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ABSTRACT

The present study indicates the quality of water impacts both on the growth as well as on the haematological parameters of
Oreochromis mossambicus as the maximum number of RBC, WBC and Hb concentration were recorded in the fishes which are
captured from spot 3, comparatively has less dissolved oxygen, minimum numbers of RBC, WBC and Hb in spot 1. Those water
bodies, which have higher oxygen contents; show better growth of fishes.
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INTRODUCTION

Oreochromis mossambicus (Peters, 1852) is the second most commonly cultured fish in the world (US Dept.
Agriculture, APHIS, 1995). However it is originally indigenous to African countries (Farooq er al., 1976), but now it
wedged its way in most of the tropical countries due to its high reproductive potential. This fish shows great
diversity in feeding habits (Neil, 1966; Bruton and Bolt, 1975; Bowen, 1979; Treweas, 1983; Desilva et al., 1984)
and high tolerance for environmental conditions ranging from in fresh waters to highly saline waters (Brock, 1954:
Courtney ef al., 1974; Dail and Wainright, 1983). Many scientists of different parts of the world have studied
various aspects of this species including haematological parameters (Blaxhall,, 1972; Blaxhall and Daisley, 1973:
Schalm, 1975; Wedemyer and Yasutake, 1977; Koundinya and Ratnalnurthi, 1979; Doggett ez al., 1987 Baniffa and
Vijayarani, 1989; Cyriac et al., 1989; Doggett and Harris, 1989; Sampath et al., 1993).

In Pakistan, this species has been introduced in 1951 (Ali, 1999). Now it is found in all warm water of Pakistan
and its extensive growth in the fresh water bodies of Sindh and affecting the distribution of other commercially
exploitable fishes. Its feeding habits, biology and salinity tolerance have also been observed in Pakistan by various
researchers (Beg, 1901; Doha and Haque, 1966; Niak, 1971; Bari and Nazneen, 1984; Aziz er al., 1993).

However nothing has been reported regarding hematology of this fish. In the present study the biclogical
parameters of growth (i.e. length, weight and condition factors) were studied along with hematological parameters to
study the impact of water quality on the growth and health of this fish. -

Monitoring of fish blood is now considered as the very important diagnostic tool in establishing the health
status of fish, (Ithaca, 2000). Blood act as a mediulll to deliver essential nutrients throughout the body of animal and
removes metabolic wastes and pathogens fronl the body. The chemical composition of fish blood is similar to
higher vertebrates, (Thorson, 1958; Satchell, 1971; Tort et al., 1991; Olson, 1992; McCarthy and Conte, 1996).

MATERIALS AND METHODS

For this study specimens of Oreochromis mossambicus were collected from four different aquatic water bodies
including a fish pond of Gharo, District Thatta (spot 1), Haleji lake, District Thatta (spot 2), Safari park lake,
Karachi (spot 3) and Dr. Saleem-uz-Zamman park pond, Karachi (spot 4).

Some physico-chemical parameters of water i.e., water temperature, pH, dissolved oxygen were measured in the
field. Samples of blood for haematological analyses were also obtained just after the collection of specimens.
Temperature and pH of water was recorded, dissolved oxygen contents were analyzed by Wrinkler's method
(Welch, 1952). Blood samples were collected from cardiac puncture techniques as described by Dacies (1963).
Dacies fluid was used as a diluting solution and enumeration of erythrocytes and leucocytes was done with the help
of Neubauer haemocytometer. The number of erythrocytes and leucocytes were calculated by the given formula
proposed by Dacies (1963).

Formula for RBC counts
Number of erythrocytes cells occurring in 0.02 mm3 x 50 (area counted) x 100 (Dilution).
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Formula for WBC counts

Number of leucocytes cells occurring in 0.1 mm3 x 10 (area counted) x 100 (Dilution). Haemoglobin
concentrations were measured of Cynornethoglobin method (Siglna Chemicals Co.). The condition factor was
determined by the given formula as referred by Bagenal (1978).

Formula for condition factor
K=100x W
L3
Where, .
K= Condition Factor of fish
W= Weight of fish
L= Length of fish

Statistical analysis i

The statistical analysis, including standard deviation, coefficient of variation, standard error, and 95%
confidence limit were measured by ANOVA one-way, Coefficient of correlation between the physico-chemical
parameters of water, haematological parameters and growth viriables (length, weight and condition factor) of O.
mossambicus were determined by MS Excel, 2000.

RESULTS

A. Variations in biological parameters of growth
Condition factor (K)

Condition factor ranged between 1.543-1.816 .The higher condition factor value (1.816) was observed at spot 1
and the lowest condition factor value (1.543) was observed at spot 3. (Tahle 13).

B. Variations in physico-chemical parameters of water
1. Water Temperature (Celsius) . .

Water temperature ranged between 27 to 28 (Celsius). The maximum temperature 28 (Celsius) was observed at
spot 3, and the minimum temperature was observed at spot 1 (Table 9).

v Hydrogen ion concentration (pH)

The pH of water samples ranged between 7.4 to 7.8. The highest value of pH was recorded only in the samples
of spot 3, and the minimum pH value was observed at spot 1. Data indicates slight variation in pH at spot 1 to 4
(Table 9).

3. Dissolved oxygen (mg/T)

The dissolved oxygen samples ranged between 7.08-9.06 mg/l. The highest dissolved oxygen value 9.25 mg/l
was observed at spot 1 while the lowest value of dissolved oxygen 7.08 mg/l was found at spot 3. Data show
remarkable changes in dissolved oxygen level among the selected water bodies (Table 9).

Table 1. Variations in length, weight and condition factor of Oreochromis mossambicus at spot 1.

Fish code Length of fish (cm) Weight of fish (g) Condition factor (K)
F-1 22.8 204.53 1.72
F-2 22.3 196.33 177
E-3 229 221.54 1.89
F-4 22:5 212.35 1.86
E-5 22.3 197.21 177
F-6 224 201.92 1.79
F-7 229 229.14 1.90
F-8 234 235.17 1.83
F-9 229 213.14 L.77

F-10 232 233.17 1.86
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Table 2. Variations in length, weight and condition factor of Qreochromis mossambicus at spot 2.

Fish code Length of fish (cm) Weight of fish (g) Condition factor (K)
F-1 22.9 231.10 1.92
F-2 22.2 190.30 1.73
E-3 22.3 191.35 1.72
F-4 22.1 185.47 1.71
F-5 22.9 230.78 1.92
F-6 22.7 192.38 1.64
E-7 227 199.30 1.70
F-8 234 235.17 1.83
F-9 " 226 200.45 1.73

F-10 223 196.33 177

Table 3. Variations in length, weight and condition factor of Oreochromis mossambicus at spot 3.

Fish code Length of fish (cm) Weight of fish (g) Condition factor (K)
F-1 22.1 190.30 1.73
F-2 22.3 191.33 1.72
F-3 23.8 198.31 1.47

" F-4 23.5 ' 177.50 1.36
E-5 23.0 . 188.67 1.535
F-6 225 _ 169.97 1.49
E-7 © 227 192.38 1.64
F-8 24.0 211.86 1.53
F-9 22.8 170.32 1.43
F-10 22.3 ' 168.41 1.51

VARIATIONS IN HAEMATOLOGICAL PARAMETERS

1. Erythrocytes cells (RBC)

Erythrocyte ranged between 1.560 to 2.255 million/pl. The higher number of' erythrocytes counts were found as
2.255 million/p] at spots 3 and 4 (Table 7,8), while the minimum erythrocyte counts were noticed 1.560 million/p1
in the samples of spot 1 (Table 5). '

Table 4. Variations in length, weight and condition factor of Oreochromis mossambicus at spot 4.

Fish code Length of fish (cm) Weight of fish (g) Condition factor (K)
F-1 223 . - 167.37 1.50
F-2 23:8 185.63 143
F-3 23.8 198.31 ) 1.47
F-4 22.7 . 195.32 1.66
F-5 21.6 162.98 1.61
F-6 ; 22.5 169.97 7 1.49
F-7 23.7 196.50 1.47
F-8 23.0 119.30 1.63
F-9 22.8 ; 201.35 1.69
E-10 24.0 o 211.86 1.53
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Table 5. Variations in haematological parameters of Oreochromis mossambicus at spot 1.

Fish code Red blood cell Total leukocyte count Haemoglobin (gm/dl)
(million/ul) (thousand/ul)
F-1 1.580 201.0 44
F-2 1.675 209.0 4.6
F-3 1.675 207.0 4.1
F-4 1.945 211.0 4.7
F-5 1.560 217.0 4.5
F-6 1.835 204.0 3.8
F-7 1715 213.0 3.9
F-8 1.605 232.0 43
F-9 1.595 ‘ 221.0 4.6
F-10 1.685 208.0 42

Table 6. Variations in haematological parameters of Oreochromis mossambicus at spot 2,

Fish code Red blood cell Total leukocyte count Haemoglobin (gm/dl)
(million/pl) (thousand/pl)
F-1 1.675 209.0 4.8
F-2 1.945 235.0 49
F-3 1.835 216.0 42
F-4 1.710 251.0 4.6
F-5 1.615 242.0 4.9
F-6 1.870 247.0 53
E-7 1.990 223.0 5.1
F-8 1.755 228.0 4.7
F-9 1.640 219.0 4.4
F-10 1.930 ' 232.0 4.6

"Table 7. Variations in haematological parameters of Oreochromis mossambicus at spot 3.

Fish code Red blood cell Total leukocyte count Haemoglobin (gm/dl)
(million/pl) (thousand/ul)
F-1 1.920 267.0 6.7
F-2 2.060 265.0 6.2
F-3 1.970 257.0 6.5
F-4 1.185 270.0 6.7
F-5 2.040 249.0 6.6
F-6 2.130 *252.0 6.2
F-7 1.985 248.0 59
F-8 2185 263.0 6.3
F-9 2.255 241.0 6.1
F-10 2.015 264.0 6.4

2. Leucocytes cells (WBC)
The leucocytes ranged between 201.0 to 270.0 Thousand/pl. The highest value of leucocytes were recorded as

270.0 Thousand/p] in the samples of spots 3 and 4, (Table 7, 8) while the minimum leucocytes was recorded as
201.0 Thousand/u] in the samples of spot 1 (Table 5).
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Table 8. Variations in haematological parameters of Oreochromis mossambicris at spot 4.

Fish code Red blood cell Total leukocyte count Haemoglobin (gm/dl)

(million/pl) (thousand/pl) ;

F-1 1.920 267.0 62

F-2 1.970 248.0 6.5

F-3 2.255 241.0 6.1

F-4 2.155 270.0 6.4

F-5 1.945 211.0 5.9

F-6 1.985 223.0 59

F-7 1.870 265.0 5.3

F-8 1.930 232.0 6.4

F-9 1.835 204.0 6.5

F-10 2.185 257.0 6.6

Table 9. Variations in water temperature, pH and dissolved oxygen of water at spot 1-4.

Name of parametefs Spot 1 Spot 2 Spot 3 Spot 4
PH 74 76 738

Temperature 27.0 27.0 28.0 28.0
Dissolved oxygen 9.06 8.21 7.08 793

3. Haemoglobin (Hb)

The haemoglobin concentrations were tound between 3.7 to 6.7 g/dl. The maximum value of haemoglobin was
recorded as 6.7 g/dl in the samples of spot 3 (Table 7). The minimum haemoglobin was recorded as 3.7 g/dl in the

samples of spot 1 (Table 5).

DISCUSSION

All fish tissues require a delivery of nutrients (including oxygen) to function properly. The circulatory. system,
with blood as its medium, delivers these essential nutrients throughout the body and removes metabolic wastes and
pathogens before they reached at harmful concentrations. Due to this water quality is one of the major factor
responsible for individual variations in fish haematology.

It is now evident from the data of several studies that values of haematological parameters “number of blood
cells and haemoglobin levels" are very important to evaluate the physiological state and hedlth problems of fishes
with in a water body due to their close association with slight environmental changes (Cassilas and Smith, 1977).

Table 10. Statistical analysis of erythrocytes (million/p1) of Oreochromis mossambicus at spot 1-4.

Name of parameters Spot 1 Spot 2 Spot 3 Spot 4
Average 1.688 1.7965 2.0715 2.005
Standard deviation 0.121 0.135 0.106 0.142
Coefficient of variance 7.184 7.550 5.139 7.104
Standard error 0.038 0.042 0.033 0.045
95% Confidence upper limit 1.774 - 1.601 1.893 - 1.699 2.106 - 1.903

and lower limit

2.147 - 1.995
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Table I1. Statistical analysis of leucocytes (thousand/u1) of Oreochromis mossambicus at spot 1-4.

Name of parameters Spot 1 Spot 2 Spot 3 Spot 4
Average 212.3 230.2 257.6 241.8
Standard deviation 9.080 13.798 9.663 23.724
Coefficient of variance 4.277 5.994 3.751 9.811
Standard error 2.871 4.363 3.055 7.502

95% Confidence upper
limit and lower limit_

218.795 - 205.804

240.070 - 220.329

264.512 - 250.687

258.770 — 224,829

Table 12. Statistical zmalysis—of haemoglobin levels (gm/dl) of Oreochromis mossambicus at spot 1-4.

Name of parameters Spot 1 Spot 2 Spot 3 Spot 4
Average 4.311 4.75 6.36 6.16
Standard deviation 0.355 0.324 0.267 0416
Coefficient of variance 8.237 6.821 4.20¢ 6.767
Standard error 0.112 0.102 0.084 0.131
95% Confidence upper limit 4.565 - 4.057 4981 -4.518 6.551 - 6.168 6.458 - 5.861
and lower limit

Table 13. Statistical analysis of condition factor (K) of Oreochromis mossambicus at spot 1-4.

Name of parameters Spot 1 Spot 2 Spot 3 Spot 4
Average 1.816 1.767 1.543 1.548
Standard deviation 0.060 0.094 0.120 0.091
Coefficient of variance 3.326 5.322 7.831 5911
Standard error 0.019 0.029 0.038 . 0.028
95% Confidence upper limit and 1.859-1.772 1.834 - 1.699 1.629 — 1.456 1.613 -1.482

lower limit

Data of the present study also shows that numbers of blood cells (both erythrocytes and leucocytes) and
haemoglobin vary in the specimens of fishes captured from different water bodies. Higher number of RBCs were
recorded in the specimens which were caught from the Safari park lake (Karachi, spot 3) containing comparatively
less oxygen contents while numbers of these cells were comparatively lowest in the specimens which were obtained
from a fish pond of Gharo (District Thatta, spot 1) containing higher concentrations of dissolved oxygen. However
the number of blood cells and haemoglobin levels were almost similar in the blood of fishes, which were captured,
from Haleji lake (District Thatta, spot, 2) and Dr. Saleem-uz-Zamman park pond (Karachi, spot 4). Both these water
bodies contain similar oxygen levels ranges from 7.6 to 8.3 mg/l.

According to Moyle arid Cesh (2000) in fishes demands of oxygen vary with the environmental conditions and
the number of blood cells per milliliter varies due to balancing the energy costs of erythrocytes production with
those of pumping blood to the tissues. Blood with low erythrocytic concentration obviously has to be pumped
through the body at a greater rate than blood with higher erythrocytic concentration, if the oxygen demand is high.

Cameran (1975) has reported that a teleost heart requires 4.4% of the total energy of fish so the erythrocytic
concentration can have a significant effect on the over all energy balance, including growth (Cameran and Davis,
1970).

Present study also supports this observation as the lowest condition indices and growth rates were observed in
specimens, which had higher number of RBCs.

Besides, oxygen contents, water temperature and pH also affect on the concentration of blood cells (Ram and
Srinivasa, 1989; Hrubec ez al., 1997). It has been observed that when water temperature is low and the fish is not
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very active, large numbers of erythrocytes are not required to fulfill the oxygen demands of tissues. Like
temperature, pH of the water also influence on the oxygen demands of tissues, which ultimately affects on the
erythrocytic concentration. However, in the present study no direct effect of variations of temperature and pH was
noticed due to their low magnitude of fluctuations. Statistical analyses of data also support these observations.
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