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Introduction 

Aquaculture is the world’s fastest growing and 

most diverse food production sector, contributing 

to around 17 % of human total animal protein 

consumption globally (FAO, 2018). In Cameroon, 

fish is a more affordable protein source because it 

is relatively cheaper and purchasable in smaller 

units than most alternatives such as bush meat, 

pork, chicken, and beef (Poumogne & Pemsl, 

Abstract 

The present study was carried out to assess the effect of commercial and farm-

made feeds on water quality of hapas-raised-Clarias gariepinus. Nine hundred 

juveniles (10.63 ± 4.93 g; 12.55 ± 1.03 cm) were stocked in 9 hapas at a density 

of 100 fish/hapa and fed with imported extruded, locally pelleted and locally 

extruded feeds thrice a day for 16 weeks. Water quality parameters 

(physicochemical and bacteriological) were measured using standard method. 

Regardless of dietary treatments and rearing period, studied water parameters 

did not differ significantly (p > 0.05) except for Faecal Streptococcus. Overall, 

these parameters remained within acceptable, desirable, permissible or 

recommended ranges for freshwater fish culture, except for dissolved oxygen, 

nitrates, ammonia and studied bacteria counts which exceeded recommended 

levels. Regression results revealed that all water quality parameters examined 

exerted varying effects on fish growth and survival, with water temperature, 

suspended solids, turbidity, colour, electrical conductivity, pH, nitrites, 

ammonia and Faecal Coliforms showing significant effects (p < 0.05). The 

flow-through nature of the pond system, which ensured frequent water renewal, 

likely minimized the negative impacts of abnormal dissolved oxygen and 

ammonia levels by reducing the duration of fish exposure. This implies that if 

best management practices are respected, the studied feeds will not deteriorate 

water quality in holding ponds and thus affect fish productivity.  
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2008). It accounts for about 40 % of animal 

protein intake and 9.5 % of total protein intake.  

Average national fish consumption is estimated at 

17.9 kg/person/year with figures higher (30-

35kg/person/year) in larger cities (Poumogne & 

Pemsl, 2008). The average of 22.5 kg/person/year 

is above the FAO’s recommended figure of 20.5 

kg/person/year (FAO, 2020).  Over the past few 

decades, Cameroon’s domestic demand stood at 

185 000; 215 000; 243 000; 255 000; 298 000 and 

320 000 tons respectively for the years 1990, 

1995, 2000, 2002, 2005 and 2007 (Monentcham 

et al., 2010), now stands at over 500 000 tons 

(SPCSD-MINEPIA, 2023). These figures clearly 

illustrate the increasing fish demand of the 

Cameroonian population. Unfortunately, fish 

production did not follow the same trend and is 

actually estimated at 241 561 tons obliging the 

government to embark on importation of over 234 

000 tons of fish in order to meet up the deficit 

(SPCSD-MINEPIA, 2023). With production from 

fisheries being on a decline, aquaculture remains 

the only means to bridge the widening gap 

between domestic fish supply and demand 

(Olaoye et al., 2013).  

The growth of aquaculture in Cameroon now is 

largely being boosted by a steady rise in fish 

culture. The ichthyofauna of Cameroon is very 

rich with about 542 species of fish inhabiting 

Cameroonian fresh and brackish waters (Vivien, 

1991), amongst which are found a dozen fish 

species suitable for fish farming. The most widely 

cultured species are the African catfish (Clarias 

gariepinus), the Nile tilapia (Oreochromis 

niloticus), and the common carp (Cyprinus 

carpio) (Poumogne & Pemsl, 2008). These 

species are adapted to all the agroecological zones 

of Cameroon thanks to its rich hydrographic 

systems whose waters are of higher aquacultural 

quality and they present waterfalls that aerate, and 

floodplains that are suitable for canalization into 

ponds and/or implantation of cages, a highly 

productive but capital-intensive production 

system (Yong-Sulem et al., 2025).  

Water is the natural habitat of fishes and other 

aquatic animals, consequently, the assessment of 

physicochemical and biological water quality 

parameters is of great importance, especially in an 

artificial setting (Sawere & Oghenekowhoyan, 

2019). Water quality refers to the physical, 

chemical, biological and radiological 

characteristics of water (Eruola et al., 2011). In 

aquaculture, water quality is one of the most 

critical factors, besides good feed/feeding. It 

determines not only how well fish will grow in an 

aquaculture operation, but whether or not they 

survive. Fish influence water quality through 

processes like nitrogen metabolism and 

respiration (Buttner et al., 1993). Thus, any 

characteristic of water that affects the survival, 

reproduction, growth, production, or management 

of fish in any way is a water quality variable 

(MAAIF, 2016). Maintaining water quality plays 

a substantial role in maximizing fishery 

productivity. It is essential that different water 

quality parameters are monitored and kept within 

their optimum range in order to sustain the growth 

and survival of fish (MAAIF, 2018; Boyd, 2020). 

Several works have been carried out on 

determining water quality in pond systems 

(Orobator et al., 2020; Kengne Tenkeu et al., 

2021). To date, there is a paucity of information 

on the effect of aquafeeds on water quality and 

growth performance of African catfish in pond 

settings. This work therefore assesses the effect of 

commercial and farm-made feeds on water quality 

of C. gariepinus reared in hapas-in-ponds settings 

as well as the relationship between water quality 

parameters and growth and survival of fish. 

Materials and Methods 

Study area 

This study was carried out at ACA Farms located 

at Ekok II, Mefou and Afamba Division, Centre 

Region, Cameroon (3˚41̍ 49.02 ̎ N, 11˚35̍ 11.75 ̎ 

E, 665 m). One earthen pond of 500 m2 was 

allocated for this trial in which nine experimental 

hapas (HDPE Hapa net material of 1 mm mesh 

size) of 2 m x1 m x 1.5 m in dimension were 

installed. The pond was square in shape and had 

both an inlet and outlet system. 

Experimental fish 

A total of nine hundred fingerlings produced via 

methods of de Graaf & Jansen (1996) and nursed 

in earthen ponds of mean initial weight (10.63 ± 

4.93 g) and total length (12.55 ± 1.03 cm) were 

obtained. These fingerlings were acclimated for 

two weeks before the commencement of the 

experiment using an imported extruded feed. 
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Experimental diets 

Imported extruded (Le) and locally extruded (Lex) 

feeds were respectively purchased from a 

respectable fish feed retailer (AgroBio) and fish 

feed producer (VicFeeds) respectively in 

Yaoundé, Cameroon. Fishmeal, groundnut cake, 

soybean cake, L-lysine (FoodChem), methionine 

(FoodChem), wheat bran, cassava flour, palm 

kennel cake, refined palm oil and premix were 

purchased to formulate the locally pelleted feed 

(Lpe) by Pearson square method then enhanced 

with the trial-and-error method for perfection. The 

ingredients were processed, mixed and pelleted 

using a flat die pelletizer (Capsfeed Ltd), sun-

dried and stored in airtight containers at room 

temperature ready for future use. The gross 

composition of ingredients of the experimental 

diets is presented in table 1, and those of the 

commercial feeds was obtained from the 

manufacturer’s label. Dried samples of locally 

pelleted and locally extruded feeds (300g each) 

were sent to the Laboratory of Animal Nutrition 

and Feeding of the University of Dschang for 

proximate analyses, according to the methods of 

AOAC (2005). The analyses revealed the 

following: Le feed (42.00 % crude protein, 11.00 

% crude fats and 2.30 % crude fibre), Lpe feed 

(32.55 % crude protein, 5.15 % crude fats and 6.21 

% crude fibre) and Lex feed (33.57 % crude 

protein, 5.57 % crude fats and 3.90 % crude fibre)

Table 1: Gross composition of experimental diets 

Ingredients Le Lpe Lex 

Fish meal + + + 

Soybean meal + + + 

Groundnut cake - + + 

Pig blood products + - - 

Rapeseed meal + - - 

Methionine - + + 

Lysine - + + 

Hydrolysed poultry feather meal + - - 

Maize - - - 

Corn gluten + - - 

Wheat + + + 

Wheat feed flour + - - 

Cassava flour - + + 

Fish oil + - - 

Rapeseed oil + - - 

Vegetable oil - + + 

Palm kennel cake - + + 

Other by-products of fermentation + - - 

Premix - + + 

Vitamins + + + 

Compounds of trace elements + - - 

Binders  + - - 

Monocalcium phosphate + + + 

Oyster shell - + + 

          ``+``: Present; ``-``: absent  

Experimental design 

The pond was adequately prepared (cleared and 

limed) prior to experimentation. The nine hapas 

were placed on the pond bed and each hapa was 

supported by four pecks. The hapas were spaced 

out from each other by a 4 m distance to allow 

sufficient water circulation around each hapa 

(Anani et al., 2010). The water volume in each of 

the hapas was averagely maintained at 0.91 ± 0.23 

m3.  
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The trial was conducted using a randomized 

complete block design with three dietary 

treatments in triplicate. The juveniles were 

randomly stocked at a density of 100 fish/ hapa 

and reared for 16 weeks. These juveniles were 

hand-fed experimental diets thrice daily at 

progressively 5 %, 4 % and 3 % body weight and 

feeding adjusted accordingly every fortnightly. 

Every fortnightly, 30 fish from each holding hapa 

were individually weighed and total length 

measured using a sensitive electronic balance 

(nearest 0.01 g) and digital caliper (nearest 0.1 

cm) respectively in order to enable eventual 

calculation of growth performance parameters. 

Survival was monitored by removing and 

counting carcasses from each replicate as soon as 

they were noticed. 

Water quality measurement 

Physicochemical parameters of importance to 

aquaculture (water temperature, suspended solids, 

turbidity, colour, total dissolved solids, electrical 

conductivity, pH, dissolved oxygen, nitrates, 

nitrites, ammonia and phosphates) were measured 

every fortnightly (between 6 am to 7 am) 

according to APHA (2000) till the end of the 

experiment. In each hapa, 1000 mL of holding 

water was sampled using doubled-corked 

polyethylene sampling bottles for physico-

chemistry and 250 sterilized glass bottles for 

bacteriology. All were transported to the 

Hydrobiology and Environment Laboratory of the 

University of Yaoundé I in cool conditions. Prior 

to water sampling, water temperature, total 

dissolved solids and turbidity were measured in 

situ using a portable pen-like multimeter device, 

dissolved oxygen was measured using a portable 

oximeter (HACH HQ14d Oximeter) while 

suspended solids, colour, nitrates, nitrites, 

ammonia and phosphates were measured by 

colorimetry using a spectrophotometer (HACH 

DR/3900) in the Laboratory.  

Heterotrophic Mesophilic Aerobic Bacteria 

(HMAB), Total Coliforms (TC), Faecal Coliform 

(FC) and Faecal Streptococci (FC) were used to 

evaluate microbial quality of studied fishpond 

water on a monthly basis. Prior to inoculation, 

glass wares (test tubes, Petri dishes, pipettes etc.) 

were thoroughly washed and sterilized at 120 oC 

for about 30 minutes in an autoclave. The 

inoculation loop was sterilized by flaming on a 

Bensen Burner until it turned red hot. Similarly, 

the working surface was sterilized by the 

application of Sodium Hypochlorite solution and 

inoculation was carried out around a Bensen 

Burner flame. Respective culture media were 

prepared for the isolation of the studied germs: 

plate count agar (PCA) for HMAB, ENDO for TC 

and FC and Bile Esculin Azide agar (BEA) for FS. 

The inoculation was carried out using spread and 

membrane filtration methods. These petri dishes 

were later placed in incubators: 25 oC for 1-5 days 

for HMAB and 37 oC for 24 - 48 H for TC, FC and 

FS (Marchal et al., 1991). 

Data analysis 

The Kruskal-Wallis H-Test was used to assess 

significant differences in water quality parameters 

across the dietary treatments. The influence of 

water quality parameters on fish growth and 

survival was evaluated through Pearson’s 

correlation and linear regression analyses. The 

mean of each tested water quality parameter was 

compared with recommended optimal ranges 

extracted from literature review. All data collected 

were analysed using the Statistical Package for 

Social Sciences (SPSS) standard version, release 

23.00. Differences were considered significant at 

p < 0.05. 

Results 

Effect of dietary treatments on physicochemical 

parameters and growth performance 

Results of water quality and growth performance 

(weight at harvest and survival) parameters taken 

from hapas-in-pond-raised catfish fed with 

imported (Le), locally pelleted (Lpe) and locally 

extruded (Lex) diets are presented in Table 2. 

Regardless of dietary treatments, studied water 

parameters did not differ significantly (p > 0.05) 

except for Faecal Streptococcus which differed 

significantly (p < 0.05). Weight at harvest differed 

significantly with highest weight observed in “Le” 

treatment and lowest weight observed in “Lpe” 

treatment. Mean weight at harvest obtained for 

African catfish fed with Le, Lpe and Lex feeds 

were respectively 726.02 ± 82.91 g, 398.85 ± 

18.96 g, and 461.73 ± 13.26 g.  Survival rates did 

not differ significantly (p > 0.05) irrespective of 

the dietary treatment with values revolving around 

84 %. 



                                                                                                                                 
 Sulem-Yong et al 2026                                                                                         Sustainable Aquatic Research (2026) 5(1):59-72                             

63 
 

Influence of the status of water quality 

parameters on weight at harvest and survival of 

African catfish 

The Pearson’s correlation matrix of water quality 

parameters, weight at harvest and survival of 

hapas-in-pond-raised African catfish fed with 

studied diets is presented in Table 3. Regardless 

of the dietary treatments, weight presented 

significant positive correlations with suspended 

solids (0.486**), colour (0.693**), nitrates 

(0.418**), nitrites (0.448**) and ammonia 

(0.541**).  For survival, positive correlations 

were observed with total dissolved solids 

(0.647**), electrical conductivity (0.525**), pH 

(0.407**) and dissolved oxygen (0.351**). 

Negative correlations were observed between 

weight and total dissolved solids (-0.700**) and 

pH (-0.545**). While for survival, negative 

correlations were observed with suspended solids 

(-0.429**), turbidity (-0.487**), colour (-

0.743**), nitrites (-0.412**) and ammonia (-

0.543**). 

Table 2. Mean ± SD values of water quality parameters, weight at harvest and survival from the different dietary treatments 

Variables Le Lpe Lex P value Sig. Optimal 

range 

Water Temperature (0C) 26.35 ± 1.00a 26.36 ± 1.00a 26.39 ± 1.00a 0.975 NS 25-30 

Suspended solids (mg/L) 35.67 ± 30.14a 36.93 ± 29.50a 33.85 ± 27.10a 0.951 NS 25-80 

Turbidity (FTU) 58.96 ± 21.15a 62.37 ± 31.91 58.33 ± 29.62a 0.805 NS 75-240 

Colour (Pt-Co) 369.04 ± 185.05a 345.15 ± 

146.24a 

335.85 ± 

123.16a 

0.661 NS / 

Total Dissolved Solids (mg/L) 20.67 ± 6.76a 20.60 ± 6.93a 20.47 ± 7.21 a  0.978 NS 400-500 

Electrical conductivity 

(µS/cm) 

41.45 ± 13.34a 41.14 ± 13.86a 41.23 ± 13.64a 0.924 NS 100-2000 

pH (CU) 6.98 ± 0.47a 6.70 ± 0.52a 6.75 ± 0.53a 0.091 NS 6.5-9 

Dissolved oxygen (mg/L) 4.23 ± 1.88a 4.10 ± 1.70a 4.10 ± 1.55a 0.938 NS > 5 

Nitrates (mg/L) 4.50 ± 2.49 a 5.02 ± 3.55a 4.10 ± 2.24a 0.668 NS 0.1-4 

Nitrites (mg/L) 0.03 ± 0.00 a 0.03 ± 0.00a 0.03 ± 0.00a 0.926 NS < 0.1 

Ammonia (mg/L) 0.39 ± 0.47 a 0.42 ± 0.63a 0.38 ± 0.46a 0.736 NS < 1 

Phosphates (mg/L) 6.12 ± 3.51 a 6.11 ± 3.89a 5.78 ± 3.56a 0.912 NS 0.1-0.5 

HMAB (x105CFU/100mL) 52.22 ± 53.21a 84.70 ± 116.23a 78.26 ± 120.22a 0.812 NS 100 

Total coliforms (x 103 

CFU/100mL) 

112.30 ± 89.43a 285.56 ± 

325.94a 

141.41 ±130.99a 0.245 NS 500 

Faecal coliforms 

(x103CFU/100mL) 

14.89 ± 16.46a 20.81 ± 32.49a 26.78 ± 26.56a 0.066 NS 100 

Faecal Streptococcus 

(x102CFU/100mL) 

7.63 ± 8.70a 22.70 ± 26.39b 14.15 ± 14.58c 0.041 S 50 

Final weight at harvest (g) 726.02±82.91a 396.85±18.96b 422.82±13.26c 0.000 S > 350 

Survival at harvest (%) 83.48±4.06a 83.78±4.60a 83.66±8.56a 0.369 NS > 80 

Means in each row with different superscript are significantly different at p<0.05. Le: imported feed; Lpe: Locally pelleted feed; 

Lex: Locally extruded feed; Sig.: Significance. S: Significant; NS: Not significant. 

The regression output for weight and survival of 

African catfish reared in hapas-in-pond as a result 

of different water quality parameters is presented 

in Table 4. Only nine water quality parameters out 

of the sixteen parameters hypothesized were 

significant: water temperature, suspended solids, 

turbidity, colour, electrical conductivity, pH, 

dissolved oxygen, nitrites and ammonia (Table 4). 

F values of 13.419 and 19.173 respectively for 

weigh at harvest and survival were significant at 5 

% level, indicating that there were linear 

relationships between weight, survival and all the 

independent variables (studied water quality 

parameters) (Table 4). The respective R values of 

0.878 and 0.910 for weight and survival showed 

that these variables and the studied water quality 

parameters were perfectly positively correlated. 

Moreover, R2 values of 0.770 and 0.827 for 

weight and survival respectively revealed that all 

the water quality parameters included in the model 

explained 77.00 % of variation in weight and 

82.70 % of survival (Table 4). 

Water temperature, pH and dissolved oxygen had 

a positive significant effect on African catfish 
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weight at harvest while suspended solids, 

electrical conductivity and ammonia had a 

positive effect on African catfish survival at a 5 % 

level of significance. A unit rise in temperature 

(oC) increased African catfish weight at harvest by 

73.01 g while a unit rise in pH (CU) increased 

African catfish weight at harvest by 28.15 g. 

Likewise, a unit rise in dissolved oxygen (mg/L) 

increased African catfish weight at harvest by 

22.37 g. As for survival, a unit rise in suspended 

solids (mg/L), electrical conductivity (µS/cm) and 

ammonia increased survival by 0.01 %, 1.24 % 

and 1.86 % respectively.  

Turbidity, colour and electrical conductivity had a 

negative significant effect on African catfish 

weight while water temperature, suspended solids, 

turbidity, colour, pH and nitrites had a negative 

effect on survival of African catfish at a 5 % level 

of significance. A unit rise in turbidity (mg/L), 

colour (Pt-Co) and electrical conductivity (µS/cm) 

decreased weight of African catfish at harvest by 

2.00 g, 0.68 g and 9.12 g respectively. Likewise, a 

unit rise in water temperature (oC), suspended 

solids (mg/L), turbidity (FTU), colour (Pt-Co), pH 

(CU) and nitrites (mg/L) decreased survival of 

African catfish by 1.78 %, 0.01 %, 0.08 %. 0.01%, 

1.03% and 10.55 %, respectively.

Table 3. Correlation matrix of water quality parameters with weight at harvest and survival of hapa-in-pond-raised African 

catfish 

Parameters  Weight Survival 

Water Temperature (˚C) Pearson’s correlation -0.190 0.174 

Sig. (1-tailed) 0.045 0.061 

Suspended solids (mg/L) Pearson’s correlation 0.338** -0.419** 

Sig. (1-tailed) 0.001 0.000 

 

Turbidity (FTU) 

Pearson’s correlation -0.147 0.223 

Sig. (1-tailed) 0.095 0.023* 

Colour (Pt-Co) Pearson’s correlation 0.547** -0.518** 

Sig. (1-tailed) 0.000 0.000 

Total Dissolved Solids (mg/L) Pearson’s correlation -0.544** 0.447** 

Sig. (1-tailed) 0.000 0.002 

Electrical conductivity (µS/cm) Pearson’s correlation -0.525** 0.418** 

Sig. (1-tailed) 0.000 0.000 

pH (CU) Pearson’s correlation -0.425** 0.498 

Sig. (1-tailed) 0.000 0.000** 

Dissolved oxygen (mg/L) Pearson’s correlation -0.279** 0.189* 

Sig. (-tailed) 0.006 0.045 

Nitrates (mg/L) Pearson’s correlation 0.223* -0.387** 

Sig. (1-tailed) 0.023 0.001 

Nitrites (mg/L) Pearson’s correlation 0.419** -0.482** 

Sig. (1-tailed) 0.000 0.000 

Ammonia (mg/L) Pearson’s correlation 0.386** -0.295** 

Sig. (1-tailed) 0.000 0.004 

Phosphates (mg/L) Pearson’s correlation 0.370** -0.471** 

Sig. (1-tailed) 0.000 0.000 

HMAB (CFU/100mL) Pearson’s correlation -0.081 0.117 

Sig. (1-tailed) 0.236 0.148 

Total Coliforms (CFU/100mL) Pearson’s correlation -0.002 -0.056 

Sig. (1-tailed) 0.492 0.309 

Faecal Coliforms (CFU/100mL) Pearson’s correlation 0.537** -0.714** 

Sig. (1-tailed) 0.000 0.000 

Faecal Streptococcus (CFU/100mL) Pearson’s correlation -0.313** 0.193* 

Sig. (1-tailed) 0.002 0.042 

**Correlation is significant at the 0.01 level (1-tailed). *Correlation is significant at the 0.05 level (1-tailed). 
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Table 4. Regression output for water quality parameters effect on weight and survival of hapa-in-pond-raised African catfish 

Model Variables Weight  Survival  

Coeff Sig Coeff Sig 

1 (Constant) 2350.826 0.000 49.635 0.000 

Water Temperature (0C) 73.011 0.000 -1.779 0.000 

Suspended solids (mg/L) 0.189 0.448  0.012 0.032 

Turbidity (FTU) -2.032 0.000 -0.077 0.004 

Colour (Pt-Co) -0.682 0.000 -0.008 0.041 

Total Dissolved Solids (mg/L) 0.229 0.906 0.070 0.112 

Electrical conductivity (µS/cm) -9.129 0.000 0.124 0.001 

pH (CU) 28.145 0.020 -1.025 0.000 

Dissolved oxygen (mg/L) -22.369 0.032 0.134 0.562 

Nitrates (mg/L) 12.775 0.023 -0.246 0.051 

Nitrites (mg/L) -83.264 0.669 -10.558 0.019 

Ammonia (mg/L) -31.855 0.362 1.857 0.021 

Phosphates (mg/L) 0.215 0.975 0.003 0.982 

HMAB -0.104 0.417 0.000 0.948 

Total Coliforms -0.053 0.319 0.000 0.689 

Faecal Coliforms -0.304 0.652 -0.063 0.000 

Faecal Streptococcus -1.292 0.050 -0.003 0.817 

F value 13.419 0.000a 19.173 0.000b 

R  0.878  0.910  

R2 0.770  0.827  

Adjusted R 0.713  0.784  
a Dependent variable: weight (g); b Dependent variable: survival (%) 

Discussion 

Water temperatures in this trial appeared not to be 

affected by the studied dietary treatments and 

corroborates the works of Limbu (2015, 2020) and 

Abdel-Hay et al. (2021) who observed similar 

results using the same fish species, fed with 

similar feeds and reared in ponds. The values of 

water temperature remained relatively high and 

were similar to those observed by Kengne Tenkeu 

et al. (2021) and contrasted those of Mogue et al. 

(2022) working in lentic systems in the same agro-

ecological zone. The difference could be 

explained by the disturbance of the Yaoundé 

climate whose rains have been irregular for the 

last 10 years (Zébazé Togouet et al., 2011) and 

also as a result of climate change. However, these 

values were within the normal range (20-28 oC) 

for optimum growth of warm water fishes (Boyd, 

2018) and optimal thermal range of 25-27 oC for 

grow-out of the African catfish (FAO, 2012). 

Temperature is an important factor affecting the 

growth and survival of all organisms (Boyd, 

2018). This was in line with the linear regression 

results which inferred that water temperature had 

a negative and positive effect respectively on 

weight and survival. This implied that a unit 

increase in water temperature would decreased 

weight by 73.01 g and increased survival by 1.78 

%.  

Suspended solids were not affected by the studied 

dietary treatments. For pond aquaculture, in 

addition to solid particles from source water (fine 

particles, clay from runoffs, erosion), suspended 

solids may also come from aquaculture inputs 
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such as manure and feeds (Zweig et al., 1999). The 

values obtained were higher than those obtained 

by Kengne Tenkeu et al. (2021) and Mogue et al. 

(2022) working in the same agro-ecological zone 

and those of Orobator et al. (2020) working 

elsewhere. These differences could be due to the 

management practices used in each of the studies. 

The obtained values of suspended solids were 

however, below the limits set of 80.00 mg/l as 

recommended by Pillay & Kutty (2005) for water 

criterion for aquaculture. Suspended solids 

exhibited a positive correlation with growth and a 

negative one with survival corroborating the 

results of linear regression analysis which 

revealed its status had a positive effect on 

survival. Thus, a unit rise in suspended solids 

increased survival by 0.01 %. This inferred that 

the status of suspended solids in the studied 

holding hapas-in-pond was favourable for fish 

health since it did not pose a severe risk on 

survival (Orobator et al., 2020). 

In this study, turbidity and colour were not 

affected by the studied dietary treatments. 

Turbidity was within the acceptable ranges of 75–

240NTU as stated by Boyd (1990) for aquaculture 

but above the WHO (2011) limit (5 - 25 NTU) for 

freshwater. These values were higher than those 

obtained by Kengne-Tenkeu et al. (2021) and 

Mogue et al. (2022) working in ponds in the same 

agro-ecological zone. The differences observed 

could be linked to the farming practices as in these 

studies, the ponds were either used for extensive 

fish farming or abandoned (with fertilizers used as 

the main input). Although colour was higher than 

the recommended standards of 15TCU (WHO, 

2011), it appears not to have a direct effect on 

aquaculture water. These values negate those 

found by Orobator et al. (2020) who recorded 

values less than 5NTU in similar rearing holding 

systems. The status of turbidity and colour 

revealed a negative impact on both weight and 

survival. This inferred that a unit rise of these 

parameters will decrease weight and survival. 

Several authors have demonstrated the 

relationship between high turbid waters and 

oxygen depletion of the holding systems resulting 

in clogging of gills, slow growth and survival 

(Timmons & Ebeling, 2010; Firth et al., 2024). 

However, Zweig et al. (1999) stated that in a 

production system where fish derive a majority of 

their nutrition from feed inputs, high turbidity 

content does not pose a problem. 

The studied dietary treatments did not affect the 

total dissolved solids (TDS). Aquafeeds used in 

aquaculture holding systems have proven to 

provide these systems with nutrients but also 

increase the TDS of these systems (Akpotayire et 

al., 2018). These values were low and optimal for 

fish productivity (Masood et al., 2021) and were 

below the applicable range of 400 to 500 mg/L 

suitable for fish pond water (Sinha et al., 2015). 

The status of TDS (regression analysis) for all the 

studied holding hapas revealed no effect on both 

growth and survival. 

The values of electrical conductivity (EC) 

observed were not affected by the dietary 

treatments and were within the acceptable range 

of 30-5 000 µm/cm as recommended by Stone & 

Thomforde (2004) for fish culture. These values 

were similar to those of Mogue et al. (2022) and 

lower than those of Kengne-Tenkeu et al. (2021) 

working in the same agro-ecological zone. These 

differences were linked to the fish farming 

practices adopted in the studies. The present study 

indicated that EC of water samples affected the 

growth and survival as revealed by the negative 

and positive effects respectively (linear 

regression). 

Dietary treatment did not affect pH values in this 

trial and these values were similar to those of 

Raimi et al. (2018) and lower than those of Limbu 

(2015; 2020) and Abdel-Hay et al. (2021) working 

in similar conditions. The differences could be due 

to the difference in fish stocking densities. The 

values were within the desirable range (6.5-9.0 

CU) for fish production (Keremah et al., 2014;). 

The slight acidity observed was linked to the 

environment through which the water flows 

including mineral composition, soil and rock bed 

type (Zebaze Togouet, 2000; Korfali & Jurdi 

2011). The status of pH revealed a positive and 

negative impact on weight and survival 

respectively. This inferred that a unit rise in pH 

increased weight by 28.145 g and decreased 

survival by 1.025 %. 

Dissolved oxygen (DO) concentrations were not 

affected by dietary treatments and were similar to 

those of Abdel-Hay et al. (2021) and higher than 

those reported by Limbu (2015 & 2020) using the 
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same species and feeding with both commercial 

extruded and locally farm-made feeds in earthen 

ponds. These values were low  (< 5 mg/L) and 

could be associated with the period of sampling 

(Godoy et al., 2021) given that sampling was done 

in the morning hours (6:30-7:30 am). In fact, 

Francis-Floyd (2003) observed that DO is lowest 

in the early morning just after sunrise. Although 

the observed low oxygen levels recorded have 

been reported to slow growth and cause piping 

(gulping air at the surface) (Francis-Floyd, 2003) 

in fish, the studied fish weren’t exposed to 

prolonged low oxygen levels due to the flow-

through nature of the pond. Moreover, C. 

gariepinus is known to survive under extremely 

low DO concentrations (0-3 mg/l) thanks to the 

fact that they possess fully developed arborescent 

organs which aids in breathing atmospheric 

oxygen (Bruton, 1979). In addition, the status of 

DO revealed to have no effect on survival of the 

studied fish. 

In this study, dietary treatments did not affect 

nitrate and nitrite concentrations. Nitrate levels 

observed were far below the tolerable limits of 

400 ppm for catfish as stated by Pattilo (2014). 

Nitrites observed in this study were lower than 

those observed by Limbu (2015 & 2020) working 

in similar conditions. The differences could be due 

to the difference in dissolved oxygen as the 

authors observed DO levels of < 3mg/l. In fact, 

several authors (Boyd, 2000; Pattilo, 2014) stated 

that nitrite toxicity is affected by many chemical 

factors amongst which oxygen depletion. Nitrite 

values in this study were within the desirable 

range of 0-1 mg/l and the acceptable range of 4 

mg/l as suggested by Stone & Thomforde (2004). 

In addition, nitrate and nitrite status revealed by 

regression analysis were found to not affect both 

the weight and survival of studied fish 

respectively. 

Ammonia concentrations were not affected by the 

studied dietary treatments. Ammonia values in all 

treatments were above the safe concentration 

(<0.05 mg/l) for freshwater fish (The Fish Site, 

2015). The high ammonia contents could be 

explained by the significant decomposition of 

organic matter accompanied by high consumption 

of dissolved oxygen, favouring its production by 

ammonification (Boyd, 2020). This could also be 

attributed to the high protein levels in the studied 

feeds. In fact, Omweno et al. (2022) stated that 

ammonia found in the studied holding water was 

derived from the breakdown of nontoxic 

ammonium ion (NH4
+) contained in digestible 

crude protein which is a component of total 

nitrogen which is highly toxic to fish. However, 

good water management practices ensured that 

ammonia did not affect fish growth and survival 

because it prevented prolonged exposure of fish to 

toxic un-ionized ammonia concentrations of 

greater than 0.2 mg/l which can depress the 

appetite of studied fish (Pattillo, 2014). In 

addition, the status of ammonia had no effect on 

growth of the studied fish as revealed by the linear 

regression analysis. 

Phosphates values were not affected by the dietary 

treatments. The values of phosphates observed 

were above the desirable level (0.06 mg/l) for fish 

culture as recommended by Stone & Thomforde 

(2004) and permissible limit of 0.1-0.5 mg/l as 

proposed by Boyd & Tucker (1998) and WHO 

(2009) standards of 0.03-2.00 mg/l set for 

freshwater. The high concentrations of phosphates 

observed in this study showed advanced trophic 

status (Boyd, 2020) as seen by the greenish nature 

of the pond. Boyd (2000) indicated that phosphate 

concentration above 0.1 mg/L is enough to induce 

algal bloom in water. The high total phosphate 

concentrations may be due to the increase in both 

soluble organic phosphorus and soluble reactive 

phosphorus produced during the decomposition of 

the feeds applied in the hapas (Ekpenyong, 2000). 

However, the regression analysis revealed that its 

status did not affect the weight and survival of the 

studied fish. 

Heterotrophic Mesophilic Aerobic Bacteria 

(HMAB), Total Coliforms (TC) and Faecal 

Coliforms (FC) counts were similar among the 

dietary treatments although slightly higher in the 

Lpe treatment. While Faecal Streptococci (FS) 

counts were affected by the dietary treatments 

with highest count observed in the “Lpe” 

treatment. The isolation of HMAB and Coliforms 

in this study was an indication of microbial 

pollution and faecal contamination of the fish 

pond water (Noah et al., 2021). Eghomwanre et al. 

(2019) stated that the mode of change of water in 

pond using a topping system where more water is 

added to the pond influences the microbial load of 

the pond. Several studies (Eze & Ogbaran, 2010; 
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Nola et al., 2010) have shown that the present 

temperatures were within optimum ranges for the 

growth of commensals and pathogens bacteria. In 

fact, Nola et al. (2010) stated that high 

temperatures (> 25 oC) relatively sped up the 

bacterial enzyme kinetics. The bacterial counts in 

this study were higher than standards value of 100 

CFU/100ml (OMS, 2000), 500 CFU/100 ml 

(OMS & IPCS, 2000), 100 CFU/ml (FAO, 1979; 

OMS, 2000) and 50 CFU/100 ml respectively for 

HMAB, TC, FC and FS. However, these values 

did not impact on the growth and survival of the 

studied fish as revealed by the linear regression 

analysis.  

Conclusion 

The study revealed that regardless of dietary 

treatments and rearing period, studied water 

parameters did not differ significantly except for 

Faecal Streptococcus. These parameters were 

within acceptable, desirable, permissible or 

recommended ranges for freshwater fish culture 

except for dissolved oxygen, nitrates, ammonia 

and studied bacteria. The status of water quality 

parameters was influenced by the different studied 

feeds, rations given and choice of production 

system. The regression results revealed that all the 

water quality parameters examined had different 

effects on fish growth and survival with water 

temperature, suspended solids, turbidity, colour, 

electrical conductivity, pH, nitrites, ammonia and 

dissolved having significant effects. Although 

dissolved oxygen and ammonia were respectively 

below and above optimal ranges, the studied fish 

were exposed short term as water was renewed 

due to the flow-through nature of the pond. These 

findings suggest that when best management 

practices are implemented particularly adequate 

water exchange rates and appropriate stocking 

densities, the studied feeds do not significantly 

deteriorate water quality in holding systems or 

compromise fish productivity. The flow-through 

design effectively buffered against the 

accumulation of metabolic wastes and maintained 

conditions conducive to fish health despite 

transient deviations in critical parameters. This 

underscores the importance of integrating 

appropriate infrastructure design with feed 

management strategies to ensure sustainable 

aquaculture production. 
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