



Evaluation of Rearing Environment Influence on General Body Measurements of Catfish, Khartoum State, Sudan
Abstract
Better knowledge of nutritional value of fish, which is expected to be closely associated with fish species, could contribute to the understanding of variability in meat quality of different species of the Nile fish. This study was conducted in Khartoum State, The aim of this study was to evaluate General body measurements of fish of Catfish (Clarias gariepinus) and their rearing environment in Khartoum State. A total of 60 samples of catfish (Clarias gariepinus) were collected from Nile river and earthen ponds fish farms around Khartoum State and subjected to the General measurements of fish (The total length (cm), standard length (cm),  body depth (cm) and head length (cm)). Also, a total of 36 samples of water were collected from the ponds where fish samples were taken, Water quality parameters (No2, No3, Cl2, PH, TDS ,EC. and Salinity were done where fish samples has been collected. The data was subjected to SPSS by using one way analysis of variance (ANOVA). The findings of this study revealed that, showed a highly significant difference (P≤0.01) in all general measurements of Catfish. And catfish (C. Gariepinus) from Nile environment Fish from earthen pond environment recorded the higher figures in general measurements except the head length was higher in Nile river fish and there was highly significant difference (P≤0.01). However, when compare Nile River water and earthen pond water, we found that; the pH and electrical conductivity showed a highly significant difference (P≤0.01), and total dissolved solids and salinity showed no significant difference (P>0.05). Accordingly, the study concluded the farm fish observed has greater general measurements than Nile river fish except the head length was found bigger in Nile fish. Also, Nile river aquaculture environment is an immediate environment in relation to ponds environment. The study recommended that, aquaculture is so recent in Sudan and only few farmers are realize about water quality parameters, hence the facilities and equipment for physico-chemical parameters measurements should be facilitated to aquaculturists and rearing fish. 
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Introduction
World catfish production progress over last few years show results very significantly by 21,82% per year from 69386 tons in (2005) to 145099t in (2009). During the 2010, 2014) rise in catfish production increased by 45% Mohamed et al., 2009. The catfish is an ideal model aquatic animal for evaluation or compare weight and size  of the effects of fish natural and aquaculture ponds (Mohamed et al., 2009). So can survive in poor environmental conditions because their resistance to disease is physically powerful, and their respiratory demands are slight so that they can accept low oxygen and high ammonia levels (Mohamed et al., 2009). Catfish can survive at pH ranging from 5 to 10 but they do best at a pH range from 6 to 9; (Mohamed et al., 2009) pointed-out that, Ammonia and Nitrite are a concern in aquaculture systems and should be monitored regularly. Ammonia production is directly related to feeding and depends on the quality of feed, feeding rate, fish size and temperature (Riche and Garling,, 2003).
The tropical freshwater fish, catfish, is the culture environment for fish and other aquatic organisms. It is the physical support in which they carry out their life functions such as feeding, swimming, breeding, digestion and excretion (Bronmark and Hansson., 2005). Based on this, access to adequate, regular and constant supply of good quality water is vital in any aquaculture project. According to (Sikoki and Veen., 2004), any water body is a potential medium for the production of aquatic organisms. Water quality parameters can be divided into three main categories: physical and biological (Delince., 1992). All living organisms have tolerable limits of water quality parameters in which they perform optimally. A sharp drop or an increase within these limits has adverse effects on their body functions (Davenport., 1993).
To identify and classify fish species, morphological, physiological ,biochemical, behavioral, and characteristics have been widely used. Never the  less, using metric (e.g. body length, body depth, head length, eye diameter, jaw length) and merited  (e.g. fin ray, scale, teeth, gill rakes, and lateral line pore counts) measurements is much more common (Howe., 2002) In sampling programs, body length is often used because it is relatively easy and fast to measure in the field (Martin-Smith 1996; Morey et al., 2003) and it is important for life history and morphological comparisons of fish populations from different locations (Petrakis and  Stergiou., 1995) the estimation of weight for individual fish and for length classes of fish, estimation  of standing crop biomass when the length- frequency distribution is known and calculation of condition indices is to be determined (Anderson and  Gutreuter., 1983; Petrakis and Stergiou., 1995). and  conversion of growth-in-length equations to growth-in-weight for prediction of weight-at-age and use in stock assessment models (Pauly., 1993) Body length is usually expressed as a proportion of standard length (SL), and total length (TL) head length (HL). The precision of length measurements is usually neglected as processing high numbers of specimens is considered to be more important. However,  there has been a lack of standardized methods  which has hampered attempts to synthesize the data as many researchers have used different fish length measurements (Echeverria and  Le- narz., 1984) Although some information seems to be available on conversion of different length measurements of fish (Froese and  Pauly., 2009) the choice of the most consistent one still remains unclear. In this paper we examine three different length measurements (SL, Bd, and TL) of one  common  fish species in order to find the most consistent measurement based on statistical comparisons. We also determine the bias of multiple  measurement of length from the same sample by different researchers.
Water quality is made up of physical, chemical and biological factors which influence the use of water for fish culture purposes. these factors include dissolved oxygen, pH, hardness, turbidity, alkalinity, ammonia and temperature. Other parameters such as biological oxygen demand and chemical oxygen demand indicate the pollution level of a given water body (Ehiagbonare and Ogundiran., 2010). 

Productivity depends on the Physicochemical characteristics of the water body and water quality is one of the most critical factors besides good feed/feeding in fish production. For a successful aquaculture venture, the dynamics and management of water quality in culture media must be taken into consideration (Huct., 1986). 
Justification
The Importance of Catfish (Clarias gariepinus) rearing environment type as a source of protein and polyunsaturated fatty acids which decrease the risk of cardiovascular diseases for humans.

The objectives 

· To evaluate General body measurements (Total Length TL, Standards Length SL, Body Depth, Head Length HL)of Catfish (Clarias gariepinus) that to be taken from their rearing environment ( Nile river and Earthen ponds) in Khartoum State.

· To study the effect of water quality parameters of Nile river and Earthen ponds on General body measurements Catfish reared that which was reared in, Khartoum State.

                                MATERIALS AND METHODS

Area of study
In the present investigation, two sampling sites were selected in fish River Nile and fish farm in Khartoum State. The study was carried out on February 2022, for easy interpretation of results; samples were analyzed depending on general experimental strategy as follows:

· The similarities and differences in Measurements profile specifically Catfish (C. Gariepinus) were done between River Nile fish and fish farms.  

· General Body measurements of fish (The total length (cm), standard length (cm),  body depth (cm) and head length (cm)) has been measured and compared between River Nile fish and  fish farms.

· Water quality parameters (No2, No3, Cl2, PH, TDS ,EC. and Salinity were taken where fish samples has been collected analysed and compared between River Nile fish and  fish farms..
Experimental design
The study was carried out in to two areas identified as treatments at Khartoum State:

Treatment (1) River Nile fish (wild Catfish) was carried-out using (Elmaorada fish market) for fish sampling;

Treatment (2) Fish farms  (cultured Catfish) was carried out using (Jebel Al-aulia farm) for fish sampling. 
Fish sampling 
A total of 60  samples of  Catfish (C .Gariepinus) ranged from 1kg weight were collected from Nile River and fish farm (Jebel Aulia) around Khartoum State, 30 representative samples were randomly collected from each treatment.
Fish measurements

General body measurements of fish (The total length (cm), standard length (cm),  body depth (cm) and head length (cm) were measured as well as body weight (Kg)) has been done to the nearest 1kg gm using a sensitive digital balance (WEDO-Digi 2000),.  General Measurements were taken directly on field.
Water Samples
A total of 60  samples of water were collected from Nile River and fish farm around Khartoum State (Jebel Aulia), 30 representative samples were randomly collected from each treatment. The samples were collected in sterilized water plastic  (300 ml) and transferred immediately to the laboratory of department of fish production and technology, Faculty of Animal Production, University of Gezira Include;)  nitrite  (mg/l), nitrate  (mg/l), chlorinate(mg/l), PH, Total dissolved solids (mg/I), Electrical conductivity (ppm) and Salinity%. Using portable field laboratory equipment.
Statistical analysis
  The data was analysed by using statistical package for Social Studies (SPSS version 22.0). one way ANOVA was used for means separation between  (treatments). A P-value of ≤ 0.05 was considered indicative of a statistically significant difference. 
RESULTS AND DISCUSSION

Fish has an important role in food security and poverty alleviation in both rural and urban areas of Sudan, but little is known about the nutritional value of the Nile fish that are normally utilized either fresh or preserved dried, salted or smoked. Better knowledge of their nutritional value, which is expected to be closely associated with fish species, could contribute to the understanding of variability in meat quality of different species of the Nile fish. Moreover, the measurement of some proximate profiles such as protein contents, lipids and moisture contents is often necessary to ensure that they meet the requirements of food regulations and commercial specifications (Waterman, 2000).
This study was conducted to evaluate of Catfish (C. Gariepinus) in wild environment (Nile River) compared with aquaculture environment, in Khartoum State, mainly The similarities and differences in general measurements profile: (The total length (cm), standard length (cm), body depth (cm) and head length (cm) as well as body weight (Kg)), This work was also, intended to determine and compare physical and chemical parameters of water which include: (No2, No3, Cl2, PH, TDS ,EC.  in the same environments which were fish has been taken.
The findings of the present study showed some fact on the manifesto of the popular cultured fish emphasizing on fat profile (General Measurements and chemical composition among wild and farmed C. Gariepinus which serves as the principle basis in evaluating the nutritional and economical value of the fish as well as water quality parameters.

Table ( 1) General Body Measurements (Mean± SE) of  Catfish according to the  Rearing Environment type

	General Body Measurements
	Rearing Environment Type
	S.E
	Overall
	Sig.

	
	Nile
	Farm
	
	
	

	Total length
	46.1
	50.1
	0.84
	48.1±0.84
	     *

	Standard length
	41.2
	44.7
	0.73
	42.9±0.74
	*

	Body depth
	6.5
	7.8
	0.2
	7.1±0.23
	**

	Head length
	21.6
	11
	0.23
	16.30±5.51
	**


*≡ significant at (P ≤ 0.05).
**≡ significant at (P ≤ 0.01).

S.E. ≡ Standard Error of Means.

Sig. ≡ Significant Level.
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General Body Measurements

General measurements of fish (The total length (cm), standard length (cm),  body depth (cm) and head length (cm)  were shown in table (1).

As shown in table (1); that, the total length of catfish between Nile river and earthen ponds farms were 46.1 and 50.1 cm, there was significant difference (P≤ 0.05). The fish from earthen pond farms were recorded the higher TL than Nile river fish. Also the table (1) shows Standard Length of catfish between Nile River and earthen ponds farms were 41.2 and 44.1 cm, there was significant difference (P≤ 0.05) in standard length. The fish from earthen pond farms were recorded the higher SL than Nile river fish. In the table (1) we find Body Depth of catfish between Nile River and earthen ponds farms were 6.5 and 7.8 cm, there was a highly significant difference (P≤ 0.01) in body depth, as shown in table (1) that the fish from earthen pond farms recorded the bigger body depth. Finally, the table (1) shows the Head Length of catfish between Nile River and earthen ponds farms were 21.5 and 11.0 cm, there was a highly significant difference (P≤ 0.01) in head length. In general comparison; the fish from earthen pond farms recorded the higher general measurements except the head length was greater in fish from Nile river.  
Table (2) Physicochemical Parameters (Mean± SE) of  Water according to Rearing Environment type
	physicochemical Parameters of water
	Rearing Environment Type
	S.E
	Overall
	Sig.

	
	Nile
	Farm
	
	
	

	nitrite  (mg/L)
	000
	000
	000
	000
	

	nitrate  (mg/L)
	000
	000
	000
	000
	

	chlorinate(mg/L)
	000
	000
	000
	000
	

	Ph (mg/l)
	7.60
	8.06
	0.46
	7.8±0.33
	**

	Total dissolved solids (mg/L)
	166.7
	166.8
	1.2
	166.8±0.84
	Ns

	Electrical conductivity (ppm)
	143.44
	140.06
	0.93
	141.7±0.66
	**

	Salinity%
	18.2
	18.1
	0.84
	18.13±0.6
	Ns


NS≡ not significant at (P>0.05).
**≡ significant at (P ≤ 0.01).

S.E. ≡ Standard Error of Means.

Sig. ≡ Significant Level.
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Water quality parameters

One of the most crucial requirements for successful aquaculture is the management of water quality. Water quality is a general term referring to a number of physical and chemical parameters of water that affect the growth and health of cultured animals. Fish and other organisms with aquacultural potential live in water, thus, it is no surprise that professional aquaculturist state that "Water quality determines to a great extent the success or failure of a fish cultural operation" (Piper et al., 1982). Because water is an essential requirement for fish farming, any properly prepared business plan for aquaculture must describe the quality and quantity of water available for the proposed enterprise or feasibility. An experienced aquaculturist can judge whether the water is adequate for the proposed fish farm. It is recognized that aquaculture’s contribution to food security is significant, and as capture fisheries supply levels off, the demand for fishery products will be supplied by aquaculture. If this is to be realized in the Sudan, special water quality criteria in river nile, especially from effluent from other sources should be in place. As mentioned earlier, the existing standards and criteria are meant to protect the water body in general, and there are no special provisions protecting the aquaculture industry like in other countries such as New Zealand, Japan and Australia. The water used for the cultivation of fish will not give maximum production if the Physico-chemical parameters are not optimal for fish and other aquatic organism. Thus planning any type of aquaculture facility requires estimating the water needs. 

The physic-chemical parameters analyzed during study period at different chosen sites of Nile river, and fish rearing sites are presented into table (2) as follows:
Ammonia (Nitrite and nitrate) 

The major source of ammonia in a water of a heavily stocked culture pond or in the effluent of a raceway is from excretion of fish, mostly via their gills. Ammonia is produced by animals as a byproduct of protein metabolism (Boyd 1990).

Table (2), showed that, nitrite and nitrate mg/L were 00.00 mg/L.
The chlorinate mg/L

Chloride is a by-product of chlorine dissociation in water, but it is also widely associated with numerous other compounds that are highly water soluble. Chloride occurs in a range of concentrations in water and is often used as an indicator to characterize aquatic environments as saline or fresh. Fish, too, are classified as freshwater or marine as determined by their physiological adaptation to salinity. Chloride is important to fish in osmoregulation and other physiological processes and is regarded as nontoxic within the tolerance range of each species (Rick, 2012).

Table (2), showed that, the chlorinate mg/L was 00.00 mg/L.
pH
Water pH affects metabolism and physiological processes of fish and also exerts considerable influence on toxicity of ammonia. Table (2), showed that, pH of water from Nile river site and farms (earthen ponds) was 7.60 and 8.06, respectively. There was a highly significant difference (P≤0.01) in pH from Nile river water and earthen ponds. The higher pH was found in earthen ponds water and the lower pH was found in Nile river water. The measured water pH in ponds farms and river nile in this study is considered normal for nile tilapia life in the Khartoum state. The pH observed in this study agrees the report of (Lloyd, 1992) he was pointed out that, the recommended level of pH for tilapia aquaculture 6.8 – 9.5 ºC. The values represent quality for the optimal growth of the freshwater species rather than absolute limits for specific species (Environmental Policy and Planning, 2013).
Total dissolved solids (TDS)

Total dissolved solids (TDS) are the term used to describe the inorganic salts and small amounts of organic matter present in solution in water. The principal constituents are usually calcium, magnesium, sodium, and potassium cations and carbonate, hydrogen carbonate, chloride, sulfate, and nitrate anions. Total Dissolved Solids (TDS) is a measure of all constituents dissolved in water. The inorganic anions dissolved in water include carbonates, chlorides, sulfates and nitrates. The inorganic cations include sodium, potassium, calcium and magnesium. Thus, sulfate is a constituent of TDS and may form salts with sodium, potassium, magnesium and other cations (WHO, 2003).

The fluctuations in the recorded mean TDS levels in the Nile river and rearing sites are presented in Table (2), showed that, TDS (mg/L) of water from Nile river and earthen ponds 166,7 mg/ and 166,8 mg/L, respectively. There was no significant difference (P>0.05) in TDS between Nile river and earthen ponds. However, these differences probably might be due to the difference in bottom ground of water sites, this might be interpreted that Nile river water contain more TDS than earthen ponds water. The results of this study were less than (Omer A. Idam et al., 2023) whom were studied  Influence of some Water Quality Parameters on Nutritive Value of Nile Tilapia (Oreochromis Niloticus) Reared on Different Culture Systems (Earthen & Concrete) in Gezira State, Sudan and figured-out that, the TDS of earthen ponds was 417 mg/L. However, the outputs of this research fall in the optimal limits. The acceptable range of TDS for aquaculture is 20 – 450 mg/L (Environmental Policy and Planning, 2013).
Electrical conductivity (EC)


The variations in the observed mean electrical conductivity EC, in all water source sites were shown in tables (2). The value of EC of Nile river and earthen ponds, were 143.44 µS/cm and 140,06 µS/cm, respectively. There was a highly significant difference (P≤0.01) in electrical conductivity between water sources. The maximum electrical conductivity was noticed in Nile river whereas minimum electrical conductivity was observed in earthen ponds. The overall average electrical conductivity was 141.7 µS/cm. However, these differences might to be due to many factors and other water quality parameters such as salts and temperatures. Boyd (1990) stated that, specific conductances for fresh water often range from <25 to >500μS/cm, hence values obtained in this study fall within acceptable limits. The electric conductivity influences a lot of processes, such as the different state of metals and stability of colloids (Jonsson, 2005). The total concentrations of dissolved metals and the electrical conductivity are in a close connection. The more salts (cations and anions) that are dissolved in the water, the higher are the value of the electric conductivity. The majority of metals, which remain in the water after a sand filter, are dissolved ions. High purity water that in the ideal case contains only H2O without salts or minerals has a very low electrical conductivity. The water temperature affects the electric conductivity so that its value increases from 2 up to 3 % per 1 degree Celsius (Lenntech, 2006).
Salinity (%)
The variations in the observed mean salinity, in all water source sites were shown in tables (2). The value of salinity % of Nile river and earthen ponds, were 18.1 and 18,2 %, respectively. There was no significant difference (P>0.01) in salinity % between water sources. However, these differences might to be due to many factors and other water quality parameters such as TDS and temperatures. Boyd (1990) stated High purity water that in the ideal case contains only H2O without salts or minerals has a very low electrical conductivity  (Lenntech, 2006).
Conclusion
The tropical freshwater fish, catfish, is the culture environment for fish and other aquatic organisms. It is the physical support in which they carry out their life functions such as feeding, swimming, breeding, digestion and excretion. Based on this, access to adequate, regular and constant supply of good quality water is vital in any aquaculture project. According to. any water body is a potential medium for the production of aquatic organisms. Water quality parameters can be divided into three main categories: physical and biological. This study was conducted to evaluate of Catfish (C. Gariepinus) in wild environment (Nile River) compared with aquaculture environment, in Khartoum State, mainly The similarities and differences in general measurements profile: (The total length (cm), standard length (cm), body depth (cm) and head length (cm) as well as body weight (Kg)), chemical composition: (crude  protein CP%, crude fiber%, Ash%, moisture%, Dry matter DM%, Either Extract %, Nitrogen Free Extract NFE%, and Ph). This work was also, intended to determine and compare physical and chemical parameters of water which include: (No2, No3, Cl2, PH, TDS ,EC.  in the same environments which were fish has been taken.The findings of the present study showed some fact on the manifesto of the popular cultured fish emphasizing on fat profile (General Measurements and chemical composition among wild and farmed C. Gariepinus which serves as the principle basis in evaluating the nutritional and economical value of the fish as well as water quality parameters. The findings of this study revealed that, Catfish (C. Gariepinus) Fish from earthen pond environment recorded the higher figures in general measurements except the head length was higher in Nile river fish and there was highly significant difference (P≤0.01). However, when compare Nile River water and earthen pond water, we found that; the electrical conductivity showed a highly significant difference (P≤0.01), and total dissolved solids and salinity showed no significant difference (P>0.05). Accordingly, the study concluded that the farm fish observed has greater general measurements than Nile river fish except the head length was found bigger in Nile fish. Also, Nile river aquaculture environment is an immediate environment in relation to ponds environment.
Recommendations

· More researches should be done to determine water quality parameters (physic-chemical parameters) so as to standardize specific limits for Catfish Claris gareipinus rearing  in order to maximize the productivity in farms.

· Measurements of water quality parameters and general measurements of farmed fish should be taken regularly  in order to decide whether to change ponds water or not.

· Aquaculture is so recent in Sudan and only few farmers are realize about water quality parameters, hence the facilities and equipment for physico-chemical parameters measurements should be facilitated to aquaculturists and rearing fish. 
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