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ABSTRACT
The African Catfish (Clarias gariepinus, Teugels) were reared at three different stocking densities in
bamboo-net cages to evaluate the effects of stocking density on growth, survival rate and food
conversion ratio. Three hundred (300) fish with a total weight of 1.8Kg were stocked at 25, 50 and
75 fish/ m3 cage with a mean weight of 5.6±0.23g, 5.9±0.23g and 6.3±0.23 g/m3 respectively. The
growth trial lasted for 150 days (May 2009 to October 2009). Twenty percent (20%) of the total
biomass of the fish in each cage was weighed monthly and the bulk weights were calculated.
Mortalities were recorded monthly. The final mean weights (±S.E) of the fish stocked at densities
of 25, 50 and 75 fish/m3 cage were 828.0±1.83g, 774.0±20.18g and 693.0±34.20g. The
corresponding mean values of Specific Growth Rate were 3.33, 3.25 and 3.43. Temperatures
ranged between 24.50C - 32.60C while salinity ranged between 24 - 95ppm. The Feed Conversion
Ratio (FCR) was 4.99, 4.73, and 3.43, and cumulative survival rates were calculated as 99.84, 99.66
and 99.50% respectively. The results revealed that stocking density had a significant (P>0.05)
effect on growth and survival rates of Clarias gariepinus. Fish held at the highest stocking density
exhibited the lowest growth and survival rate. Cages with 50fish/m3 stocking density had the best
production with total final weight (38.67Kg) and profit index (3.27) compared to other treatments
(P>0.05).
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INTRODUCTION
Fish can be cultured in one of four culture systemsponds, raceways, recirculation systems, or cages.
Rearing of fish in enclosure (suspended cage in
reservoirs) is a practice that is relatively new in the
Northern part of Nigeria as compared to the Southern
parts of Nigeria.
There is a considerable increase in the range of
production values of fish catch and thus tropical water
bodies offer better opportunities for extensive and
semi-intensive cage and pen culture (Le Cren and
Lowe-McConnell, 1980). Cage culture is an alternative
means of aquaculture especially for land-less fish
farmers and it is almost none existing in the NorthCentral part of the country. Nigeria is blessed with an
abundance of scattered inland water mass of 12.5
million hectares comprising of lakes, reservoirs, ponds,
dams, streams and rivers (Ita et al., 1985) part of
which lies in the northern parts of the country and
have the potential to serve in a multiuse capacity.
Nigeria’s domestic fish production is dominated by the
small-scale artisanal farmers who could be
encouraged to go into cage fish farming system
utilising the vast available scattered inland water
bodies which abounds in the Northern parts of the
country and the arable lands used in other agricultural
ventures. Cage culturing makes it possible to grow
fish in bodies of water where draining and seining
would be difficult or impossible.
The Catfish is very popular for fish farming in
Nigeria (Faturoti, 2003). The African catfish Clarias
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gariepinus is known for its favourable food conversion,
resistance to diseases, low technology farming
system, excellent food meat quality (Fagbenro et al.,
2003), possibility for high stocking density and can
tolerate wide ranges of environmental conditions as
well as being highly palatable (Eroudu et al., 1993;
Nwandukwe, 1993).
MATERIALS AND METHODS
Six (6) floating bamboo net cages (1m3) each made
up of a wooden frame lined with net (210/9, 12.7mm
mesh size) and bamboo lattices walls with lockable
lids were placed inside the Kubanni Reservoir
(Ahmadu Bello University dam). The dam is
approximately 122m wide with a mean depth of 6m in
Samaru-Zaria. The cages were constructed according
to Otubusin, (1985) specifications.
Each cage was stocked with Juveniles of 5.93 ± 0.23g
average weight per fish replicated in a complete
randomized design (CRD), randomly stocked at
densities of 25, 50 and 75 per cage corresponding to
treatment I, II and III respectively. Each of the cages
was replicated twice. Fish were fed with artificial
floating feed containing 42% crude protein five days a
week at 5% total biomass per treatment for the first
sixty days, then 1% for the remaining culture days.
Sampling of fish was carried out once a month, early
in the morning between 7.00am and 9.00am using a
scoop
net
(Otubusin
and
Olaitan,
2001).
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Twenty percent (20%) of the stocked fish in each
cage were sampled out and weighed using a Philip top
loading balance (model SP). As the water level
increased the position of the cages were adjusted to
maintain a fairly regular 0.2m free-board water level
in all the cages. The fish were harvested after 150
days of culture period (May - October, 2009) by

moving the cages to the shore, one after the other;
the fish inside the cages were scoped out for mass
weighing per cage and the total number of fish in
each cage counted Osofero et. al., (2007). To
determine the growth response of the fish, the
following parameters were calculated:

Mean Weight Gain (g) (MWG)
MWG = Wt2 –Wt1
Where Wt1 = initial mean weight of fish at time T1
Wt2 = final mean weight of fish at time T2
Feed Conversion Ratio (g) (FCR) (Hepher, 1988)
FCR = weight of feed given (g)
Fish weight gain (g)
Relative Growth Rate (RGR) (Wannigamma et al., 1985)
RGR (%) = (Wf - Wi) x 100
Wi
Wf = final average weight at the end of the experiment
Wi = initial average weight at the beginning of the experiment

Protein Efficiency Ratio (PER) (Wilson, 1989)
PER = fish Weight Gain (g)
Protein intake (g)
Where;
Protein intake = % protein in feed x total diet consumed
100
Specific Growth Rate (SGR) (Hepher, 1988)
SGR = 100 (Loge Wf – Loge Wi)
Time (days)
Wf = final average weight at the end of the experiment
Wi = initial average weight at the beginning of the experiment
Loge = Natural Logarithm reading
Time = Number of days for the experiment
Survival rate (%)
Survival Rate (%) = Number of fish that survived x 10
Total number of fish stocked
Production (Kg/m3) (Osofero et al., 2007)
Production (Kg/m3) = Total weight of fish cropped @₦500.00/Kg
Cost of feed + Cost of juveniles & cage
Production Index (Mohanty, 2004)
PI = survival rate x final weight (g) – initial weight (g)
Duration of rearing period (days)
Physicochemical analysis of water was measured
weekly during the duration of the study. Water
temperature, hydrogen ion concentration (pH),
electrical conductivity and total dissolved solids were
determined using HANNA instruments: HI-98129 and
HI-987130 while, dissolved oxygen (DO) was analysed
using dissolved oxygen test kit HI-3810 following the
manufacturer’s instructions. Water depth was
measured using a calibrated bamboo pole.
Data were analysed by One-Way Analysis of Variance
(ANOVA) (Snedecor and Cochran, 1982) and
difference between means was examined using

113

Duncan’s Multiple Range Test (Duncan, 1955).
Correlation coefficient was used to determine the
relationship between weight gain and food conversion
ratio, stocking density and growth, weight gain and
protein efficiency ratio and production and food
conversion ratio.
RESULTS
Water temperature (WTP) (Table 1) in the cages was
highest in May (32.60C) and lowest (24.50C) in
September while, the hydrogen ion concentration
ranged from 6.8 - 8.5.
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The highest pH of 8.5 was recorded in May and the
lowest pH of 6.8 was recorded in October. Dissolved
oxygen (DO) during the culture period ranged from
4.6mg/l to 12mg/l. Dissolved oxygen (DO) increased
from May to October, and the highest (12mg/l) was
recorded in September and the lowest DO (4.6mg/l)

was obtained in June. The highest electrical
conductivity (EC) (190µs/cm) was recorded in May
and lowest (45µs/cm) in August while the mean
monthly total dissolved solids (TDS) ranged between
24 - 95ppm.

Table1: Mean of some Physicochemical Parameters of Water in all the Treatments for the culture
Period
PARAMETERS
MONTHS (2009)
MAY
JUNE
JULY
AUGUST
SEPTEMBER
OCTOBER
S.E.M

EC (µs/cm )
190a
103b
93b
45c
50c
50c
22.65

DO
(mg/l)
4.8b
4.6b
5.0b
8.6ab
12.0a
10.0a
1.29

pH
8.5a
8.1a
7.2b
7.7b
7.2b
6.8b
0.26

WTP (0C)
32.6a
30.6a
26.4b
27.0b
24.5b
28.0b
1.21

TDS (ppm)
95a
71b
48c
24c
27c
30c
11.65

Values with different letter superscripts in the same column are significantly different at (P>0.05).
S.E.M = standard Error of Mean;
DO = Dissolved Oxygen; WTP= Water Temperaure; pH = Hydrogen Ion
concentration;
TDS = Total Dissolved Solids;
EC=Eectrical Conductivity

The mean initial weight (IWT) (Table 2) in all the
treatments was 5.93±0.23g; range was between 5.4 7.0g while the mean final weight (FWT) ranged from
679g - 858g. The daily weight gain (DWG) showed an
inverse relationship as the stocking density increased.

Treatment I (25 juveniles /cage) had the highest final
mean weight of 828g/fish, then 774g/fish in treatment
II (50 juveniles /cage) and the least 693g/fish was
recorded in treatment III (75 juveniles /cage)(Table
2).
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Table 2: Summary of the Mean Growth Performance at Different Stocking Densities of Clarias gariepinus cultured in Bamboo – Net Cages
TRT

(SD)

I

(25)

II

(50)

III

(75)

S.E.M

I WT
0.14
(5.7g/fish)
0.3
(6.0g/fish)
0.47
(6.3g/fish)
0.1

( Kg)

F WT
20.69
(828g/fish)
38.67
(774g/fish)
51.97
(693g/fish)
9.06

(Kg)

WTG
(Kg)

RGR

SGR$
(% /day)

FCR

SURV
(%)

DWG
(Kg/day)

PRO
(Kg/cage)

Water
depth (m)

PER

20.55

14.71

3.33

4.73

99.84

0.14

25.86

0.5

4.79

38.37

12.95

3.25

4.99

99.67

0.26

48.34

0.5

4.80

51.5

11.11

3.14

3.43

99.5

0.35

64.97

0.5

4.48

8.97

1.04

0.06

0.48

0.1

0.06

11.33

0

0.11

(%)

TRT = Treatment, SD = Stocking Density, PER = Protein Efficiency Ratio, IWT = Initial Weight, FWT = Final Weight, DWG = Daily Weight Gain, WTG = Weight Gain, SGR =
Specific Growth Rate, FCR = Feed Conversion Ratio, S.E.M = Standard Error of Mean, RGR = Relative Growth Rate, PRO= Production
Feed conversion ratio (FCR) in this study showed that treatment III had the best
conversion ratio (3.43) while treatment II had the lowest (4.99). Daily weight gain
(DWG) was observed to be low in all treatment but, gradually increased during the
course of the experiment. Relative Growth Rate (RGR) in all the treatments was high;
Treatment I (14.71), followed by treatment II (12.95) and the least was in treatment
III (11.11). There was significant difference (P
0.05) in relative growth rate in all
the treatments. The Specific Growth Rate decreased with increase in stocking density

with the highest value being 3.33% in treatment I, followed by 3.25% in treatment II
and the least 3.14% was in treatment III (Table 2). There was no significant
difference (P<0.05) in the daily weight gain in all treatments.
There was a high correlation (r = 0.01) between the Daily Weight Gain and the
Protein Efficiency Ratio, Feed Conversion Ratio and Mean Weight (Table 3). The cost
of production (Table 4) recorded shows that there was a marginal decrease in terms
of profit from 7,969.95 to ₦5,185.80 as the stocking density increased.

Table 3. Correlation Matrix of Growth Parameters of Clarias gariepinus during the culture period

IWT

FWT

WTG

RGR

SGR

FCR

SURV

IWT
1
FWT
0.99463**
1
WTG
0.99452**
0.99999**
1
RGR
-0.99999** -0.9951**
-0.99499**
1
SGR
-0.99731** -0.98436**
-0.98417**
0.99695**
1
FCR
-0.78859** -0.72073**
-0.71997**
0.78571**
0.83157**
1
SURV
-0.99985** -0.99629**
-0.99619**
0.99992**
0.99587**
0.77771**
1
DWG
0.99503**
0.99999**
0.99999**
-0.99548**
-0.98504**
-0.72341**
-0.99662**
PRO
0.99463**
1.00000**
0.99999**
-0.99511**
-0.98437**
-0.72074**
-0.99629**
PER
-0.86099** -0.80373**
-0.80308**
0.85860**
0.89598**
0.99173**
0.85196**
RGR= Relative Growth Rate; SRG= Specific Growth Rate; FCR= Food Conversion Ratio; WTG= Weight Gain; PER= Protein
Initial Weight; FWT = Final Weight; SURV=Survival; DWG=DailyWeightGaim; ** Significant at P 0.01
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DWG

PRO

PER

1
0.99999**
1
-0.80603**
-0.80375**
1
Efficiency Ratio; PRO= Production; IWT =
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Table 4. Summary of Cost Benefit Analysis of Clarias gariepinus during the culture period.

Production period (days)
Stocking Density (per cage)
Net production (Kg/cage/150days)
Value of Fish @ ₦500.00/Kg
Feed Input (Kg)
Cost of feed/ Kg (₦)
Cost of Feed used (₦)
Cost of Fingerlings (₦)
Cost of cage (₦)
Total cost of Production (₦)
Gross Profit (₦)
Profit Index

I
150
25
25.86
12,930.00
10.22
313
3,198.86
500
416.70
4,115.56
8,814.44
3.14b

TREATMENTS
II
150
50
48.34
24,170.00
19.07
313
5,968.91
1,000
416.70
7,385.61
16,784.39
3.27a

III
150
75
64.97
32,485.00
27.47
313
8,598.11
1,250
416.70
10,514.81
21,970.19
3.09c

Values with different superscripts in the same row are significantly different at P 0.05
DISCUSSION
Stocking density is one of the main factors
determining fish growth (Engle and Valderrama, 2001;
Rahman et al., 2005) and the final biomass harvested
(Boujard et al., 2002). Identifying the optimum
stocking density for a species is a critical factor not
only for designing an efficient culture system
(Leatherland and Cho, 1985), but also for optimum
husbandry practices. Controlling the fish size and
production are the two important tasks to meet the
market demands. The high survival rate recorded in all
the treatments could be attributed partially to the
physico-chemical parameters of the water body and
also due to the good health condition of the fish. The
survival of Clarias gariepinus ranged between 99.50 99.84% which was comparable to similar work done
by Otubusin (2000) and Osofero et al. (2007) with a
range of 98.5 – 99.5%. Low mortality (2.3%)
recorded in this study is an indication of proper
handling of experimental procedures. The growth rate
of 3.2g/day observed in this study was similar to the
findings of Otubusin (1997) who reported 3.28g/day
for Clarias gariepinus in a polyculture study in netcages but lower than 4.2g/day reported for Clarias
gariepinus in net-cages by Otubusin and Olaitan
(2001) and 7.3g/day reported by Otubusin et al.
(2004) which, could be due to the feeding pattern
adopted (feeding ad-libitum and use of 45% crude
protein feed), the higher average weight of stocked
fish and higher stocking densities used during the
experiment; but higher when compared with other
culturing system like concrete tank monoculture for
hybrid catfish; 2.6g/day as reported by Salami et al.
(1993) and 0.012g/day by Egwui (1986) in home
stead concrete tanks. Marginal incremental economic
benefit decreased from ₦7,969.95 to ₦5,185.80 which
could be as a result of increase in stocking density and
can be attributed to the cost of production from the
value of cropped fish. The growth and mortality of
Clarias gariepinus cultured at various stocking
densities were not initially affected by density but, the
overall harvest productions in terms of final weight
and size were directly related to the stocking density.
As the stocking density increased, the weight gain
decreased; this depicts an inverse relationship as was
observed in similar works by Otubusin and Olaitan
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(2001). Growth is a manifestation of the net outcome
of energy gains and losses within an environment.
Weight gain is one of the important indices for
measuring growth which was obvious among the
different treatments. This study shows that at higher
stocking density fish expend more energy due to
aggressive feeding than converting it to flesh. The
ability of Clarias gariepinus to utilize feed nutrients at
maximum biochemical efficiency and the feeding rate
of 1% used in this study could be attributed to the
high productivity of Kubanni reservoir (Adakole et al.,
2003).
The high production obtained in all treatments in this
study could be linked to the favourable physicochemical condition of the water, maximum utilization
of feeds and design of the cages. Optimum water
growth conditions for Clarias gariepinus include a
temperature range of 250C – 300C (Auta, 1993);
Dissolved Oxygen of 5mg/l (Adakole, 2000) and pH
values of between 6.5 – 9.0 (Adeniji, 1986;
Auta,1993) which, are similar to the values obtained in
this work. It could also be attributed to the high
(42%) crude protein content of the feed. The Profit
Index (Table 5) for all treatments was significantly
different at (P>0.05) and this is reflected in the feed
conversion (FCR) and specific growth rates (SGR)
recorded in all the treatments. It is therefore apparent
that biological and economic benefit will be achieved
in intensive cage culture of Clarias gariepinus juvenile
when stocked at 50/m3. The higher profit index in
treatment II over the other treatments shows that the
50 fish per 1m3 cage may be economically viable in
terms of final weight and size than 75/m3 cage for
Clarias gariepinus when fed with a diet containing
42% crude protein.
CONCLUSION/ RECOMMENDATION
The result obtained in this experiment indicates that
Stocking Density of 50 fish per 1m3 cage is better than
at 25 or 75 fish per 1m3 cage.
It can be recommended therefore that for optimum
productivity, density of caged fish should not exceed
50 fish per 1m3 cage. However, further research can
be carried out using other species or local feed to
determine the stocking density of Clarias gariepinus.
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