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			ABSTRACT

		

		
			In this study, effects of dietary supplementation of two different hormones on growth, sex conversion and reproduction of electric yellow cichlid, Labidochromis caeruleus were investigated. Moreover, possible negative (sterilization, mortality, reproduction performance etc.) and positive (growth, sex conversation etc.) impacts of hormone administration were also assessed. This study had two experiments. In the first experiment, six experimental feeds were prepared by adding two different hormones (17α-Methyltestosterone (Mt), 17β-Estradiol (Es) at three different doses (20, 40, 60 mg kg-1) and control feed was without hormone. All six experiment groups receiving experimental diets and control were conducted in 3 replicates in 21 aquariums for 3 months in the first experiment. L. caeruleus were fed orally with these hormone-supplemented feeds and growth parameters, sex conversion and survival rate were examined. In the second experiment, fish from the first experiment were fed with commercial cichlid feed containing no hormones and numbers of fry produced was recorded. At the end of 90-day feeding period in the first experiment, the best growth was obtained in 60 mg kg-1 Mt treated group (1.97±0.17 g). Sex conversion to all male population (100% male) was observed in 17α-Mt treated groups, while, conversion to 82.22, 86.67 and 86.67% females was observed in 17β-Es treated (20, 40 and 60 mg kg-1) groups, respectively. In the second experiment, after feeding the fish with a commercial feed for 3 months, fish fry was released from fish mouth and numbers of fry were counted. The present findings revealed that 17α-Mt hormone was more effective in growth and sex conversion, while the survival rate and number of fry produced were negatively affected by the increased dose of both hormones.
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			Introduction

			Inadequate and interrupted supply of feed raw materials increase price of raw materials making serious burdens on feed supply to fish producing industry. In ornamental fish production, the time required to reach a market size is also an important issue. High-protein feeds accelerate and increase growth rate, simultaneously also increase feed cost. Low-protein feeds may reduce feed costs, but they recess growth and development of the fish (Vandenberg and Moccia, 1998).

			Growth promoting agents such as hormones are commonly used in animal raising to accelerate growth and development. 17β-Es (Estradiol) and 17α-Mt (Methyltestosterone) are one of the most effective among anabolic steroids. Such growth promoters supplemented into feeds increase appetite of animals, feed conversion ratio and consequently enhance reproductive performance and number of fry production. Incorporation of these compounds generally increase protein synthesis, improve proteolytic enzyme activity in digestive tract, raise amino acid absorption from intestines and proteolytic enzyme activity of muscles. The primary target in fish rearing is to get desired growth with a minimum expense as feed cost. Several studies have revealed that in aquarium fish rearing, it was possible to achieve marketable size in a short time with the use of growth-promoting hormones and these fishes provided greater economic return. Using these hormones, it is possible to raise fish more economically with less feed consumption. Growth, reproduction and survival rate in fish already undergone sex change are important issues. The primary target in sex change studies in fish is to get higher growth rate. Moreover, reproductive activity may be ceased, thus no fish are produced through breeding. However, limiting the reproduction of ornamental fish may create problems in marketing of aquarium fish species. Similar to various animal species, juvenile production is a significant issue in aquarium fish raising and it is impossible to get economic yield without reproduction (Buttery and Sweet, 1993; Ergun et al., 2010; Gannam and Lovell, 1991; Rendón von Osten et al., 2019; Santandreu and Diaz, 1994; Turan et al., 2005).

			Electric yellow cichlid (Labidochromis caeruleus Fryer, 1956) is a native from the Lake Malawi of East Africa, which is the third largest lake of Africa. Shallow costs of Lake Malawi constitute the natural habitat of this species. Due to its easy reproduction capability, it has a significant place in aquarium fish trade worldwide. Electric yellow cichlid belongs to Cichlidae family under Perciformes order. Males are larger with brighter colors than the females. Under natural condition, males can grow up to 15 cm. Black color is more intense and wider in fins of male fish, but females have fainted and thinner black bands (Lewis, 1982; Morioka and Matsumoto, 2008).

			In this study, effects of dietary supplementation of two different hormones (17β-Es (Estradiol) and 17α-Mt (Methyltestosterone)) on growth, sex change and reproductive performance of electric yellow cichlid (L. caeruleus) were investigated and possible negative impact of hormone treatment, like sterilization was tried to be identified.

			Materials and methods

			In the first trial of study, experimental fish were selected from a stock of 450 fish with an average body weight of 0.64±0.01 g. The selected fish were distributed to 7 groups containing 15 fish and 30 liters water in each and placed in 45 liters (20×45×50 cm) aquariums containing 30 liters water with 3 replicates per group. Commercial cichlid feed in crumbled form fitting to fish mouth was used. The feed composed of 47.5% crude protein, 6.5% crude lipid and 2% crude cellulose. Control feed was not supplemented with hormone, however, other six feeds were supplemented with three doses (20, 40, 60 mg kg-1) of 17β-Es (Estradiol) and 17α-Mt (Methyltestosterone) hormones and fish were fed with these diets for 3 months (TableI). In the experiment, sex conversation of fish were made by looking at first and second sex characteristics. In the second trial of study, previously non-reproduced 1 male (2.59±0.03 g, 6.08±0.04 cm) and previously non-ovulated and to be ovulated for the first time, 4 females (2.24±0.07 g, 5.13±0.02 cm) were selected (sex ratio 4F:1M) from each group at the end of 3-month feeding. They were placed into 12 aquariums (30-liters, 20×45×50 cm) randomly divided into 4 groups containing 3 replicates in each. Also, in the second trial of study, 60 mature fish (48 females and 12 males) were used. Stock aquariums were also arranged for each group. Apart from the control group, the fish fed with 20 mg kg-1 17β-Es and 17α-Mt were placed into the first group (group A), the fish fed with 40 mg kg-1 17β-Es and 17α-Mt were placed into the second group (group B) and the fish fed with 60 mg kg-1 17β-Es and 17α-Mt were placed into the third group (group C). Then, all fish groups were fed with commercial cichlid feed without hormone for 90 days and number of fry produced from each group were observed. The fish with fry in mouth was taken to a separate aquarium, fry were released from the mouth by regurgitation and their number was counted. A daylight photoperiod (12 h light–12 h dark) was applied throughout the experiments. Water temperature, pH, dissolved oxygen and NH4+ values were measured at certain intervals and maintained at constant levels within optimum ranges. 

			Table I.- Chemical composition of the experimental diets used in feeding trial involving the electric yellow cichlid and the added hormone doses to the feed.

			
				
					
					
					
					
					
					
					
					
				
				
					
							
							Chemical composition

						
							
							Diet

						
					

					
							
							1 (control)

						
							
							2 (17α-MT)

						
							
							3 (17α-MT)

						
							
							4 (17α-MT)

						
							
							5 (17β-ES)

						
							
							6 (17β-ES)

						
							
							7(17β-ES)

						
					

					
							
							Crude protein (%)

						
							
							47.5

						
							
							47.5

						
							
							47.5

						
							
							47.5

						
							
							47.5

						
							
							47.5

						
							
							47.5

						
					

					
							
							Crude lipid (%)

						
							
							6.5

						
							
							6.5

						
							
							6.5

						
							
							6.5

						
							
							6.5

						
							
							6.5

						
							
							6.5

						
					

					
							
							Crude fibre (%)

						
							
							2.0

						
							
							2.0

						
							
							2.0

						
							
							2.0

						
							
							2.0

						
							
							2.0

						
							
							2.0

						
					

					
							
							Moisture content (%)

						
							
							6.0

						
							
							6.0

						
							
							6.0

						
							
							6.0

						
							
							6.0

						
							
							6.0

						
							
							6.0

						
					

					
							
							Ash

						
							
							10.5

						
							
							10.5

						
							
							10.5

						
							
							10.5

						
							
							10.5

						
							
							10.5

						
							
							10.5

						
					

					
							
							NFEa

						
							
							27.5

						
							
							27.5

						
							
							27.5

						
							
							27.5

						
							
							27.5

						
							
							27.5

						
							
							27.5

						
					

					
							
							17α-Methyltestosterone mg kg-1

						
							
							-

						
							
							20

						
							
							40

						
							
							60

						
							
							-

						
							
							-

						
							
							-

						
					

					
							
							17β-Estradiol mg kg-1

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							20

						
							
							40

						
							
							60

						
					

					
							
							Proximate analysis

						
					

					
							
							GEb, kj g-1

						
							
							18.53

						
							
							18.53

						
							
							18.53

						
							
							18.53

						
							
							18.53

						
							
							18.53

						
							
							18.53

						
					

				
			

			Vitamin A, 29770 IU/kg; Vitamin D, 1860 IU/kg; E5 Mangenese, 67 mg kg-1; E6 Zinc, 40 mg kg-1; E1 Iron, 26 mg kg-1.a NFE, nitrogen free extract = 100- (% Moisture + % Crude Protein + % Crude Lipid + % ash + % Crude fiber). b GE, gross energy = (% Crude protein × 23.6) + (% Crude lipid × 39.5) + (% carbonhydrates × 17.3) (Koshio et al., 1993).

			YSI Professional Plus meter was used to measure daily temperature, dissolved oxygen, pH and NH4+ values. The average water temperature, dissolved oxygen, pH and NH4+ values were determined as 27.3±0.02°C, 6.89±0.01 ppm, 8.28±0.06 and 3.1±0.05 mgl-1, respectively.

			Fish were fed twice a day manually (at 09:00 and 16:00 h) until satiation. Waste materials were syphoned out every day.

			Growth parameters

			Fish growth performances were calculated according to the following formulas:

			[image: ]

			Where, SGR is specific growth rate, ln is natural logarithm, W0 is initial weight (g), Wt is final weight (g) and t is time in days from stocking to harvesting.
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			The condition factor (CF) of the experimental fish was estimated from the relationship: 

			[image: ]

			Where; W is weight of the fish in g, and L is the total length of the fish in cm.

			Experimental data were subjected to statistical analyses with the aid of “Minitab Release 17 for Windows” software. One-way analysis of variance (ANOVA) was conducted. Group means were expressed in mean ± standard error. Significant differences in means were compared using Fisher’s test at 0.05 significance level.

			Ethical note

			This research was approved by the Ethics Committee of Sinop University with Reference No. MYO-1901-16-22. All the procedures applied in this study took into account the importance of preventing, or at least minimizing, any kind of animal discomfort or suffering.

			Results

			Growth efficiency, survival and sex

			Considering the growth parameters, the highest growth and feed conversion ratios were obtained from 60 mg kg-1 17α-Mt group and the lowest values were obtained from 17β-Es (20, 40, 60 mg kg-1) hormone administered groups (p<0.05). Besides, 17α-Mt hormone groups had better feed conversion ratios than that of other groups (TableII). At the end of 90 days feeding trial, the highest survival rates were obtained from 20 mg kg-1 17α-Mt (84.44%) and control (80%) groups. Survival rate in the treatment groups decreased with increasing hormone dose and especially, 17β-Es hormone groups had significantly lower survival rates than the other groups (TableII). The 17α-Mt hormone was more effective on sex conversion and the fish fed with this hormone were all turned into male fish (100% male) (TableII). On the other hand, in 17β-Es hormone groups, a slight increase was observed in female numbers with increasing hormone dose, but that difference was not found to be significant (p > 0.05).

			Reproductive performance

			Experimental fish were fed with hormone-containing feeds for 90 days in the first stage of the study and then, all fish groups were fed with commercial feed without hormone supplementation for 90 days to identify negative impacts of hormone treatment, like infertility. At the end of the experiments, the highest number of fry was obtained from the control group (268 fry) and the lowest fry yields were obtained from group B (40 fry) and group C (31 fry). The number of fry from control group without hormone treatment in the first stage was significantly different from the fry yields of hormone-treated groups A, B and C (p < 0.05). The number of fry from hormone treated group A was also significantly different from that of the hormone-treated groups B and C (TableIII). This result indicated a decrease in number of fry with increasing hormone doses.

			Discussion

			In several studies, besides positive impacts of hormone treatments on growth, coloration and desired gender fish production, various negative impacts such as increased death rate, low level of sex hormones and infertility were also reported. Such negative impacts of hormones mostly varied based on fish species, hormone type, dose and application mode (injection, supplementation with feed or water) and duration of administration, physical and chemical characteristics of aquarium water.

			This study was conducted in two stages and significant differences were observed in growth parameters (survival rate, condition factor, sex ratio) in the first stage (p < 0.05) (TableII).

			In a study conducted with Colisa lalia (Dwarf gourami) species, Biswas et al. (2014) applied three different doses (5, 10, 15 mg kg-1) of 17α-Mt hormone and reported the best growth in 10 mg kg-1 hormone-treated group. In another study conducted with Oreochromis niloticus (Nile tilapia), 

			Table II.- Growth parameters, feed conversion ratio (FCR), survival rate, condition factor and sex ratio of electric yellow cichlid after 3 months of feeding.

			
				
					
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Groups

						
							
							Control

						
							
							17α-MT

						
							
							
							17β-ES

						
					

					
							
							20 mg 

						
							
							40 mg 

						
							
							60 mg 

						
							
							20 mg 

						
							
							40 mg 

						
							
							60 mg

						
					

					
							
							IBW (g)

						
							
							
							0.64±0.01a

						
							
							0.64±0.01a

						
							
							0.64±0.01a

						
							
							0.64±0.01a

						
							
							
							0.64±0.01a

						
							
							0.64±0.01a

						
							
							0.64±0.01a

						
							
					

					
							
							FBW (g)

						
							
							
							1.61±0.19c

						
							
							1.88±0.12ab

						
							
							1.80±0.21b

						
							
							1.97±0.17a

						
							
							
							1.49±0.15d

						
							
							1.44±0.28d

						
							
							1.44±0.27d

						
							
					

					
							
							Weight gain (g)

						
							
							
							0.96±0.11c

						
							
							1.23±0.14ab

						
							
							1.15±0.12b

						
							
							1.32±0.08a

						
							
							
							0.84±0.12d

						
							
							0.79±0.06d

						
							
							0.79±0.05d

						
							
					

					
							
							WGP (%)

						
							
							
							148.11±16.9c

						
							
							189.72±16.21ab

						
							
							177.39±14.3b

						
							
							203.59±27.12a

						
							
							
							129.62±11.4d

						
							
							121.91±9.83d

						
							
							121.91±10.71d

						
							
					

					
							
							SGR (%/ day)

						
							
							
							1.01±0.09c

						
							
							1.18±0.19ab

						
							
							1.13±0.22b

						
							
							1.23±0.27a

						
							
							
							0.92±0.14d

						
							
							0.88±0.13d

						
							
							0.88±0.18d

						
							
					

					
							
							FCR

						
							
							
							3.16±0.48a

						
							
							2.61±0.88b

						
							
							2.67±0.92b

						
							
							2.21±0.56c

						
							
							
							3.04±0.77a

						
							
							2.53±0.51b

						
							
							3.24±0.89a

						
							
					

					
							
							Survival rate (%)

						
							
							
							80.00±6.65a

						
							
							84.44±3.85a

						
							
							62.20±6.65b

						
							
							62.20±10.18b

						
							
							
							68.8±13.3b

						
							
							64.44±7.47b

						
							
							53.3±17.7c

						
							
					

					
							
							Condition factor

						
							
							
							1.19±0.02c

						
							
							1.18±0.05c

						
							
							1.22±0.07bc

						
							
							1.22±0.03bc

						
							
							
							1.32±0.11a

						
							
							1.23±0.06b

						
							
							1.23±0.05b

						
							
					

					
							
							Sex conversion (%) 

						
							
					

					
							
							
							Male

						
							
							28.89b

						
							
							100a

						
							
							100a

						
							
							100a

						
							
							
							17.78bc

						
							
							13.33c

						
							
							13.33c

						
							
					

					
							
							
							Female

						
							
							71.11b

						
							
							0a

						
							
							0a

						
							
							0a

						
							
							
							82.22bc

						
							
							86.67c

						
							
							86.67c

						
							
					

				
			

			Values (mean ± standard error of means for triplicates) with different superscripts in the same row are significantly different (one-way ANOVA and Fisher’s multiple-range test, p < 0.05). IBW, initial body weight; FBW, final body weight; FCR, feed conversion ratio; SGR, specific growth rate; WGP, weight gain percentage.

			17α-Mt hormone was reported to increase appetite, thus increased feeding rate and accelerated growth (Ajiboye et al., 2015). Greisy and Gamal (2012) reported the best growth of O. niloticus at 60 mg kg-1 17α-Mt treatment. Contrarily to these studies, hormone treatment caused lower growth and development than in untreated group in Betta splendens (Kirankumar and Pandian, 2002). Similarly, Sreenivasa and Prabhadevi (2018) observed a recess in growth and development with increasing hormone doses. George and Pandian (1996) demonstrated that high doses of 17α-Mt and 17β-Es hormones negatively influenced growth and development of zebra cichlids. Carvalho et al. (2014) observed slower growth rates of Centropomus undecimalis treated with 17β-Es hormone compared to that of untreated group.

			Table III.- Total number of fry produced from electric yellow cichlid (Labidochromis caeruleus) fed commercial cichlid feed for 90 days.

			
				
					
					
					
					
					
				
				
					
							
							Time (days)

						
							
							Groups

						
					

					
							
							Control

						
							
							A

						
							
							B

						
							
							C

						
					

					
							
							30

						
							
							31a

						
							
							0b

						
							
							0b

						
							
							0b

						
					

					
							
							60

						
							
							71a

						
							
							46b

						
							
							11c

						
							
							0d

						
					

					
							
							90

						
							
							166a

						
							
							28b

						
							
							29b

						
							
							31b

						
					

					
							
							Total

						
							
							268a

						
							
							74b

						
							
							40c

						
							
							31c

						
					

				
			

			Values (mean ± standard error of means for triplicates) with different superscripts in the same row are significantly different (one-way ANOVA and Fisher’s multiple-range test, p < 0.05).

			Several researchers administered 17α-Mt hormone to different fish species and reported increased male ratios with increasing hormone doses and all fish were reported to be male, especially at high doses (Sreenivasa and Prabhadevi, 2018; Olufeagba et al., 2017; Greisy and Gamal, 2012; Shamsuddin et al., 2012; Kirankumar and Pandian, 2002). Tamaru et al. (2009) applied different doses of 17β-ES hormone to swordtail fish and reported the most appropriate dose for feminization as 400 mg kg-1 (97%).

			Kirankumar and Pandian (2002) determined different hormone doses to Betta splendens and George and Pandian (1998) to Poecilia sphenops species and reported significant decrease in survival rates with increasing hormone doses. Besides, Greisy and Gamal (2012) found the best survival rate at 60 mg kg-1 17α-Mt and Ajiboye et al. (2015) obtained 100% survival in all treated groups.

			In the second phase of study, number of fry produced was investigated. Decreasing fry quantity was observed with increase in hormone doses, however, significant increase in number of fry was observed in the initial months as compared to later months (TableIII). Similarly, Greisy and Gamal (2012) observed a reduced testicular development at hormone doses above 40 mg kg-1. Moreover, 17α-Mt hormone reduced sperm production and natural or synthetic estrogen significantly decreased fecundity and fry output of fish (Pandian and Kirankumar, 2003). Again, 17α-Mt or natural androgen was applied to black molly (P. sphenops) at different doses and reduced sperm counts and courting frequencies were observed with increasing hormone doses. Reduced fertilization rate of eggs was found in black molly with estradiol hormone treatment and hormone-treated groups had lower fry output than that of untreated groups (George and Pandian, 1998). Kirankumar and Pandian (2002) applied 17α-Mt hormone to B. splendens and described functional disorders like low number of sperms, sperm intensity, motility and fertilization rate in all male fish. There was no reproductive activity in 17α-Mt-treated O. niloticus (Olufeagba et al., 2017). Moreover, high androgen doses caused sterility in Cyprinus carpio (Das et al., 1990), and salmon and carp (Pandian and Sheela, 1995).

			In several experiments, gonadal development recessed, ovulation period was negatively influenced, and fecundity and fry production decreased in fish fed with hormone-supplemented diets. George and Pandian (1996) observed that 17α-Mt and 17β-Es treatments reduced gonado-somatic index (GSI) values and fry output of Cichlasoma nigrofasciatum, and thus, hormone treatments negatively influenced gonadal development, ovulation period and egg production. Similarly, delayed reproduction maturity period and decreased number of eggs with increasing hormone treatments were observed in B. splendens (Pandian and Sheela,1995; Kavumpurath and Pandian, 1992) and P. sphenops (George and Pandian,1995). Contrarily, Pandian and Sheela (1995) found that hormone treatment shortened reproduction maturity period of P. sphenops. Similarly, the best GSI in C. lalia was obtained in 17α-Mt hormone-treated group (Biswas et al., 2014).

			Conclusions

			Present findings revealed that 17α-Mt hormone was more effective in growth and sex conversion than that of 17β-Es hormone, and survival rate and fry output were negatively influenced by increased doses of both the hormones. Moreover, 17α-Mt hormone was more effective for growth and sex conversation than 17β-Es hormone in electric yellow cichlid. In this study, it was determined that the use of 17α-Mt hormone in this fish will be advantageous, so that the fish can reach the market size in a shorter time and thereby production cost will decrease. It is also concluded that the most important negative effects of hormone applications are low survival rate, low number of fry production and sterilization when used at high doses over long period.
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In this study, effects of dietary supplementation of two different hormones on growth, sex conversion

and reproduction of electric yellow cichlid, Labidochromis caeruleus were investigated. Moreover, K
possible negative (sterilization, mortality, reproduction performance efc.) and positive (growth, sex
conversation efc.) impacts of hormone administration were also assessed. This study had two experiments.

ey words
Development, Electric yellow cich-

In the first experiment, six experimental feeds were prepared by adding two different hormones lid, Hormone treatment, Reproduc-
(17a-Methyltestosterone (M), 17p-Estradiol (Es) at three different doses (20, 40, 60 mg kg") and control tive performance, Sex conversion.
feed was without hormone. All six experiment groups receiving experimental diets and control were DOI: httpS' //dx.doi org /10.17582/

conducted in 3 replicates in 21 aquariums for 3 months in the first experiment. L. caeruleus were fed .
orally with these hormone-supplemented feeds and growth parameters, sex conversion and survival rate J
were examined. In the second experiment, fish from the first experiment were fed with commercial cichlid *

ournal.pjz/20210105110138
Corresponding author: zakars-

feed containing no hormones and numbers of fry produced was recorded. At the end of 90-day feeding li@)/singp.edu.tr
period in the first experiment, the best growth was obtained in 60 mg kg Mt treated group (1.97+0.17 00:50-992%7‘20227‘0ﬁﬁ'1_-02ﬁ_$—

g). Sex conversion to all male population (100% male) was observed in 170-Mt treated groups, while,
conversion to 82.22, 86.67 and 86.67% females was observed in 17f-Es treated (20, 40 and 60 mg kg™)

9.00/0

groups, respectively. In the second experiment, after feeding the fish with a commercial feed for 3 months, COpyright 2022 Zoological Society
fish fry was released from fish mouth and numbers of fry were counted. The present findings revealed that of Pakistan
170-Mt hormone was more effective in growth and sex conversion, while the survival rate and number of

fry produced were negatively affected by the increased dose of both hormones.

INTRODUCTION

Inadequate and interrupted supply of feed raw materials
increase price of raw materials making serious burdens
on feed supply to fish producing industry. In ornamental
fish production, the time required to reach a market size is
also an important issue. High-protein feeds accelerate and
increase growth rate, simultaneously also increase feed
cost. Low-protein feeds may reduce feed costs, but they
recess growth and development of the fish (Vandenberg
and Moccia, 1998).

Growth promoting agents such as hormones are
commonly used in animal raising to accelerate growth
and development. 17B-Es (Estradiol) and 170-Mt
(Methyltestosterone) are one of the most effective among
anabolic steroids. Such growth promoters supplemented
into feeds increase appetite of animals, feed conversion
ratio and consequently enhance reproductive performance
and number of fry production. Incorporation of these
compounds generally increase protein synthesis, improve

proteolytic enzyme activity in digestive tract, raise amino
acid absorption from intestines and proteolytic enzyme
activity of muscles. The primary target in fish rearing is to
get desired growth with a minimum expense as feed cost.
Several studies have revealed that in aquarium fish rearing,
it was possible to achieve marketable size in a short time
with the use of growth-promoting hormones and these
fishes provided greater economic return. Using these
hormones, it is possible to raise fish more economically
with less feed consumption. Growth, reproduction and
survival rate in fish already undergone sex change are
important issues. The primary target in sex change studies
in fish is to get higher growth rate. Moreover, reproductive
activity may be ceased, thus no fish are produced
through breeding. However, limiting the reproduction
of ornamental fish may create problems in marketing of
aquarium fish species. Similar to various animal species,
juvenile production is a significant issue in aquarium fish
raising and it is impossible to get economic yield without
reproduction (Buttery and Sweet, 1993; Ergun et al., 2010;
Gannam and Lovell, 1991; Renddn von Osten et al., 2019;
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