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Abstract:
 The aim of this study was to investigate the impact of different stocking populations of tilapia nilotica fish in their aquaculture on some maintenance behavior, performance, economic values and hormonal concentration levels. On this research, 300 tilapia nilotica fish were distributed into different densities (15, 20,25 and30 fish per aquaria 40*30*80cm) 3 replica for each population  and distributed in 70 Litter water in  aquaria. 30 fish kept as aspare. After 2 weeks from the start of the experiment and at the end of the experimental periods, blood samples were collected for serum cortisol and growth hormones assay. From the obtained results we found that,  The feeding and foraging behavior time and frequency (94.00+3.55&144.00+9.79) were improved with stocking density (15 fish in aquaria) and the aggressive behavior was at high level with overcrowding. (26.80+1.83&105.00+4.68), on the other hand the surfacing, swimming and resting time were increased with higher stocking rate. The growth hormone was increased with decreased stocking density. The stress indicating hormone (cortisol) was increased with high stocking populations. The return and profit were significantly increase with decreased stocking density. 
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INTRODUCTION:
        Fisheries is the most essential farmed aquaculture in the world.Tilapia nilotica  is being adapted in  the tropical, subtropical and temperate zones. Great attention has been paid to tilapia fish todays. Aquaculture had an important demand of fish and its products that serves    as potential source of most important proteins and essential micronutrients for balanced nutrition and best life (Srinivasan et al., 2015).  Stocking density is one of most managerial factors and the key for success fish rearing as has direct effect on health, behavior and performance (Khairnar et al.,2020). Persistent stressors in aquaculture include bad water quality, improper water temperature, high stocking densities, light impairememt, light intensity, wavelength, or feeding incorrect diets. These types of stress cause a behavioural and productive stressors effects. Stressors in Tilapia farming include improper water temperature, high stocking density and incorrect feeding regime. Both types of pressures are dealing with a characteri stress respons(Mohamed,2020.)The rearing populations are most managerial factors affect on fish growth, fish survival. The  rearing density of fish  impact their behavior and immunology(Ashley,2007).                                                                              
Stocking density and size of the food particles  affect growth, survival, and the innate immune system (Salas-Leiton et al., 2010). In aquaculture, when the fish is faced a persistent load conditions  which are related to improper management , dealing, transportation, typing, water factors (heat, pH, light and oxygen) and high denisities are stress factors that are commonly present in fish farms (Aidos et al., 2020).                                                                                                                 

Large number of stressors affected on fish behaviour such as feeding, activity and aggression. (Schreck et al., 1997).                                                        
Feeding system, stocking density and management procedures all have potential influences on stress responses, subsequent stress tolerance, signs of health, and the occurrence of aggressive behaviour. (Ashley, 2007).             
Environmental factors, such as water temperature and social factors could impact the feeding behaviour of fish. (Lall and Tibbetts, 2009).                    

For increasing of tilapia production, profitability and sustainability in aquaculture, it is important  assess the  high numbers of fish populations which in turn result in less economic profit from poor performance and survival rates. improper stocking density also supress input and maintenance costs. As a result, both low-stocking and overstocking are commercially less viable in commercial aquaculture management systems (Marma et al., 2017). this study was carried out to investigate the influence  of different stocking density of tilapia nilotica fish in their aquaculture on some maintenance behavior, performance, economic values and hormonal concentration levels.
MATERIALS & METHODS

         This study was carried out to investigate the effect of different stocking density on welfare  and economic values of Tilapia Nilotica aquaculture. The fingerlings was taken from a private fish farm at sharkia Governorate in Egypt . All methodologies of fish testing has been reviewed and approved by ZU-IACUC committee, Zagazig university. Approval number: ZU-IACUC/2/F/190/2022 .
 a-Fish used and aquaria management:

300 apparently healthy fingerlings their weight (30 +5gm) were used in this study, when fish arrival to Fish Research Unit, it was acclimatized to the heat of aquarium water which was `28 c , ph9 and oxygen 6 to void  any stress load (APHA, 1998). The fish has been acclimated for 15 days before any determined results. The fish was kept in (12) aquaria. The fish in this experiment was distributed into different densities (15, 20,25 and30 fish per aquaria 40*30*80cm) 3 replica for each population  and distributed in 70 Litter water in  aquaria. The other fish kept as aspare.  Water in the aquarium was completely  daily changed  then replaced by dechlorinated water from tank at least 24 hour water storage.
b-Feeding

Fish was fed on the prepared ration two times per day.The component of the fish diet according to (NRC, 1993) as following: corn 39 .00, wheat powder 12.00,soyabean meal 16 , fish meal 13,poultry by product meal 13, vegetable oil 5.5,vitamins mineral  premix 1.5,metabolisable energy 2191.40kcal.
c-Observation technique:

  The experimental fish have been identified by short plastic brand fixed in back fin of Tilapia that enables easier identification  of fish  according to Khalil et al. (2016) with minor modification by using a focal sample technique for (30) sec. intervals during one hour per day, videotaping, software observer 
The behavioural time and frequences in each behaviour has been recorded (6) min. intervals through (3) hours weekly during experimental period (4) weeks. According to Stephan (2008) 

d- -Maintenance behaviour  were recorded:
The observed behaviour pattern was recorded as the following: according to  Khalil et al. (2016)
1- Feeding behaviour: Frequency and time(Sec.) spent in eating. 
· 2- Swimming behaviour: Frequency and time (Sec.) spent in swimming in water.

3-Aggression: numbers of attacking each oters (Sec.) (Chen  et al., 2001)

· 4- Resting behaviour: numbers  and time (Sec.) in which fish completely immobile and rest on the floor of their aquaria.

5-Arousal behavior : Frequency and duration (Sec.) in which fish has a locomotors activity only with out swimming or other maintenance behavior 
6-Foraging: frequency and times were associated with searching and consuming food. 
· The fish grazes on the side of aquarium, or feeds on the bottom or at the surface.
· 7- Surfacing behaviour : Fish arrive  to surface of aquaria: Frequency and duration (Sec.) in which fish hanging around the top of aquaria.   according to Stephan (2008)
E-Blood sampling
 After 2 weeks from the start of the experiment and at the end of the experimental periods, blood samples were collected from caudal vessels and centrifuged at 3000 rpm for 10 minutes for using serum samples and put in freezer at -0°C then estimated 24 hrs post collection for serum cortisol and growth hormones assay.                                                                

F: Calculation of growth and economic indices
Fish was weighted individually in each treated  group to obtain: average final weight , weight gain, Feed intake, feed conversion ratio Feed conversion ratio=feed intake / wt gain.

 Economic analysis was calculated from the input-output analysis depending on the prevailing market price of the experimental diets and fish during the time of the experiment included: total income (TI), feed costs (average variable costs (AVC), total costs (TC), net return (NR), rate of return investment= NP (net profit)/TC*100, and profitability index = NP/ TR. The economical parameters were calculated according to the method of              Shahin et al., (2019) Total returns (TR) from sales of fish, according to the market prices during the study period TR= Fish weight *market price.            The net profit (NP) was calculated by the following equation: NR= TR-TC, profitability index=NP/TR. Feed costs/kg weight gain= feed conversion ratio *price of kg feed. mahbob  et al., (2021)

statistical analysis:

Significant difference was analyzed by One-way ANOVA and Tukey’s multiple comparison post-hoc test was carried out to perform a comparison among the various fish groups using the SPSS 21 software program(SAS, 2003). The data in the current study expressed as mean ± SE and Shapiro- Wilk W-test was used as a normality test and homogeneity of variances. The P-value of (< 0.05) was considered statistically significant.

Results
Table(1) maintenance behavior of tilapia fish in relation to different stocking density 

	30
	25
	20
	15
	density
behaviour

	26.80+1.83d
	56.50+3.25c
	77.00+12.74b
	94.00+3.55a
	Feed time

	2.30+0.15c
	3.90+0.27c
	7.60+0.54b
	13.20+8.11a
	Feed frequency

	105.00+4.68c
	125.00+4.28c
	226.00+5.41ab
	144.00+9.79b
	Foraging time

	7.30+0.15b
	6.10+0.27c
	7.50+0.56b
	5.50+0.42c
	foraging frequency

	450.00+0.25a
	318.00+0.23b
	312.00+0.42b
	247.50+0.26d
	Surfacing time

	9.35+0.16a
	9.60+0.27a
	9.90+0.80a
	8.00+0.77b
	surfacing frequency

	1720.00+25.69a
	1496.00+58.67ab
	1086.00+49.82c
	1160.00+32.50c
	Swimming  time

	35.60+1.04a
	35.10+1.77a
	20.40+2.91a
	23.50+2.23a
	Swimming  frequency

	921.00+1.83a
	350.00+1.81d
	573.00+1.29b
	488.50+3.81c
	resting time

	15.60+1.04a
	12.30+0.65a
	15.70+0.74a
	16.40+1.42a
	resting frequency

	354.00+5.61d
	680.00+4.01c
	625.00+8.75b
	917.00+13.08a
	Arousal time

	8.70+0.39ab
	15.00+1.29a
	16.00+1.89a
	21.40+1.42a
	Arousal  frequency

	153.00+9.01a
	137.00+2.23c
	123.00+8.61ab
	122.50+0.98c
	Aggression  time

	15.50+0.61a
	16.20+0.84a
	13.40+0.89a
	6.90+0.86a
	Aggression frequency


Means within the same row of different litters are significantly different at (P < 0.01)
Table(2) body weight and hormonal change of tilabia fish inrelation to different stocking density 
	30
	25
	20
	15
	Density 
Body weight

Gm

	30.30+0.86a
	29.90+1.36a
	30.00+1.22a
	30.30+1.15a
	1st Week 

	36.01+0.18c
	36.57+0.12b
	37.40+0.11ab
	39.20+0.99a
	2nd week

	38.14+1.15aba
	39.30+1.08c
	40.13+0.81a
	44.30+0.20a
	3th week

	34.10+0.92ac
	42.30+0.93c
	48.70+0.89b
	56.00+1.89a
	4th week

	0.32+0.041a
	0.36+0.054a
	0. 63+0.39a
	0.77+0.039a
	Growth hormone level(ug/dl)  

	100.28+0.66a
	90.79+3.37ab
	73.50+1.77b
	68.47+1.74c
	Cortisol hormone level(ng/ml)


Means within the same row of different litters are significantly different at (P < 0.01).

Table (3 ) : Effect of different stocking density on productive and  Economic efficiency of Nile tilapia.

	30/
	25/
	20/
	15/ 
	stocking density
Economic analysis

	30.258+ 0.564
	29.38+ 0.685
	30.06+ 0.7035
	29.50+ 0.611
	Averge Initial weight (gm)

	33.677+0.507c
	40.93 +0.637b
	50.207+0.537a
	55.277+0.973a
	Average Final weight (gm)

	3.41+0.7d
	11.55+1.02c
	20.14 +0.93b
	25.77+1.08a

	Weight gain (gm)

	49.702+ 1.945
	49.221+ 2.742
	51.681+ 2.591
	53.365+ 2.362
	Average  intake (gm)/fish

	14.5+0.0506a
	4.261+0.0756b
	2.566+0.0520c
	2.07+0.0475c
	Feed conversion ratio

	0.596+ 0.0233
	0.59+0.0329
	0.620+0.0311
	0.640+0.0284
	Average variable cost(LE)/fish

	2.096+.0233
	2.090+0.0329
	2.120+0.0311
	2.140+0.0283
	Total costs(LE) /fish

	1.515+0.0223c
	1.841+0.0287b
	2.259+0.0241a
	2.487+ 0.044a
	Total return (LE)/fish

	-0.581+0.0232c
	-0.249+0.0505b
	0.139+0.0376a
	0.347+0.0534a
	Net profit(LE)/ fish

	-0.383+0.0184c
	-0.135+0.0287b
	0.061+0.0164a
	0.139+0.019a
	Profitability index

	174+0.607a
	51.132+0.908b
	30.7+0.625c
	24.8+0.571c
	Feed costs /kg weight gain


Means within the same row of different litters are significantly different at (P < 0.01).

Fixed costs of all groups = 1.5 LE ,  Selling cost of fish= 45LE, price of kg diet 12 LE 

Results: from the obtained results in table (1) we found that the feeding and foraging behavior time and frequency (94.00+3.55&144.00+9.79)were improved with stocking density (15 fish in aquaria) and these behavior were depressed with overcrowding. (26.80+1.83&105.00+4.68) on the other hand the surfacing, swimming and resting time were increased with higher stocking rate. The aggression time and frequency were at high level with overcrowded fish grouped. 153.00+9.01 vs122.50+0.98. 

from the obtained results in table (2) we found that the body weight of fish managed with 15 fish at one aquaria was improved in comparing with 30 fish in aquaria (56.00+1.89 gmvs34.10+0.92gm) 

from the obtained results in table (3) we found that the growth hormone was increased with lower stocking density on the other hand the stress hormone(cortisol) was at high level with 30 fish in aquaria.
Productive and Economic Indices

The highest final weight was observed in T15 and T20 (55.277- 50.207 gm respectively) followed by T25(40 .93 gm) At the end of 120 days of fish rearing in cages, production and economics of tilapia at different stocking densities were presented in Table(3 )  . the growth parameters in terms of final weight,  weight gain,  were significantly decreases from lower to higher stocking densities s (P<0.05) . feed intake showed non-significant difference between different treated groups  while Feed conversion ratio (FCR) was significantly increased with increasing fish stocking density. The best FCR was found for the lowest stocking density of T15 and T20 (2.07- 2.566 respectively)  while highest in T30 (P<0.05).
In consideration of economic analysis, total costs and feed costs showed non-significant difference between different treated groups .  total  return  and net profit , performance index, were significantly decrease with increase stocking density.  The lowest feed costs /kg weight gain was obtained in T15 followed by T20 (24.8- 30.7 respectively)
Discussion

The stocking density is the key of any success or failure of any system of management of live stock. Tilapia fish is the most live stock affected by any population disturbance. From our results we suggested that the feeding and foraging behavior time and frequency were improved with stocking density (15 fish in aquaria) and these behavior were depressed with overcrowding. These results were agreed with that obtained with DeOliveira, (2012)  who suggested that improper stocking densities could  badly affect the feeding and social contact between fish,  as well as, Tibile et al., (2016) and  Anras and Lagardere, (2004) cited that with over crowding population lead to suppressing the swimming behavior. Shourbela et al.,( 2017) noted that managing of tilapia in low stocking population improved  ingestive behavior as reflected by the improving Tilapia growth performance .Goes hand by hands  Ellis et al.,(2002) demonstrated that overcrowding of fish  are associated with increased competition, aggression, and physical injury between fish , Salas-Leiton et al, (2010)  & Tibile et al., (2016)  Noted that a high stocking density not only enhancing the attack and escape among fish for space and food but it may also increase the physical injures and mortalities .   On the other hand the our results were disagreed with                                                                                         

 Ashely (2007) who showed that stocking density naturally has among on social facilitation through competition for food.  Ellis et al., (2002) who found that most of stressors including increasing stocking density cause a decrease in feed intake and fish welfare in different fish species through preventing the subordinates from access to food by the dominants leading to loss of their feeding components. Furthermore, Kristiansen et al., (2004) found that high densities causes decrease in food intake so the feeding behavior will decrease. Winberg (1997) mentioned that over stocking density resulted in induced stress that commonly thought to decrease feeding behaviour and decrease food intake. Shourbela et al., (2017)showed that rearing of Nile tilapia in high stocking population is considered persistant stress as it altered the biological performances and ingestive behaviour.                                                                                          
The our results were dissimilar to that obtained with  Kristiansen et al., (2004) who cited that high stocking density population causes surface swimming and abnormal activity, so fish tend to leave the bottom of aquaria  due to poor management and welfare. Anras and Lagardere (2004) who recorded that high fish populations produces abnormal swimming behaviour due to crowding and contact between fish resulting in fin injures and damage.   Wanja et   al., (2020) who mentioned that rearing of fish at high stocking density leads to increase the levels of ammonia, nitrates, nitrites in ﬁsh ponds.                                                                                         

 Regarding, the aggressive behaviour frequency and duration  we found that The aggression time and frequency were at high level with overcrowded fish grouped these results were agree with                                                                                                       

 Whiteman and cote (2004) , Ashley (2007) Gonçalves-de-Freitas et al., (2019)  found that high stocking denisities increases competition, aggressive behaviour, physical injury and  contact between fish, so  the higher probability of fighting between Nile tilapia was occur as well as, shows aggressive interactions to achieve social rank and territory that is marked by aggressive behaviour. These results also agreed with Keeley (2000) who mentioned that high stocking density increase the physical aggression between fish due to increasing aggression rates with increasing poulations. Stejskal et al., (2020) who found that the main sources of fin erosion include abrasion by rough surfaces, nutritional deficiencies and aggressive interactions that are considered a complex phenomenon depending on many factors such as overcrowding and managerial methods. fish population in aquaria is an vital factor affect the fish management as it can affect total fish performance in ponds                                                                       
.   The body weight of fish managed with 15 fish at one aquaria was improved in comparing with 30 fish in aquaria . these results were similar to that obtaine with Mensah et al., (2013) Miao (1992)  as they noted that overcrowding was associated with lower pH and oxygen, SO suggested that the resulting changes in water quality might play an essential factor in affecting growth and body weight  of fish.Suresh and Lin (1992) and Yakubu et al., (2013) found that tilapia fish with low densities showed higher body weight and that the aggression  behaviour was not affected by any densities. Huang and Chiu, (1997) ,Silva et al. (2000)  and Shourbela et al.,( 2017) showed that final body weight gain was improved at low stocking density. Boujard et al., 2002 as well as,Khattab et al., (2004) and El-Sayed, (2006) found that stocking density is an important factor that affect the growth performance where fish density is an important factor affecting growth and maturation of wild and laboratory fish.                          
In contrast Rahman and Marimuthu, (2010) found that the weight gain of tilabia didn’t affected significantly with numbers of fish in the pond.  Abd Al-Hakim et al., (2014) and Tibile et al., (2016) mentioned that averages of final weights of Tilapia suppressed with high stocking density. While Costa et al., (2017) showed that Increase in stocking density caused supression in the final weight of fish.                                                                                     Regardless to the serum hormones level of fish are deeply affected with the numbers of fish in the aquaria. The growth hormone was increased with lower stocking density but the stress hormone(cortisol) was at high level with 30 fish in aquaria                                                                                     

 Our results were agree with Damsgard et al., (2004) whose mentioned that Fish which live in high densities has higher serum cortisol concentrations and more suppressed growth hormon concentrations when compared to fish in lower  and medium population. Poor environmental conditions can also lead to further poor health and welfare through a number of different mechanisms, including impaired acute (adaptive) responses to further stressors, stress related reductions in immune competence, reduced feeding and negative social interactions. Alkaladi et al. (2020) reported a significant in serum GH, FSH, testosterone with a substantial elevation of cortisol .                                                                                                            

Although our results were in contrast with( Costa et al., 2017).as they found that. There was no affect of stocking density on final body weight, blood glucose and serum cortisol concentrations. So, the increase of stocking density affect only the survival of fish, but did not affect the physiological parameters of chronic pressures.
Stocking density of tilapia had a significant effect on growth, feed intake, feed conversion and subsequently on profitability of O. niloticus. Growth performance of tilapia was also influenced by stocking density, with the higher stocking density resulting in poorer growth performance, these results were agree with Mridha et al., (2014) as they mentioned that competition for food and space at higher stocking densities. Poor oxygen level, limited surfaces for proper feeding, more energy expenditure and finally increased stress, as well as, Liu etal., (2019) stated that Increasing stocking density decrease weight and weight gain .The reason behind this might be due to lower density fishes got more spaces and there was less competition for feeds compared to higher density treatments.This result is in agreement with those reported by  kunda etal., (2021)  and  Moniruzzaman et al., (2015) reported that higher biomass of caged tilapia had a significant bad effect on final body weight. This result indicates probably low density stocked fishes might have high efficiency to convert given feed to flesh than fish stocked with high density in terms of growth.

Through the economic analysis we found that even though T15 and T 20 attributed best production performance,  there showed the highest economic return, net profit and performance index  due to preferred market size  selling price of fish and lowest cost per kg weight. In addition, the lowest economic return was found in T30  possibly due to smallest size, l.owest total production and lowest selling price of monosex tilapia which is in agreement with Moniruzzaman et al., (2015)

                                                   Conclusion:          
we could be concluded that the maintenance behavior , growth performance  and profitability of tilabia fish were improved with  low stocking density (15 fish in aquaria) .That the growth hormone was increased with lower stocking density on the other hand the stress hormone(cortisol) was at high level with over crowding . The return and profit were significantly increase with decreased stocking density.                                                                                                  
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