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ABSTRACT

A comparative study on growth performance of Heteroclarias CG♀ × HL♂ (hybrid) using three different starter feeds was carried out at the teaching and research fish farm of the department of fisheries and aquaculture Prince Abubakar Audu University Anyigba. The three starter diets used are Gemma Wean (T1), Aller aqua (T2) and Coppens (T3). The results of the final mean weight gain of the different starter diets were 12.94g, 11.92g and 11.29g for treatment 1,2 and 3 respectively with significant difference at P<0.05 Treatment one had the highest growth performance. The economic analysis of feeding the Heteroclarias fry with the different starter diets indicated that the gross profit (GP) 25,187.94; 28,001.90; 27,971.29. for treatment 1,2 and 3 respectively. The profit index also followed the same pattern with treatment one having (9.03) followed by (58.85) for treatment two and lastly (55.58) for treatment three. The benefit cost ratio (BCR) was more in treatment two (14.92) followed by treatment three (14.71) and lastly treatment one (6.22). The water quality parameter was closely monitored, and statistical analysis shows that there was no significant difference P>0.05 in the results obtained from the water parameters. Although treatment 1 (Gemma wean) had the highest weight gain, (12.94g) treatment 2 which were the fry with Aller aqua is more economically viable, and is more profitable
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INTRODUCTION

Fish is known to be the cheapest animal protein source commonly consumed by the average Nigerian, which constitutes about 40% of the total protein intake in the country (Atanda, 2007), and plays a prominent role as source of employment and livelihood to low-income earners (Allison, 2001). Recently, the culture of catfish species belonging to the Clariidae family is fast gaining momentum across the globe. In Africa, especially Nigeria, Clarias sp, Heterobranchus sp and their hybrids are the mostly cultured species (Adewolu et al., 2008). They are widely reared due to their high market value, fast growth rate, high resistance to disease and ability to tolerate adverse pond conditions especially low dissolved oxygen (DO) content (FAO, 2019). These species of catfish are very important at maximizing sustainability of the fisheries sector in Nigeria.

One fish that has attracted great attention for culture in Nigeria is the catfish hybrid often called Heteroclarias (Nwadukwe et al., 2005). This hybrid is a product from the cross between Heterobranchus longifilis x Clarias gariepinus. Nwadukwe (2000) observed that this hybrid could be obtained in commercial quantity from the hatchery. It grows fast and has a high survival rate. Other desirable qualities that make this fish highly recommendable for pond culture are high fecundity, better taste and nutritional qualities, tolerance to unfavorable environmental conditions (Nlewadim and Madu, 2008), omnivorous feeder, resistance to disease and high market demand (Madu, 2008). Heteroclarias has been of considerable importance because of its large size and hardiness as its Heterobranchus parent. 

According to Jimoh et al., (2010), Adebayo and Popoola (2008), Potongkam and Mler (2006), fingerlings production and availability of quality fish feeds have been the bane of fish farming development in Nigeria for the past four decades and stressed the need for increased production of fingerings to meet the ever-rising fish demand. One of the major steps in solving this problem is through hybridization which has been recognized as a tool for stock improvement and management purposes (Skelton, 2001).

More over the importance of fish hybridization is to increase growth rate; enhance 

productivity through hybrid vigor and transfer desirable traits by reducing unwanted production in a production system has been emphasized Tave and Purdom, 2008. In line with these, much work has been done on intergeneric hybridization of pure Clarias gariepinus or C. anguillaris with Heterobranchus spp by several researchers (Akinwande et al.,2012 and Nwadukwe 2005) but little or no work is done on hybridization of exotic Heteroclaris which is, according to Madu (2008), a hybrid of two species of C. gariepinus and Heterobranchus longifilis. Therefore, the aim of the research is to assess the growth performance of Clarias gariepinus fry and the hybrid (Heteroclarias) and to assess the economic viability of rearing the fry using different starter diets.
MATERIALS AND METHODS

Study area
The research took place at the teaching and research fish farm of the Department of Fisheries and Aquaculture, Prince Abubakar Audu University, (PAAU). Anyigba located on latitude 7029’10’’ N longitude 7011’56’’ East and an altitude of 420m above sea level. 
Experimental materials
Breeding materials includes: female Clarias gariepinus, male Heterobranchus longifilis, hormone, syringe, bowls, plastic tanks, saline solution, towel, blade, holding tanks, plastic spoon, nets and water. The Experimental diets i.e., the starter diets include: Aller aqua, Coppens and Gemma Wean.
Experimental Design

The experimental design is a Completely Randomized Design (CRD). Three diets were randomly assigned to the heteroclarias fry in the nine setups, three setups for each diet and three replications. Treatment 1 (Gemma wean), Treatment 2 (Aller aqua) and Treatment 3 (Coppens)
Brood stock purchase and transportation. 

Matured female Clarias gariepinus of 5kg body weight were purchased from a reputable fish farm in Lokoja and matured Heterobranchus longifilis of 5kg body weight was bought from National Institute for Fresh Water Fisheries Research (NIFFR). They were transported to the experimental site.
Hormone Administration.
The female broodfish of Clarias gariepinus was administered 2.5mls of ovulin hormone intramuscularly above the lateral line.  The injected brood fish was placed separately in a holding pond containing water to complete the latency period.

Milt Collection
A male brood stock of Heterobranchus longifilis was killed, carefully dissected and the milt sac was removed. A small incision was then made on the lobes with a sharp razor blade and the milt squeezed into a dry Petri dish. 0.9% of normal saline solution was then added to the milt in the Petri dish (Ayinla, 2001; Nwadukwe et al., 2005).

Stripping of Eggs
The injected female brood fish was removed carefully from the holding facility and the latency period was recorded to be 9 hours. The body surface was then dried gently with towel. The abdomen of the gravid fish was then pressed gradually with thumb from the pectoral fin towards the genital papilla and ripe eggs oozed out and were collected in a dry plastic bowl. Stripping stopped immediately when blood was seen coming out. This was done in order to prevent the blood from mixing with the eggs.

Fertilization of Eggs.
The stripped Clarias gariepinus eggs was weighed into a plastic rubber. The milts of Heterobranchus longifilis mixed with saline solution were poured into the eggs and then mixed properly with plastic spoon in a bowl to effect fertilization. Saline water was then added after mixing in order to detach the eggs. 

Incubation of Eggs 
Before incubation, nine plastic containers were washed thoroughly with an antiseptic (Dettol) and salt, and was made clean for incubation.  nets were washed and used as hatching tray inside the plastic container containing clean fresh bore hole water. The fertilized eggs were evenly spread on a single layer of hatching net inside each plastic containers. The experimental setup was properly aerated with temperature of 25-28 oC maintained.
Feeding of Larvae 
After 72 hours of yolk sac absorption, fry was fed at six percent body weight for 14 days with the different experimental diets. Of the nine setups, three were fed with Gemma wean, three with Aller infa and the last three were fed Coppens. Feeding was done three times daily; morning, (8:00am) afternoon (14:00pm) and evening (20:00pm). The uneaten feeds were siphoned regularly and water exchange was carried out on a daily basis.
Determination of Physico-Chemical Parameters

Water temperature and dissolved oxygen (DO) were measured in the pond twice daily (08:00am and 5:30 pm) at a depth of 0.75 m using an oxygen meter (Model 85, YSI Industries, and Yellow Springs, OH, USA). Total ammonia, nitrite, PH (Hydrogen ion concentration) and alkalinity were measured once weekly (13:00 h) using a spectrophotometer (Model DREL/2000, HACH Inc., Loveland, CO). Total alkalinity was measured once weekly (14:00 hr) by titration using a digital titrator (Model AL-36DT, HACH Inc., Loveland, CO).
Proximate analysis
The proximate composition of the three different starter diets were analyzed. The dry matter or moisture content, Ash content, crude protein, crude lipid, crude fibre, Nitrogen free extracts and total carbohydrates were determined by AOAC (2000) method. 
Growth Parameters Analyzed 

The data collected was analyzed for the following

(i) Mean body weight gain
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Where W1= initial body weight

W2= Final body weight
(ii) Specific Growth Rate (Kaushik, 1998)
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Where W1= initial body weight 


W2= Final body weight 


Ln= Natural log

Cost-Benefit Analysis 

The production cost in Naira of the experiment was calculated following the method of Faturoti and Lawal (2006), based on the current market price of the ingredients used for formulating the diets. Economic evaluation in terms of investment cost analysis (ICA), Net profit value (NPV), Gross profit (GP) Profit Index (PI), Incidence of Cost (r) and Benefit Cost Ratio (BCR) of all the experimental diets were determined according to New (1989), Faruroti and Lawal (1986) and Mazid et al. (1997).

(i) Investment Cost Analysis (ICA)= Cost of feeding + cost of finding 

(ii) Net profit value (NPV)= mean wt. gain + total no. of survival x cost per kg

(iii) Gross Profit (GP) = Net profit value – investment cost analysis

(iv) Profit index PI
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(vi)  Benefit cost Ratio (BCR) =[image: image8.png]Net Profit Value
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Data Analysis

Statistical analyses in this study were conducted using SPSS Statistical Package (Version 15.0, SPSS Inc. Chicago, IL). Differences among dietary treatment means were tested by one-way analysis of variance (ANOVA), and means compared using Turkey’s Multiple Comparison Test (Steele and Torrie, 2000) to test for significance of variation between the means and differences were considered significant at p<0.05. All data were tested for normality using the Kolmogorov-Smirnov test and homogeneity using the Levene’s test, also all percentages and ratios were arcsine transformed before analysis (Zar, 2004)
RESULTS 

Mean Water Quality Parameters in the Experimental Units.

The water quality parameters monitored during the experiment are presented in Table 1. The water temperature ranged from 26.00oC- 28.85oC While the dissolved oxygen values were 7.30mg/l for treatment one, 7.20mg/l for treatment two and 7.00mg/l for treatment three. The mean pH values for the experiment were 7.30,7.20 and 7.00 for treatments one, two and three respectfully. Ammonia values recorded during the experiment were from 0.01-0.05 for all the treatments. Treatment two had the highest electrical conductivity value of 83.78, followed by treatment three with 80.60 and lastly treatment 0ne with the EC value of 76.10. There were no significant differences in all these values (P<0.05), except for the values of EC and ammonia which were significantly different at (P>0.05%) Other water quality parameters monitored during the experiment were the nitrites and nitrate all the values recorded for these two were the same with nitrites having the mean value of 0.01 and nitrates values of 0,05mg/l.
Table 1 Mean Water Quality Parameters in the Experimental Units.

	
	Treatments
	

	Parameters
	Gemma wean (T1)
	Aller aqua (T2)
	Coppens (T3)

	Temperature(oC)
	26.00±0.60b
	28.85±0.60a
	27.32±0.60ab

	Dissolve oxygen (mg/l)
	6.60±0.05b
	7.90±0.05a
	7.00±0.05a

	pH
	7.30±0.60a
	7.20±0.60a
	7.00±0.60a

	Ammonia(mg/l)
	0.05±0.01a
	0.04±0.01ab
	0.01±0.01b

	Conductivity
	76.10±3.21c
	83.78±3.21a
	80.60±3.21b

	Nitrite(mg/l)
	0.01±0.00a
	0.01±0.00a
	0.01±0.00a

	Nitrates
	0.05±0.00a
	0.05±0.00a
	0.05±0.00a


Means within the row with different superscript are significantly different (p<0.05)
Proximate Composition of the Different Starter Diets used in the Experiment.
The results for the proximate composition of the different starter diets clearly shows that the crude protein level was higher in Treatment one (74.79%). Followed by Treatment two (73.15%), and the least crude protein level was found in treatment three (66.11%) as showed in (Table 2). The values for the crude lipid followed the same pattern with the higher values in treatment one (14.78%), followed by treatment two with 10.15% and lastly treatment one with 5.57%.). However, the moisture contend in the starter diets was highest in treatment three (12.05%) followed by treatment two with 7.77% and lastly treatment one with 6.50%. Crude fibre and ash content were higher in treatment in treatment two with the values of 14.48 and 7.32 respectively. Followed by treatment one with 10.50 and 6.15 for ash and crude fibre respectively, the treatment three had 7.25 ash and ash with 4.85%. Treatment three was the only treatment that had percentage carbohydrate of 4.23 % by difference.

Table 2 Proximate Composition of the different starter diets used in the experiment.
	
	Treatments
	

	Parameters
	Gemma wean (T1)
	Aller aqua (T2)
	Coppens (T3)

	Crude Fibre
	6.15±0.20b
	7.32±0.20a                                
	4.85±0.20c

	Crude Protein
	74.79±0.27a
	73.15±0.27b
	66.11±0.27c

	Lipid
	14.78±0.25a
	10.15±1.25b
	5.57±1.25c

	Ash
	10.50±1.33b
	14.48±1.33a
	7.25±1.33c

	Moisture
	6.50±2.33c
	7.77±2.33b
	12.05±2.32a

	Carbohydrate
	0.00±0.00b
	0.00±0.00b
	4.23±1.45a


Means within the same row with different superscript are significantly different (p<0.05)
Growth Performance of Heteroclarias Fry using Different Starter Diets

The results for the different performance of Heteroclarias fry is showed in Table 3. From the Table treatment one had the highest weight gain of 12.94g, followed by treatment two with 11.92g and lastly treatment three with 11.29g. There is significant difference (P<0.05) for all the values for the different treatments.
Table 3. Growth performance of Heteroclarias fry using different starter diets

	Week
	Gemma wean (T1)
	Aller aqua (T2)
	Coppens (T3)
	P value

	0
	2.10±0.00a
	2.10±0.00a
	2.10±0.00a
	NA

	1
	3.87±0.06a
	3.60±0.06b
	3.62±0,06b
	0.0335

	2
	5.63±0.30a
	4.80±0.30ab
	4.47±0.30b
	0.0797

	3
	8.62±0.09a
	7.85±0.09b
	7.49±0.09c
	0.0004

	4
	12.94±0.09a
	11.92±0.09b
	11.29±0.09c
	<0.0001


Means within the same row with different superscript are significantly different (p<0.05)
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Figure 1. Growth performance of Heteroclarias fed with three starter diets
Calculated Economic Parameters of Using Different Starter Diets
Table 4. Shows the economic viability of feeding Heteroclarias fry with different starter diets the cost of feed in treatment one was #19,000/kg for treatment two #2,800/kg, and 2,700/kg. The mean feeding cost was 3,325, 510 and 540 naira for treatment one, two and three respectively. The gross profit (28,001.90), profit index (58.85), the profit index, and Benefit cost ratio (14.93) showed that treatment two was the best. It gave higher values than the other treatments. There was significant difference for these values compared to 27,971(PI), and 25,187.94 for treatment three and one respectively. Other values for the economic analysis comparing the performance of the three starter diets is seen in the Table.
Table 4: Calculated Economic Parameters for Different Starter Feeds.

	PARAMETERS 
	TREATMENTS

	
	T1
	T2
	T3
	SEM
	F Value

	Cost of feed (₦/Kg)
	19,000a
	2,800b
	2,700c
	0.425
	0.0001

	Mean feed intake (kg)
	1.75c
	1.84b
	2.00a
	0.002
	0.0001

	Mean feeding cost (₦)
	3,325a
	510c
	540b
	0.020
	0.0011

	Cost of fry (₦)
	1,500a
	1,500a
	1,500a
	0.024
	0.0010

	ICA
	4,825a
	2,010c
	2,040b
	0.048
	0.0010

	Mean final weight (g)
	12.94a
	11.92b
	11.29c
	0.024
	0.0001

	Cost of fish (₦/kg)
	20.00a
	20.00a
	20.00a
	0.000
	0.0001

	Net profit value (NPV)
	30,012.94a
	30,011.90a
	30,011.29a
	0.008
	0.0001

	Gross profit ₦ (GP)
	25,187.94c
	28,001.90a
	27,971.29b
	0.048
	0.0011

	Profit index (PI)
	9.03c
	58.85a
	55.58b
	0.020
	0.0011

	Incidence of cost (r)
	256.96a
	42.79c
	47.83b
	0.020
	0.0011

	Benefit cost ratio (BCR)
	6.22c
	14.93a
	14.71b
	0.001
	0.0010


Means on the same row with the same superscripts are not significantly different (p<0.05)

DISCUSSION
The results of physico-chemical analysis revealed the inherent properties of the experimental units. All the water quality parameters were in line with Federal Environmental Protection Agency (FEPA) standard for aquatic life and drinking water. The temperature was within the 26oC-28oC recommended for aquatic life by FEPA and also within the best levels recommended by (Philippart and Ruwet 2002; Boyd and Lickotkoper,2013). These values also corroborate with the findings of Mzengereza et al. (2016) who recommended the values of 25oC-28oC for optimum growth of catfish, but contrast the report of Duncan (2002) who reported that a temperature range of 20oC-33oC was favourable for the culture of catfishes. The pH values of about 6.99 - 7.04 were within the 6.0-9.0 recommended for optimum African catfish (Clarias gariepinus) growth and also the FEPA recommendation for aquatic life and drinking water. These pH values agreed with the work of Boyd (2011) who reported that a pH range of 7-7.30 was optimum for the culture of fishes. Yagoub et al., (2004), reported that massive mortality of fish occurs within a few days when fish were suddenly transferred to water with ionized ammonia concentrations greater than 2mg/l. However, the ammonia concentration in the present study was just within 0.01mg/l-0.05mg/l which did not cause any threat to the survival of the African catfish fry and their hybrid. Stone and Thormforde (2004), recommended a desirable range of conductivity to be within 73.10-83µS/cm, and acceptable range of 30-5,000 µS/cm for pond culture, and values recorded in this present study lies within the given range, and also within the recommended values given by FEPA.
The dietary requirements of fish larval provides relevant evidence on the nutrient needs of the larval which required quantitative and qualitative number of feeds especially in the diet of domesticated larval fish for optimum growth. Nevertheless, acceptability of food by fish larval depends on nutritional values, digestibility and taste (Babalola et al., 2016 and Pronob et al.,2012).
The outcome of this experiment shows the significant effects of using Gemma wean feeds on the growth performance of Hybrid larvae than Coppens and Aller aqua feeds. The weekly sequence of growth is showed in Figure 1. The general increase in mean weight gain, of larval in feeding Treatment one shows that fish larvae prefer Gemma wean to Aller aqua and coopens. Across the feeding trial period, Gemma wean had the highest growth performance continually as compared to the other diets. Anifowose et al. (2021) reported that the growth performance of fish can be due to the protein level of the diet. Ezechi and Nwuba (2007) also stated that an increase in dietary protein could lead to an increase in growth. This study confirms both report as Gemma wean had a higher crude protein level in the proximate analysis translating to a higher growth rate.
In the economic analysis of feeding the Heteroclarias fry with the different starter diets, the gross profit (GP) profit index, and the benefit cost ratio (BCR) reveals that treatment two was more profitable and economical, followed by treatment three. However, treatment one which had the highest weight gain was least profitable. This is attributed to the high cost of the feed that was used in that treatment. Adikwu, (2012) and Gabriel et al. (2017), reported that expensive feeds will be marginalized or even nullify the profitability of fish hatchery business thereby incapacitating the expansion of fish farms to increase production and consequently low yield in-terms of quality and quantity, resulting in the scarcity of the available ones to the disadvantages of the populace. Musa-Azara et al. (2013), reported that a reduction in the cost of feeds will make fish farming profitable. The margin in the weight gain for the best treatment (Treatment 1) can be covered if the fry for treatment two and three were fed for additional four and six days respectively. Studies in Thailand by Middendorp and Verreth (2013), have indicated that poor farmers are more concerned with lowering feed cost even if that would lengthen the rearing period. Although, this might not be entirely good for farmers who intend to meet up a deadline within a shortest possible time, it could immensely benefit commercial farmers and other small holder farmers whose aim is just to sell fingerlings and make profit.
Conclusion

Inasmuch as Gemma wean had the highest mean weight gain, the high cost makes it unprofitable for raising Heteroclarias larvae. Aller aqua performed economically better than the other feeds and is therefore recommended for use by farmers who want to embark on profitable high fish seed production.
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