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Effect of Two Culture Systems on the Haematology and Growth of the
African Mud Catfish, Clarias gariepinus (Siluriformes: Clariidae)
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Abstract: The haematological and growth parameters of the African mud catfish, Clarias gariepinus fed with
umported pelleted feeds (Durantee) and raised separately m In-Door Conerete (IDC) and out-door Earthen (ERT)
ponds for a period of 12 weeks at the fish farm of the Department of Envirenmental Biology and Fisheries,
Adekunle Ajasin University, Akungba Akoko, Nigeria were assessed in this study. The water quality of the
two rearmg systems was also studied on a weekly basis. Blood samples were collected from the fish samples
by puncturing the caudal peduncle with heparimzed plastic syringe. The values of the haematological
parameters were measured using standardized and approved methods. The water parameters studied in TDC
showed that the temperature (28.54320.20°C) dissolved oxygen (0.734+0.38 mg 1.7") salinity (0.22340.03%)
conductivity (0.00240.00 M€ cm ™) total dissolved solids (275.750+31.26 ppm) and nitrate (2.520+1.45 ppm)
statistically differed (p<0.03) to 27.321+0.71°C, 7.118+0.46 mg L', 0.099+0.00%, 0.004+0.00 M€ cm ',
102.58042.53 and 0.000£0.00 ppm obtained, respectively in ERT. However, the values of pH (7.062+0.13) nitrite
(0.50040.26 ppm ) and total hardness (40.000£6.96 ppm ) in IDC were not significantly different (p=0.05) to the
values 7.128+0.14, 0.0004+0.00 ppm and 39.000+0.00 ppm obtammed, respectively in ERT. The packed cell
volume (34.600+3.297%) red blood cell (3.430+0.424>10° g AL ") lymphocyte (55.900+5.010%) haemoglobin
(11.15541.213 g dL.7") thrombocyte (12.70041 .989%) white blood cell (121 700.000434012.759=10° g dL.”"y mean
corpuscular volume (105.85245.544 f1) mean corpuscular haemoglobin (33.800£1.874 pg) and mean corpuscular
haemoglobin concentration (32.035+1.100 g dL ") of the catfish in IDC were not statistically different (p=0.05)
compared to 28.400+2.956%, 2.670+£0.394x10° g dL.™', 51.200+3.723%, 8.6404+0.953 g dL ", 15.4004+2.522%,
197300.000£37057.028<10° g dL. ™" 112.935+7.594 {1, 34.423£2.578 pg and 30.39440.780 g dI.™ 'obtained,
respectively in fish raised in ERT but the values obtained for neutrophils (31.400£6.462% in ICD) and
(30.400+4.507% 1n ERT) showed sigmficant variations (p<0.05). The study also showed that the fish population
m IDC attamed statistically higher average weight (0.58 kg) compared to the fish in ERT (0.44 kg). It 1s
recommended that closed fish culture should be encouraged in order to reduce pressure on land and
deforestation usually associated with earthen pond construction.

Key words: Fish culture, in-door pond, earthen pond, haematology, fish growth, water quality

INTRODUCTION

Fish live in very intimate contact with the aquatic
enviroment and are therefore very susceptible to the
physical and chemical changes which may be reflected in
their blood components. Blood is a good indicator to
determine the health of an organism and also in
diagnosing the functional status of the exposed amimal to
toxicants (Joshi et al., 2002; Okechukwu et al., 2007).
Maheswaran et al. (2008) reported that a number of
haematological indices, such as haematocrit, haemoglobin
red blood cells among others are useful in the assessment
of the functional status of the oxygen carrying capacity of

the blood stream. Luskova (1997) observed that changes
in the haematological level of fish depend on species, age,
the cycle of the sexual maturity of spawners and diseases
status.

Stress induced changes in the blood characteristics
of C. gariepinus as a result of exposure to environmental
pollutants, diseases or attack by pathogens have been
reported (Onusirivka and Ufodike, 2000; Ezeri, 2001;
Gabriel et al., 2001; Alwan et al., 2009). These indices
have been employed in effectively monitoring the
responses of fish stressors and thus its health status
under such adverse conditions. Fish are known to be in
close relationship with the aqueous environment, hence
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Table 1: Statistical inference of haematological status of both sexes Clariay
gariepinus in in-door and earthen ponds
Analysis of Variance (ANOVA)

Parameters p=0.05 Inferences

PCV (%) 0.832 p>0.05 (Not significant)
RBC (x10°g dL™ ) 0.729 p=>0.05 (Not significant)
HB (g dL.™Y) 0.895 p=0.05 (Not significant)
Thrombocyte (%) 0.111 p=0.05 (Not significant)
WBC (x10°g dL™) 0.063 p=0.05 (Not significant)
Lymphocyte (%) 0.221 p=0.05 (Not significant)
Neutrophil (%6) 0.035 p<0.05 (8ignificant)
MCV ) 0.131 p=0.05 (Non significant)
MCH (pg) 0.152 p>0.05 (Not significant)
MCHC (g dL ™Y 0.693 p=0.05 (Not significant)

The mean difference is significant at 0.05 level

the blood will reveal conditions within the body of the
fish long before there i1s any visible mamfestation of
disease (Musa and Omoregie, 1999; Olkechukwu et al.,
2007).

The production environment for aquaculture
Nigeria 1s rapidly growing, especially in the South-Eastern
and South-Western parts of the country. Many large
scaled and small scaled aquaculture ventures are
springing up, mvesting massively m both extensive
earthen pond culture system and the semi-intensive and
intensive concrete pond culture systems. The culture
systems are being used to produce several thousand
tonnages of fish per annum. However, a lot of differences
i fish colouration, health and behavioural physiology
have been observed in the fish reared under different fish
culture systems. Wilson and Taylor (1993) cbserved that
slight changes m the micro or macro environmental
conditions could result to changes m physiological
well-being, quality of growth and protein profile in the
animal flesh. However, the database of empirical studies
of the Nigerian fish culture environment, particularly
on the closed system, 13 just growing; hence thus
study.

This study was designed to show the effect of two
semi-closed culture methods on the stability of
Clarias gariepinus, one of the commercially important
freshwater fish in the tropics, in captivity. It was
undertalken to assess the values of the water quality in the
reservolrs, blood parameters and growth of the members
of the fish raised separately in In-Door Concrete (IDC)
and Earthen (ERT) ponds (Table 1).

MATERIALS AND METHODS

Sample collection: Samples of C. gariepinus consisting
of 50 adults (mean weight 375.43 g; mean length 42.62 c¢m)
and another batch of 50 adults (mean weight 22532 g;
mean length 36.43 cm) were harvested from IDC and ERT
ponds, respectively of the fish farm of the Department of
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Environmental Biology and Fisheries, Adekunle Ajasin
University, Alkungba Akoko, Ondo State, Nigeria. The
fish were fed with foreign pelleted feed (Durantee) at 5%
of body weight and raised separately for 12 weeks in the
ponds. The growths were assessed by the records of
weekly body weight gain using Hanna Top loader scale
(0.05 kg sensitivity model: 2834024). Growth results and
the physico-chemical parameters of the rearing water were
taken on weekly basis. The physico-chemical water
parameters such as pH, water temperature, dissolved
oxygen, salimity and hardness were determined i sifu on
weekly basis using hydro lab electromc water probe meter
(model: Hanna HI 98106).

Blood collection and haematological analysis: Fish were
tranquilized with 150 mg L™ solution of tricane
methanesulphate (ms-222) and blood samples were
collected from both males and females by puncturing the
caudal peduncle with heparinized plastic syringe, fitted
with 21-gauge hypodermic needle and preserved in
disodium salt of Ethylene Diamimne Tetraacetic Acid
(EDTA) bottles for analysis. The microhaematocrit
method was used for the determination of Packed Cell
Volume (PCV) (Blaxhall and Daisley, 1973). Haemoglobin
{cyamethaemoglobin) and red blood cell concentrations
were determined by the methods described by Jain (1986)
while the White Blood Cell (WBC) count was determined
using Neubauer haemocytometer (Shah and Altindag,
2005). The derived haematological indices of Mean
Corpuscular  Volume (MCV) Mean Corpuscular
Haemoglobin (MCH) and Mean Corpuscular Haemoglobin
Concentration (MCHC) were calculated using standard
formula (MCV = PCV/RBCx10, MCH = HB/RBC =10 and
MCHC = (Hb in 100 mg)/PCV=100, respectively).

The data obtained were subjected to Analysis of
Variance (ANOVA) using SPSS 17.0 software package at
0.05 significance level and the results are presented as
mean+SE (Standard Error).

RESULTS AND DISCUSSION

The mean values of the water quality parameters
for both TDC and ERT ponds during the rearing
period are shown m Table 2. The data m the
tables show that there were significant differences
(p<<0.05) in the water parameters of TDC in comparison to
ERT. Higher values were recorded for the temperature
(28.54340.20°C) salinity (0.223+0.03%) and total dissolved
solids (275.750+31.26 ppm) m IDC than mn ERT
(27.321£0.71°C, 0.099+0.00% and 102.58042.53 ppm,
respectively) but the values recorded for the dissolved
oxygen (7.118+046 mg L") and conductivity
{0.004+£0.00 MQ cm ™) inthe earthen were higher than in
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Table 2: Water quality parameters in concrete and earthen reservoirs

Concrete pond Range Earthen pond Range

Parameters Mean=SE S Min. Ma. MeantSE 5D Min. Max.

Temperature (°C) 28.543+0.200 10.70 24.714 26.740 27.321+0.71 2.46 20.480 30.700
Dissolved oxygen (Mg 179 0.734+0.380 1.31 0.000 4.250 7.118+0.46 1.60 5.490 10.130
pH 7.062+0.130 046 5.970 7.740 7.128+0.14 0.47 6.050 7.780
Salinity (%) 0.223+0.030 010 0.050 0.390 0.099+0.00 0.01 0.080 0.120
Conductivity (MQ cmi ') 0.002+0.000 0.00 0.001 0.006 0.004+0.00 0.00 0.001 0.005
Total dissolved solids (ppm) 275.750+31.26 108.28 85.000 395.000 102.580+2.53 8.75 93.000 1.200
Nitrite (ppm) 0.500+0.260 0.91 0.000 3.000 0.000£0.00 0.00 0.000 0.000
Nitrate (ppm) 2.50+1.4500 5.03 0.000 20.000 0.000+0.00 0.00 0.000 0.000
Total hardness (ppm) 40.00046.960 24.12 0.000 80.000 39.000+0.00 0.00 39.000 39.000

Table 3: Statistical inference of water quality parameters of Clarias
geriepias in in-door concrete and earthen ponds
Anatysis of Variance (ANOVA)

Parameters p=0.05 Inference

Temperature (°C) 0.024 p<0.05 (Significant)
Dissolved oxygen (mg L™ 0.000 p<0.05 (Significant)
pH 0.710 p0.05 (Not significant)
Salinity (®0) 0.000 p<0.05 (Significant)
Conductivity (M cmi™!) 0.001 p=0.05 (Significant)
Total dissolved solids (ppm) 0.000 p<0.05 (Significant)
Nitrite (ppim) 0.069 p0.05 (Not significant)
Nitrate (pprm) 0.002 p<0.05 (Significant)
Total hardness (ppm) 0.887 p=0.05 (Not significant)

The mean difference is significant at 0.05 level

the in-door concrete pond (0.73440.38 mg L~' and
0.00240.00 MQ cm ™, respectively). However, the values
of the pH (7.062+0.13) mitrite (0.500+0.26 ppm) and total
hardness (40.000+6.96 ppm) in IDC showed no statistical
difference (p=0.05) compared to the values 7.128+0.14,
0.000£0.00 and 39.000+0.00 ppm obtained, respectively in
ERT (Table 3).

The wvalues of the physico-chemical parameters
obtained in this study are generally within the
recommended ranges required for good fish production.
Avanwale et al. (2012) recorded conductivity
(100.60+32.01 to 338.004140.81) alkalmmty (132.40246.36 to
228.00+£2888 mg L7 hardness (39.60+7.81 to
110.00£16.25 mg L™ dissolved oxygen (3.3040.77 to
6.66£2.71 mg L™ and nitrate (1.21£0.68 to
9.24+2 55 mg L") values in selected freshwater reservoirs.
Studies have recommended a temperature range of
25-32°C (Afzal et al, 2007) a minimum constant value of
4.0 mg L™ disselved oxygen (Ufedike and Garba, 1992)
39.60+7.81 to 110.00=16.25 mg L' water hardness
(Mateen ef al., 2004) 9.8-49 mg 1.~ nitrate (Brunson et al.,
1994) 20-30 mg 1.~ alkalinity (Wurts and Durborow, 1992;
Goshu and Akoma, 2010) and 120-340 sec conductivity
(Kolo, 1996) for good performance of fishes.

Water quality is a critical consideration, especially
when planning for high aquaculture production. Boyd and
Tucker (1998) reported that the environment of fish 1s a
complex system consisting of several water quality
variables but only a few of them play decisive role. The

researchers observed that the critical parameters that
affect the general condition and performance of cultured
organisms mclude temperature, concentration of
dissolved oxygen, suspended solids, ammoma, mtrite,
carbon-iv-oxide, pH and alkalinity. However, the
researchers observed that dissolved oxygen is the most
important and critical parameter that requires a continuous
monitoring m aquaculture production systems because as
the dissolved oxygen concentration decreases, respiration
and feeding activities Temperature
influences the respiratory metabolism and the activity
level of all biochemical processes m organs and tissues.
Liu et al. (2011) reported physiological malfunctioning
when fish were not living in the suitable temperature
range. Nouanthavong and Preston (2011) observed a
lower water temperature in the intensive (in-door) tanks
than in the natural (out-door) ponds. The researchers also
observed that there were no differences in the average pH
but ammomnia-N was much higher (100 tines) in the water
in the intensive tanks than in the natural ponds. The
optimal range of pH in normal water is 6.5-8 while <5 and
=10 could be lethal to fish and prawns (Tkuta et al., 1992).
The researchers reported that when fish were
exposed to a low pH, chloride cell in the gill tissue
absorbed bicarbonate (HCO,) ion from the outside to
neutralize the hydrogen (H") ion flowing in the body,
resulting to the loss of sodium (Na") and chloride (C17) ion
from the body fluids. However, fish have the ability to
regulate their acid-base balance in order to maintain
normal pH of their body fluids under acidic ambiance
(Iwata et al., 1990).

The results obtained m this study showed that there
significant differences (p=0.05) in the
haematological parameters of C. gariepinus raised in both
IDC and ERT reservoirs, except for the neutrophils which
elicited statistical differences (p<t0.05) (Table 4 and 5).
Also, the results showed that gender did not sigrmificantly
affect the haematological characteristics of the fish raised
in the IDC and ERT. Although, ngher Packed Cell Volume
(PCV) Haemoglobin (Hb), Thrombocytes, White Blood
Cell count (WBC) lymphocyte, Mean Corpuscular Volume

also decrease.

were  no
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Table 4: Haematological parameters of female Clarias gariepinus in in-door
concrete and earthen ponds

Female (concrete pond)

Female (earthen pond)

Parameters MeanSE SD MeantSE SD

PCV (%) 34.400+5.12 1146  29.600+5.14 11.48
RBC (x10° gdL™Y)  3.260+0.65 146 2.600+0.68 1.53
HB (gdL™" 10.996%1.57 3.50  9.02041.65 3.68
Thrombocyte (%)  17.40042.42 541 15.800+3.41 7.68
WBC (x10° g dL7!) 188600.000 115159.89  226200.000 108400.65

+51501.07 +84478.24

Lymphocyte (%6) 64.200+3.28 733 50.600+3.04 6.80
Neutrophil (90) 18.400+4.71 1053 27.600+£5.05 11.28
MCV (f1) 111.144+7.25 1621 121.792+12.13 27.12
MCH (pg) 35.816+2.84 634 369124378 8.45
MCHC (g dL™H 32.12240.54 1.22  30.37641.08 241

Table 5: Haematological parameters of male Clarias gariepinus in n-door
concrete and earthen ponds

Male (concrete pond) Male (earthen pond)
Parameters MeandSE sD Mean=SE 5D
PCV (%) 34.800+4.76 10.64  27.20043.50 7.82
RBC (x10PgdL™") 5.600+0.61 136 8.260+0.14 0.56
HB (g dL ™) 11.31342.04 456 8.260+1.14 2.56
Thrombocyte (%)  8.00+0.95 212 15.000+4.11 9.19
WBC (x10°gdL™") 54800.000 39732.86  168400.000 130609.34

+17769.08 +58410.00
Lymphocyte (%) 47.600+8.23 1841 51.800+7.28 16.27
Neutrophil (%6) 44.400+9.01 20,16  33.200+7.88 17.61
MCV 1) 100.560=8.47 1894  104.078+8.55 19.13
MCH (pg) 31.784+2.40 5.35 31.934+3.54 7.91
MCHC (g dl.”Y) 31.954+2.27 5.06  30.412+1.31 2.93

The mean difference is significant at 0.05 level

(MCV) and Mean Corpuscular Haemoglobin (MCH) were
recorded m the female fish than i the males but the
values were not statistically different (p>0.05), except n
the values obtained for the neutrophils.

There has been no general agreement on the
haematological wvalues in fish. Prasad and Mukthiraj
(2011) recorded RBC (2.04+0.43) WBC (2.18+0.84)
Thrombocytes (4.54+£4.65)Hb (6.404£0.26) PCV (23.7843.80)
MCV (116.784£18.58) MCH (31.47£3.12) and MCHC
(2.81+0.42) in Oreochromis mossambicus. Nikolov and
Boyadzieva-Doichuinova (2010) demonstrated that the
red blood cell counts were constant i the three
species fishes (Carassius gibelo,
Alburnus alburnus and Scardinius erythrophthalinus).
Onunkwo ef al. (2007) reported a higher thrombocyte
values (21.65-47.24) than the red blood cells (2.42-3.22) in
Tilapia guineensis. Ajiboye and Faturoti (2011) obtained
Hb (7.06) PCV (37.53) RBC (1.39) and WBC (19.39) in
Synodontis nigrita.

Male and female fish have been reported to differ in
their blood variables (Gabriel ef af., 2001; Dacie and Lewis,
1991). Collazos et al. (1998) observed that the high levels
of red blood cells, haemoglobm and packed cell volume
usually associated with female fish might be caused by
high metabolic activities. The researchers also attributed

of freshwater
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Fig. 1: Weekly growth index measured by average weight
measurements

the high levels of the total leucocytes, neutrophils and
monocytes in female fish to the excited reproductive and
defence activities during the breeding season. Variations
in the blood tissues of fish have been attributed to
environmental stress (Orun ef al., 2003) peculiarities of
species (Collazos ef al., 1998) season (Orun et af., 2003)
breeding habits (Cech and Wohlschlag, 1981)
physico-chemical indices (Onunkwo et al., 2007) and
biochemical metabolism (Adeyemo et al., 2003).

The results in this study revealed that the population
of fish in IDC showed higher growth rate than in ERT,
especially the male population (Fig. 1). This result is in
agreement with Nounthavong and Preston (2011), Sophin
and Preston (2001) and Edwards ef al. (1988) who reported
faster growths in weight and length and weight/length
ratio n the intensive system than in the natural system.
Boyd and Tucker (1998) reported that the provision of the
optimum range of the physical, biclogical and chemical
parameters in the rearing water will determine the totality
of growth and welfare of cultured organisms.

CONCLUSION

This  study  demonstrated that the blood
parameters and growth of fish were enhanced in both the
in-door concrete and out-door earthen ponds. However,
C. gariepinus grew faster in the in-door concrete than the
earthen (natural) system. The results obtained i the
study could serve as valuable information for fish
biologists, aquaculturists and environmentalists in pond
water management and growth monitoring of cultivable
Organisms.
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