Mystus tengara (3.32 x  l06/mm3 and 4.03 

x106/mm3), whereas in the relatively slow and inactive 

Channa punctatus and Mastacemblus pancalus these 

values are comparatively low (2.74 x l06mm3 and 2.93 

x 106 mm3) which supported our study. The RBC  

levels were highest in Catla catla (2.9 x 106 /mm3) 

followed by L.rohita and C.striatus and lowest in 

C.carpio (0.77x 106 /mm3) by Kandeepan (2014).  In 

the present study, lower values of RBC count were 

observed in cypriniformes consisting of L.  rohita and 

C. carpio. Although RBC count was higher in first 

group, Hb values were higher in 2nd group consisting 

of  A. testudineus and  C. striatus.  Reduction in the 

quantity of food and stress may induce macrocytic 

K. Roy George et al.  / J. Appl. & Nat. Sci. 7 (1) : 5 - 9  (2015) 

Table 1.  The‘t’ test of haematological parameters of 3 groups of fishes in normal and acclimation period. 

Parameter Siluriformes (Group I) Perciformes (Group I) Cypriniformes (Group III) 

Day 1 Day 7 Day 1 Day 7 Day 1 Day 7 

RBC count 
(106 mm3) 

3.89 ± 0.11 *2.46 ±0.13 3.41 ± 0.30 *2.02 ± 0.09 3.29 ± 0.18 *2.19 ± 0.13 

WBC Count 
(105mm3) 

3.97 ± 0.12 *5.20 ± 0.09 3.82 ± 0.07 *4.98 ± 0.16 3.90 ± 0.08 *4.81 ± 0.13 

Hb (g%) 13.95 ± 0.2 *12.33 ± 0.2 16.67 ± 0.6 *14.20 ± 0.4 12.9 ± 0.2 *11.04 ± 0.3 

 PCV (%) 29.7 ± 0.8 * 34.3 ± 0.4 42.07 ± 2.26 *57.4 ± 1.97 29.8 ± 1.3 *35.8 ± 0.4 

MCV (fL) 76.2 ± 1.2 *140.7 ± 6.5 131.6 ± 11.4 *269.3 ± 19.5 93.0 ± 9.6 *179.9 ± 9.2 

MCH (Pg) 42.9 ± 1.7 *55.5 ± 3.1 39.9 ± 3.3 *58.13 ± 4.8 43.14 ± 1.9 *58.2 ± 3.0 

MCHC 33.9 ± 2.08 *21.6 ± 0.81 56.4 ± 2.4 *41.4 ± 1.06 44.2 ± 2.3 *30.8 ± 0.54 

*significant (p<0.05)  

Table 2. Summary of analysis of variance (two factor) of the data on haematological parameters of fresh water teleosts 

(between groups and between days). 

Parameter Source of Variation SS df MS F P-value F crit 

RBC Sample(b/w groups) 2.16 2 1.07 *4.51 0.016694 3.219942 

Columns(b/w days) 20.52 1 20.52 *85.88 1.03E-11 4.072654 

Interaction 0.27 2 0.13 0.56 0.573329 3.219942 

WBC Sample(b/w groups) 0.21 2 0.10 0.96 0.390201 3.219942 

Columns(b/w days) 14.64 1 14.64 *133.48 1.27E-14 4.072654 

Interaction 0.50 2 0.25 2.29 0.112769 3.219942 

Hb Sample(b/w groups) 97.38 2 48.69 *49.19 9.85E-12 3.219942 

Columns(b/w days) 48.28 1 48.28 *48.78 1.53E-08 4.072654 

Interaction 1.44 2 0.72 0.72 0.488296 3.219942 

PCV Sample(b/w groups) 3213.72 2 1606.86 *103.88 5.5E-17 3.219942 

Columns(b/w days) 899.51 1 899.51 *58.15 1.88E-09 4.072654 

Interaction 268.66 2 134.33 *8.68 0.000698 3.219942 

MCV Sample(b/w groups) 71170.32 2 35585.16 *36.38 6.79E-10 3.219942 

Columns(b/w days) 111300.65 1 111300.65 *113.79 1.57E-13 4.072654 

Interaction 11259.08 2 5629.54 *5.75 0.006177 3.219942 

MCH Sample(b/w groups) 87.61 2 43.80 0.55 0.578552 3.219942 

Columns(b/w days) 2800.82 1 2800.82 *35.44 4.63E-07 4.072654 

Interaction 0.63 2 0.31 0.00400 0.996004 3.219942 

MCHC Sample(b/w groups) 3586.58 2 1793.29 *76.25 1.05E-14 3.219942 

Columns(b/w days) 2208.99 1 2208.99 *93.93 2.83E-12 4.072654 

Interaction 15.20 2 7.60 0.32 0.72558 3.219942 

*significant (p<0.05)  
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anemia in these species.  In this condition, RBC  

decreases and they become abnormally large 

(macrocytes) and the quantity of Hb increases. 

The fishes of the 2nd group can move from pond to 

pond thus they must have to take more oxygen from 

water and atmosphere. This may be another reason for 

the increased value of hemoglobin, which is the  

respiratory pigment. Since A. testudineus and  C. striatus 

are adapted to breathe atmospheric air by virtue of 

their  possessions of accessory respiratory organs, they 

can accommodate in a wide variety of habitat from 

swamps to oxidation ponds, which are deficient in  

dissolved oxygen. In fish blood, oxygen is carried in 

combination with hemoglobin and this is very important 

for the survival of the fish. According to Larsson et al. 

(1976) the lesser values of RBC and hemoglobin are 

observed in slow moving, sedentary and benthic species, 

whereas the active, predacious and pelagic species give 

comparatively higher erythrocyte and leukocyte 

counts, hemoglobin content, etc. Pandey et al., (1976) 

reported a great variation in RBC number and other 

blood components in different species of fish. Starmach 

(1970) relates the number of RBC and hemoglobin 

concentration to the oxygen content of the surrounding 

water. 

In our study WBC was found to be increased in different 

groups of teleosts after 7 days in response to increase 

in production of leucocytes in the hematopoietic tissue 

of the kidney and perhaps the spleen. According to 

Douglass and Jane 2010, WBC levels have implications 

for immune responses and the ability of the animal to 

fight infection. Species with higher levels of WBC will 

be able to fight infection more effectively than other 

species.  In the first group of teleosts consisting of H. 

fossilis and C. gariepinus, lymphocytes which produce 

antibodies, were found in greater numbers at the day of 

catch itself .This group of fishes with high body size 

and weight are not all sensitive to the changing environment 

as compared to other group of cultivable teleosts. The 

high percentage level of observed lymphocytes in 

these teleosts also suggest that they were not seriously 

stressed (Pickering, 1986). The primary consequence 

of the observed changes in leukocyte count in stressed 

fish is suppression of the immune system and increased 

susceptibility to disease. Limanda linianda showed an 

increase in WBC in laboratory conditions which was 

believed to be caused by migration of white blood cells 

from the spleen to the blood circulation (Puisford et al, 

1994) 

Baxhall and Daisely (1973) have reported the possibility 

of using haematocrit as a tool in aquaculture and  

fishery management for checking anemic condition. 

PCV was high in second group of teleosts consisting of 

A. testudineus and C. striatus. The formation of macrocytes 

explains this. As the size of RBC increases, its volume 

also increases by increasing the hematocrit value. The 

present study revealed that hemoglobin, MCV & 

MCHC were also high in second group of teleosts consisting 

of A. testudineus and C. striatus. The increase in PCV 

value accounts for the MCV and MCHC value. Kandeepan 

(2014) reported that highest Hb and Hemotocrit (Hct) 

or PCV concentrations were observed in C. striatus 

followed by C. carpio and Catla catla, the lowest  

levels were recorded in L.rohita. In the present study, 

lowest Hb and PCV concentrations were reported in  

cypriniformes consisting of Labeo rohita and Cyprinus 

carpio. The mean cell hemoglobin (MCH) was higher 

in 3rd group of fishes consisting of L. rohita  and C. 

carpio. Since both of them are cultivable fishes, habitat 

changes had affected them only to a lesser extent. The 

food given to them in the laboratory condition was of 

the same quantity and quality as given to them in the 

rearing period. This may be the reason for high value 

of their hemoglobin. 

Conclusion 

The present study revealed that acclimation to  

captivity induced changes in haematological parameters 

of few fresh water teleosts fishes. These variations  

observed in the haematological indices can be attributed 

to protective mechanism against stress occurred in 

acclimation period. The perturbations in these blood 

parameters were resulted from disturbances in hematopoietic 

system of teleosts fish in response to stress factors 

raised in acclimation period. 
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