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2- REVIEW OF LITERATURE

2.1. Feed additives in fish nutrition:

It has been recognized that the feed additives have physiological and economic significance. They are added to the feed of fish to improve growth or reproductive performance and efficient feed utilization or control sexual development. They are commonly pharmaceutical derivatives. Although, good results were obtained with this substances, their use might had unfavorable effects (Public health hazards and/or environmental pollution), therefore, the trend aims to use additives of natural origin (Abd El-Maksoud, et al, 1998 a,b; 1999).

Medicinal and aromatic plants have been used as a spices and medical additives. In recent years, these plants have received increasing attention as spices for human and additive in diets for animals. Spices are well known appetizers and add flavor to otherwise insipid foods. Some of them posses antioxidant properties, antimicrobial and antibiotical activity (Mahran 1967; Boulos, 1983; Chand and Katoch, 1984; Sulliman et al, 1987; Senragle and Muller, 1990; Pradeep et al 1991; Abd Rabo et al, 1992; El-Emary, 1993; Hanafy, 1995 and Morsy, 1995).

2.1.1. Medicinal plants:

2.1.1.1. Allium (Garlic):

2.1.1.1.1. General: 
Common name: Thom.

Botanical name: Allium sativum L., (=Porrum sativum Reh.).

Family: Alliaceae (Lilianae).

Allium is commonly cultivated in Egypt as one of the important crops of annual plants, used widely in daily food preparation. Beside the culinary use of the plant, it is reputed to have wide medicinal applications (El-Emary, 1993). 

The Garlic cultivated area in Egypt is about 35001 Feddan/year and in Fayoum is 1776 Feddan/year. The Garlic production quantity in Egypt is 301270 ton/year and in Fayoum is 15822 ton/year (AS, 2000).

2.1.1.1. 2. Part used:

Allium cloves.

2.1.1.1.3. Chemical composition:

Proximate analysis of Allium is presented in Table (1).

Table (1). Proximate analysis of Allium. 

	Item 
	Authors

	
	1
	2
	3
	4

	Moisture 
	78.7
	79.4
	44.7
	65.6

	Protein 
	3.14
	3.17
	4.6
	1.37

	Fat 
	0.95
	1.2
	--
	1.4

	Fiber 
	--
	--
	--
	2.4

	Ash 
	--
	--
	--
	1.9


1 average of 4 varieties, Flores (1951)

2 average of 20 varieties, Flores (1951)
3 average of 18 varieties, Brewster (1994)
4 Egyptian Garlic, Hariedy (1977)
Minerals content of Allium is presented in Table (2).

Table (2). Minerals content (mg %) of Allium.

	Item 
	Authors 

	
	1
	2
	3

	Ca 
	---
	134.5
	120

	P 
	---
	455
	383

	Mn 
	---
	---
	204

	Fe 
	10-20
	---
	17.3

	Cu 
	---
	0.87
	3.4

	Zn 
	---
	---
	7.95


1, Gusev and Grishina (1963)
2, Rudolf et al. (1978).

3, Hariedy (1977).

Allium cloves are known to contain  alliin degradation products such as allicin, polysulphides, ajoenes, mercaptans, thioglycosides, thiosulphinates and adenosin in addition to selenium (El-Emary, 1993).

Garlic is characterized by the remerkable sulfur containing compounds which give its distinctive smell. These sulfur compounds are responsible for the bioactions of Garlic. Therefore pharmacologists and physiologists gave much consideration to these compounds.

Sulfur components of genus Allium are in form of non-protein amino acid called Alliin which is considered as the precursors of volatile flavour compounds and the general structure of Alliin is; 

O

R – S – CH2–CH (NH2) COOH

(Vernine et al., 1986 and Brewster, 1994).
 In Garlic (Allium sativum) when the fresh tissues are damaged (crushed, minced), the flavour precursors (Alliin) react under the influence of Alliinase enzyme, converting into Allicin which possesses the characteristic odour of crushed Garlic.

Allicin is unstable, highly-reactive compound, once released inter reacted and decomposed producing a wide range of volatile compounds which give the distinctive smell of Garlic. These steps can be illustrated in the following scheme:. 

                      O              NH2
R – S – CH2 – CH – CO2H                                   Alliin

                                                                                             Alliinase

                   R – SOH    + (NH3 + CH3 COOH)

R – S – S (O) – R                               Allicin

                                                                                                      O

R – S – R              R – S – S – R          R – S – S – S – R       R – S – S - R

                                                                                                       O

Diallyl mono sulfide      Diallyl disulfide           Diallyl trisulfide             Thio sulfonates

(Cavallito and Baily 1944, Vernine et al., 1986 and Brewster, 1994)

Although, all sulfur compounds of genus Allium originally produced from Allicin, there were a series of sulfur containing compounds which were isolated and identified from Garlic. These sulfur containing compounds varied in their qualitative and quantitative traits.

The patterns of Garlic constituents of volatile sulfur compounds were reported. Vernine et al. (1986) analyzed the volatile sulfur compounds in essential oils from Garlic species, which were cultivated in various countries; Egypt, France, Turkey and China. The volatile sulfur compounds of Egyptian Garlic oil were; diallyl​-disulfide ((50.5), diallyl trisulfide (30.1 %), Allyl - methyl trisulfides (6.05 %) diallyl sulfide (5.45 %), Allyl-methyl disulfide (2.35 %), Allyl methyl sulfide (0.9 %) and dimethyl trisulfide (0.9 %). Also they added that, Egyptian Garlic oil contains the highest ratio of diallyl disulfide and the lowest for diallyl trisulfide as compared with other species. The differences in sulfide components between different species may be attribute either to various precursors or to dismutation reactions of disulfide derivative during gas chromatography analysis.

Laakso et al. (1989) analyzed the fresh Garlic volatile compounds and recorded that, the major constituents were; (diallyl disulfide (29.5 %), diallyl trisulfide (13.3 %), diallyl sulfide (10.8 %), allyl methyl trisulfide (7 %) and allyl methyl disulfide (6. 1 %).

Horie et al. (1992) reported that, dially tri, tetra, penta, hexa and hepta sulfide are the major constituents of polysulfide compounds in Garlic.

Sandl and Wagner (1991) quantitatively determined, Alliin, methyl cystein sulfoxide, Allicin, methyl allyl thio sulfnate and dimethyl thio-sulfnate as the flavour precursors compounds in Garlic. Their corresponding values on dry matter basis were, 2.1 %, 0.3 %, 1.26 %, 0.14 % and 0.01 %,  respectively.

Commercial Garlic preparations without or with allicin and/or ajoene were analysed by Sheen et al. (1994). They found that allicin and or ajoene containing samples, one contained 86 % allicin; another 4 samples contained diallyl disulfide (12-44%), methyl allyl trisulfide (11-29%) and diallyl trisulfide (8-14%). In the 5 samples which did not contain allicin and/or ajoene, one had a high content of 2-vinyl-4H-1,3 dithiin (61%); the other 4 samples contained diallyl disulfide (42-58%), methyl allyl trisulfide (4-13%) and diallyl trisulfide (7-39%).

2.1.1.1.4. Pharmacological properties and medicinal uses:

El-Emary (1993) indicated that Garlic oil or extracts from Garlic bulbs have been reported to show bactericidal, antiviral, antihistaminic, diuretic, antibiotic, hypoglcaemic, hypotensive, analgesic, expectorant, antioxidative and fungicidal activities. A decrease in serum lipids and cholesterol contents as well as prolonged bleeding and clotting time and increase fibrinolytic activity was reported on ingestion of Garlic oil or extracts. Also, he indicated that the juice acts as insect repellant and neutralizes the poison of their bites and stings.
Regarding the effect of Garlic as hypolipaemic or hypo-cholesterolaemic agent, many authors found that reduces blood cholesterol and the levels of total lipid and triglycerides in serum and liver of white leghorn pullets (Qureshi et al., 1983 and Reddy et al., 1991),  broiler chicks (El-Nawawy, 1991; Horton et al., 1991; Sklan et al., 1992; Konjufca et al., 1995; Ayoub, 1996 and Konjufca et al., 1997) and rabbits (Jain, 1976; Bordia et al., 1977; Jain and Koner, 1978; Mirhadi et al., 1983; Abd Rabo et al., 1992 and Khalid et al., 1995). While its effect on blood proteins was insignificant as reported by El-Afify (1997).

Antimicrobial effect of Garlic has been reported by Abdou et al. (1973); Kiminoto et al. (1978); Elnima et al. (1984); Srivastava et al. (1984); Shashikanth et al. (1986 a, b). And the antifungal property of Garlic has been reported by Prasad and Sharma (1981); Mabrouk and El-Shayeb (1981); Sharma et al. (1981); Mohawed et al. (1996); Nielsen and Rios (2000). Also, Block et al. (1984), found that Garlic has antithrombotic effect due to its ajoene component. And Afzal et al. (1985), used it to control off Atheroscherosis and Slepko et al. (1994) and Wuryastuti (1995) indicated that it has theraputic effect on coronary and vascular diseases and digestive and lipid metabolic disorders. Sigounas et al. (1997) found that S-allylmercaptocysteine inhibits cell proliferation and reduces the viability of erytholeukemia, breast and prostate cancer cell lines.

Although Garlic has been recommended widely in folk-medicine and some drug companies produce gelatin capsules of Garlic extracts or oil. Sever allergic, derma-tological, endocrine and gastro-intestinal reactions and disturbances have been reported, especially on ingestion of fresh Garlic bulbs. Taking extracts, may cause nausea, vomiting, diarrhoea, contact dermatitis, irrition of rectal mucosa and sometimes sever asthmatic attacks (El-Emary, 1993). 

The use of Garlic or its constituents as hypolipaemic or hypocholesterolaemic agents have been widely investigated not only to reduce blood cholesterol, but also to suppress the levels of total lipid and triglycerides in serum and liver of different experimental animals. Lipid reducing action of Garlic can be attributed to their contents of organic disulphides, which are good acceptors of hydrogen and their biological actions, may be ascribed partly to their reaction with thiol     (O-SH) group substances and partly to that with reduced pyridine nucleotides (Augusti and Mathew 1974 and Admue et al., 1982).

2.1.1.1.5. Garlic in poultry nutrition:

El-Nahla (1983) fed Hubbard broiler chicks from one day up to 35 days of age diets with 2 % dried Garlic or onion. She reported that, up to 4th  week of age, body weight of both Garlic and onion fed chicks were higher than that of the control group, whereas at 7th  week of age the average body weight were similar within all treatments. She also stated that, Garlic diet fed chicks consumed the highest value of feed, followed by onion - diet fed chicks compared to the control group. E1-Nawawy (1991) stated that average body weight of Hubbard broiler chicks was significantly improved by about 5 %, 16 % and 6 % respectively with feeding a diet containing 1 % (dry matter basis) Garlic, onion, Garlic + onion. Feed consumption values of the three treated groups were higher than those of control, whereas feed conversion ratios were nearly identical within all treatment groups. Horton et al. (1991) reported that, average body weight gains of broiler chicks during the first 21 days of age, were increased compared to control one by feeding Garlic powder at levels of 0.1, 1 and 10 g/kg diet. The highest value of body gain was obtained by feeding Garlic powder at a level of 1.0 g/ kg diet. Furthermore, Day and Samanto (1993) reported that, when four groups of broiler chicks were fed on diets with 0, 0.25 % and 0.5 % Garlic powder or 0.01 % aureomycin growth promoter, the final body weight were 552, 586, 636 and 650 g respectively. Sklan et al. (1992) didn’t find any effect on average body gain or feed conversion ratio of chicks fed diet containing 2 % lyophilized (freez- dried) onion or Garlic, for 14 days. Konjufca et al. (1995) stated that, adding 1.5 %, 3.0 % or 4.5 % Garlic powder to the starter diets of broiler chickens, for two weeks had no effect on body weight gain

Qureshi et al. (1983) fed White Leghorn pullets for 4 weeks, diets with 3.8 % Garlic paste or the equivalent amounts of gar1ic extract and Garlic oil. They reported that, average body gains, feed consumption values of treated groups were similar to those of control.

Prasad and Pandey (1995) investigated the effect of feeding cocks of poor growth layer strain on diets containing 0.25 or 0.5 % Garlic powder as compared with chlorotetracycline antibiotics. They found that, body gain of 0.25 % Garlic-fed chickens was higher than that of those fed 0.01 % antibiotics. There were slight improvements in feed conversion ratio of 0.25 % Garlic- fed chickens, as compared with other treatment groups.

The contradictory results among the findings of the authors mentioned above may be due to rearing conditions, the Garlic level used and the length of treatment period.

El-Emary (1993) reported that chickens lay more eggs when Garlic is mixed with their food.

Regarding fish, Ali (2001) studied the effect of Biogen (commercial product, its main ingredient are allicin, germanium and high unit hydrolytic enzyme) as a feed additive on growth performance of Nile tilapia fingerlings. He tested three dietary levels (0.0, 0.5 and 1.0 kg/ton) of Biogen. He found that increasing Biogen supplementation positively affected (P<0.05) the Nile tilapia biomass at harvesting, feed utilization and economic efficiency.

2.1.1.2. Fenugreek:

2.1.1.2.1. General:

Common name: Helba

Botanical name: Trigonella foenum graecum Linn.

Family: Leguminosae

Fenugreek is the annual popular herb cultivated in Egypt for its fodder, culinary and medicinal uses

The cultivated area of Fenugreek in Egypt is about 49435 Feddan/year and in Fayoum is 2754 Feddan/year. The production quantity of Fenugreek in Egypt 52633 ton/year and in Fayoum 2531 ton/year (AS, 2000).

2.1.1.2.2. Part used:

The young shoots of Fenugreek which are 30-50 cm high form a favorite vegetable to the Egyptians. The seeds of the plant form the medicinally used part from the plant.

2.1.1.2.3. Chemical composition:

The seeds of Fenugreek contains up to 28% of mucilage, 22% of proteins, 6% of fixed oil, a saponin and two quaternary bases choline and trigonelline (El-Emary, 1993).

Udayasekhara and Sharma (1987) determined the chemical composition of Fenugreek seeds. They found that seeds contained 25.5% crude protein, 7.9% fat, 4.8% unavailable carbohydrates, 20% mucilaginous matter and 48% saponins. Also they reported that Fenugreek seeds were less in starch. Minerals analysis of Fenugreek seeds showed values of 70.2, 368, 12.6, 6.9 and 160 mg/100 g for Ca, P, Fe, Zn and Mg, respectively. In addition, Osman and Simon (1991) revealed that protein concentrate of Fenugreek seeds are rich in lysine, being 6.51 g/100g CP, whereas they are deficient in methionine, cystine and tryptophane, being 0.71, 1.09 and 1.03 g/100 g CP, respectively. Fenugreek seeds contain high level of an unusual free amino acid identified as (4-OH isoleucin) that represents nearly 80% of free amino acids in dry seeds (Sauvaire et al., (1993).

Furthermore, Gupta et al. (1996) postulated that Fenugreek seeds are rich source of protein which ranged between 18.81 to 26.83%. They found that acid detergent fiber (ADF) and neutral detergent fiber (NDF) ranged between 13.5 to 16.6% and 37.8 to 48.4%, respectively. They reported also that the highest value of fatty acid was recorded for linoleic followed by oleic and then linolenic, whereas the lowest value was reported for palmatic acid. Hemavathy and Prabhakar (1989) reported that the fatty acids composition of Fenugreek seeds showed that oleic acid was the predominant fatty acid being 52.6 g/100 g oil followed by linoleic acid being 40 g/100 g oil, whereas the other fatty acids were present to the extent of less than 2.7 g/100 g oil of Fenugreek seeds.

2.1.1.2.4. Pharmacological properties and medicinal uses:

The seeds are widely used as food for breast feeding women due to its high content of mucilage, proteins and fixed oil. It is also used as a bitter stomachic, appetizer and hot drink in winter sweetened with sugar, honey or molasses (El-Emary, 1993). Also, he indicated that it was well known to the ancients, who used the herb as a cattle fodder and now it is used in veterinary medicine and occasionally as spice in curry powders. 

It is used as an aroma component in food due to its strong reminiscent odor (Rapior et al., 2000). Mansour and Khalil (2000) indicated that it has antioxidant activity, Broca et al. (1999) found that it has antidiabetic properties due to its content from 4-hydroxyisoleucine, an amino acid which potentates insulin secretion in a glucose-dependent manner and Vetrichelvan et al. (1998) and Solomon et al. (1999) found that Fenugreek induced hypoglycemia in rats. Sowmya and Rajyalakshmi (1999) found that Fenugreek seeds reduced total cholesterol and LDL levels in humans (men and women) who consumed 18 g germinated Fenugreek per day. Also, Uma et al. (1998) found that Fenugreek seeds reduced the deposition of cholesterol on aorta walls and reduced the number of aorta lesions. Steroidal sapogenins from Fenugreek are used in the pharmaceutical industry (Taylor et al., 1997).

2.1.1.2.5. Fenugreek in animal nutrition:

Attia-Ismail (2000), fed growing Barki lambs on 0, 10 and 30g of Fenugreek seeds/head/day .he found that DM intake increased gradually as the level of Fenugreek seed increased.

Al-Shaikh et al. (1999) studied the effect of feeding Fenugreek seeds as a part of dairy goats ration in the concentrate at levels of 0.0, 25 and 50%, respectively. The diets were similar in CP and ME. Ration 2 (25% Fenugreek) showed higher daily milk yield and fat percentage followed by the 1st ration (0.0 Fenugreek, control) and 3rd ration (50% Fenugreek), respectively. There were no significant differences in plasma total protein, albumin, globulin, cholesterol, glucose and total lipids among the three treatment groups. Allam et al. (1999) fed forty two Zaraibi bucks on six dietary treatments. The control diet (D1) was feed additives free, D2 (control + mixture of medicinal plants consisted of 15 mg dried Garlic + 25 mg dried Nigella sativa + 125 mg dried  Fenugreek + 15 mg chamomile/kg live body weight, LBW), D3 (control + 60 mg dried Garlic/kg LBW), D4 (control+ 100 mg dried Nigella sativa/kg LBW), D5 (control + 500 mg dried Fenugreek seeds/kg LBW) and D6 (control + 60 mg dried chamomile /kg LBW). Their results showed that the highest average daily feed intake was obtained with Fenugreek and Garlic diets. They added that the averages of milk yield were 1.145, 1.432, 1.624, 1.677, 1.536 and 1.846 kg/day for D1, D2, D3, D4, D5 and D6 respectively. However, milk composition was not affect by treatments. Moreover, Kholif (2001) fed nine lactating Baladi goats on three rations, control ration consisted of 50%:50% concentrate mixture and berseem clover, treatment rations were T1 (control + 10 g Fenugreek seeds/head/day) and T2 (control + 5 g Nigella sativa seeds/head/day). He showed that milk and FCM yields were higher in T1 and T2 than those of control. However, milk composition was not affected by treatments except that lactose content was higher (P<0.05) in T2 than those of T1 and control, respectively.

The same trends were obtained by Tomar et al. (1996); Abo El-Nor (1999) and El-Saadany et al. (1999) with lactating buffaloes.

Rashwan (1998) reported that the supplementation with 12 g/kg diet for New Zealand white rabbit showed litter gain weight and preweaning mortality rate of pups from birth to 21 days of age improved (P<0.01 and 0.05) with anise, Fenugreek and caraway supplementation. Serum total protein and total lipids decreased (P<0.01) with Fenugreek addition; feed efficiency values were higher with anise, Fenugreek and caraway supplementation compared with the control group.  

Spermatogenesis was promoted in the testes at doses of 1.5 and 2.0 g/kg diet than (0.0 and 1.0 g/kg) for the male albino Wistar rats (Effraim et al., 1999).

2.2. Reproduction in tilapia fish:

2.2.1. Taxonomy of tilapia fish:

Nile tilapia is one of the most important species among Cichlidae family. Almost 80 species of fish are referred to be the common name tilapia but only eight or nine species feature significantly in aquaculture (Schoenen, 1982; Pullin, 1983). 

Hichman et al. (1989) summarized the taxonomy of tilapia as follows:

Phylum      : Chordata

Subphylum: Vertebrata

Super class : Gnathostomata

Class          : Osteichthyes 

Subclass     : Actinopterygii 

Super order : Teleostei 

Order          : Perciformes

Suborder     : Percoidei

Family        : Cichlidae

Genus       : Oreochromis
Species      : niloticus 

Three main genera are now generally recognized in the following Table based on the taxonomic revision published by Trewavas (1983). In addition to anatomical characteristics, her criteria for generic distinction includes the following differences in their reproductive biology: Tilapia (substrate spawners), Sarotherodon (paternal or bi-parental mouth brooders) and Oreochromis (maternal mouth brooders).

Although substrate spawners, Tilapia species also care for their eggs and young and will even transfer their eggs by mouth from one territory to another (Bromage and Roberts, 1995).

	Genus 
	Mode of reproduction
	Important species of aquaculture

	Tilapia 
	Substrate spawners (guarded nests)
	T. zillii

T. rendalli

	Sarotherodon 
	Paternal or bi-parental mouthbrooders
	S. galilaeus

	Oreochromis 
	Maternal mouthbrooders
	O. niloticus

O. mossambicus

O. aureus

O. andersoni

O. macrochir

O. spilurus


Low egg production per spawning and lack of spawning synchrony among tilapia females constrains the management of mass seed production (Jalabert and Zohar, 1982; Little et al., 1993) and this impacts upon the tilapia industry as a whole. As large numbers of parental stock are required in order to meet the demand for seed (Mires, 1982; Little et al., 1997), a hatchery operator has to maximize seed output by exploiting the reproductive potential of his/her broodstock (Springate and Bromage, 1984; Macin​tosh and Little, 1995). 
2.2.2. Reproductive cycle: 

The Nile tilapia can mature sexually within 6 months and breed when still very small (i.e. below 40g). This diversion of energy from growth into reproduction is a natural phenomenon shown by wild tilapias under certain conditions (Iles 1973), but it becomes acute within cultured populations (Mair & Little 1991). Once mature, tilapia females produce multiple batches of eggs, the oral incubation of each egg batch being followed by only a short period of recovery before they are ready to breed again.

A mature female visits the nesting area or ‘lek’, where adult males are actively displaying. Courtship and ovulation are rapid, with the female picking up the eggs in her mouth as soon as they have been released at ovulation and fertilized. On average, O. niloticus produces from several hundred to about 2000 eggs per batch. Then there is an incubation period of about 10 days, when the female leaves the nesting area to quietly carry her egg batch until the fry are ready for release. There may be a short nursing period thereafter, usually 1-4 days, during which the female continues to protect the fry even though they have left her mouth and are feeding for themselves. Because the female does not feed during the period of incubation, a phase of intense feeding and recovery follows, usually lasting about 2-4 weeks, before she is ready to spawn again.

Approximately 1 month, on average, is required for a female tilapia to complete each reproductive cycle. Breeding may not occur every month, but under favourable environmental conditions a female Oreochromis will normally produce several batches of young in a year. Macintosh (1985) found that egg production by groups of O. mossambicus and O. niloticus females maintained under identical and constant conditions in glass aquaria was equivalent to 11 and 6 egg batches per female per year, respectively.
2.2.3. Fecundity:

Fecundity is defined as the total number of ripe eggs which will be released by a female fish in a spawning season. It is very flexible in fish. Many factors have been suggested as possible determinant of egg production including the nutrition, husbandry conditions and genetic make up of the broodstock and fertilized zygot, and the size, chemical composition, microbial colonization and also over ripening of the egg. In addition to egg number or fecundity, the other parameters which is often considered in assessing the egg production capability of broodfish is the size of egg produced. This is because egg size is considered at least to be a determinant of egg quality (Asem, 1992 and Bromage et al., 1992).

The study of fecundity is of extreme importance in the biology and in forecasting the population dynamic of fish. In the study of fecundity two terms are generally applied; these are the absolute fecundity and relative fecundity. The absolute fecundity is defined as the total number of ripped eggs spawned by one female in a spawning season or year. The relative fecundity designates the number of eggs spawned per unit weight or length (Nikolskii, 1963 and Alheit, 1988).

In fish with short spawning period, fecundity is estimated on the basis counting the more advanced groups of eggs, which are only spawned in the spawning season. But in fish having prolonged spawning period, there are many different groups of eggs ripen gradually and are ready to be spawned one after the other in the same season. Any how, the counting of the different generations of yolk eggs was possible in some prolonged spawners fishes, but in others it was difficult to assort the different generations of the yolky eggs (Asem, 1992). Nikolskii (1963) proposed that fecundity is not a stable characteristic of fish, but varies according to the species, and the change in the environmental conditions. Sometimes there are changes in the fecundity of the same species in different years and locations.

In general, fecundity is high where the eggs are liberated into open marine waters and is low in fresh water species where some have parental care like O. nuloticus, O. aureus and S. galllaeus.

The stages of gonad maturity were standardized according to the shape of gonads, the portion it occupies in the body cavity (i.e. its size), colour of the eggs in the ovary, and the condition of milt in testis.

Zaki et al. (1986) identified seven maturity stages for Clarias larzera; they are thread, immature, mature, nearly ripe, ripe, spawning and spent. On the other hand, Hjort (1910) and Sakum  and Butskaya (1968) identified six maturity stages to the gonads, they are Immature, mature, nearly ripe, ripe, ovulation and spent.

Monthly analysis of the distribution of maturity stages is one of the methods used to determine the spawning seasons (Asem 1992). The seasonal changes in gonadal weight was more pronounced in females than in males. Love (1970) has pointed out that many fish were mature when reach a critical size rather than a particular age. 

The indication of spawning in Tilapia nilotica was identified by the first appearance of stage (V) were ripe fish appeared in May. Maximum percentages were noticed in July, followed by August. Spent males (Stage VI) appeared earlier, (at June) than females, in July. Such results ensure the accomplishment of spawning just after the ripening of gonads. In October, (78.6 %) of the females and (90 %) of the males spent fish indicated the end of spawning season (EI-Shazly, 1993). The same author concluded that in tilapia species spawning takes place from March to November. The maximum spawning activity takes place during July and August. The time sequence of the maturity stages of males was nearly the same as that of females.
2.2.4. Factors influencing the spawning success of Nile tilapia:

Reproductive performance of Nile tilapia is affected by many factors; selection of broodfish, environmental conditions, (food, water quality parameters, photoperiod and light intensity) and other management techniques as shown in Fig. (1).

2.2.4.1. Selection of broodfish:

2.2.4.1.1. Genetic effects:

Choosing strains for potential broodstock can have profound effects on the number and size of eggs produced by farm (Bromage and Roberts, 1995). The wide variations in age at first maturity, fecundity and the frequency of spawning among species and individuals within the species indicate that there is much room for improvement of broodstock performance by selection (Kirpichnikov, 1981; Mires, 1982; Pullin and Lowe-McConnell, 1982; Macaranas et al., 1997). These reproductive traits  are determined by many genes,  which  might be  improved through 

selection of superior individuals in order to exploit additive genetic effects (Pullin et al., 1991). However, genetic research in tropical fish remains in its infancy (Eknath et al., 1991; Macintosh and Little, 1995). As tilapias breed  throughout  the year   (Phillips  and Kohler, 1991)  and they have relatively short generation periods, there are good possibilities for manipulat​ing growth and reproductive traits through genetic research. 

Selective breeding may improve growth and reproductive traits. However, potential hazards of inbreeding (Tave, 1988) should be avoided through proper planning of individual and family selection which can be accomplished in hapas within ponds (Gjedrem and Fjalestad, 1997). Uraiwan (1988) found that first generation O. niloticus offspring produced from parents selected for early maturity matured 11-14 days earlier and grew 22-24% bigger as compared to the offspring produced from parents selected for late maturity indicating that these are correlated traits. 

2.2.4.1.2. Broodfish age and size:

Several spawns may be developed and reabsorbed before the first spawning. The age at which a female first spawns, therefore might not indicate the time of first maturity (Peters, 1983). In general, absolute fecundity (number of eggs per spawning) increases up to a certain age then declines; but relative fecundity (number of eggs per unit weight of female), which is highest at younger ages, declines before absolute fecundity (Nikolskii, 1969). Moreover, older females spawn less frequently (Nikolskii, 1969) or may stop completely (Lowe-McConnell, 1955). On other hand, Bromage and Cumaranatunga (1988) reported that fish age appears to be much less important in determining fecundity, they added that the increases in egg number with age probably being due to concomitant increases in fish size. In tilapia, females maturing earlier at smaller size produces smaller eggs but relatively more eggs than a larger fish per unit body weight (Hughes and Behrends, 1983; Rana, 1988). In general, females that grow and mature rapidly tend to stop spawning and die earlier (Nikolskii, 1969). However, no study has been conducted on this concern in tilapias.

 One of the most important factors influencing both the number and size of eggs is the size of the broodfish. Generally, as fish size increases so does fecundity and the diameter of the eggs produced (Rana, 1986, 1988 and Bromage and Roberts, 1995). Some authors have indicated that number of eggs produced is related to body length (Lowe-McConnell, 1955; Welcomme, 1967; DeSilva, 1986; Rana, 1986) while others have claimed that it is more related to the body weight of the female (Peters, 1983; Rana, 1988). However, relative fecundity decreases with maternal age, weight and length (Rana, 1986). Nile tilapia females of larger size were found to produce more and bigger eggs (Rana, 1986) and more fry per female (Guerrero and Guerrero, 1985), while smaller females spawn more frequently (Guerrero and Guer​rero, 1985). The higher productivity achieved from smaller broodstock can probably be explained by their more rapid recovery after fry release, i.e. shorter inter spawning interval (Bromage and Roberts, 1995). 

According to Wooton (1979) larger fish have greater fecundities, so the increase in growth should also increase egg numbers, based on the results of telost fish. Siraj et al. (1983) worked on tilapia nilotica females of mean weights of 48.5, 156.5 and 293.5 g, cleared that, their spawning rates were 64%, 69% and 80%. Fry sac lengths were 4.28 mm, 4.55 mm and 4.61 mm. Hatchability averaged 78.3%, 85.5% and 87.5% and fry survival rate was 91.3, 96 and 98.3%, respectively.

El-Shazly (1993) noticed an increase in the absolute fecundity with the increase in total fish length, weight and age of tillapia species (O. niloticus, O. aureus, S. galilaeus and Tilapia zillii). He added that the relative fecundity dropped against the three parameters (length, weight and age). He found also that, the number of eggs of T. zillii was about 3 to 4 times the other three species. This result related to the fact that T. zillii is substrate spawner. O. niloticus has the highest number of eggs at the same length. S. galulaeus came in the second and the third one was O. aureus.

In a commercial seed production, medium-size tilapia broodfish (150-250 g) are preferred. However, many broodfish can start to breed when they are as small as 60 g, which can be achieved within a maturation period of 6 months after hatching. Broodfish are usually discarded after attaining more than 300 g as bigger fish is difficult to handle during harvesting of seed.

2.2.4..2. Selection of feed

Nutrition has an indirect effects on fecundity (through its influences on fish size) and a direct effects on fecundity and egg size. Modification in the ration of fish can significantly affect the fecundity of broodfish and their ability to mature as well as the size of eggs produced (Bromage and Roberts, 1995). The nutritional requirements of female tilapia are greatly affected by their unique mode of reproduction. Mouth-brooders deprive themselves of food throughout each period of oral incubation. Since female Oreochromis can produce several broods in succession, they may ingest food for only 4-5 days between non-feeding incubation periods each lasting 10-13 day (Macintosh, 1985). In the often short feeding periods between broods, female tilapia have to feed voraciously to regenerate body condition lost during incubation and obtain energy to support further reproductive activity. Studies with tagged fish have shown that body weight loss is well correlated to the duration of incubation (Little, 1989). 

Adult Nile tilapia (Oreochromis niloticus) are omnivores (Philippart and Ruwet, 1982) and feed on detritus, blue green or green algae, diatoms, macrophytes and bacteria (Bowen, 1982). Selection of feed for tilapia broodfish depends mainly on the culture system performed. 

In tilapia, quantity and quality of food affects both the frequency of spawning (Hughes and Behrends, 1983; Guerrero and Guerrero, 1985; Macintosh and Little, 1995) and the number of seed per clutch (e.g. Guerrero and Guerrero, 1985; Rana, 1986, 1988; Macintosh and Little, 1995). The availability and cost of broodstock feeds are major factors considered by commercial hatcheries but most nutritional trials to date have been conducted in clear water systems with semi-purified diets (e.g. Wee and Tuan, 1988; Gunasekera et al., 1996 a,b). The interaction between the nutrition regime of broodfish, both before and after the onset of maturation, and their spawning environment seems important in determining the strength of hierarchies between spawners and consequently their spawning performance. 

2.2.4.2.1. Protein

Reproductive output is maintained at the expense of somatic growth. However, supply of inadequate protein for long periods results in slow ovarian recrudescence (Gunasekera and Lam, 1997), prolonged intervals between spawnings (Gunasekera et al., 1996b) and a complete halt to reproduction. Broodfish should, therefore, be provided with optimum levels of protein in the diet from the young age up to the egg producing stage.

In a study by Gunasekera et al. (1995), Nile tilapia fingerlings fed a low protein diet (<17%) did not show oocyte maturation, females fed 25% dietary protein showed slow oocyte growth, whereas females fed > 32% protein level had early oocyte growth and maturation. As there was no significant difference in oocyte growth and final maturation between 32% and 40% protein diets groups, 32% protein seems to be adequate for tilapia broodfish. Moreover, the protein level required for the normal growth of Nile tilapia seems to be sufficient for broodstock maturation. A dietary level of 35% CP resulted in optimum growth and spawning by Oreochromis niloticus broodstock held in clear water tankes (Wee and Tuan, 1988). In the same study, higher protein levels in the diet (42-50% CP) stimulated earlier maturation and resulted in larger eggs and slightly higher hatching rates, but had a negative effect on spawning frequency and fecundity.   

Dietary protein supply affects protein content of eggs, number of eggs per spawning and the spawning interval in Oreochromis niloticus. In tanks with semi-purified isocaloric diets, O. niloticus females fed with 35% protein diet produced eggs with significantly higher protein than females fed on 10% and 20% protein diets (Guna​sekera et al., 1996a). In the same study, females fed on 20% and 35% diets produced higher number of eggs per spawning than those on 10% protein diet.

Wee and Tuan (1988) conducted a more elaborate study in concrete tanks with re-circulated water system. The protein levels used in the experiment were increased from 20% to 50% at increments of 7.5%. They reported that the optimum dietary protein level for spawning O. niloticus was 35%. Broodstock fed on the diet containing 20% protein, spawned only after 58 days, whereas other groups fed on diets containing medium and higher protein levels (27.5, 35, 42.5 and 50%) spawned earlier (< 49 days). Moreover, the absolute and relative fecundities were found to be significantly higher in the fish fed with medium dietary protein levels (27.6 and 35%) than those fed with higher protein levels (42.6 and 50.1%), as high protein diets produced heavier and larger eggs at longer spawning intervals, i.e., lower spawning frequency. Dietary protein levels suitable for green water systems have not yet been determined. Most of the commercial tilapia hatcheries in Thailand, therefore, use commercial feeds containing 25-27% crude protein (Bhujel, 2000).

The effect of dietary protein levels on ovary weight, gonadosomatic index (GSI) and spawning performance of the adult dwarf gourami (Colisa lalia) was studied. Diets contained 5, 15, 25, 35 or 45% protein levels based on casein and fish meal. Four month-old gourami fed on the 35%-protein diet for 20 weeks had the highest mean ovary weight and GSI while those fed on the 5% protein diet had the lowest. Females fed on the 35% protein diet produced the greatest number of eggs, while those fed on the 5% protein diet produced the least (Shim et al., 1989). 

Zhang et al. (1990) found that dietary protein had a significant effect on eggs retained of rainbow trout 2 years old. Fish reared on a high-protein, high-energy diet retained 41.5 ml, which was significantly higher than the 29.4 ml retained by females reared on a low-protein, low-energy diet. The volume of eggs retained by females reared on a commercial control diet (intermediate levels of protein and energy) was 36.5 ml. Differences in volume of eggs retained among weeks of the spawning season were not significant. 

Santiago et al. (1991) showed that a higher dietary protein level enhanced reproductive performance in bighead carp (Aristichthys nobilis) in terms of total weight of eggs per female and total number of eggs per spawn. Ali  (2001) studied four levels of CP (25, 30, 35 and 40%) for tilapia broodfish and found 35% CP is the best level of CP for egg production and high hatching.

In general, it was concluded that egg numbers were affected by the protein content of diet up to some critical level, beyond which excess protein has no further effect. There level may be affected by age, size and species.

2.2.4.2.2. Lipids

Significant changes and mobilizations of lipids take place during embryonic develop​ment; therefore, the importance of lipids in broodfish nutrition has been emphasized (Sargent, 1995). In a 60-day experiment, Zohar et al. (1995) found that females fed a diet supplemented with squid meal spawned good quality eggs throughout the spawning period. Groups previously fed without supplementary squid meal diet were also able to spawn with improved hatching rates within 10 days of being fed with squid meal. It has been assumed that an essential component in the squid meal is the group of (n - 3) highly unsaturated fatty acids (HUFA) and the egg quality is rapidly affected by a dietary shortage of these essential fatty acids. Watanabe (1985) showed that diets lacking in supplementary lipid (polyunsaturated fatty acids, PUFA) produced eggs of poorer quality than those produced by fish receiving more balanced formulation. PUFA have an important role in egg and larval development. Also, phospholipids have a generalized role in the cell membranes of fish. Very high levels of phospholipid are found in all fish tissues and neural cell membranes. The other important function of the PUFA is their role in the production of eicosanoids, substances which are important in stress reactions and adaptation.

Santiago and Reyes (1993) studied the effects of dietary lipid source on the reproductive performance and tissue lipids of Nile tilapia by feeding experimental diets containing 5% oil from different sources (cod liver oil, corn oil, soybean oil, coconut-oil-based cooking oil, and combination of cod liver oil and corn oil). They found that cod liver oil (a source of n-3 fatty acid) resulted in poor reproductive performance, but the highest weight gain. Overall, seed production was found to be remarkably high for fish fed with soybean oil (a source of 18:2, n - 6 fatty acid) diet. However, the level of oil used was fixed, i.e., 5% and the authors did not consider the level of protein. The crude protein level of all the diets tested was higher than 40%. As lipid has a protein-sparing effect, it is necessary to determine the optimum level of lipid for different levels of protein. On the other hand, excessive energy in feed can reduce intake of protein and other nutrients by reducing the feed consumption. A ratio of 75 mg protein per kcal of digestible energy (P:E ratio) has been reported to be suitable for the growth of O. niloticus fry (2.9 g) reared in brackish water; while 120 mg per kcal has been reported as the best for growth of O. niloticus fry (1.7 g) in fresh water (Lim, 1997). However, no data are available for broodfish.

2.2.4.2.3. Vitamins:

A dietary supplement of ascorbic acid has positive effects on reproductive perfor​mance of various fish species (Eskelinen, 1989; Sandnes et al., 1984). The addition of dietary ascorbic acid was found to improve hatchability and fry quality in O. mossambicus (Soliman et al., 1986). However, studies on its effect on fecundity and frequency of spawning have not been carried out under supplementary feeding regimes in Nile tilapia. Vitamin C effect was also studied, two experimental diets differing in supplementation of ascorbic acid and a third commercial diet were fed to rainbow trout broadstock. A supplementation level of 15 mg ascorbic acid/kg diet significantly increased the number of hatching eggs compared to eggs from fish without dietary ascorbic acid supplementation. Fish reared on the commercial diet gave eggs of similar quality as from the ascorbic acid-supplemented experimental feed. Results indicate that ascorbic acid is essential for reproduction in rainbow trout. Broadstock fish should be fed on adequate amounts of the vitamin to provide eggs with more than 20 mg ascorbic acid/g (Sandnes et al., 1984).

In Nile tilapia, it has been observed that vitamin E deficiency causes lack of sexual coloration (light skin color) and reduces reproductive activity (Schimittou, 1993 and Watanabe, 1985). Also, Watanabe (1985) added that astaxanthin, carotenoids and vitamin E are effectively preventing reactive damage to PUFA.

Egg of good quality from the red sea bream have been obtained when the parent fish were fed on diets containing (-Carotene + canthaxanthin, krill oil or frozen supplements for two months before spawning (Watanabe et al., 1984 b).

2.2.4.2.4. Minerals:

Phosphorous concentration (0.005-0.05 ppm) in natural water is not enough to meet the nutritional requirements of fish (Hepher, 1988). In addition, green water fertilized with urea and triple super-phosphate has been found to contain insufficient phosphorous and calcium for normal growth (Dato-Cajegas and Yakupitiyage, 1996). Therefore, supplementation of phosphorous may be necessary to maintain the quality and quantity of fish eggs throughout the period of seed production (Watanabe et al., 1984a). However, no study on this has been made in Nile tilapia broodfish. 

In broodstock rainbowtrout and brook trout, fish meal-based diets without supplementation of manganese resulted in poor hatchability of and low manganese levels in eggs (Lall, 1989). 

The iodine requirement for normal growth of Nile tilapia is 0.6-1.1 mg kg - diet (Jauncey and Ross, 1982); however, the requirement for broodstock is not known. As high levels of iodine inhibit somatic growth, it may favour reproduction. 

Cobalt has been found to be taken up by rainbow trout eggs during embryonic development (Lall, 1989) but no study has been done in tilapias.

2.2.5. Feeding management

Food supply affects the amount of yolk and its rate of accumulation in the egg (Nikolskii, 1969). Poor food uptake intensifies the atrophy of oocytes at any stage of development. Moreover, less mature oocytes have been reported due to lack of food, with one or two cycles of egg-laying being omitted in Carassius sp. (Nikolskii, 1969). In older fish, a larger proportion of the food intake goes to the formation of fat reserves, whereas in younger fish it goes to somatic growth, so that starvation of older fish has less effect on the fecundity and quality of eggs (Nikolskii, 1969).

2.2.5.1. Feeding rate:

Restricted feeding (25-50% of satiation ration) has been found to produce higher numbers of spawnings and eggs in Oreochromis mossambicus (Mironova, 1977). In supplementary feeding regimes, the number of seed produced was higher at the feeding rate of 1% biomass per day as compared to feeding rates of 0.5% and 1.5% biomass in Nile tilapia (Ungsethaphan, 1995). However, constant feeding rates might not be suitable for tilapia broodfish since females incubating eggs and fry in their mouths do not eat. High energy rations with low feeding rates might be better than feeding larger amounts of low nutrient diet. Moreover, higher feeding rate immediately after seed harvesting followed by lower feeding rate and/or no feeding (if broodfish are raised in a green water system) might be a more economical way of broodstock management rather than feeding at a constant rate.

2.2.5.2. Feeding frequency and time:

The tilapia gut is adapted to receive food in small amounts and to digest it slowly. More than 18 h is required for evacuation of a meal (Ross and Jauncey, 1981). This mode of feeding suggest that it is advantageous to feed cultured stock several times daily. In clear water culture, frequent feeding also reduces the risk of uneaten food fouling the water. 

Feeding frequency of twice as compared to once per day resulted in more seed when feed was given at lower rates (0.5 and 1.0% of biomass), but resulted in less seed when fed at 1.5% of biomass (Ungsethaphan, 1995). As tilapia are continuous grazers in nature, it is likely that the shorter the feeding interval the better the seed production; however, feeding frequency more than twice a day might be more labour intensive and uneconomical. Conversely, feeding once a day or once in two days might give higher production due to proper and frequent mobilization of body reserves. For the first one or two days, feeding twice or thrice a day immediately after seed harvesting and once a day thereafter might be better. As tilapia do not eat early in the morning and during night time, due to lack of dissolved oxygen in the green water systems, feeding should be done after phytoplankton start to produce oxygen through photosynthesis and before sun set.

2.2.6. Environmental factors

Although genetic make-up plays a role in determining the reproductive performance of fish, environmental factors play major roles in releasing the genetic potential (Duponchelle et al., 1997). In tilapia, it has been found that water quality parameters are the major factors affecting seed output (Little et al., 1994). Water quality parameters for optimal tilapia seed production are shown in Table (3).

Broodfish managers, therefore, should monitor and maintain good water quality through suitable fertilization, feeding and water exchange schemes.

Table (3). Water quality parameters for optimal tilapia seed production.

	Parameter 
	Time
	Range

	Temperature 
	
	28 – 32 (C

	Dissolved oxygen in fertilized bond 
	6.00
	> 0.80 mg/l

	
	15.00
	6 – 15 mg/l

	PH
	
	6 – 9

	Chlorphyll  a 
	
	100-300 mg/m3

	Total ammonia 
	
	< 5 mg/l

	Unionized ammonia
	
	< 0.1 mg/l


After Little and Hulata (2000)
2.2.6.1. Dissolved oxygen:

Tilapias can survive at low levels of dissolved oxygen (Do) as they can utilize atmospheric oxygen (Chervinski, 1982; Popma and Lovshin, 1996); however, low DO levels at dawn have been associated with reduced growth (Chervinski, 1982). No precise study has been done on the relationship of DO levels with reproductive activities, gametogenesis and spawning. Some indications have been found that low DO (<0.5 mg/l), generally occurring at dawn in green water systems, has negative impacts on the seed quantity (Ambali, 1990; Bevis, 1994) and quality (Bevis, 1994). Low dissolved oxygen causes stress, which brings behavioral (e.g., gasping) and morphological (marked melanin pigment in the skin) changes in the fish and reduced feed intake. Moreover, it increases disease incidence (Schimittou, 1993) and impairs reproduction, causing oocyte atresia, spawning inhibition, decreased fecundity and hatchability (Wedemeyer et al., 1990). In re-circulation systems, DO might not be a problem, but for green water systems it is one of the limiting factors for reproduction. Artificial aeration during night time might be helpful, although economic feasibility of this requires research.

2.2.6.2.
Temperature:

Oreochromis niloticus and O. mossambicus can tolerate a wide range of tempera​tures: 88-42 (C (Philippart and Ruwet, 1982), but feed less below 20 (C. They cease feeding below l6(C and death occurs below l2 (C (Chervinski, 1982). Suitable tempera​tures for reproduction are above 20  (C (Philippart and Ruwet, 1982; Popma and Lovshin, 1996). In O. niloticus, although short-term (6-24 h) cool temperature treatment (22 ± 1.5 (C) induced spawning of 10-20% more females than in control treatments after 7 days, the same temperature held for longer periods resulted in complete re-absorption of oocytes (Srisakultiew and Wee, 1988). No spawning was reported at 22 (C in O. mossambicus and an increase in temperature from 25(C to 28-31(C increased seed production (Mironova. 1977). However, reproduction in tilapia generally slows at 2l-24 (C and increases in frequency above 25 (C up to 30 (C (Popma and Lovshin, 1996). Broodstock can be over-wintered at 15-17 (C at high density i.e., 50 kg m3 (Pullin, 1982), to suppress spawning and aggressive behavior and this does not affect reproduc​tive performance when the fish are re-stocked into ponds. In addition, this might be one of the suitable ways to improve spawning synchrony (Srisakultiew and Wee, 1988) and to meet seasonal market demand for seed; however, maintenance of such a low temperature in tropical countries might not be cost effective.

In Lake Mariut tilapias spawning seems to be controlled by water temperature. In April, spawning starts when the mean air temperature reaches (19.2 (C). The maximum spawning activity is reached in July and August at 25.9 (C and 26.8 (C, respectively. In December the spawning stopped as the mean air temperature decreased.
Reproductive performance at temperatures higher than 35(C, which can occur in the afternoon during the dry season in the tropics, has been found to be very poor (Bevis, 1994). It seems that temperature and the exposure time to certain temperatures have significant relationships with broodfish productivity and the viability of eggs/fry. High temperature stress may be reduced by using deep ponds, pond shading, water sprinkling and circulating during day time and through nutrition (vitamin E). However, no research has been done so far on the effectiveness and the applicability of these techniques.

2.2.6.3. Salinity:

Reproductive performance of tilapias is affected by salinity, which suppresses the aggression of dominant males (Watanabe et al., 1988). O. mossambicus can reproduce at 35 and 49 ppt salinity (Chervinski, 1982). O. aureus and Tilapia zillii do not reproduce in sea water and O. niloticus ceases reproduction at salinity higher than 30 ppt (Watanabe, 1985; Fineman-Kalio, 1988), with reductions in the fry number above 10 ppt (Popma and Lovshin, 1996). This might be due to osmotic stress on eggs leading to egg reabsorption. As reproduction of tilapia is suppressed at high salinity, female broodfish may be kept in saline water during times of low seed demand. There is scope for culture of tilapia in coastal areas using either salinity acclimated seed produced from freshwater hatcheries or establishing the hatcheries in brackish water by diluting the sea water with freshwater (Suresh and Lin, 1992).

2.2.6.4. pH:

Upper and lower lethal levels of pH for tilapias are 11 and 4 (Chervinski, 1982; Popma and Lovshin, 1996) with the best level at neutral or slightly alkaline (Popma and Lovshin, 1996). No studies have been done to date on whether suitable pH for growth is also best for reproductive performance.

2.2.6.5. Photoperiod and light intensity:

One of greater practical  applications for altering the rate of maturation and the time of spawning is the use of modified light or photoperiod regimes. All fish whose reproduction is cued by light, spawn at specific phases of the annually changing cycle of day length (Bromage & Roberts, 1995). Gonadal development and subsequent breeding in tilapia have been reported to be well correlated with duration of sunlight in natural waters (Hyder, 1970; Guerrero, 1982); however, fluorescent lighting (14:10 h light:dark cycle) seems to have negative effects on breeding of tilapia in terms of spawning frequency as compared to natural light (Koiller and Avtalion, 1985).

2.2.6.6. Water level

Levels of natural water bodies have been reported to affect the reproductive activities of tilapia (Philippart and Ruwet, 1982; Noakes and Balon, 1982). More tilapia females were found to be reproductively active when the water levels were high, resulting in smaller males recruited into breeding stock (Noakes and Balon, 1982). Frequent water addition to and draining from spawning ponds might help in improving seed output as well as spawning synchrony.

2.2.6.7. Rainfall:

In tilapia, higher frequency of spawning (Lowe-McConnell, 1982) or spawning intensity (Philippart and Ruwet, 1982) and egg output (Welcomme, 1967) have been reported during the rainy season in the tropics. An increased seed output has been reported during the rainy season probably due to relatively cool temperatures, increased water levels and dilution of hormones or chemical inhibitors and waste metabolites. Artificial rain produced by sprinklers in the spawning hapas might help specially during dry and hot seasons. As prolonged heavy rainfall has been reported to affect spawning negatively (Hyder, 1970), optimization of frequency and period of sprinkling water may be an important area for research.
2.2.6.8. Water exchange:

It has been hypothesized that there is a hormone like substance in tilapia mucus which inhibits reproduction, especially at higher densities (Guerrero, 1982). Regular exchange of water from the breeding ponds may help to flush the substance and enhance the reproductive activities of tilapias. In addition, exchange of water flushes harmful metabolites, e.g., ammonia, nitrite, nitrate, etc., and improves dissolved oxygen, which might thus increase spawning frequency (Mires, 1982). It has been found that higher seed output can be obtained from ponds filled with new water than from ponds with water used for long periods. Therefore, amount and frequency of water exchange from the tilapia broodstock pond seem to have an impact on seed output. An exchange rate of 50% of the total volume of water every 3 or 4 weeks may be satisfactory; however, it depends mainly on the availability of water and other costs involved.
2.2.7.
Other management techniques:

2.2.7.1. Selection of culture system:

In mouthbrooding tilapia, seed production largely depends on the culture system (pond, hapas in pond or tank) and the degree of intensification (Little et al., 1994). Fry production in spawning ponds can be low (Mires, 1982; Berrios-Hernandez and Snow, 1983) due to incomplete harvesting and cannibalism (Pantastico et al., 1988; Little et al., 1994; Macintosh and Little, 1995). Although tanks are more efficient in terms of seed output per unit area used, hapas in ponds are cheaper, more convenient to manage and can accommodate a large number of broodfish if large ponds are available. However, large ponds are relatively difficult to fill and drain, although they provide stable environments for the broodfish.

2.2.7.2. Stocking density:

An inverse relationship between stocking density and the percentage of spawning females has been found when producing hybrids of Oreochromis niloticus and O. hornorum, probably due to some chemical or behavioral factors (Lovshin, 1982). High stocking density inhibits reproduction possibly due to the presence of a substance in tilapia mucus which might cause an autoallergic response (Guerrero, 1982). A stocking density of 5 fish/m2 was found to be more productive as compared to 10 fish /m2 in hapas in tanks (Hughes and Behrends, 1983). In hapas in ponds, only 29% females spawned at 10 fish/m2 stocking density compared to 39% and 42% at the densities of 5 and 2.5 fish/m2 (Bevis, 1994). 

2.2.7.3. Stocking sex ratio (male : female) of broodfish:

A sex ratio of 1:2 (male:female) has been found to be better than the ratio of 1:3 in terms of seed/m2/day as well as seed/g female/day (Hughes and Behrends, 1983). A 3:1 ratio gave significantly higher fry production than the ratio of 1:1 due to the beneficial effects of “male pressure” (Mires, 1982). Also, a 2:1 sex ratio was found to be more productive than 1:1 and 1:2 ratios (Mires, 1982), possibly due to an increase in the spawning frequency of individual females. However, effects on fecundity (i.e., clutch size) may not be significant (Bevis, 1994). Relative size or the biomass weight of the female and male might be more important than the ratio by number. More females might get the opportunity of courtship with males, for a given sex ratio, if they are stocked with smaller males (Guerrero and Guerrero, 1985), which might increase the frequency of spawning. Nevertheless, a 1:1 sex-ratio, regardless of the broodstock weight, is used by most of the commercial hatcheries.

2.2.7.4. Frequency of egg/fry harvesting:

The process of vitellogenesis in Oreochromis niloticus has been reported to be slow during parental care (Tacon et al., 1996). Moreover, spawning activities of parent fish can cease completely when the spawning pond becomes overcrowded by fry and fingerlings (Mires, 1982). However, females brooding fry in the mouth can have well-developed (ready to spawn) ova in the ovaries (Welcomme, 1967). Frequent removal of eggs/fry, therefore, induces the next spawning and accelerates the process of vitellogenesis (Tacon et al., 1996). This can decrease inter-spawning interval (ISI) at least by the period of oral incubation (Rana, 1986), resulting in higher total seed output (Little et al., 1993; Mair et al., 1993). In aquaria, the ISI was found to be 12 days shorter (15 vs. 27 days) when the eggs were removed from the mouths of O. niloticus females immediately after spawning as compared to the natural incubation (Tacon et al., 1996). In hapas, the ISI of females was found to be shortened by 37.5% when the eggs were collected at 4-day intervals as compared to the ISI of the females allowed to spawn and incubate eggs naturally (Mair et al., 1993). In a tank experiment, removal of fry/egg from the mouths of females in the population every 10 days was found to improve seed output to 106 seed/kg female/day compared to 31 seed/kg female/day produced from natural spawning. The seed output can be further improved (> 350 seed/kg female/day) by harvesting eggs/fry from the mouths of incubating females at 5 day intervals if females are conditioned for 10 days (Little, 1989). It seems that there is an inverse relationship between the interval of seed harvesting within a certain range (5-15 days) and seed output. As frequency of harvesting is directly associated with labour costs, the interval of harvesting has to be determined from the availability of labour and the costs involved. A 5-day cycle of seed harvest from the mouths of incubating females is used by the commercial hatcheries in Thailand (Bhujel, 2000).

2.2.7.5.
Handling stress

Tilapia broodfish are gathered in a corner of the hapa/tank while harvesting eggs from their mouths. Wounds near the mouth, gills and popped eyes and even death of broodfish in some cases, have been reported. Levels of stress were observed to be higher in broodfish reared in smaller tanks, presumably due to more frequent contact with hard and rough surfaces of the tanks. Such stress might have negative impacts on gametogen​esis, spawning, fecundity and hatching rates (Sumpter et al., 1987; Ambali, 1990; Wedemeyer et al., 1990 and Campbell et al., 1992). Nevertheless, handling stress largely depends on the experience of workers and can be minimized to some extent. Feeding of additional vitamin C and E might help minimize stress, although no studies have been made on these factors (Bhujel, 2000).

2.2.7.6.
Artificial nests:

As male tilapia are known to be territorial (Philippart and Ruwet, 1982; Macintosh and Little, 1995), the provision of artificial nests has been found to affect seed production and viability. The effect may depend on the number and the type of nests provided. The types of artificial nests used in tanks include cement bricks or flat stones and in hapas within ponds they include metal frames fitted with 3 mm plastic mesh in such a way that groups of roofless compartments are formed (Bevis, 1994). The effect of artificial nests on the seed output has been found to be more pronounced when the stocking density of broodfish in hapas in ponds was high, within the range of 2.5-10 fish/m2 probably due to more females getting opportunities for courtship with males at higher densities. The effects of nests was found to be lower in green water. This may be due to low visibility in green water system which itself aids in maintaining the area of territory (Bevis, 1994). Moreover, viability of eggs decreased due to presence of artificial nests with the accelerating effect of nest depth (Bevis, 1994). Broodfish provided with small (0.25 m2) but deep (30 cm) as compared to large (0.5 m2) and shallow (15 cm) nests in the spawning hapas give higher seed production. This is probably due to more males getting opportunities of nesting and participating in reproductive activities as movement and social dominance among males are less in the hapas provided with deep nests (Bhujel, 2000).

2.2.7.7.
Removal of the maxillary bone:

Competition in tilapias occurs mainly among males for courtship with females. However, the large and dominant females can also influence breeding activities and the growth of sub-ordinate males and females, which may inhibit the onset of their sexual maturity (Moriarty, 1982). Various attempts have been made to minimize the effects of social dominance. In Oreochromis aureus, removal of maxillary bone of males did not affect the total seed production, clutch size, and mean number of clutches. Removal from females may have had negative effects, and removal from both sexes significantly reduced the number of clutches, mean clutch size and overall productivity as compared to removal from either sex or no removal from both sexes (Behrends et al., 1993). It seems that removal of the maxillary bone has no effects on the hierarchy structure and, instead, might only cause stress to the broodfish.
2.2.7.8. Broodfish exchange and conditioning:

Conditioning of tilapia broodfish requires maintaining of males and females sepa​rately on different units for a period of rest between spawnings, at a high stocking density (2.5 kg/m2) with good feeding regimes (Ambali, 1990). Exchange of both male and female broodfish conditioned for 21 days resulted in a 16% increase in egg and fry production over a 105 day-spawning period as compared to either no broodstock exchange or female only exchange (Lovshin and Ibrahim, 1988). Conditioning of females has been found to improve spawning synchrony and seed output (Little et al., 1993). However, conditioning for more than 10 days had no advantage over shorter periods. Moreover, conditioning for 20 days resulted in 18% decrease in seed output per unit area per day (Little et al., 1993). This is possibly due to the reabsorption of well-developed ova in the ovary which starts after about a week if females do not spawn (Peters, 1983). Moreover, it has been found that conditioned females with conditioned males produce more eggs as well as spawning more frequently than only conditioned females and no conditioning (Ambali, 1990; Little et al., 1993). This is possibly due to the active roles of rested males in courtship. Moreover, fertilizing capacity of sperm decreases sharply (from about 90% to 20%) with increase in mating frequency (Rana, 1986), probably because of the production of immature spermatozoa. However, resting of males for long periods might have negative effects on sperm quality as spermatozoa are continuously produced and released into the lumen of the testis and the sperm quality declines with time after release (Purdom, 1993). It seems that a short period (5-10 days) of resting males, like females, might be optimum.

2.2.7.9.
Hapa exchange:

All the eggs laid by a female may not be picked up into her mouth (Welcomme, 1967). The presence of mud or detritus in the culture system may contribute to incomplete picking up of eggs. When the broodfish are raised in hapas, fouling of hapas might affect water quality due to reduced water exchange which may in particular lead to low levels of dissolved oxygen (Bhujel, 2000).

No studies have been published regarding the level of fouling and its effects on water quality and seed output. Nevertheless, hapa exchange at frequent intervals (10-15 days) has been found to be beneficial. The cost of labour, however, is directly associated with the frequency of hapa exchange. As cleaning of the hapa is labour and time consuming, hapas may be dried in the sun for a day and re-used in rotation. Two hapas are required for each set of broodfish with this technique. Hapa exchange works as long as water quality of the pond remains favourable for the reproduction of tilapia (Bhujel, 2000).

2.2.7.10.
Stunting of broodfish:

Stunting of tilapias in natural populations has been well documented (Iles, 1973; Eyeson, 1983; Bluhdom and Arthington, 1990) and has been shown to increase the spawning frequency and thereby total seed output (Iles, 1973). Seed output (g/m2/ d) from stunted Nile tilapia broodfish, although they were smaller but older, was signifi​cantly higher than unstunted fish. Seed output linearly (y=-0.01 + 0.16 x, r2 = 0.58, n= 9, P<0.05) increased with the subsequent feeding rates (Bhujel, 2000) which indicates that seed production may be manipulated according to the demand for fry.  Stunting of broodfish could be achieved by keeping male and female separately at high densities with or without limited feeding, in stable conditions over a long period (Noakes and Balon, 1982). However, the feasibility of stunting has to be tested.

2.3.  Nutritional requirements of tilapia fish:
Generally, the nutrients required by fish for growth, reproduction and other normal physiological functions are similar to those required by land animals. They need to consume energy source, protein, minerals, vitamins, and growth factors. These nutrients may come from natural aquatic organisms or from artificial diets. When the natural food is absent, prepared diets must be nutritionally complete (Lovell, 1991). Deficiency in any of these nutrients causes depression in growth, nutritional diseases and may lead to death (Magouz, 1990).

2 .3.1.  Protein and amino acids:

Fish generally require higher percentages of protein and lower energy in their diets than the other animals (Lovell, 1991). He added that production diets for cultured fishes would contain 30 to 35% protein with a good amino acid balance. The optimum percentage of protein in fish diets is influenced by several factors such as species, fish size, water temperature and salinity, physiological function, protein quality, nonprotein energy in the diet, feeding rate, natural foods availability and economics (Lovell, 1979; Jauncey and Ross, 1982).

Many experiments have been carried out to determine the optimal protein level for tilapia species. There are large variation in the optimum protein level where it ranged between 25 % and 56 %. Such differences could be attributed to the differences between species, fish size, and source of protein, energy content of the diet and the environmental factors. However, it can be concluded that the optimum protein level is mostly higher for tilapia fry or small fish than the large ones and can reach up to 56 %. With increasing fish age the optimum protein level decreases gradually to 25 % (Viola and Arieli, 1983, Magouz, 1990). 
Fish require the same 10 essential amino acids (EAA) as warm​blooded animals. Tilapia requirements of essential amino acids were established by NRC (1991). Requirements as percentage of diet (as feed basis) were Arginine, 1.34; Histidine, 0.54; Isoleucine, 0.99; Leucine, 1.09; Lysine, 1.63; Methionine+cystine, 1.02; Phenylalanine+Tyrosine, 1.82; Theronine, 1.15; Tryptophan, 0.32 and Valine, 0.90. While, NRC (1993) stated that EAA requirements for Tilapia as percentage of diet as fed are 1.18 Arginine, 0.48 Histidine, 0.87 Isoleucine, 0.95 Leucine,1 .43 Lysine, 0.90 Methionine; 1.55 Phenylalanine +Tyrosine, 1.05 Theronine, 0.28 Tryptophan and 0.78 Valine.

Gaber (1994) stated that the EAA required for O. mossambicus were 0.90
Argnine, 0.60 Phenylalanine, 0.90 Histidine, 0.97 Isoleucine, 1.14 Leucine, 1.17 Lysine, 0.73 Thereonine, 0.77 Valine, 0.53 Tryptophan as percentage of a 40% protein diet. Abd El-Hakeem (1995) reviewed that the EAA required for Nile tilapia as percent from the diet protein are, 4.2 Arginine, 1.7 Histidine 3.1 Isoleucine, 3.4 leucine, 3.2 Methionine, 5.5 Phenylalanine, 3.8 Thereonine, 1.0 Tryptophan, 2.8 Valine.

2.3.2. Energy:
Fish have lower energy requirement than warm blooded animals and considered more energy efficient than mammals and birds. The amount of energy required for protein synthesis is much less for fish than for warm-blooded animals as shown in Table (4).

Table (4). Energy required for protein synthesis in fish and warm blooded animals *.

	Food animals
	Dietary protein
	Dietary ME** kcal/g
	Protein gain/Mcal of ME consumed, g

	Channel catfish

Broiler chickens

Beef cattle
	32

20

11
	2.9

2.9

2.6
	47

23

06


* NRC (1983)

** Estimated from DE

Fish have lower dietary energy requirements because they exert relatively less energy to maintain position and to move in water than do mammals and birds on land (Tucker, 1969). Also, because they excrete most of their nitrogenous wastes as ammonia instead of urea or uric acid, so, they lose less energy in protein catabolism and excretion of nitrogenous waste (Goldstein and Forster, 1970). Thus, maintenance energy requirement and heat increment are lower for fish compared to land animals (Smith et al., 1978)

The optimum energy level in the diet for fish must have great attention because an excess or deficiency of useful energy can reduce growth rate (Page and Andrews, 1973; Lovell, 1989). NRC (1993) reported that in practice, however protein is usually given first priority because it is more expensive than other energy yielding components. Protein and energy should be kept in balance. A diet deficient in energy in relation to protein will mean that protein is used for energy to satisfy maintenance before growth. In contrast, a diet containing excess energy can reduce feed consumption which results in lower intake of the necessary amount of protein and other essential nutrients for maximum growth, also it leads to deposition of large amounts of body fat, which can be undesirable in food fish.

Energy requirement of warm-water fish have usually been reported as a function of dietary protein level. Winfree and Stickney, (1981) reported that the optimum protein /energy ratio differ for tilapia, S. aureus, from 29.4 mg P/kj for the fish up to 3 g in average and to 25.8 mg P/kj for the fish up to 8 g in average. The result of Wang et al. (1985 a,b) indicated that the optimum P/E ratio as mg /kj were 20.7 and 15.4 for O. niloticus fish weighing 3-4 g and 6-9 g, respectively. Magouz (1990) found that the optimum protein level required for producing maximum growth for O. niloticus ranged between 26.7to 29.5 mg/kj ME. NRC (1993) suggested that ratio of DP/DE (mg/kcal) for maximum weight gain for Nile tilapia is 103 (Ca 26 mg/kj) for 50 g weighing fish. Warm-water fish utilize proteins, carbohydrates (sugars, dixtrine and starches) and triglycerides effectively as energy sources (Garling and Wilson, 1977 and Andrews et al., 1978). Fibrous feeds are poor sources of energy for fish. Metabolizable energy in highly digestible concentrated protein feedstuffs is higher for fish than for farm animals (Smith, 1976).

2.3. 3. Vitamins:

All the vitamins (A,D,E, K, B2, pantothenic acid, niacin, biotin, folacin, B1, B6,inositol and C) have been found to be essential in diets of fish; however, all fish do not require all the 15 vitamins (Lovell 1991). Some of the B vitamins are synthesized by intestinal bacteria in warm-water fish, such as tilapia, which do not show a dietary requirement for vitamin B12 (Lovell and Limsuwan, 1982).

Quantitative vitamin requirements have been determined for only a few species, and complete vitamin requirements have not been determined even in those species. Commercial diets for intensively cultured fish are usually supplemented with all of the 15 vitamins which formerly noted except inositol and biotin, which are usually found in sufficient quantities in fish feed ingredients (Lovell, 1991). NRC (1991) indicated that vitamin E and vitamin C requirements for tilapia are 50 IU/Kg and 50 mg/kg, respectively. Shiau and Jan (1992) indicated that vitamin C (ascorbic acid) requirement for maximum growth of tilapia is 79 mg/kg. Satoh et al. (1987) suggested that 5-10 mg of ( tocopherol/l00g diet, containing 5% lipid, should provide adequate protection in most practical diets of tilapia. Soliman and Wilson (1992a,b) reported that the dietary pantothenic acid and riboflavin requirements for blue tilapia are 10 mg calcium d-pantothenate and 6 mg riboflavin/Kg of diet.
2.4. 4. Minerals:
Fish can obtain minerals from the water across the gill membrane or, in the case of marine fishes that drink water, by absorption from the gut. Fish can obtain most of their calcium requirement, and in sea water, some of their requirement for iron, magnesium, cobalt, potassium, sodium and zinc can be obtained from the surrounding water (NRC, 1981, 1983). Fish usually require a dietary source of phosphorus to meet their relatively high metabolic requirement because levels of dissolved phosphorus in natural water are relatively low (Lovell, 1991).

Robinson et al. (1987) found that the dietary Ca requirement of O. aureus fingerlings ranged between 0.17 and 0.65 % of the diet, when the fish reared in calcium free water. They suggested that the requirement was closed to the terminal of the range. Whereas, they obtained good growth of tilapia reared in calcium free water when used 0.7 % dietary Ca as a minimum amount required. Eid (1995) studied manganese requirement for Nile tilapia fingerlings and stated that 2-6 mg/kg diet was sufficient to meet their requirements. Rowena et al. (1996) studied the need supplementation of the macro minerals (phosphorus, calcium, magnesium, sodium, and potassium) and the micro minerals (zinc, iron, and manganese) for tilapia cultured in a semi-intensive system. Among the minerals studied, they found that the addition of phosphorous had a significant effect on tilapia weight gain, feed conversion ratio and protein efficiency ratio.

