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Abstract

The trial showed that 25% of the total females used (5,980) did not spawn within the pre-selection period of 35 days, while some spawned once and others twice. The non-spawner (0-S), one-time spawner (1-S) and two-time spawner (2-S) groups were compared for their reproductive performance in subsequent seed harvests allowing 5-day’s spawning opportunities in large hapas (120 m2) followed by 10-day’s conditioning in smaller hapas (20 m2). Results showed that 2-S and 1-S groups (126(22 and 106(15 seed/m2/day respectively) produced 78% and 49% more seed than 0-S group (71(7 seed.m-2.day-1). The same differences were also found in the number of clutches (124(11, 100(7 and 69(7 per hapa/harvest respectively. The relative weight gain of 2-S and 1-S female groups at the end of the trial (31(4, 31(5% respectively) were lower than the females of 0-S group (52(6%). However, the seed output from 2-S and 1-S groups decreased after 5th seed harvest (75 days) and become similar among all the three groups.

Introduction


Genetic research in tropical fish is in its infancy (Eknath et al., 1991; Macintosh and Little, 1995). As tilapias breed throughout the year (Phillips and Kohler, 1991) and have relatively short generation period, there is a good potential to improve reproductive performance through genetic research (Mair, 1999). Selection of a superior trait and maintenance of its purity is of great importance for tilapia fry producers. In tilapias, most  research  has focussed on improving growth ,and the reproductive traits have been little studied (Macintosh and Little, 1995). Reproductive traits in tilapia include age at first maturity, frequency of spawning, fecundity and brooding efficiency (Bhujel, 2000). As there are wide variations in these traits among species and individuals within the species, there is much room for the improvement of broodstock performance by selection (Kirpichnikov, 1981; Mires, 1982; Macaranas et al., 1997). These reproductive traits are determined by many genes, therefore, can be improved through selection of superior individuals to exploit additive genetic effects.

In groups of breeding tilapias, it has been shown that there is variation in the age of first spawning and that some females do not spawn at all (Bolivar et al., 1993). Large-scale tilapia hatcheries can hold more than 60,000 broodfish (Little et al., 1997; Bhujel et al., 1998), and productivity could be potentially improved by culling non-spawners and/or late spawners, and replacing them by early spawners. Moreover, as the growth and early maturity traits are positively correlated (Uraiwan, 1988, Longalong et al., 1999), selection of early maturing females seems to be more valuable as early spawners would produce more eggs/fry which might have higher growth as well. However, no attempt has been made so far to study the effects of selection of females for spawning frequency, clutch size and brooding efficiency. This study, therefore, attempted to investigate the effects of selection of females for spawning frequency on the seed output in a large commercial hapa-based seed production system.
Materials and methods

The trial was conducted at Nam Sai Farms, a commercial tilapia hatchery, located at Prachinburi Province about 100 km northeast of Bangkok, Thailand. The Chitralada strain of Nile tilapia (Oreochromis niloticus) originally obtained from the Asian Institute of Technology (AIT) was used for the trial. The broodfish fry were nursed for about four months in hapas in ponds and matured for two months in an earthen pond (~0.5 ha) receiving water from an irrigation canal and fertilized with chicken manure.

Selection of broodfish for spawning frequency was carried out during a 35-day period prior to conduct the trial for comparison using the six-month old new broodfish. A total of 14 large hapas (120m2) were installed in a 0.5 ha pond (1 m depth) fertilized with NPK (16-20-0) at 2.3 kg N and 2.9 kg P/ha/day. The hapas were numbered from 1 to 14 (Fig. 1). Hapas 1 to 13 were stocked with 460 females (81.4 ± 1.9g) and 260 males (87.3 ± 0.9g). Hapa 14 was initially stocked with 260 males only (i.e. without females). 

Seed was harvested from the mouths of incubating females at 5-day intervals by checking every fish using a pair of coarse mesh (5 mm x 5 mm) and fine mesh (1 mm x 1 mm) scoop nets as described by Little et al., (1993). On the day of first seed harvest, all the females that had spawned, i.e. females with eggs or yolk-sac fry in their mouths, were separated and transferred to the hapa 14. On the second seed harvest, seed were harvested from two hapas (12tand 13) first. Males were restocked to the same hapas, while spawned and non-spawned females were kept separate. Later on the same day, seed were harvested from other hapas (1-11) as well. Spawned females from these hapas were collected in a 5.4 m2 hapa and transferred to hapa 12 and 13. Non-spawners from hapa  12 and 13 were moved to other hapas (1-11) to compensate for spawned females that had been removed, so that stocking density and sex ratio were maintained constant throughout the trial.

Similarly, hapas 10 and 11 were replaced with the spawned females on the third seed harvest and hapas 8 and 9 were replaced with the spawned females on the fourth seed harvest. Same procedures were followed for hapa 6 and 7, and 4 and 5 on 5th and 6th seed harvests respectively. Females that spawned again in hapas 13 to 4 were classed as two-time spawner group (2-S) and those that did not spawn as the one-time spawner group (1-S). Those females, in the remaining hapas, (1-3) were designated as the non-spawner group (0-S).

After selection (after seven seed harvests), groups of 460 females for each selected, treatment group i.e. 2-S, 1-S and 0-S, were stocked in triplicate 20m2 hapas for a ten day conditioning period before transfer to a separate spawning hapa (120m2) stocked with 260 males for five days. The three sets of each treatment group were rotated every 5-day seed harvest cycle allowing the each female set to rest for 10 days of conditioning (Little et al., 1996; Fig. 1). Males were restocked to the same spawning hapa at each harvest. Broodfish were fed twice daily (08:30 and 16:00 hrs) with floating pellets (27% crude protein, Cargill) at 0.8% biomass per day in both spawning and conditioning hapas.
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Figure 1. Layout of hapas used for the selection of females based on spawning frequency. 0-S, 1-S, 2-S are the female groups that spawned 0, 1 and 2 times respectively during a selection period of 1(-month period.

Temperature and dissolved oxygen of the pond water were monitored at 06:15 and 15:30 hrs at 10 and 50 cm depths in each hapa weekly with a portable DO meter (YSI Model 55). Early morning temperature ranged from 21.2 to 30.2 (C whereas afternoon temperature ranged from 24.4 to 33.7(C. Early morning DO level ranged from 0.6 to 4.6 mg/L and afternoon 4.9-11.9 mg/L. Nitrite-nitrogen concentration, alkalinity and pH were also monitored weekly using test kits and ranged between 0.02-1.0 mg/L, 17-51 mg/L and 6.1-8.5 respectively indicating that the water quality was within the normal range for Nile tilapia.

Number of clutches (= no. of females with eggs or yolk-sac fry) were counted in each seed harvest. Number of seed was estimated based on the sample of 200 eggs or yolk-sac fry at each seed harvest. Clutch size was estimated as number of seed divided by the number of females spawned at seed harvest. Relative weight gain of female was estimated as percentage change in the weight after the spawning period of 90 days. The effects of spawning frequency and the male group (block) on these parameters were analyzed using multi-factor ANOVA (Statgraphic 7.0) and then t-test (MS Excel 97) was used to compare the means.

Results


During the selection period of 35 days (i.e. seven seed harvests), out of 5,980 total females used, one fourth (25%) did not spawn at all even when those females were continuously kept in spawning hapas together with mature males. The one-time (1-S) and two-time (2-S) spawners were significantly larger than the non-spawner (0-S) females (P<0.05) at the end of this selection period.

Results of the trial showed that both two-time (2-S) and one-time spawner (1-S) groups produced 78% and 49% more seed (P<0.05) respectively as compared to the non-spawner (0-S) group (Table 1 and Fig. 2). These 2-S and 1-S groups had 116 ( 12 and 98 ( 12 clutches.hapa-1harvest -1 which are 69% and 43% more (P<0.01, Table 1, Fig. 3) than the 0-S group (69 ( 8 clutches.hapa-1harvest -1) respectively. The mean clutches and seed number produced by 2-S and 1-S groups were not statistically different (P>0.1). However, the trend in the seed output and clutch number produced by all the three groups were similar after the 5th seed harvest (Fig. 2 & 3). The clutch size (number of seed/clutch) were not statistically different (P>0.05) among these female groups. The individual growth of tfemales from 2-S and 1-S groups were 31 (4% and 31 ( 5% respectively after 3 months period while that of 0-S group was 52 ( 6% (give as g . fish-1  day-1. The cost of seed production of the 0-S group about 62% higher than the 2-S group and 14% more than 1-S group. There is a considerable difference (41%) between the costs of seed produced by 1-S and 2-S groups too.
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Figure 2. Seed output (seed. m-2day-1at each harvest from three female groups of Nile tilapia selected for spawning frequency.


Figure 3. Number of clutches (clutch/hapa/harvest) at each harvest from three female groups of Nile tilapia selected for spawning frequency.

Table 1. Seed output, clutches and production cost for the three different groups of Nile tilapia (Oreochromis niloticus) broodfish selected for spawning frequency.


Female group1

Seed production parameters
Non-spawner (2-S)
1-time spawner (1-S)
Two-time spawner

(0-S)

Seed output  (no.m-2.day-1)
71 ( 7 a 
106 ( 15 b
126 ( 22 b

Clutch number (no.hapa-1.harvest-1)
69 ( 7 a
100 ( 7 b
124 ( 11 b 

Clutch size (no.clutch-1)
537 ( 36 a
555 ( 46 a
591 ( 38 a

Weight of female at stocking (g)
77 ( 2 a
85 ( 1 b
86 ( 1 b

Daily weight gain (g.female-1.day-1)
0.44 ( 0.04 b
0.29 ( 0.05 a
0.29 ( 0.04 a

Relative weight gain of female (%)
52 ( 6 b
31 ( 5 a
31 ( 4 a

Note: 1 Female groups are based on the number of spawning (0, 1 and 2 times respectively) during selection period of 1½ months before the trial for comparison.

Discussion

This study showed broodstock selected for frequency of spawning over a 35 day period improved subsequent seed productivity over a period of three month. Selection based on the spawning frequency was promising, which showed an increase of seed output by 49 and 78% from 1- and 2-time spawners over the late spawners respectively. More seed were obtained due to increased number of clutches, which were almost in the same increments as seed output (43 and 69% respectively). The more frequent spawners grew only about 30% in 95 days while the less seed producers grew more than 50% over their stocking weight. It is obvious that more energy is accumulated in the form of somatic growth in less seed producers. It was also clear that though early spawners produced more clutches and seed, the trend was decreasing after fourth seed harvest and becoming similar with the late spawners. It shows that reproductive trial should be conducted for sufficiently longer period in order to observe the actual reproductive performance in tilapia. Conditioning might have caused to bring all the groups to the same level. Selected females could have produced continuously higher if they were continuously harvested every 5 day interval instead of resting in conditioning hapas for 10 days.

Results of this trial are in agreement with Bolivar et al., (1993) for the concept of presence of late and early spawners in tilapia population. In this study only 25% of the females did not spawn within 35 days. They spawned later but produced less clutches and the seed output. Bolivar et al., (1993), however, reported a higher proportion (57%) of non-spawners, and 15% late and 28% early spawners in a study when seven strains of Nile tilapia (Oreochromis niloticus) were evaluated over a seven month period. In their study, late spawners, however, produced significantly more eggs than early spawning females later on. The same results could have been found in this trial as well if it were conducted for longer period. Differences in genetic background of the fish and the environment could also cause the discrepancies.


Nevertheless, the results showed that the possibility to improve seed yield through the selection of females for early maturity and higher spawning frequency. These two traits are likely to have a linkage. Uraiwan (1988) has found that first generation Oreochromis niloticus offspring produced from the parents selected for early maturity, matured 11-14 days earlier and grew 22-24 % bigger as compared to the offspring produced from the parents selected for late maturity. As early maturity is also correlated with the growth trait (Uraiwan, 1988; Longalong et al., 1999), it might be an indicator for both high spawning frequency and the faster growth. A preliminary study by Nho (1996) with GIFT and Chitralada strains also have showed some indication of earlier maturity and more number of spawnings in GIFT females which was developed through selection for higher growth (Bimbao et al., 1994), however, a detailed study is needed to confirm this. On the other hand, Horstgen-Schwark and Langholz, (1998) have reported that late maturity is not related to the growth. More detail research works, therefore, are necessary in this regard.

The same amount of feed, space and labor produced more seed, when the broodfish were selected based on the higher spawning frequency. The late spawners (0-S) or less productive females, which constitute about 25% of the female population, should be culled out before stocking for breeding in the hapas. This type of mass selection (75%), which is easier in hapas-in-pond (Gjedrem and Fjalestad, 1997), is likely to have less or no risk of inbreeding as pointed out by Tave (1988). While conducting the selective breeding, environmental factors should be considered because there are interactions between genotype and environmental factors affecting fish growth and reproductive traits (Pottinger and Pickering, 1997) which means one species/strain may be suitable for a particular environment but not for all the other environments.

In addition to the spawning frequency, impacts of selection of females having high fecundity (more eggs per spawning) and brooding efficiency could be further studied. It is also likely that high fecundity and growth traits are not compatible. Selection for one might need to sacrifice the other. Selection, therefore, may need to balance between the high fecundity and growth traits. This study also showed that more seed-producing females grew slower than the less seed producers. There is a risk, if the hatchery operators select females having more seed-producing trait, the slower growth trait may be inherited to their offspring. More elaborate and longer term research studies, therefore, are necessary in order to achieve both high fecundity and faster growth traits in a separate line within the species.
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				Table G3. Number of clutches (per hapa/harvest) from females on selection trial

						in hapa-in-pond trial (Experiment VII).

						Female set or								Seed harvest

				Treatments		replication		1st		2nd		3rd		4th		5th		6th		Mean

				2- time spawner		1		68		181		85		114		54		114		103

						2		224		113		148		168		153		67		146

						3		127		156		112		120		35		50		100

						Mean		140		150		115		134		81		77		124

						SE		45		20		18		17		37		19		11

				1-time spawner		1		132		131		92		99		58		92		101

						2		17		184		43		93		67		126		88

						3		203		42		111		112		121		43		105

						Mean		117		119		82		101		82		87		100

						SE		54		41		20		6		20		24		7

				No-spawner		1		125		47		67		84		95		60		80

						2		61		122		50		51		75		79		73

						3		11		121		25		73		29		64		54

						Mean		66		97		47		69		66		68		69
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				Table G4. Seed output (g/hapa/harvest) from females on selection trial

						in hapa-in-pond trial (Experiment VII).

						Female set or								Seed harvest

				Treatments		replication		1st		2nd		3rd		4th		5th		6th		Mean

				2- time spawner		1		158		569		257		322		179		280		294

						2		676		349		307		382		213		131		343

						3		343		404		225		317		102		106		250

						Mean		392		441		263		340		165		172		320

						SE		152		66		24		21		33		54		45

				1-time spawner		1		312		319		187		239		168		212		240

						2		50		553		105		202		152		316		230

						3		528		123		234		318		224		94		254

						Mean		297		332		175		253		181		207		248

						SE		138		124		38		34		22		64		28

				No-spawner		1		326		103		143		183		177		159		182

						2		147		271		133		150		238		199		190

						3		19		253		225		158		53		137		141

						Mean		164		209		167		164		156		165		172

						SE		89		53		29		10		54		18		9

				Table G5. Seed output (no./m2/day) from females on selection trial

						in hapa-in-pond trial (Experiment VII).

										Seed output (No./m2 hapa/day)

						Female set or								Seed harvest

				Treatments		replication		1st		2nd		3rd		4th		5th		6th		Mean

				2- time spawner		1				226		100		131		74		119		130

						2		263		134		119		164		89		60		138

						3		135		151		85		128		44		46		98

						Mean		199		170		101		141		69		75		126

						SE		52		28		10		12		13		22		22

				1-time spawner		1		121		138		70		97		72		93		99

						2				220		40		82		64		91		99

						3		206		48		91		136		94		73		108

						Mean		164		135		67		105		77		86		106

						SE		35		50		15		16		9		6		15

				No-spawner		1		127		40		55		78		74		73		75

						2		57		109		50		61		103		83		77

						3				102		29		63		22		58		55

						Mean		92		84		45		67		66		71		71

						SE		29		22		8		5		24		7		7
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				Table G3. Effects of female selection on the number of clutches per hapa per cycle (5 day)

										Clutch or number of females spawned

						Female set or								Seed harvest

				Treatments		replication		1st		2nd		3rd		4th		5th		6th		Mean

				2- time spawner		1		68		181		85		114		54		114		103

						2		224		113		148		168		153		67		146

						3		127		156		112		120		35		50		100

						Mean		140		150		115		134		81		77		116

						SE		45		20		18		17		37		19		15

				1-time spawner		1		132		131		92		99		58		92		101

						2		17		184		43		93		67		126		88

						3		203		42		111		112		121		43		105

						Mean		117		119		82		101		82		87		98

						SE		54		41		20		6		20		24		5

				No-spawner		1		125		47		67		84		95		60		80

						2		61		122		50		51		75		79		73

						3		11		121		25		73		29		64		54

						Mean		66		97		47		69		66		68		69

						SE		33		25		12		10		20		6		8

				For graph:				1st		2nd		3rd		4th		5th		6th		Mean		SE

				Means		2-S		140		150		115		134		81		77		116		13				69		18

						1-S		117		119		82		101		82		87		98		7				43

						0-S		66		97		47		69		66		68		69		6

						2-times spawner		116		13

						1-time spawner		98		7

						Non spawner		69		6

				Fig. 10.5 Clutches harvested from three groups of Nile tilapia

						selected for spawning frequency in hapa in pond system.
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		0		0		0
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				Table		Effects of female selection on the seed production

										Seed weight (g/hapa/5 day)

						Female set or								Seed harvest

				Treatments		replication		1st		2nd		3rd		4th		5th		6th		Mean

				2- time spawner		1		158		569		257		322		179		280		294

						2		676		349		307		382		213		131		343

						3		343		404		225		317		102		106		250

						Mean		392		441		263		340		165		172		296

						SE		152		66		24		21		33		54		27

				1-time spawner		1		312		319		187		239		168		212		240

						2		50		553		105		202		152		316		230

						3		528		123		234		318		224		94		254

						Mean		297		332		175		253		181		207		241

						SE		138		124		38		34		22		64		7

				No-spawner		1		326		103		143		183		177		159		182

						2		147		271		133		150		238		199		190

						3		19		253		225		158		53		137		141

						Mean		164		209		167		164		156		165		171

						SE		89		53		29		10		54		18		15

				For graph:				1st		2nd		3rd		4th		5th		6th		Mean		SE

				Means		2-S		392		441		263		340		165		172		296		47				73		23

						1-S		297		332		175		253		181		207		241		26				41

						0-S		164		209		167		164		156		165		171		8

						2-times spawner		296		47

						1-time spawner		241		26

						Non-spawner		171		8
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		0		46.8343548063		46.8343548063

		0		26.1207547203		26.1207547203
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				Table		Effects of female selection on the seed production

										Seed weight (No./m2 hapa/day)

						Female set or								Seed harvest

				Treatments		replication		1st		2nd		3rd		4th		5th		6th				Mean

				2- time spawner		1				226		100		131		74		119				130

						2		263		134		119		164		89		60				138

						3		135		151		85		128		44		46				98

						Mean		199		170		101		141		69		75				126

						SE		52		28		10		12		13		22				22

				1-time spawner		1		121		138		70		97		72		93				99

						2				220		40		82		64		91				99

						3		206		48		91		136		94		73				108

						Mean		164		135		67		105		77		86				106

						SE		35		50		15		16		9		6				15

				No-spawner		1		127		40		55		78		74		73				75

						2		57		109		50		61		103		83				77

						3				102		29		63		22		58				55

						Mean		92		84		45		67		66		71				71

						SE		29		22		8		5		24		7				7

				For graph:				1st		2nd		3rd		4th		5th		6th				Mean		SE

				Means		2-S		199		170		101		141		69		75				126		18

						1-S		164		135		67		105		77		86				106		11

						0-S		92		84		45		67		66		71				71		6

						2-times spawner		126		18																Pairwise t-test

						1-time spawner		106		11																0 VS 1,2		1-S vs 2-S

						Non-spawner		71		6																78		19

																										49

						Fig. 10.2 Seed output (no./sq.m./day) from three groups of Nile tilapia

								selected for spawning frequency in hapa in pond system.

						Fig. 10.3 Seed output (g/hapa/harvest) from three groups of Nile tilapia

								selected for spawning frequency in hapa in pond system.

						Fig 10.4 Number of clutch/hapa/harvest from three groups of Nile tilapia

								selected for spawning frequency in hapa in pond system.

						Fig. 10.5 Seed output (no./sq.m./day) from three groups of Nile tilapia

								selected for spawning frequency in hapa in pond system.
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				Appendix G: Detail data on the broodfish selection trial (Experiment VII).

				Table G1. Changes in number and weight of fish during the trial on broodfish selection.

						(Experiment VII)

												January 23, 1999				February 2, 1999				February 27, 1999				March 24, 1999				April 28, 1999								Mean wt. (g)				Per cent

				Hapa No.		Sex		Trt group		No.		Wt (kg)		No.		Wt (kg)		No.		Wt (kg)		No.		Wt (kg)		No.		Wt (kg)				Initial		SE		Final		SE		weight gain		SE

				1		Male				260		22.0		260		30.0		243		38.0		235		28.0		238		28.0				115.4				117.6				2.0

				1.1		Female		2-S		460		38.4		456		39.0		360		36.0		397		38.6		363		38.0				85.5				104.7				22.4

				1.2		Female		1-S		460		38.4		460		39.6		381		40.0		418		38.2		407		42.0				86.1				103.2				19.9

				1.3		Female		0-S		460		38.4		459		33.0		320		32.0		320		43.2		368		43.0				71.9				116.8				62.5

				2		Male				260		22.0		259		33.0		268		29.0		261		30.0		230		28.0				127.4				121.7				-4.5

				2.1		Female		1-S		460		38.4		460		38.0		431		39.0		400		41.2		362		41.0				82.6				113.3				37.1

				2.2		Female		0-S		460		38.4		459		36.0		385		36.0		380		36.0		330		37.0				78.4				112.1				43.0

				2.3		Female		2-S		460		38.4		455		40.0		424		39.0		373		38.0		345		41.0				87.9				118.8				35.2

				3		Male				260		22.0		259		32.6		291		33.0		279		31.0		277		31.0				125.9				111.9				-11.1

				3.1		Female		0-S		460		38.4		459		36.6		407		40.0		393		38.0		302		36.0				79.7				119.2				49.5

				3.2		Female		2-S		460		38.4		460		39.0		449		43.0		343		34.0		350		40.0				84.8				114.3				34.8

				3.3		Female		1-S		460		38.4		459		40.0		424		38.0		306		32.4		298		35.0				87.1				117.4				34.8

				Means		Male		1		260		22.0		260		30.0		243		38.0		235		28.0		238		28.0				115.4				117.6				2.0

								2		260		22.0		259		33.0		268		29.0		261		30.0		230		28.0				127.4				121.7				-4.5

								3		260		22.0		259		32.6		291		33.0		279		31.0		277		31.0				125.9				111.9				-11.1

						Female		2-S		460		38.4		457		39.3		411		39.3		371		36.9		353		39.7				86.1		0.9		112.6		4.2		30.8		4.2

								1-S		460		38.4		460		39.2		412		39.0		375		37.3		356		39.3				85.3		1.4		111.3		4.2		30.6		5.4

								0-S		460		38.4		459		35.2		371		36.0		364		39.1		333		38.7				76.7		2.4		116.1		2.1		51.7		5.8

				Table G2. Number and per cent of female tilapia not spawned during selection before using for trial..

												Total				% female				% spawned				increment in the

						Seed harvest number		Day				females				not spawned								spawning rate (%)

						0		0				5980				100				0				0.0

						1		5				5507				92.1				7.9				7.9

						2		10				3939				65.9				34.1				26.2

						3		15				3622				60.6				39.4				5.3

						4		20				2339				39.1				60.9				21.5

						5		25				2061				34.5				65.5				4.6

						6		30				1802				30.1				69.9				4.3

						7		35				1503				25.1				74.9				5.0
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		Trt		Hapa		Seedhar		Clutch		Seedwt		Seed-no

		2-S		1		1st		68		158				Pairwise t-test results

		2-S		1		2nd		181		569		226				Clutch		seed-wt		Seed-no

		2-S		1		3rd		85		257		100		2-S vs 1-S		0.342		0.276		0.420

		2-S		1		4th		114		322		131		2-S vs 0-S		0.006		0.009		0.004

		2-S		1		5th		54		179		74		1-S vs 0-S		0.062		0.073		0.047

		2-S		1		6th		114		280		119

		2-S		2		1st		224		676		263

		2-S		2		2nd		113		349		134

		2-S		2		3rd		148		307		119

		2-S		2		4th		168		382		164

		2-S		2		5th		153		213		89

		2-S		2		6th		67		131		60

		2-S		3		1st		127		343		135

		2-S		3		2nd		156		404		151

		2-S		3		3rd		112		225		85

		2-S		3		4th		120		317		128

		2-S		3		5th		35		102		44

		2-S		3		6th		50		106		46

		1-S		1		1st		132		312		121

		1-S		1		2nd		131		319		138

		1-S		1		3rd		92		187		70

		1-S		1		4th		99		239		97

		1-S		1		5th		58		168		72

		1-S		1		6th		92		212		93

		1-S		2		1st		17		50

		1-S		2		2nd		184		553		220

		1-S		2		3rd		43		105		40

		1-S		2		4th		93		202		82

		1-S		2		5th		67		152		64

		1-S		2		6th		126		316		91

		1-S		3		1st		203		528		206

		1-S		3		2nd		42		123		48

		1-S		3		3rd		111		234		91

		1-S		3		4th		112		318		136

		1-S		3		5th		121		224		94

		1-S		3		6th		43		94		73

		0-S		1		1st		125		326		127

		0-S		1		2nd		47		103		40

		0-S		1		3rd		67		143		55

		0-S		1		4th		84		183		78

		0-S		1		5th		95		177		74

		0-S		1		6th		60		159		73

		0-S		2		1st		61		147		57

		0-S		2		2nd		122		271		109

		0-S		2		3rd		50		133		50

		0-S		2		4th		51		150		61

		0-S		2		5th		75		238		103

		0-S		2		6th		79		199		83

		0-S		3		1st		11		19

		0-S		3		2nd		121		253		102

		0-S		3		3rd		25		225		29

		0-S		3		4th		73		158		63

		0-S		3		5th		29		53		22

		0-S		3		6th		64		137		58
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		Trt		Hapa		Seedhar		Clutch		Seedwt

		2-S		1		1st		68		158				Pairwise t-test results

		2-S		1		2nd		181		569				(For 4 times only)				XXXXXXXX

		2-S		1		3rd		85		257						Clutch		seed-wt

		2-S		1		4th		114		322

		2-S		2		1st		224		676				2-S vs 1-S		0.2511668125		0.1901281702

		2-S		2		2nd		113		349				2-S vs 0-S		0.0052616578		0.0066522209

		2-S		2		3rd		148		307				1-S vs 0-S		0.106236187		0.115738489

		2-S		2		4th		168		382

		2-S		3		1st		127		343

		2-S		3		2nd		156		404

		2-S		3		3rd		112		225

		2-S		3		4th		120		317

		1-S		1		1st		132		312

		1-S		1		2nd		131		319

		1-S		1		3rd		92		187

		1-S		1		4th		99		239

		1-S		2		1st		17		50

		1-S		2		2nd		184		553

		1-S		2		3rd		43		105

		1-S		2		4th		93		202

		1-S		3		1st		203		528

		1-S		3		2nd		42		123

		1-S		3		3rd		111		234

		1-S		3		4th		112		318

		0-S		1		1st		125		326

		0-S		1		2nd		47		103

		0-S		1		3rd		67		143

		0-S		1		4th		84		183

		0-S		2		1st		61		147

		0-S		2		2nd		122		271

		0-S		2		3rd		50		133

		0-S		2		4th		51		150

		0-S		3		1st		11		19

		0-S		3		2nd		121		253

		0-S		3		3rd		25		225

		0-S		3		4th		73		158
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		Table G8. Water quality parameters of pond and hapas used for

				broodfish selection trial.

												1999

				Spawning		Conditioning		Feb. 1		Feb. 6		Feb. 11		Feb. 16		Feb. 21		Mean		SE

		A: Temperature		1				28.6		23.9		27.2		27.7		27.1		26.9		0.8

		(Celcious)				1.1		28.5		23.6				27.4		26.8		26.6		1.1

						1.2				23.8		27.1				26.9		25.9		1.1

						1.3		28.5				26.9		27.6				27.7		0.5

				2				28.7		24.1		27.2		27.8		27.2		27.0		0.8

						2.1		28.6		23.9				27.7		27.2		26.9		1.0

						2.2				24		27.1				26.9		26.0		1.0

						2.3		28.3				26.9		27.5				27.6		0.4

				3				28.4		23.8		27		27.7		27.1		26.8		0.8

						3.1		28.4		23.7				27.6		27		26.7		1.0

						3.2				23.7		26.9				26.9		25.8		1.1

						3.3		27.9				26.8		27.6				27.4		0.3

				Pond				28.7		23.8		27.2		27.6		27.1		26.9		0.8

												1999

								Feb. 1		Feb. 6		Feb. 11		Feb. 16		Feb. 21		Mean		SE						Means for

		A: Dissolved oxygen		1				4.1		5.2		4.5		4.6		4.3		4.5		0.2

		(mg/L)				1.1		3		3.6				3.8		3.3		3.4		0.2				0		1		2

						1.2				2.2		2.4				2.9		2.5		0.2				2.7		2.7		2.9

						1.3		2				3.2		3.1				2.8		0.4		2.9

				2				4		4.7		4.6		5.3		4.4		4.6		0.2

						2.1		2.3		2.6				3.1		3.2		2.8		0.2

						2.2				2.8		2.3				2.8		2.6		0.2

						2.3		2				2.2		3.6				2.6		0.5		2.7

				3				3.7		4.8		4.7		5		4.7		4.6		0.2

						3.1		2.4		2				3.8		3		2.8		0.4

						3.2				2.4		2.9				3		2.8		0.2

						3.3		2.6				2.7		3				2.8		0.1		2.8

				Pond				6.8		7.4		9.3		7.3		5.7		7.3		0.58

																Pond		7.3		0.58

																Spawn.		4.6		0.01

																Cond.		2.8		0.04
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				Appendix G6: Calculation of amount of feed used in the trial on broodfish selection.

						(Experiment VII)

														Fish bulk weight (kg)

				Hapa No.		Sex		Trt group		Jan 23, 99		Feb 2, 99		Feb 27, 99		Mar 24, 99		Apr 28, 99

				1		Male				22.0		30.0		38.0		28.0		28.0

				1.1		Female		2-S		38.4		39.0		36.0		38.6		38.0

				1.2		Female		1-S		38.4		39.6		40.0		38.2		42.0

				1.3		Female		0-S		38.4		33.0		32.0		43.2		43.0

				2		Male				22.0		33.0		29.0		30.0		28.0

				2.1		Female		1-S		38.4		38.0		39.0		41.2		41.0

				2.2		Female		0-S		38.4		36.0		36.0		36.0		37.0

				2.3		Female		2-S		38.4		40.0		39.0		38.0		41.0

				3		Male				22.0		32.6		33.0		31.0		31.0

				3.1		Female		0-S		38.4		36.6		40.0		38.0		36.0

				3.2		Female		2-S		38.4		39.0		43.0		34.0		40.0

				3.3		Female		1-S		38.4		40.0		38.0		32.4		35.0

				Means		Male		1		22.0		30.0		38.0		28.0		28.0

								2		22.0		33.0		29.0		30.0		28.0

								3		22.0		32.6		33.0		31.0		31.0

						Female		2-S		38.4		39.3		39.3		36.9		39.7

								1-S		38.4		39.2		39.0		37.3		39.3

								0-S		38.4		35.2		36.0		39.1		38.7

				Amount of feed (kg) fed during the broodfish selectin trial.

														Wt (kg)

				Hapa No.		Sex		Trt group		23/1-2/2		3/2-27/2		28/2-24/3		25/3-28/4		Total

				1		Male				1.8		6.0		7.6		7.4

				1.1		Female		2-S		3.1		7.8		7.2		10.2

				1.2		Female		1-S		3.1		7.9		8.0		10.1

				1.3		Female		0-S		3.1		6.6		6.4		11.4

				2		Male				1.8		6.6		5.8		7.9

				2.1		Female		1-S		3.1		7.6		7.8		10.9

				2.2		Female		0-S		3.1		7.2		7.2		9.5

				2.3		Female		2-S		3.1		8.0		7.8		10.0

				3		Male				1.8		6.5		6.6		8.2

				3.1		Female		0-S		3.1		7.3		8.0		10.0

				3.2		Female		2-S		3.1		7.8		8.6		9.0

				3.3		Female		1-S		3.1		8.0		7.6		8.6

				Total		Female		2-S		9.2		23.6		23.6		29.2		85.6

								1-S		9.2		23.5		23.4		29.5		85.7

								0-S		9.2		21.1		21.6		30.9		82.9

						Male				5.3		19.1		20.0		23.5		67.9

																Grand total		322.0
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				Table G3. Number of clutches (per hapa/harvest) from females on selection trial

						in hapa-in-pond trial (Experiment VII).

						Female set or								Seed harvest

				Treatments		replication		1st		2nd		3rd		4th		5th		6th		Mean

				2- time spawner		1		68		181		85		114		54		114		103

						2		224		113		148		168		153		67		146

						3		127		156		112		120		35		50		100

						Mean		140		150		115		134		81		77		124

						SE		45		20		18		17		37		19		11

				1-time spawner		1		132		131		92		99		58		92		101

						2		17		184		43		93		67		126		88

						3		203		42		111		112		121		43		105

						Mean		117		119		82		101		82		87		100

						SE		54		41		20		6		20		24		7

				No-spawner		1		125		47		67		84		95		60		80

						2		61		122		50		51		75		79		73

						3		11		121		25		73		29		64		54

						Mean		66		97		47		69		66		68		69

						SE		33		25		12		10		20		6		7

				Table G4. Seed output (g/hapa/harvest) from females on selection trial

						in hapa-in-pond trial (Experiment VII).

						Female set or								Seed harvest

				Treatments		replication		1st		2nd		3rd		4th		5th		6th		Mean

				2- time spawner		1		158		569		257		322		179		280		294

						2		676		349		307		382		213		131		343

						3		343		404		225		317		102		106		250

						Mean		392		441		263		340		165		172		320

						SE		152		66		24		21		33		54		45

				1-time spawner		1		312		319		187		239		168		212		240

						2		50		553		105		202		152		316		230

						3		528		123		234		318		224		94		254

						Mean		297		332		175		253		181		207		248

						SE		138		124		38		34		22		64		28

				No-spawner		1		326		103		143		183		177		159		182

						2		147		271		133		150		238		199		190

						3		19		253		225		158		53		137		141

						Mean		164		209		167		164		156		165		172

						SE		89		53		29		10		54		18		9

				Table G5. Seed output (no./m2/day) from females on selection trial

						in hapa-in-pond trial (Experiment VII).

										Seed output (No./m2 hapa/day)

						Female set or								Seed harvest

				Treatments		replication		1st		2nd		3rd		4th		5th		6th		Mean

				2- time spawner		1				226		100		131		74		119		130

						2		263		134		119		164		89		60		138

						3		135		151		85		128		44		46		98

						Mean		199		170		101		141		69		75		126

						SE		52		28		10		12		13		22		22

				1-time spawner		1		121		138		70		97		72		93		99

						2				220		40		82		64		91		99

						3		206		48		91		136		94		73		108

						Mean		164		135		67		105		77		86		106

						SE		35		50		15		16		9		6		15

				No-spawner		1		127		40		55		78		74		73		75

						2		57		109		50		61		103		83		77

						3				102		29		63		22		58		55

						Mean		92		84		45		67		66		71		71

						SE		29		22		8		5		24		7		7





clutch

		

				Table G3. Effects of female selection on the number of clutches per hapa per cycle (5 day)

										Clutch or number of females spawned

						Female set or								Seed harvest

				Treatments		replication		1st		2nd		3rd		4th		5th		6th		Mean

				2- time spawner		1		68		181		85		114		54		114		103

						2		224		113		148		168		153		67		146

						3		127		156		112		120		35		50		100

						Mean		140		150		115		134		81		77		116

						SE		45		20		18		17		37		19		15

				1-time spawner		1		132		131		92		99		58		92		101

						2		17		184		43		93		67		126		88

						3		203		42		111		112		121		43		105

						Mean		117		119		82		101		82		87		98

						SE		54		41		20		6		20		24		5

				No-spawner		1		125		47		67		84		95		60		80

						2		61		122		50		51		75		79		73

						3		11		121		25		73		29		64		54

						Mean		66		97		47		69		66		68		69

						SE		33		25		12		10		20		6		8

				For graph:				1st		2nd		3rd		4th		5th		6th		Mean		SE

				Means		2-S		140		150		115		134		81		77		116		13				69		18

						1-S		117		119		82		101		82		87		98		7				43

						0-S		66		97		47		69		66		68		69		6

						2-times spawner		116		13

						1-time spawner		98		7

						Non spawner		69		6

				Fig. 10.5 Clutches harvested from three groups of Nile tilapia

						selected for spawning frequency in hapa in pond system.
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				Table		Effects of female selection on the seed production

										Seed weight (g/hapa/5 day)

						Female set or								Seed harvest

				Treatments		replication		1st		2nd		3rd		4th		5th		6th		Mean

				2- time spawner		1		158		569		257		322		179		280		294

						2		676		349		307		382		213		131		343

						3		343		404		225		317		102		106		250

						Mean		392		441		263		340		165		172		296

						SE		152		66		24		21		33		54		27

				1-time spawner		1		312		319		187		239		168		212		240

						2		50		553		105		202		152		316		230

						3		528		123		234		318		224		94		254

						Mean		297		332		175		253		181		207		241

						SE		138		124		38		34		22		64		7

				No-spawner		1		326		103		143		183		177		159		182

						2		147		271		133		150		238		199		190

						3		19		253		225		158		53		137		141

						Mean		164		209		167		164		156		165		171

						SE		89		53		29		10		54		18		15

				For graph:				1st		2nd		3rd		4th		5th		6th		Mean		SE

				Means		2-S		392		441		263		340		165		172		296		47				73		23

						1-S		297		332		175		253		181		207		241		26				41

						0-S		164		209		167		164		156		165		171		8

						2-times spawner		296		47

						1-time spawner		241		26

						Non-spawner		171		8
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				Table		Effects of female selection on the seed production

										Seed weight (No./m2 hapa/day)

						Female set or								Seed harvest

				Treatments		replication		1st		2nd		3rd		4th		5th		6th				Mean

				2- time spawner		1				226		100		131		74		119				130

						2		263		134		119		164		89		60				138

						3		135		151		85		128		44		46				98

						Mean		199		170		101		141		69		75				126

						SE		52		28		10		12		13		22				22

				1-time spawner		1		121		138		70		97		72		93				99

						2				220		40		82		64		91				99

						3		206		48		91		136		94		73				108

						Mean		164		135		67		105		77		86				106

						SE		35		50		15		16		9		6				15

				No-spawner		1		127		40		55		78		74		73				75

						2		57		109		50		61		103		83				77

						3				102		29		63		22		58				55

						Mean		92		84		45		67		66		71				71

						SE		29		22		8		5		24		7				7

				For graph:				1st		2nd		3rd		4th		5th		6th				Mean		SE

				Means		2-S		199		170		101		141		69		75				126		18

						1-S		164		135		67		105		77		86				106		11

						0-S		92		84		45		67		66		71				71		6

						2-times spawner		126		18																Pairwise t-test

						1-time spawner		106		11																0 VS 1,2		1-S vs 2-S

						Non-spawner		71		6																78		19

																										49

						Fig. 10.2 Seed output (no./sq.m./day) from three groups of Nile tilapia

								selected for spawning frequency in hapa in pond system.

						Fig. 10.3 Seed output (g/hapa/harvest) from three groups of Nile tilapia

								selected for spawning frequency in hapa in pond system.

						Fig 10.4 Number of clutch/hapa/harvest from three groups of Nile tilapia

								selected for spawning frequency in hapa in pond system.

						Fig. 10.5 Seed output (no./sq.m./day) from three groups of Nile tilapia

								selected for spawning frequency in hapa in pond system.
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				Appendix G: Detail data on the broodfish selection trial (Experiment VII).

				Table G1. Changes in number and weight of fish during the trial on broodfish selection.

						(Experiment VII)

												January 23, 1999				February 2, 1999				February 27, 1999				March 24, 1999				April 28, 1999								Mean wt. (g)				Per cent

				Hapa No.		Sex		Trt group		No.		Wt (kg)		No.		Wt (kg)		No.		Wt (kg)		No.		Wt (kg)		No.		Wt (kg)				Initial		SE		Final		SE		weight gain		SE

				1		Male				260		22.0		260		30.0		243		38.0		235		28.0		238		28.0				115.4				117.6				2.0

				1.1		Female		2-S		460		38.4		456		39.0		360		36.0		397		38.6		363		38.0				85.5				104.7				22.4

				1.2		Female		1-S		460		38.4		460		39.6		381		40.0		418		38.2		407		42.0				86.1				103.2				19.9

				1.3		Female		0-S		460		38.4		459		33.0		320		32.0		320		43.2		368		43.0				71.9				116.8				62.5

				2		Male				260		22.0		259		33.0		268		29.0		261		30.0		230		28.0				127.4				121.7				-4.5

				2.1		Female		1-S		460		38.4		460		38.0		431		39.0		400		41.2		362		41.0				82.6				113.3				37.1

				2.2		Female		0-S		460		38.4		459		36.0		385		36.0		380		36.0		330		37.0				78.4				112.1				43.0

				2.3		Female		2-S		460		38.4		455		40.0		424		39.0		373		38.0		345		41.0				87.9				118.8				35.2

				3		Male				260		22.0		259		32.6		291		33.0		279		31.0		277		31.0				125.9				111.9				-11.1

				3.1		Female		0-S		460		38.4		459		36.6		407		40.0		393		38.0		302		36.0				79.7				119.2				49.5

				3.2		Female		2-S		460		38.4		460		39.0		449		43.0		343		34.0		350		40.0				84.8				114.3				34.8

				3.3		Female		1-S		460		38.4		459		40.0		424		38.0		306		32.4		298		35.0				87.1				117.4				34.8

				Means		Male		1		260		22.0		260		30.0		243		38.0		235		28.0		238		28.0				115.4				117.6				2.0

								2		260		22.0		259		33.0		268		29.0		261		30.0		230		28.0				127.4				121.7				-4.5

								3		260		22.0		259		32.6		291		33.0		279		31.0		277		31.0				125.9				111.9				-11.1

						Female		2-S		460		38.4		457		39.3		411		39.3		371		36.9		353		39.7				86.1		0.9		112.6		4.2		30.8		4.2

								1-S		460		38.4		460		39.2		412		39.0		375		37.3		356		39.3				85.3		1.4		111.3		4.2		30.6		5.4

								0-S		460		38.4		459		35.2		371		36.0		364		39.1		333		38.7				76.7		2.4		116.1		2.1		51.7		5.8

				Table G2. Number and per cent of female tilapia not spawned during selection before using for trial..

												Total				% female				% spawned				increment in the

						Seed harvest number		Day				females				not spawned								spawning rate (%)

						0		0				5980				100				0				0.0

						1		5				5507				92.1				7.9				7.9

						2		10				3939				65.9				34.1				26.2

						3		15				3622				60.6				39.4				5.3

						4		20				2339				39.1				60.9				21.5

						5		25				2061				34.5				65.5				4.6

						6		30				1802				30.1				69.9				4.3

						7		35				1503				25.1				74.9				5.0
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		Trt		Hapa		Seedhar		Clutch		Seedwt		Seed-no

		2-S		1		1st		68		158				Pairwise t-test results

		2-S		1		2nd		181		569		226				Clutch		seed-wt		Seed-no

		2-S		1		3rd		85		257		100		2-S vs 1-S		0.342		0.276		0.420

		2-S		1		4th		114		322		131		2-S vs 0-S		0.006		0.009		0.004

		2-S		1		5th		54		179		74		1-S vs 0-S		0.062		0.073		0.047

		2-S		1		6th		114		280		119

		2-S		2		1st		224		676		263

		2-S		2		2nd		113		349		134

		2-S		2		3rd		148		307		119

		2-S		2		4th		168		382		164

		2-S		2		5th		153		213		89

		2-S		2		6th		67		131		60

		2-S		3		1st		127		343		135

		2-S		3		2nd		156		404		151

		2-S		3		3rd		112		225		85

		2-S		3		4th		120		317		128

		2-S		3		5th		35		102		44

		2-S		3		6th		50		106		46

		1-S		1		1st		132		312		121

		1-S		1		2nd		131		319		138

		1-S		1		3rd		92		187		70

		1-S		1		4th		99		239		97

		1-S		1		5th		58		168		72

		1-S		1		6th		92		212		93

		1-S		2		1st		17		50

		1-S		2		2nd		184		553		220

		1-S		2		3rd		43		105		40

		1-S		2		4th		93		202		82

		1-S		2		5th		67		152		64

		1-S		2		6th		126		316		91

		1-S		3		1st		203		528		206

		1-S		3		2nd		42		123		48

		1-S		3		3rd		111		234		91

		1-S		3		4th		112		318		136

		1-S		3		5th		121		224		94

		1-S		3		6th		43		94		73

		0-S		1		1st		125		326		127

		0-S		1		2nd		47		103		40

		0-S		1		3rd		67		143		55

		0-S		1		4th		84		183		78

		0-S		1		5th		95		177		74

		0-S		1		6th		60		159		73

		0-S		2		1st		61		147		57

		0-S		2		2nd		122		271		109

		0-S		2		3rd		50		133		50

		0-S		2		4th		51		150		61

		0-S		2		5th		75		238		103

		0-S		2		6th		79		199		83

		0-S		3		1st		11		19

		0-S		3		2nd		121		253		102

		0-S		3		3rd		25		225		29

		0-S		3		4th		73		158		63

		0-S		3		5th		29		53		22

		0-S		3		6th		64		137		58
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		Trt		Hapa		Seedhar		Clutch		Seedwt

		2-S		1		1st		68		158				Pairwise t-test results

		2-S		1		2nd		181		569				(For 4 times only)				XXXXXXXX

		2-S		1		3rd		85		257						Clutch		seed-wt

		2-S		1		4th		114		322

		2-S		2		1st		224		676				2-S vs 1-S		0.2511668125		0.1901281702

		2-S		2		2nd		113		349				2-S vs 0-S		0.0052616578		0.0066522209

		2-S		2		3rd		148		307				1-S vs 0-S		0.106236187		0.115738489

		2-S		2		4th		168		382

		2-S		3		1st		127		343

		2-S		3		2nd		156		404

		2-S		3		3rd		112		225

		2-S		3		4th		120		317

		1-S		1		1st		132		312

		1-S		1		2nd		131		319

		1-S		1		3rd		92		187

		1-S		1		4th		99		239

		1-S		2		1st		17		50

		1-S		2		2nd		184		553

		1-S		2		3rd		43		105

		1-S		2		4th		93		202

		1-S		3		1st		203		528

		1-S		3		2nd		42		123

		1-S		3		3rd		111		234

		1-S		3		4th		112		318

		0-S		1		1st		125		326

		0-S		1		2nd		47		103

		0-S		1		3rd		67		143

		0-S		1		4th		84		183

		0-S		2		1st		61		147

		0-S		2		2nd		122		271

		0-S		2		3rd		50		133

		0-S		2		4th		51		150

		0-S		3		1st		11		19

		0-S		3		2nd		121		253

		0-S		3		3rd		25		225

		0-S		3		4th		73		158
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		Table G8. Water quality parameters of pond and hapas used for

				broodfish selection trial.

												1999

				Spawning		Conditioning		Feb. 1		Feb. 6		Feb. 11		Feb. 16		Feb. 21		Mean		SE

		A: Temperature		1				28.6		23.9		27.2		27.7		27.1		26.9		0.8

		(Celcious)				1.1		28.5		23.6				27.4		26.8		26.6		1.1

						1.2				23.8		27.1				26.9		25.9		1.1

						1.3		28.5				26.9		27.6				27.7		0.5

				2				28.7		24.1		27.2		27.8		27.2		27.0		0.8

						2.1		28.6		23.9				27.7		27.2		26.9		1.0

						2.2				24		27.1				26.9		26.0		1.0

						2.3		28.3				26.9		27.5				27.6		0.4

				3				28.4		23.8		27		27.7		27.1		26.8		0.8

						3.1		28.4		23.7				27.6		27		26.7		1.0

						3.2				23.7		26.9				26.9		25.8		1.1

						3.3		27.9				26.8		27.6				27.4		0.3

				Pond				28.7		23.8		27.2		27.6		27.1		26.9		0.8

												1999

								Feb. 1		Feb. 6		Feb. 11		Feb. 16		Feb. 21		Mean		SE						Means for

		A: Dissolved oxygen		1				4.1		5.2		4.5		4.6		4.3		4.5		0.2

		(mg/L)				1.1		3		3.6				3.8		3.3		3.4		0.2				0		1		2

						1.2				2.2		2.4				2.9		2.5		0.2				2.7		2.7		2.9

						1.3		2				3.2		3.1				2.8		0.4		2.9

				2				4		4.7		4.6		5.3		4.4		4.6		0.2

						2.1		2.3		2.6				3.1		3.2		2.8		0.2

						2.2				2.8		2.3				2.8		2.6		0.2

						2.3		2				2.2		3.6				2.6		0.5		2.7

				3				3.7		4.8		4.7		5		4.7		4.6		0.2

						3.1		2.4		2				3.8		3		2.8		0.4

						3.2				2.4		2.9				3		2.8		0.2

						3.3		2.6				2.7		3				2.8		0.1		2.8

				Pond				6.8		7.4		9.3		7.3		5.7		7.3		0.58

																Pond		7.3		0.58

																Spawn.		4.6		0.01

																Cond.		2.8		0.04
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				Appendix G6: Calculation of amount of feed used in the trial on broodfish selection.

						(Experiment VII)

														Fish bulk weight (kg)

				Hapa No.		Sex		Trt group		Jan 23, 99		Feb 2, 99		Feb 27, 99		Mar 24, 99		Apr 28, 99

				1		Male				22.0		30.0		38.0		28.0		28.0

				1.1		Female		2-S		38.4		39.0		36.0		38.6		38.0

				1.2		Female		1-S		38.4		39.6		40.0		38.2		42.0

				1.3		Female		0-S		38.4		33.0		32.0		43.2		43.0

				2		Male				22.0		33.0		29.0		30.0		28.0

				2.1		Female		1-S		38.4		38.0		39.0		41.2		41.0

				2.2		Female		0-S		38.4		36.0		36.0		36.0		37.0

				2.3		Female		2-S		38.4		40.0		39.0		38.0		41.0

				3		Male				22.0		32.6		33.0		31.0		31.0

				3.1		Female		0-S		38.4		36.6		40.0		38.0		36.0

				3.2		Female		2-S		38.4		39.0		43.0		34.0		40.0

				3.3		Female		1-S		38.4		40.0		38.0		32.4		35.0

				Means		Male		1		22.0		30.0		38.0		28.0		28.0

								2		22.0		33.0		29.0		30.0		28.0

								3		22.0		32.6		33.0		31.0		31.0

						Female		2-S		38.4		39.3		39.3		36.9		39.7

								1-S		38.4		39.2		39.0		37.3		39.3

								0-S		38.4		35.2		36.0		39.1		38.7

				Amount of feed (kg) fed during the broodfish selectin trial.

														Wt (kg)

				Hapa No.		Sex		Trt group		23/1-2/2		3/2-27/2		28/2-24/3		25/3-28/4		Total

				1		Male				1.8		6.0		7.6		7.4

				1.1		Female		2-S		3.1		7.8		7.2		10.2

				1.2		Female		1-S		3.1		7.9		8.0		10.1

				1.3		Female		0-S		3.1		6.6		6.4		11.4

				2		Male				1.8		6.6		5.8		7.9

				2.1		Female		1-S		3.1		7.6		7.8		10.9

				2.2		Female		0-S		3.1		7.2		7.2		9.5

				2.3		Female		2-S		3.1		8.0		7.8		10.0

				3		Male				1.8		6.5		6.6		8.2

				3.1		Female		0-S		3.1		7.3		8.0		10.0

				3.2		Female		2-S		3.1		7.8		8.6		9.0

				3.3		Female		1-S		3.1		8.0		7.6		8.6

				Total		Female		2-S		9.2		23.6		23.6		29.2		85.6

								1-S		9.2		23.5		23.4		29.5		85.7

								0-S		9.2		21.1		21.6		30.9		82.9

						Male				5.3		19.1		20.0		23.5		67.9

																Grand total		322.0
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				Mean % increased				63.5
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