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ABSTRACT

Tilapia is the major group of fish used in aquaculture in Malawi and its potential
has never been realised. Previous research has focussed on improving the growth
performance. Nutritional studies were carried out to determine and improve feeding
protocols in order to enhance the growth of Tilapia rendalli. The first experiment was on
the effect of using different organic manure. 7. rendalli in the chicken manure treatment
were significantly larger and had higher net annual yields than those in cattle, pig manure
and no-manure treatments. Significantly higher amounts of chlorophyll @ and numbers of
zooplankton were found in ponds fertilized with chicken manure.

In the second experiment, 7. rendalli were evaluated in ponds fertilized with
chicken manure to determine the effect of using different single ingredient supplements.
T. rendalli in the soybean treatment were significantly larger and had higher net yields
than in maize bran, rice bran and unsupplemental, chicken manure treatments.

The third experiment was set up to determine the effect of different temperatures.
T. rendalli in the 32° C treatment were significantly larger than those in 24, 28° C and
ambient temperatures. Fish cultured at 32° C had significantly higher digestibility
coefficients, lower feed conversion ratios, higher feed conversion efficiency and protein
efficiency ratios. The last experiment examined the effect of different salinities. T.
rendalli in the 10%o0 grew significantly larger than those in the freshwater, 5%o, and 15%eo.
Fish cultured in 10%o salinity had significantly higher digestibility coefficients, lower

feed conversion ratios, higher feed conversion efficiency and protein efficiency ratios.



The survival of the fish was significantly different among salinity levels decreasing from
100% in freshwater to 66.7 % in 15%e. salinity treatment.

The overall results suggest that the use of chicken manure would produce better
results than cattle and pig manure treatments, and ponds fertilized with chicken manure
may be supplemented with soybean to increase yield. Water temperature of 32° C and
salinity level of 10%0 may be optimal for 7. rendalli because feed conversion was higher,
and digestibility coefficients were higher for protein, fat, ash and gross energy under

these conditions.
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The lowest amounts was of phytoplankton found in stomachs of fish from the no-manure
treatment (15.9%) (Fig 2.5).

Insects were significantly (P< 0.05) higher in stomachs of fish cultured in the no-
manure ponds (3.8%) followed by chicken manure (1.9%), cattle manure (0.7%) and
lastly the pig manure treatment (0.2%). However, there was no significant difference
between the cattle and pig manure treatments. The "other" category of stomach contents,
which could not be clearly identified was consistent among treatments and did not differ
significantly (P> 0.05) although the no-manure treatment showed a slightly lower
percentage of "other" than the rest of the treatments. Insects were not consumed in large
amounts but detritus was highly consumed across treatments (Fig 2.5). Appendix 2.4

provides stomach contents data.

2.3.7 Organic matter loading

The percent organic matter loading was significantly (P< 0.05) different among
treatments with the no-manure treatment significantly lower (0.48%). However, organic
matter loading did not differ significantly among chicken (6.68%), cattle (8.25%) and pig
(7.76%) manure fertilized ponds despite the fact that cattle manure was applied at a
higher rate (Table 2.5). The calculated nutrient input of nitrogen, phosphorus and
potassium per week provided different levels depending on the type of manure and

amount of manure applied.
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3.2.2.7 Available lysine determination

Available lysine was determined using the procedure outlined by Carpenter
(1960). The samples were refluxed for 20 hours in 6N HCI, diluted, titrated and read for
absorbance. Carpenter's available lysine method uses a dye called Fluoro-2,4-
dinitrobenzine which reacts with the end nitrogen of lysine often called the E-amino
group of lysine, and produces a coloured compound called DNP-lysine whose
absorbance is analysed on a spectrophotometer. The available lysine was then quantified
by using the standard curve. The % available lysine was calculated by dividing the

weight of available lysine by the weight of the sample multiplied by 100.

3.2.2.8 Trypsin inhibitor determination

Trypsin inhibitor was determined in full fat soybeans, which were oven roasted at
245° C for 45 minutes. The Folin C method was used for determination of trypsin
inhibitor activity. The extracts from the sample were diluted and assayed for trypsin
activity. Casein and 5% CTA were added and the concentration of peptides was
determined by adding 1.0 M NaOH and folinciocalteau reagent. Absorbance was read on
the colorimeter. Calculations of the percent activity were done by dividing the
absorbance change for the treatment by the absorbance change for the standard and
multiplying by 100. The percentage inhibition for the sample was calculated by

subtracting the percentage activity from 100.
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3.2.2.9 Gross energy determination

Gross energy was determined by igniting the sample in a bomb calorimeter. The
gross energy of the food is measured by combustion, usually in an atmosphere of
compressed oxygen. Under these conditions carbon and hydrogen are fully oxidised to
carbon dioxide, water and other gases. The heat released is then measured. In this study, a

Nenkem type adiabatic bomb calorimeter was used.

3.2.2.10 Organic matter determination

Organic matter is taken as the material, which normally burns in the presence of
oxygen, while ash or mineral matter remains. After the ash content was analysed, the
organic matter was calculated as the difference (El-Sayed, 2003). Therefore, the %

organic matter on a dry matter basis was calculated as % dry matter - % ash.

3.2.2.11 Mineral analysis

Mineral analysis was done by ashing the samples in the muffle furnace at 550° C
for 16 hours. The samples were then put on a hot plate with sand for acid digestion in
concentrated 50% HCI followed by dilute acid 1N HCI. The digestion process allowed
the acid to dry half way in the crucibles and then was refilled to make sure there was no
loss of some minerals. The liquid ash was quantitatively transferred for filtering with
deionized water in a volumetric flask. The filtrate was further diluted for reading on

Atomic Absorption Spectrophotometer (AAS). Calculations were made basing on the
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The cladocerans of the Daphnia and Moina genera were significantly different in
their numbers with treatment but the alona class was not significantly (P> 0.05) different
among treatments. The Daphnia numbers were significantly higher in maize bran
(8,958/L) than the rest of the treatments. The Moina, however, were high in soybean
(12,253/L) and rice bran (13,161/L) but not significantly different from each other (Fig.
3.3).

The rotifers were significantly different in ponds among the treatments. The
Lecanes were significantly lower in manure treated ponds (7,660/L) and highest in
soybean treated ponds (17,176/L). The Lecane numbers in maize bran (14,135/L) and
rice bran (15,513/L) did not differ significantly from each other. However, the Brachioni
were significantly lower in soybean treated ponds than maize bran, rice bran and chicken
manure treatments, which did not differ significantly (Fig. 3.3). The Trochocera did not
differ significantly (P> 0.05) among the treatments and was the lowest of rotifers with
less than 1000/L in all treatments (Fig. 3.3).

Phytoplankton abundance, measured as chlorophyll a, was the highest in the
soybean treatment (101.9 pg/L) followed by chicken manure (89.0 pg/L), maize bran
(85.9 pg/L) and lastly rice bran (82.8 ug/L). However, the chlorophyll a content did not
differ significantly among chicken manure, maize bran and rice bran treatments.

Appendix 3.2 provides zooplankton numbers and chlorophyil a.
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(Diana et al., 1996; Fitzsimmons et al., 1999; Yi et al., 2002). However, high feed
conversion ratios (8.0-10.5) were reported in O. niloticus and C. gariepinus polyculture
when fed rice bran in fertilized ponds (Veverica et al. 2000) and 5.26-9.55 in a cyprinid,
Mabhseer, Tor putitora (Hamilton) raised in ponds fed formulated supplementary diets
(Islam, 2002). Ohashi et al. (1999) also reported slightly higher conversion ratios (2.15-
5.49) than in the present experiment in O. shiranus and 7. rendalli in monoculture and
polyculture systems fed maize bran and rice bran in fertilized tanks. Similar conversion
ratios were reported earlier by Tacon (1988) with soybean (3-5), corn (4-6), cereals (4-6)
and groundnut cake (2-4). The differences could be attributed to the species of fish used,
processing and presentation of feed (Hasan and Amin, 1997; Edwards et al., 2000).
Significant waste of feed is experienced where feeding is done in powder form (De Silva,
1993; Miaje et al, 1999) and can result in higher conversion ratios. In the present
experiment, the feeds were in pellet form though the pellets from rice bran were unstable
compared to soybean and maize bran due to rice bran's nature of poor pelletability. This
may have contibuted to significantly higher feed conversion ratios in rice bran treament
than those from soybean and maize bran treatments in this experiment. Feeding
frequencies, which vary with species, could also have influenced the conversion ratios
(Hasan, 2001) in these studies.

The extrapolated annual yields (kg/ha/yr) were higher in soybean meal fed fish
than what was reported by other researchers in similar experiments (Noble and
Chimatiro, 1991; Chikafumbwa, 1996b; Brummett, 2000; Veverica et al., 2000; Chaula

et al., 2002). Their results were within the range of yields obtained in the maize bran, rice
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bran supplementation and chicken manure in the present experiment. Yakupitiyage et al.
(1991) reported high yields with Nile tilapia, common carp and silver barb fed rice bran
at different rates in integrated system with ducks. Intensification level in the integrated
system can influence yield as there is evidence that even minor modifications of inputs
into semi-intensive systems can bring about changes in terms of growth, reproductive
performance and overall productivity of the system (De Silva and Davy, 1993; Vareena et
al., 1993; Berkan, 1996, Tacon and De Silva, 1997, Miaje et al., 1999; Keshavanath et
al., 2002).

The survival of the fish in this experiment was higher than in several similar
studies (Chikafumbwa, 1996b; Brooks and Maluwa, 1997; Veverica et al., 2000; Brown
et al. 2002; Islam, 2002) but comparable to those reported by Liti et al. (2002) and
Chaula et al. (2002). This could be attributed to low predation, reduced handling stress
and suitable water requirements experienced during the experiment. Temperature and
dissolved oxygen together with other parameters were within range for the growth of fish,
and for various species of phytoplankton and zooplankton to propagate in ponds, to act as
food for fish (Delbare and Dert, 1996).

The type of supplementary feed used in this experiment also had significant
effects on the body composition of 7. rendalli. There was an increase in fat and gross
energy content, with a decrease in ash and protein content. These trends are common in
fed fish as they store more fat and gross energy with high-energy diets containing such
ingredients (Maraise and Kissil, 1979; Hanley, 1991; Chimoka, 1998). Moisture

decreased with soybean but increased significantly with maize bran, rice bran and
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are experienced in the northern part of the country. These temperature variations affect
water temperature and that in turn affects the growth and reproductive performance of
both tilapia and catfish (Brooks and Maluwa, 1997). This information suggests that
temperatures would have an effect on the growth of 7. rendalli in their natural habitats,
where this would also affect the utilization of feed under such conditions (Caulton, 1982).
There is little or no information on 7. rendalli fed formulated all-plant diets raised under
different water temperatures. The concentration has been on coldwater fish species
(Martinez-Palacios et al., 2002) where temperature variations that affect the growth
performance of fish may not be as great as experienced in the tropics. This experiment
was, therefore, set up to assess the effect of different water temperatures on the growth,

feed utilization and survival of T. rendalli under laboratory conditions.

4.2 Material and methods
4.2.1 Experimental facilities and experimental set-up

The experiments were conducted in the laboratory facility at the Aquaculture
experimental farm of the Department of Aquaculture and Fisheries Science at Bunda
College of Agriculture. Twelve 50 L rectangular glass tanks were set up in the wet
laboratory (Fig. 4.1). A heater (200 W) and a thermometer were placed in each tank and
experimental temperatures were reached by increasing the temperature by 2° C every day
from 20° C. A bio-filter (Matsumoto) was put in the tank to help clean the water. Four

temperature treatments (24, 28, 32° C and ambient temperature) were assigned to the
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Table 4.2 Composition of experimental diet fed to Tilapia rendalli cultured at different

temperature conditions for 70 days.

Ingredient % dry weight
Maize Bran (MB) 22.00
Rice Bran (RB) 13.45
Cotton Seed Cake (CSC) 24.55

Soy Bean Meal (SBM) 35.00
'Vitamin Premix 1.00
’Mineral Premix 1.00

Oil (Cotton Seed) 2.00
Wheat flower (Binding material) 1.00
Total 100.00

'Vitamin Premix (g/100 g of premix) contained : retinol (vit A), 2,000,000 iu; d pantothenic acid (vit
B6), 100 mg; riboflavin (vitB12), 500 mg; thiamine (vit B1), 300 mg; vit E. 1,00 iu; vit K, 500 mg; folic
acid 50 mg; niacin 2500 mg; ascorbic acid (vit C), 500 mg; vit D3, 245,000 iu; pyrodoxine,100mg.
*Mineral Premix (g/100g of premix ) contained: magnesium sulphate, 50.00; sodium sulphate, 30.00;
potassium chloride, 5.00; calcium hydrogen orthophosphae, 10.29; zinc sulphate, 2.7; colbalt sulphate 0.24;
copper sulphate, 0.39; chromic chloride; 0.064; manganese sulphate, 1.27. Sodium Chloride,30.00.
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Table 4.3 Proximate composition of the experimental diet fed to Tilapia rendalli cultured

at different temperature conditions for 70 days (dry weight) (Mean = SD).

Proximate Composition %
Dry matter’ 89.08 =+ 1.09
Crude protein 30.69 =0.97
Crude fat 11.09 £0.32
Ash 891 +0.92
Crude fibre 6.13 +0.42
NFE 43.18 +1.64
Organic matter 80.17 +0.67
Gross energy (kJ g!) 19.54 +1.35

' Wet weight

4.2.3.6 Fish feeding

The diets were prepared before the commencement of the experiment and were
frozen. Feeding was done twice a day at a ration of 3% body weight. This meant that
1.5% was applied at 08:00 hr and the other 1.5% at 14: 00 hr. Hand feeding was done to
spread the pellets (Fig. 4.2) evenly on top of the water in the tank. Left-over feed was
siphoned every morning, dried to constant weight in an oven at 105° C and weighed. The

daily feed intake was determined (Bhikajee and Gobin, 1997). Feces that accumulated at
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Table 4.7 Water quality parameters for the rearing of Tilapia rendalli at different

temperatures measured for 70 days (Mean + SE).

Parameter Treatment

Ambient 24° C 28°C 32°C
pH 7.57+0.02° 7.51+0.01° 7.45+0.01° 7.47+0.01°
Conduc. (uScm™) 685+ 72 733 £ 7° 805+ 9° 882 + 20°
Oxygen (mg/L) 534+0.07% 4.40+0.06° 3.81+0.05° 3.49+0.05*

Temperature (° C)  20.5+0.05* 24.1+0.01°> 28.0+0.03° 31.8+0.05°
Ammonia (mg/L)  0.14+0.02* 0.23+0.02° 0.28+0.02° 0.37+0.02°
Nitrite (mg/L) 0.01 £ 0.001* 0.02 + 0.001° 0.02 +0.001° 0.03 +0.001°

ANOVA, N=840, pH: F 3 g36=47.749, P<0.001; Conductivity: F 3 g36=50.491, P<0.001;
Oxygen: F 3 g3 =204.958, P<0.001; Temperature: F 3 g36 =152.318, P<0.001; N=132,
Ammonia: F 3,128 =25.32, P<0.001; Nitrite: F 3,128 =35.513, P<0.001;

Note: Values with different superscripts in a row are significantly different (ANOVA, P<
0.05)

4.4 Discussion

The growth of 7. rendalli cultured in tanks was significantly affected by
temperature. Temperature affects biochemical reaction rates, which influence energy
requirements for repair and maintenance costs, that in turn determine appetite, feeding
activity, food consumption, conversion efficiency and growth rates of fish (Liu, 1998).
Increase in weight depended on temperature and increased by 170.2% at 32° C and

33.9% in ambient temperature. Faster growth was exhibited at high temperatures than at
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ambient treatment (mean: 20.5° C, range: 19.1-21.2° C), which was above the critical
temperature (20° C) where tilapia activity and feeding becomes reduced (Chervinski,
1982). Significant differences appeared in the first sampling. This shows that the fish
responded quickly to different temperatures. The fish grew from an initial average weight
of 6.6 g to 8.65 g, 10.70 g, 13.49 g and 17.37 g at ambient, 24° C, 28° C and 32° C,
respectively. This was consistent with the work reported on the feeding and growth of T.
zilli, with optimum temperature found to be between 28 and 31° C (Platt and Hausser,
1978). In related work, it was found that the growth of rainbow trout also depended on
temperature and the total feed requirement was proportional to the rate of weight gain
(Watanabe, 1988). The present results showed that the fastest growth of juvenile T.
rendalli was obtained at 32° C. Below this temperature, the ambient temperature
probably represented the minimal thermal limit for growth. Tilapia in general are
considered to show best growth rates between 26 and 28° C (Maruyama, 1983) and
beyond (Caulton, 1982; Bhikajee and Gobin, 1997) under laboratory conditions, but their
performance depends on acclimation as well-acclimated fish perform effectively
(Rajaguru and Ramachandran, 2001; Aguiar et al., 2002; Rajaguru, 2002).

The trend in growth of the fish was reflected in individual weight gains and
specific growth rates (SGR) among treatments. The weight gains and SGRs of fish .n this
study increased with temperature and this agrees with Bhikajee and Gobin (1997), who
reported a similar trend in red tilapia hybrid raised in similar temperatures. They reported
higher SGRs (1.7-3.2) than those in the present experiment (0.35-1.37). This could be due

to differences in the diets (all-plant vs. commercial) and the growth characteristics of
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Table 5.2 Total feed, feed intake, feed conversion ratio (FCR), feed conversion efficiency

(FCE), protein efficiency ratio (PER), thermal-unit growth coefficient (TuGC),

gonadosomatic index (GSI) and gatrosomatic index (GI) of Tilapia rendalli

cultured at different salinities (Mean = SE).

Parameter Treatment

Freshwater 5%o0 10%o0 15%o
Total feed (g) 711.81 490.81 652.99 182.37
Feed In. (%/day) 2.37 +0.02° 2.06+0.02°  2.32+0.05° 2.07 £0.05%
FCR 1.42 +0.02° 1.45+£0.02* 136+ 0.06° 14.91 + 15.1°
FCE 70.74+0.95°  69.85+1.15° 76.37+1.53° 13.30+£5.10°
PER 3.36 +0.03° 232+0.04°  255+0.05° 0.44+0.17°
TuGC 0.25 +0.00° 0.18+0.00°  0.28+0.01°¢ 0.24 +0.01°
GSI' 0.89 +0.01° 0.91 +0.01° 1.39£0.02° 0.46 +0.02°
GI? 3.08 + 0.06° 299+0.02°  3.84+0.04° 2.05 +0.04°

Kruskal-Wallis: N= 159. Feed intake: y* =85.119, df=3, P< 0.001; FCR: y* =25.984,
df=3, P< 0.001; FCE: y* =98.450, df=3, P< 0.001; PER: %* =98.450, df=3, P< 0.001;
TuGC: x? =90.962, df=3, P< 0.001; GSI: ANOVA, N=36, F 3 3,=50.296, P< 0.001; GI:
F 3,32 =31.257, P<0.001.

Note: Values with different superscripts in a row are significantly different (Kruskal-

Wallis, P< 0.05); "> (ANOVA, P< 0.05); Total feed not statistically tested.
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5.3.5 Whole body composition

The whole body composition of the fish at the end of the experiment was
compared to the initial composition of the fish. Moisture increased in all treatments from
an initial level of 64.57% to as high as 69.33% in fish cultured in 15%o salinity and
differed significantly (< 0.05) (Table 5.3).

Ash content of the fish differed significantly among treatments. The ash decreased
from the initial sample of 13.60% to as low 9.11% in fish cultured in 15%eo salinity which
did not differ significantly with the ash content of fish cultured in 5%. salinity (Table
5.3). Fat content of the fish increased from an initial level of 9.78% to as high as 16.69%
in fish cultured in 10%o salinity. Fat increase did not depend on salinity, as there were
significant variations in fat content (< 0.05) among treatments (Table 5.3).

Protein content of the fish was also significantly different among treatments.
Significantly higher levels of protein were analyzed in fish cultured at 10%o salinity
(68.67%). The lowest was in fish cultured in 15%o salinity (58.75%) which decreased by
about 12% from initial levels. However, the protein content of the fish in freshwater and
5%o0 was significantly different from the initial protein content. The trend indicated that
the fish maintained or increased their protein level during the experimental period except
for those fish cultured in 15%o salinity (Table 5.3).

Gross energy content increased across the treatments and their levels were
significantly different from each other. Gross energy increased from an initial level of
18.7 kJ/g to as high as 31.8 kJ/g in fish cultured at 10%o and the increase did not depend

on the salinity level of the water.
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Table 5.3 Whole body composition (moisture, ash, crude fat, crude protein and gross

energy) of tilapia cultured at different salinities (Mean + SE).

Treatment

Parameter
Moisture Ash Fat Protein Energy
(%) (%) (%) (%) (kJ/g)

Initial

64.57 £0.25* 13.60 £ 0.25° 9.78 +0.16* 67.12+0.08" 18.7+0.24°

Freshwater

5%o0

10%eo

15%o

67.68 +0.07° 9.88+0.05° 15.52+0.04° 67.00 + 0.13° 26.9 + 0.09¢
68.58 +0.10% 8.85+0.05% 15.22 + 0.05% 66.65+ 0.09° 26.1 £ 0.07°¢
68.05 + 0.07° 9.90+ 0.05° 16.69 + 0.05° 68.67 + 0.20° 31.8+0.07°¢

69.33+0.14° 9.11+0.17° 10.80+0.11° 58.75+0.15* 22.1 £0.09°

ANOVA: N=39. Moisture: F 4 34 =144.132, P< 0.001; Ash: F 4 34 =163.076, P< 0.001;
Fat: F 4 34=131.81, P<0.001; Protein: F 4 34=70.731 P< 0.001; Energy: F 4 34=234.795,

P<0.001;

Note: Values with different superscripts in a column are significantly different (ANOVA,

P<0.05).
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In general, the composition of 7. rendalli cultured in various salinities increased
in water, fat and gross energy content. Ash content decreased across treatments, and there

were variations with protein content (Table 5.3).

5.3.6 Apparent digestibility

Dry matter (DM) digestibility was significantly (P< 0.05) different across
treatments. DM digestibility coefficients were significantly higher in fish cultured in 5%o
(80.5%) and 10%o (79.65%), which did not differ significantly from each other. The
lowest DM digestibility coefficients (63.5%) were found in fish cultured in 15%o salinity
(Fig. 5.5). Protein digestibility was significantly higher in fish cultured in 10%o salinity
(90.4%) and significantly lower in fish cultured in 15%o salinity. Fish cultured in
freshwater digested protein better than the fish in 5%o salinity. Fat digestibility increased
with an increase in salinity up to a certain point. Coefficients increased from 60.66% in
freshwater to 71.26% in 10%e. salinity and dropped at 15%o salinity to 50.44%.

Ash digestibility coefficients were consistently higher in fish cultured in 10%o
salinity level and lowest in fish from the 15%o. Digestibility coefficients of ash increased
with salinity up to 10%eo, then there was a decrease in digestibility at 15%o salinity (Fig.
5.5). Gross energy digestibility coefficients were comparable to those found in fat and
ash. They were highest in fish cultured in 10%o salinity and lowest in fish from 15%eo
salinity. The digestibility of gross energy, however, did not differ significantly between
freshwater and 5%o salinity level. The availability of energy to the fish was best at 10%o
and worse at 15%o salinity. The relationships of several digestibility coefficients were

also variable (Fig. 5.5; Appendix 5.2).
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5.3.7 Water quality parameters

During this experiment, dissolved oxygen (DQO) level was about 5 mg/L on
average and did not differ significantly among treatments (P> 0.05). The pH was
significantly (P< 0.05) different across treatments. Significantly higher pH was recorded
in 5%o salinity and the lowest in freshwater (Table 5.4). The pH levels in 10%0 and 15%eo
salinity levels did not differ significantly. Temperature stayed close to 22° C on average
across the treatments and did not differ significantly from each other. Ammonia and
nitrite levels were significantly higher at 15%o0. Ammonia levels in freshwater, 5%o and
10%o salinities did not differ significantly from each other and the trend was similar to

levels of nitrite in those treatments (Table 5.4).

5.4 Discussion

The growth of fish did not entirely depend on salinity. The trend showed a
decrease with salinity but the fish at 10%0 had the highest average weight while the
lowest was found in the 15%o salinity. This agrees with Whitfield and Blaber (1976) who
reported that 7. rendalli is isosmotic at 10%o. which coincided with high growth in the
present experiment. Therefore, less energy was likely required to maintain ion balance in
an isosmotic environment, where the ionic gradient between extracellular fluid and water
is minimal (Morgan and Iwama, 1991; Morgan and Iwama, 1998). The final mean
weights reported in this experiment are slightly higher than those reported for 7. rendalli

in similar studies (Likongwe, 2002).
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Table 5.4 Water quality parameters for the rearing of Tilapia rendalli at different

salinities measured for 70 days (Mean = SE).

Parameter Treatment
Freshwater 5%o 10%o0 15%o0
pH 7.85+0.02° 8.01+0.01° 7.96+0.01° 7.98+0.01°

Conduc. (nSem™) 967+ 185% 10443 +51° 18435+ 118° 25619 + 112¢
Oxygen (mg/L) 5.11+£0.06 5.02+0.05 497+0.07 5.04%0.06
Temperature (°C)  22.1+0.1° 21.9+0.1° 219+0.1°® 221+0.1°
Ammonia (mg/L)  0.19+0.01* 0.20+0.01* 0.20+0.01™® 0.22+0.01°

Nitrite (mg/L) 0.01 £0.001* 0.01+0.001° 0.01+0.001* 0.02 +0.001°

ANOVA, N= 840. pH: F 3 336=30.643, P< 0.001; Conductivity: F 3 336=70.92, P< 0.001;
Oxygen: F 3 g3 =0.800, P=0.494; Temperature: F 3 g36 =3.940, P= 0.008; Ammonia,
N=216, F 3 112,=3.865, P=0.010; Nitrite: F 3 1;,=12.797, P= 0.001.

Note: Values with different superscripts in a row are significantly different (ANOVA, P<
0.05).

This may be due to differences in initial sizes used, as the fish in this experiment were
slightly smaller than those used by Likongwe.Initial sizes affect the growth performance
of tilapia (Chaula et al., 2002) and also salinity tolerance varies with size (Watanabe e?
al., 1985). Although salinity tolerance varies with temperature (Watanabe et al. 1990;
Likongwe et al., 1996; Watanabe et al., 1997), temperature in the present experiment did

not vary.
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Salinity tolerance has probably not been affected by temperature as it was within the
range of 20-29° C for maximal salinity tolerance of 7. rendalli (Whitfield and Blaber,
1976). In most fish species, average weights have been shown to increase with an
increase in salinity (Watanabe er al., 1988; Likongwe, 2002, Streelman and Kocher,
2002).

The specific growth rates (SGR) obtained during this experiment were the highest
for fish cultured in 10%o0 salinity (2.06 %/day) and lowest (0.04 %/day) in 15%e.
Likongwe (2002) reported lower SGR (0.13 %/day) in 7. rendalli cultured in 10%o
salinity. Even that reported for 0%o (0.56 %/day) was lower than the 1.93 %/day reported
for freshwater in my experiment. With other tilapia species, O. karongae and O. shiranus
Chilwae (Lake Chilwa strain), the SGRs improved with salinity (Likongwe, 2002).
Common carp also exhibited lower SGRs (< 1 %/day) than in the present experiment
when cultured in salinities ranging from 6.5%o to 10.5%0 (Wang et al., 1997). In Florida
red tilapia, SGR increased with an increase in salinity (Watanabe et al., 1988), contrary to
results in the present experiment, which had the best growth rates at 10%0. The SGR
reported in the present experiment are, however, comparable to those reported in channel
catfish and goldfish raised in freshwater to 9% (Altnok and Grizzle, 2001). The thermal
unit growth coefficient (TuGC) must have been affected by salinity, as the trend id not
follow that of SGR. Under normal circumstances these two ratios are similar in
estimating growth, although it has been argued that SGR overestimates the growth of fish
(Bureau et al., 2000). The lowest TuGC was calculated at 5%o salinity and highest at

10%o, with no significant differences between fish cultured in 15%o and freshwater.
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Feed intake was the highest in fish cultured in freshwater and lowest in 15%o
salinity. However, the feed intake (% /day) was highest in fish cultured in 10%o salinity,
while no significant differences were found between fish in the freshwater and 15%o
salinity. There were restrictions in feeding rate (3% body weight) in the present
experiment and the feed intake (%/day) of fish was highest at 10%o salinity despite the
fact that fish in freshwater consumed a lot of feed. Where feeding was not restricted,
Florida red tilapia feed consumption increased with an increase in salinity (Watanabe et
al., 1988).

Feed utilization as measured by feed conversion ratio (FCR) ranged from 1.36 to
14.91 in 10%o and 15%o salinity, respectively. The differences between FCRs calculated
in 15%o and the rest of the treatment were highly significant and indicated how unsuitable
this salinity level is for growth. FCR obtained in common carp (Cyprinus carpio)
increased with an increase in salinity showing poor feed conversions at higher salinities.
Beyond 10.5%o salinity there was also evidence of poor growth and emaciation, and carp
could barely survive more than 5 days (Wang et al., 1997). This is contrary to the present
experiment where the fish at 15%o had survival rate of more than 50% for 10 weeks.
However, in Florida red tilapia, which grew in high salinity, FCR improved with increase
in salinity (Watanabe et al., 1988). FCRs calculated in the present experiment for fish
cultured in lower salinity levels were within the range of those reported in Nile tilapia (Yi
et al., 2002), common carp (Wang et al., 1997), channel catfish, goldfish, rainbow trout
and brown trout raised in waters ranging from freshwater to 9%o salinity (Altinok and

Grizzle, 2001). Feed conversion efficiency (FCE), however, did not differ among
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freshwater, 5%o0 and 10%o salinity levels, although a significantly lower efficiency was
calculated for fish in 15%o salinity. However, food efficiency seemed to improve in O.
niloticus with an increase in temperature at lower salinity in combined experiments
(Likongwe et al., 1996). Average temperatures were constant in this experiment,
therefore, no interactive effect would have influenced feed utilization in 7. rendalli. The
same could be argued for protein efficiency ratio (PER). The highest PER was found in
fish in freshwater suggesting that the fish utilized protein more efficiently at lower
salinities.

The GSI and GI indexes calculated followed a similar trend to fish growth. The
fast growth of the fish in 10%e might have led to an increase in GSI. Tilapia breed freely
in freshwater as well as in low salinity (Chervinski, 1982). The increase in GSI may also
reflect the efficient utilization of feed that could have channelled energy towards
formation and development of gonads since the fish were at early stages of their growth.
The inhibitory effect of high salinity on reproduction was evident in the lower GSI. The
GI of the fish may be just a reflection of the deposition of fat in the intestines that
increased with the weight of the gut in relation to their bodies. The fish cultured in 10%o
salinity had the highest GI among the treatments.

The whole body composition of the fish was affected by the level of salin‘*y. The
moisture, fat and energy content increased across treatments. The increase in moisture at
different salinities may be a common phenomenon in fish living in saline water, but it
was contrary to almost constant content reported in Pomacanthus imperitus at different

salinity levels (Woo and Chung, 1995). In this study protein increased in freshwater, 5%o
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and 10%eo salinity but decreased in fish at 15%o salinity. This is similar to that reportcd in
Pomacanthus imperitus (Woo and Chung, 1995). Ash content decreased across
treatments but the decrease was lower in fish in 10%0 compared to those in 5%o salinity.
The trend of an increase in fat and a decrease in ash agrees with previous studies (Woo
and Chung, 1995; Likongwe, 2002). However, Likongwe (2002) reported very high dry
matter percentages considering the size of the fish. Fish in his experiment lost protein at
10%o, contrary to what was found during the present experiment where this was observed
at 15%o salinity. Fat deposition in the gut and the total amount of fat in the body could be
a reflection of the amount of gross energy in the fish. This was highest in fish at 10%o0 and
lowest at 15%o.

The apparent digestibility of all-plant diets did not depend on salinity.
Digestibility coefficients among the proximate components (dry matter, protein, fat, ash
and gross energy) were highest at 10%0 compared to the rest of treatments. The lowest
was consistently calculated for fish at 15%o salinity. High digestibility in fish cultured at
10%o salinity showed that this might be an optimum salinity level for feed utilization by
T. rendalli. In other studies involving juvenile euryhaline and freshwater stenohaline
fishes, digestibility of energy in feed decreased with an increase in salinity for
stenohaline species but increased for euryhaline species (Altinok and Grizzle, 2001). A
similar trend in dry matter digestibility was also reported in common carp, with
digestibility ranging from 95.4% in 0.5%0 to 84.1% in 10.5%c salinity (Wang et al.,
1997). It may be that T. renadalli follow the characteristic of euryhaline species more

than do the common carp.
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Survival was also variable among treatments. Fish in freshwater had the highest
survival rate (100%) while the lowest survival (66.7%) was recorded for fish in 15%e.
salinity. Survival decreased with salinity, which is similar to acclimation studies where
plasma osmotic concentrations increase with salinity (Nordlie and Mirandi, 1996). The
survival rate of 88.9% in fish in 10%o salinity in the present experiment was higher than
the 80.9% reported for T. rendalli at the same salinity level (Likongwe, 2002). However,
the survival rates in present experiments were lower than those reported in Florida red
tilapia reared in floating marine cages with different feeding rates (Clark et al., 1990).
High survival encountered in their experiment may be attributed to different sizes of the
fish used in different experiments, where larger fish may survive better than smaller fish
(Altinok et al., 1998) and some fish increase their tolerance to sodium chloride with age
(Grizzle and Mauldin, 1994).

The high survival rates in the present experiment might have been due to the
better water quality levels that were within the limits for most tilapia. The minimum
requirements were met for many of the water parameters monitored (Boyd and Tucker,
1998; Popma and Masser, 1999). Oxygen utilization could have been better for fish
cultured at lower salinities, as it is has been reported that consumption of oxygen is
affected at higher than normal salinity levels in tilapia (Ron er al., 1995 The
conductance of water in 15%o was significantly higher (25619 uS cm™) than the rest of
the treatments but was not unusual for salinity experiments. High salinity levels change
the amount of energy available for the growth of fishes by altering the energetic cost of

ionic and osmotic regulation (Ron et al., 1995; Altinok and Grizzle, 2001), which could
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have affected the growth in fish at 15%o salinity. Fish at 15%o salinity showed some signs
of health problems like haemorrhages, swollen gills and fin loss. These conditions were

unique to the fish in the 15%o salinity treatment.

5.5 Conclusion

T. rendalli grew better at 10%o than in freshwater and 5%o salinity levels during
this experiment. The worst growth was experienced in fish in 15%o salinity. The growth
was the highest at 10%o throughout the experimental period and growth rates were
significantly better than the rest of the treatments. Feed utilization was best at 10 %o and
corresponded with better growth. The efficiency in feed utilization was achieved through
high digestibilities for fish in 10%o salinity, as higher digestibilities in most of the
proximate components were achieved by fish in 10%. salinity followed by 5%,
freshwater and lastly 15%o salinity.

The salinity level affected the whole body composition of the fish. There were
changes in composition where water, fat, and gross energy increased across treatments,
while ash decreased across treatments and protein increased in salinities lower than 15
%0. However, the increase did not depend on salinity. Fat and gross energy were
significantly higher than for the rest of the treatments at 10%o salinity.

Survival was highest (100%) in fish in freshwater and lowest at 15%o salinity
(66.7%). Despite lower survival, fish at 10%o salinity grew better than the rest of the
treatments. Hence 7. rendalli grow better at 10%o salinity and a constant temperature of

about 22° C under laboratory conditions. This result conflicts with Likongwe (2002),
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who reported that 7. rendalli was adversely affected by 10 %o salinity and therefore could
not be considered for brackish water culture. However, my data suggest, 7. rendalli may

be considered as a potential candidate for brackish water aquaculture in Malawi.
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Chapter 6

SUMMARY AND CONCLUSIONS



6.1 Summary

The research carried out in this study focussed on the development of feed and
feeding protocols for tilapia in semi-intensive systems in Malawi. 7. rendalli, which is
one of the most popular fish raised under semi-intensive systems, was chosen for this
study. The growth potential of this fish has not yet been realised in semi-intensive
systems.

The efficient use of different locally available inputs needs to be well understood
by fish farmers for the optimum production of fish in semi-intensive systems. The
approach taken in this research was to characterise the semi-intesive system by using
feeds and feeding protocols that enhance the availability of food to improve fish growth.
Experiments were set up to determine the effects of locally available inputs in ponds and
the effect that temperature and salinity had on the growth performance of 7. rendalli
under laboratory conditions. The results demonstrated that the types of manure and single
ingredients applied in ponds, and differences in temperature and salinity under laboratory
conditions, affected the growth and survival of fish. High growth rates are good
indicators of fish performance under culture and are the primary goal for every fish
farmer.

The effect of different types of organic manure on the growth and yield of fish
cultured in ponds indicated that chicken manure increased the natural food in the ponds
by stimulating growth of phytoplankton and zooplankton. High numbers of zooplankton
were produced in the chicken manure treatment. There was an increase proximate

composition of protein, fat and energy content of the fish and zooplankton in fertilized
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ponds. This was evidence that the fish were feeding on the natural food produced in the
ponds due to organic manure. Analysis of the stomach contents of the fish supported this
as the fish consumed a range of natural food in the ponds that increased their growth.
Temperature was the factor which might have slowed the growth of fish in the
fertilization experiment. The experiment was conducted during the cold season of
Malawi. The mean temperatures during this period were below 20° C, despite afternoon
temperatures being above 20° C. This, however, did not affect the survival of the fish,
showing that the fish were able to survive such low temperatures. This confirms previous
studies indicating 7. rendalli is cold tolerant. The fish growth performance in the present
experiment clearly showed that fish cultured in ponds supplied with chicken manure had
significantly better growth performance than those in the cattle, pig manure and
unfertilized ponds.

The use of feed ingredients in fertilized ponds in semi-intesive systems may
appear wasteful but it is a rewarding venture if well practiced. In this study, where locally
available single ingredients (soybean, maize bran and rice bran) were used in ponds
fertilized with chicken manure, it was observed that plankton production, fish growth and
survival were significantly higher than in the chicken manure treatment alone. Out of the
three ingredients tested, soybean (rarely used as single ingredients in aqua-ulture
ventures), resulted in the best fish growth performance. There was evidence that the fish
consumed available natural food, as high proportions were found in their stomachs. The
supplementary artificial food in the stomachs was in smaller proportions to the natural

food. This could be due to the fact that the fish were fed artificial food twice a day and
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their absorption and passage rate in the gut was faster than for the natural food. The
yields of fish from this experiment were significantly different from each other and
reflected the significantly higher growth rates of fish in ponds supplied with soybean.
There was an increase in yield of fish in the chicken manure fertilization alone in this
experiment over the chicken manure treatment in the previous fertilization experiment.
This may be due to increased activity of micro-organisms on the organic manure with
high temperatures experienced during this experiment, thereby making more nutrients
available for production of natural food. The mean temperatures in the fertilization
experiment were lower than in the single ingredient experiment. The fish in ponds
supplied with soybean pellets were in better condition at the end of the experiment
compared to the fish in the chicken manure treatment alone. Survival was lower in the
single ingredient experiment compared to the fertilization experiment although all were
above 90%. This could be attributed to different initial fish sizes at stocking in these two
experiments, where high initial sizes at stocking in the fertilization experiment could
have increased the survival of the fish. This phenomenon has been reported in previous
studies where fish with high initial stocking weights survived better than those with low
initial stocking weights.

The laboratory experiments on the effect of temperature and salinity on growth
performance of 7. rendalli revealed how the fish reacted to these environmental factors.
In the temperature experiment the fish performed significantly better at the highest
temperature (32° C). The high level of feed utilization was also evident with high

digestibility encountered for fish at 32° C. The fish showed a highly thermophilic
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tendency, growing well at the highest temperature tested. Although the results obtained in
the laboratory cannot directly be translated into the field, there was a clear demonstration
of slow growth at lower temperatures. This condition agrees with the results in the
previous fertilization experiment where fish showed slow growth at low temperatures.
However, the ranges between the minimum and maximum temperatures in the pond
experiments were greater than those in the laboratory. The fish in the ponds could have
experienced a wider range of temperatures, which influenced feeding and growth.
Survival was not affected by temperature in the temperature experiment and remained
100% throughout the experimental period.

The salinity experiment revealed that 7. rendalli grew significantly better in
salinities of 10%o compared to freshwater, 5% and 15%.. The growth rates were
significantly higher in fish cultured in 10%o salinity and feed utilization parameters (FCR,
FCE and PER), and coincided with high digestibility coefficients at this salinity level.
Survival, however, depended on salinity. The fish cultured in freshwater had the highest

survival rate which decreased with an increase in salinity to 66.7% in 15%e. salinity.

6.2 Conclusions

The availability of natural food and supplementation is important in semi-
intensive systems. Pond fertilization with chicken manure would be the best option to
increase the yield of fish. However, with fertilization, it is beneficial to supplement
natural production by the application of single ingredients like soybeans, maize bran or

rice bran. Based on the results in this study, it is important to use soybean as it
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significantly increased fish growth rates. The growth results indicated that there is good
potential for producing larger 7. rendalli through fertilization and supplementation.
Although the growth study was under experimental conditions, the results demonstrated
that the fish could grow well with adequate pond inputs in fertilized ponds as
demonstrated in concrete ponds. The sizes obtained by fish in my experiment were
comparable to those in other studies (Chikafumbwa, 1996a; Chimatiro and Costa-Pierce,
1996; Brummett, 2000a). The final weights however, were small. Malawians like to
having smaller fish as opposed to larger fish as the minimum market size of fish of all
species was found to be small (Brummett, 2000b). While market demand is high, most
consumers are poor and are either willing to sacrifice quality for quantity, or do not
associate fish size with quality (Brummett, 2000b). This has implications for the
production of fish by the small scale aquaculture farmers in that size does not matter as
long as the demand 1s high.

However, the trends in growth showed that when all inputs are available and the
environment is conducive, production could be increased considerably. Semi-intensive
technology focuses on maximizing individual fish size based on the assumption that
larger fish would be more profitable to grow (Brummett, 2000b). From the results
obtained, it is important for farmers to make sure their ponds are fertilized and
supplemented to increase yield. It is imperative therefore, for the managers in the
aquaculture sector to make sure the information packages from various studies are readily

available and used by the farmers for their benefit ICLARM-GTZ, 1991; Brummett and
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Costa-Pierce, 2002) by strengthening the links between the farmer and the researchers
and/ or managers.

Understanding the influence of environmental factors like temperature and
salinity can help farmers make decisions on which species of fish could be cultured in
their areas. T. rendalli could be considered in areas of high temperatures (e.g. south and
central regions of Malawi) for faster growth, though it does withstand low temperatures.
The low temperature growth may also give farmers the opportunity of raising the fish in
the cold season to prolong production throughout the year provided the ponds are well
fertilized. As far as salinity is concerned, 7. rendalli can be considered for use in
marginal lands with high water salinity that may not be suitable for agricultural crops.
Areas that show persistent drought normally produce saline waters that may be used for
this purpose.

There are economic implications to aquaculture developments. The inputs used
during these experiments were not the most cost effective as they were used for
experimental purposes. However, the pond experiments were close to the practical
situation at the farm level. Although economic analysis was not the purpose of my study,
farmers would benefit when they efficiently utilize locally available inputs. Based on the
results obtained during this study, manure and single feeding supplements were o*tained
with minimum costs, and therefore, the growth rates coupled with feed conversion ratios
could offset the cost after selling the fish. The source of chicken, pig and cattle manure
was within the area but was labour intensive. If all the supplements are obtained around

the farm, the cost can be lower than getting it far away from the farm. The fish farmers
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have to be resourceful in terms of allocation of resources. The problem of having poor
knowledge of inputs for small-scale aquaculture has hampered aquaculture development
in many developing countries. The farmer may be advised to mobilise these locally
available resources at minimum cost in order to benefit and develop small-scale

aquaculture.
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APPENDICES

Chapter 1.

Appendix 1.1

Estimates of aquaculture production statistics for Malawi (MT) from 1992 to 2001 (FAO,
2003)

Year Production (MT)
1992 223

1993 255

1994 225

1995 226

1996 240

1997 231

1998 229

1999 590

2000 530

2001 568

Summary Average: 331.7

Range: 223 -568
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Chapter 2.

Appendix 2.1

Weight (g) of Tilapia rendalli in ponds fertilized with different organic manure over the

experimental period of 84 days (Mean + SE).

Week Treatment

Chicken manure Cattle manure Pig manure No manure
0 (Initial) 18.38+0.26 18.31 £0.26 18.23 £ 0.25 18.14 £ 0.27
2 23.66 £0.50° 22.95+0.56° 23.12+0.52°  20.66 = 0.60°
4 26.71+0.73¢ 24.65+0.71° 24.02+0.69° 21.51+0.62°
6 26.83+0.83° 23.89+0.71° 23.49+063° 20.62+0.57°
8 28.39+0.66° 24.57+0.63° 23.37+057° 19.87+0.55°
10 29.79 £ 0.65° 24.28+0.72° 24.36+0.66° 20.17+0.66°
12 (Final) 34.94+0.43° 2647+0.67° 26.50+£0.66° 20.16+0.69°

ANOVA: N=240. Wk 0 (Initial): F 3 236 = 1.743, P=0.159; Wk 2: F 3 336 =5.878,

P=0.001; Wk 4: F 3 236 = 9.696, P<0.0001; Wk 6: F 3 236 =13.810, P<0.001; Wk 8: F 3,
236 =33705, P<0001, Wk 10: F 3,236 =34564, P<0001, Wk 12 (Final): F 3,236 =95565,

P<0.001.

Note: Values with different superscripts in row are significantly different (ANOV A, P<

0.05).
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Appendix 2.2

Zooplankton and phytoplankton abundance and composition in ponds fertilized with

different organic manure cultured with 7ilapia rendalli (Mean = SE).

Type Treatment

Chicken manure Cattle manure Pig manure =~ No manure
Copepods
All 24140 £ 1415° 22364 + 1097 26922 + 1241° 4963 + 687°
Cladocerans
Daphnia 12453 £ 703" 19060 + 865 ¢ 14855+ 579° 3548 +396°
Moina 16457 + 1318° 10875+ 991° 10723 £ 1191° 2362 +205°
Rotifers
Lecane 6311+ 899° 5438 + 738 ° 6111+ 755° 1817+ 147 °

Brachionus 23649 £ 1136° 14267 + 1056° 11042 + 799° 4945 + 698 *

Phytoplankton

Chla (pg/l) 94.9+52°¢ 729+3.6° 707 £32° 304+ 1.1°

ANOVA: N=144. Copepods: F3 140 = 75.669, P< 0. 001; Daphnia: F 3 140 = 98.946, P<
0.001; Moina: F 3, 140 = 32.306, P< 0.001; Licane: F3 140 = 9.083, P< 0.001; Bracuionus:
F 3,140 = 69.014, P<0.001; Chl a: F 3,140 = 56.503, P<0.001.

Note: Values with different superscripts in row are significantly different (ANOVA, P<
0.05)
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Appendix 2.3

Proximate composition (moisture, ash, crude fat, crude protein and gross energy) of

zooplankton in ponds fertilized with different organic manure (wet weight) (Mean + SE).

Treatment Proximate Component
Moisture Ash Fat Protein Energy
(%) (%) (%) (%) (kJ/g)

Chicken manure 89.39+0.16 1.50+0.03¢ 3.27+0.03° 8.46+0.04° 18.4+0.04°
Cattle manure  89.32+0.17 1.39+0.03° 2.46+0.03° 7.29+0.03° 18.0+0.02°
Pig manure 89.57+0.16 1.21+0.03° 3.41+0.05 7.24+0.06> 18.1+0.05°

No manure 89.59+0.13 0.85+£0.02° 1.94+0.04" 5.10£0.07* 17.3+0.05°

ANOVA: N=36. Moisture: F 3 35 = 0.742, P= 0.535; Ash: F 3 3, =95.884, P< 0.001; Fat:
F 3,32 = 322.824, P< 0.001; Protein: F 3 32 = 660.895, P< 0.001; Energy: F 3 3, = 132.954,
P<0.001.

Note: Values with different superscripts in a column are significantly different (ANOVA,
P<0.05)
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Appendix 2.4

Stomach contents (detritus, high plants, zooplankton, phytoplankton, insects and others)

of Tilapia rendalli in ponds fertilized with different organic manure (Mean + SE).

Category (%) Treatment

Chicken manure Cattle manure Pig manure  No manure
Detritus 17.7 £ 1.1° 39.1+0.4°% 41.1+04° 51.1+04°
Higher plants 29.1 £1.0¢ 154£0.6° 7.1+£04° 12.7+05°
Zooplankton 16.6 £0.2¢ 12.8+0.0° 15.0+02° 10.5+0.1°
Phytoplankton 27.3+04° 244+02* 287+0.3° 159=+0.1°
Insects 1.9+0.5° 0.7+0.1% 02+.1° 3.8+0.1°
Others 7.4+0.7 7.7£0.5 7.9+0.2 6.1 £0.5

ANOVA: N=24. Detritus: F 3 50 =438.719, P< 0.001; Higher plants: F 3 50 = 197.717, P<
0.001; Zooplankton: F 3 5 = 281.612, P< 0.001; Phytoplankton: F 3 50 = 521.995, P<
0.001; Insects: F 3 20 = 45.467, P< 0.001; Others: F 3 50 = 2.681, P=0.074.

Note: Values with different superscripts in a row are significantly different (ANOVA, P<

0.05).
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Chapter 3.

Appendix 3.1

Weight (g) of Tilapia rendalli in ponds fertilized with chicken manure and fed different

supplements over the experimental period (Mean + SE).

Week Treatment
Chicken manure Chicken manure Chicken manure Chick Manure
+Soybean +Maize bran +Rice bran
0 (Initial) 5.87 £0.08 5.73+£0.08 5.78 £ 0.09 5.56 £ 0.09
2 9.13+0.11 8.80+0.14 8.90+0.11 9.15+0.16
4 13.76 £0.43°  11.52+0.40° 13.20 +0.54° 12.45+0.51°
6 24.17 £ 0.39° 16.01 £ 0.64° 16.86 + 0.74° 16.33 £0.49°
8 28.72+0.32%  20.45+0.68° 20.78 £ 0.88° 19.97 £ 0.67°
10 33.40+0.38° 24.12+0.68"° 22.27 +£0.70° 21.95+0.65°
12 (Final) 36.17+0.43° 27.95+0.83° 2443 +1.00°% 22.83 +0.79°

ANOVA, N= 240, WKO (Initial): F 3 236 =2.249, P=0.083; Wk2: F 3 236 =1.694; P =0.169;
Wk4: F 3 236 =4.251, P=0.006; Wk6: F 3 236 =45.224, P<0.001; Wk8: F 3 236 =39.039,
P<0.001; WKk10: F 3 236 =76.960, P<0.001; Wk12 (Final): F 3 236 =56.986, P<0.001.

Note: Values with different superscripts in row are significantly different (ANOVA, P<

0.05)
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Appendix 3.2

Zooplankton and phytoplankton abundance and composition in ponds fertilized with

chicken manure and provided with different supplementary feeds (Mean + SE).

Type Treatment
Chicken manure  Chicken manure Chicken manure Chicken manure
+Soybean +Maize bran +Rice bran
Copepods
Cyclops 19837 +743° 11181 £488% 10115+ 1040* 11462 + 687°
Claidae 13898 +593° 8922 + 382° 9481 + 417° 13758 + 673"
Cladocerans
Daphnia 7226 + 422° 10965 + 668 ¢ 8958 + 426° 8254 + 403
Moina 12253 + 694> 6959 + 305° 13161 + 732° 5882 +230°
Alona 663 + 103 799 + 126 497 + 88 818 + 129
Rotifers
Lecane 17876+ 832°¢ 14135 + 734" 15513 £ 772° 7660 + 354 °
Brachionus 8902 +283°  11895+641° 12917 +607° 12162 + 633 °
Trochocera 667 = 125 677 £ 109 717 £ 105 929 + 137
Phytoplankton
Chla (pg/l) 101.9+5.1°  859+4.4°% 82.8 £4.3° 89.0+£5.0%

ANOVA, N=288, Cyclops: F 3 134 =64.857, P<0.001; Claidae: F 3 134 =25.558, P<0.001;
Daphnia: F 3 284 =10.29, P<0.001; Moina: F 3, 284 =46.455, P<0.001; Alona: F 3 234
=1.735, P=0.16; Lecane: F 3, 234 =39.14, P<0.001; Brachionus: F 3 )34 =9.89, P<0.001;

Trochocera: F 3 234 =1.054, P=0.369; Chl a: F 3 303 =3.196, P=0.024;

Note: Values with different superscripts in a row are significantly different (ANOVA, P<

0.05)
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Appendix 3.3

Proximate composition (moisture, ash, crude fat, crude protein and gross energy) of

zooplankton in ponds fertilized with chicken manure and provided with different

supplementary feeds (wet weight)(Mean + SE).

Treatment Parameter

Moisture Ash Fat Protein Grosss Energy

(%) (%) (%) (%) (kJ/g)

Chicken manure
+Soybean 88.31+0.18° 1.96+0.03° 4.06+0.03° 8.33+0.06° 17.8+0.04°
Chicken manure
+Maizebran ~ 89.89 £0.12° 1.46+0.04° 3.21+0.02° 7.60+0.10* 18.3+0.07°
Chicken manure
+Ricebran 90.17 £ 0.28" 1.35+0.04° 2.80+0.09° 7.34+0.07° 18.0+0.05%
Chicken manure 89.51 £0.13° 1.42+0.03® 3.08 +0.12° 7.28 £0.19° 18.0 +0.04°

ANOVA, N=36, Moisture: F 3 3,=19.431, P<0.001; Ash: F 3 3,=64.317, P<0.001; Fat: F
3,32 =49.111, P<0.001; Protein: F 3 3; =16.233, P<0.001; Gross energy: F 3 3; =13.18,

P<0.001;

Note: Values with different superscripts in a column are significantly different (ANOVA,

P<0.05)
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Appendix 3.4

Stomach contents of Tilapia rendalli (detritus, higher plants, zooplankton, phytoplankton,
insects, feed and others) and organic matter load (OM load) in ponds fertilized with

chicken manure and fed different supplementary feeds (Mean = SE).

Category (%) Treatment

Chicken manure Chicken manure Chicken manure Chicken amnure

+ Soybean +Maize bran +Rice bran
Detritus 30.0+0.7° 29.3+0.9° 38.4+0.4"° 38.2+0.8"°
Higher plants 22.2+0.9° 20.4 £0.8° 13.3+0.5° 11.7+0.7°
Zooplankton 15.9 £0.1° 163+0.1° 15.8 +0.1° 18.4+02°
Phytoplankton 24.9 + 0.1° 26.1 £0.1° 24.9+0.1° 23.9+0.1%
Insects 0.60£0.1 0.57+0.1 0.20+£ 0.0 0.67+0.3
Feed 0.13+ 0.0°  0.13+0.0° 0.15+0.0° -
Others 6.3+0.8 72+0.7 7.4+0.5 72+0.7
OM load (%) 6.47+046%  6.07+0.43° 7.58+0.47°  5.50+0.42°

ANOVA, N=24, Detritus: F ;3 20 =51.419, P<0.001; Higher plants: F ;3 5 =41.059,
P<0.001; Zooplankton: F 3 50=78.605, P<0.001; Phytoplankton: F 3 50=70.527, P<0.001;
Insects: F 3, 20 =1.531, P=0.237; Feed: F 3 50 =6.312, P=0.003; Others: F 3 39 =0.466,
P=0.709; OM load: F 3 ¢3=3.921, P=0.012.

Note: Values with different superscripts in a row are significantly different (ANOVA, P<
0.05)
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Chapter 4.

Appendix 4.1

Weight (g) of Tilapia rendalli cultured at different temperatures over the experimental

period of 70 days (Mean + SE).

Week Treatment

Ambient 24°C 28°C 32°C
0 (Initial) 6.66 + 0.27 6.69 +0.14 6.60 + 0.16 6.62+0.16
2 6.62+0.17°  7.42+0.17° 7.80+0.22° 7.91+0.26"°
4 7.30+0.22°  830+0.22° 8.96 + 0.26° 9.12+0.31°¢
6 8.53+0.23*  9.65+0.24° 10.54+0.30¢  10.72+0.35°
8 8.69+027%  9.96+0.25" 11.12+£ 035 12.26+0.40¢
10 (Final)  8.65+0.32* 10.70+0.32° 13.49+0.42°  17.37+0.47°

ANOVA, N=180, WkO (Initial): F 3 176=0.069, P=0.976; Wk2: F 3 176 =8.013, P<0.001;
Wk4: F 3, 176 =10.493, P<0.001; WK6: F 3 176 =12.484, P<0.001; Wk8: F 3 176 =22.286,
P<0.001; Wk10 (Final): F 5 176=92.917, P<0.001.

Note: Values with different superscripts in a row are significantly different (ANOVA, P<
0.05)
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Appendix 4.2

Apparent digestibility coefficients of dry matter, crude protein, ash, crude fat, and gross

energy of Tilapia rendalli cultured at different temperatures (Mean + SE).

Treatment Parameter (%)

Dry matter Protein Fat Ash Gross Energy

Ambient 84.73 +0.22* 74.45 +0.61> 63.90 + 0.49% 61.93 + 0.36* 70.54 + 0.36
24°C  86.76 +0.39° 80.23 +0.15° 65.51+0.51° 60.69 + 0.392 79.36 + 0.09°
28°C  85.30+0.21* 84.69 £0.15° 69.55 +0.27° 69.50 + 0.37° 83.19 + 0.31°¢

32°C 89.83 £0.13° 90.31 £0.21¢ 71.65 + 0.34% 70.68 +0.20° 85.67 + 0.25°

ANOVA, N=36, Dry matter: F 3 3,=78.936, P<0.001; Protein: F 3 3,=387.129, P<0.001;
Fat: F 3 3, =73.532, P<0.001; Ash: F 3 3, =225.655, P<0.001; Gross energy: F 3 3,
=369.081, P<0.001.

Note: Values with different superscripts in a column are significantly different (ANOVA,
P<0.05)
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Chapter 5

Appendix 5.1

Weight (g) of Tilapia rendalli cultured at different salinities over the experimental period

of 70 days (Mean £ SE).

Week Treatment
Fresh water 5%o0 10%o0 15%o0

0 (Initial) 3.95 + 0.07 3.96 + 0.06 3.92+0.06  3.94+0.07
2 4.81£0.13° 398+£0.11*° 4.89+0.16° 3.77+0.11°
4 8.70 +£0.15°¢ 6.72+0.10° 991+0.13¢  4.12+0.12°
6 10.87 +£0.14°¢ 7.95+0.14° 12.44+020¢ 391+0.11°
8 13.86 +0.13° 10.04+0.13% 15.00+0.12¢ 3.91+0.10°
10 (Final) 15.14 £ 0.12°¢ 11.93+0.12° 16.73+0.10° 4.09+0.10°

Kruskal-Wallis: Wk 0 (Initial): N= 180, x*> =0.175, df=3, P=0.982; Wk 2: x* =52.084,
df=3, P< 0.001; Wk 4: x> =150.546, df=3, P< 0.001; Wk 6: N=166, x> =143.841, df=3,
P< 0.001; Wk 8: N=162, > =140.900, df=3, P< 0.001; Wk 10 (Final): N= 159, %>
=142.420, df=3, P< 0.001.

Note: Values with different superscripts in a row are not significantly different (Kruskal-
Wallis Test, P< 0.05)
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Appendix 5.2

Apparent digestibility coefficients of dry matter, crude protein, ash, crude fat, and gross

energy of tilapia cultured at different salinities (Mean + SE).

Treatment Parameter (%)

Dry matter Protein Fat Ash Energy

Freshwater 78.46 +0.57° 78.62 +0.39° 60.66 + 0.42° 60.65 + 0.28° 60.75 + 0.22°

5%o 80.05 + 0.25° 76.97 +0.41° 66.06 +0.27° 62.98 + 0.43° 60.57 + 0.30°
10%o 79.65 + 0.27° 90.04 + 0.18¢ 7126 +0.33¢ 71.31 £0.37¢ 79.07+ 0.24°
15%e0 63.50 £ 0.22% 60.11 + 0.56% 50.44 + 0.24* 53.40 + 0.60*° 52.00 + 0.56°

ANOVA, N=36. Dry Matter: F ; 3; =494.337, P< 0.001; Protein: F 3 3, =915.529, P<
0.001; Fat: F 3 3, =766.234, P< 0.001; Ash: F 3 3, =286.519, P< 0.001; Energy: F 3 3,
=1019, P<0.001

Note: Values with different superscripts in a column are significantly different (ANOVA,
P<0.05).
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