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AABSTRACTBSTRACT

The reproductive, survival and growth performances of Nile tilapia (Oreochromis niloticus), Fijian Chitralada

strain and that developed from the Genetic Improvement of Farmed Tilapia (GIFT) program in the

Philippines, were evaluated in two culture environments, integrated and nonintegrated.

Results showed that the Chitralada strain had more participating breeders and higher fry survival than

the GIFT strain. The latter had higher fecundity but the brooders showed a high incidence of fry cannibalism.

It also had a slightly better growth than that of Chitralada strain. Growth of the GIFT strain in the integrated

system was better than in the nonintegrated one, while there was no significant difference in growth

between the two systems for Chitralada strain.
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IntroductionIntroduction

Tilapia genetics research started in 1993 in Fiji by

the Fisheries Division, Ministry of Agriculture,

Fisheries and Forests (MAFF) in collaboration with

the Queensland University of Technology, Brisbane,

Australia, and the Institute of Advanced Studies,

University of Malaya, Kuala Lumpur, Malaysia,

under a project entitled Genetic Identification and

Stock Improvement of Tilapia in Malaysia and Fiji.

Phase1 of this project was funded by the Australian

Centre for International Agricultural Research

(ACIAR) and was completed in December 1995.

A Comparative Evaluation of Two Tilapia Strains in Fiji

During the first phase, the culture performance of

four tilapias in Fiji, namely Oreochromis mossambicus,

Israel and Chitralada strains of Nile tilapia (O.

niloticus) and red tilapia hybrid, was assessed for

three consecutive generations under two

aquaculture production systems (integrated and

nonintegrated ponds) to determine which of the

strains was performing best. Results of the study

showed that Chitralada strain was the best

performing strain in Fiji.

This led to the second phase of the project on

Genetic Improvement of Tilapia in Fiji and Redclaw
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in Australia, funded also by ACIAR. The project

commenced in January 1998 and aims in the first

instance to compare the performance of the

Chitralada strain with the GIFT strain, then

undertake selection for three generations of best

performing strain under Fij ian conditions.

Concurrently, microsatellite markers will also be

developed through collaboration between

Queensland University of Technology and the

Commonwealth Scientific and Industrial Research

Organization (CSIRO), Australia. Individual

performance in culture will be correlated with allelic

variation to determine the potential for marker-

assisted selection for further improvement of

cultured strains.

Another objective is to provide training for research

staff to enhance skills in experimental design

techniques and statistical methodology and in

tagging and related techniques for selection

progams. The project also aims to develop extension

procedures for farmers for the effective

dissemination of genetic gain in improved breeds.

Future research will be towards repetition of the

comparative breeding and growout trials of the two

tilapia strains (GIFT vs. Chitralada).

Materials and MethodsMaterials and Methods

Tilapia strainsTilapia strains

The GIFT strain  of O. niloticus, was imported from

the Philippines in August 1997 and maintained at

the Naduruloulou Fisheries Station. Fifth

generation of Chitralada was imported from the

National Inland Fisheries Institute, Thailand, in

August 1988 and is currently being used by farmers

throughout the country.

Evaluation of culture performanceEvaluation of culture performance

Breeding of the two strains was carried out at

Naduruloulou Aquaculture Station from 1 May to

June 1998. In a breeding design structured to

generate as many families per strain, 25 fine-

mesh breeding hapas (1m x 1m x 1m) were each

stocked with four females and two males, and were

set up in a 2 500 m2 pond. Brooders were fed with a

grower mix feed twice daily until they spawned.

Dead brooders resulting from damage from

handling during stocking were replaced only during

the first week.

Fry collection began soon after swim-up fry were

observed. Spawned females were identified and

transferred into separate holding ponds

immediately after fry collection. For each strain, fry

were collected on the same day and their number

was estimated. They were stocked in nursery hapas

at a density of approximately 200 fry per hapa. The

fry were fed a fry mix feed comprising 50% fish meal

and 50% rice bran three times a day. Collection was

carried out every fourth day or whenever swim-up

fry were observed. Fry ages were carefully noted,

and upon transfer to larger mesh-size hapas, only

fry spawned within 40 days of collection were pooled

as a single batch. Early fry survival counts were made

on days 20-24.

The fry were then nursed for 2 months until they

reached fingerling size (10–11 g). The nursery

hapas were changed every 14 days for the first

month and thereafter transferred to bigger mesh

size hapas (2 m x 2 m x 1.5 m) to allow for easy

movement of water through the hapa.

Breeding efficiency (the proportion of females

spawned), average fecundity (the total number of

fry produced divided by the number of female

spawners in the breeding cycle) and early fry

survival (after 20 days) were calculated for each

strain at the end of the breeding trial.

Growth performance trials were undertaken during

September 1998 - January 1999. Trials were carried

out in three replicate ponds integrated with ducks

and in three nonintegrated ponds each

approximately 600 m2 in size and 1m in depth. Each

integrated pond had a bamboo hut which housed

40 ducklings (2 - 4 weeks old) at the beginning

of the growth cycle. Both types of ponds were

limed (1 250 kg.ha-1 of hydrated lime) and manured

with chicken manure (1 250 kg.ha-1) before stocking

of fry. Using a communal pond concept while

keeping the strains separate, 100 representatives

from each strain were stocked into rearing hapas (2

m x 2 m x 1.5 m with mesh size 0.5 cm) in each of

the six ponds in a randomized design. Initial

weights were taken before stocking. A commercial

tilapia pellet (29.9% crude protein) was used for

feeding twice daily.

Sampling of individual weights and lengths was

made on 30 fish per strain in each pond every 23

days (except for the first sampling which was 30

days). Sex was noted as soon as it could be
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determined. Final fish weights and lengths were

measured on all fish at the end of the fourth month

(123 days). Rearing hapas were replaced at each

sampling period to avoid fouling.

Water quality parameters were also measured during

the growth trial and occasional algal blooms were

flushed out by water exchange. Mean daily weight

gain (MDWG), food conversion efficiency and sex

ratios were calculated for each strain on completion

of the growth trial.

Analysis of strain differencesAnalysis of strain differences

Comparisons of means between and within strains,

and between systems were carried out on Microsoft

Excel using the t-test in descriptive statistics at

p=0.05 (5% confidence interval).

Results and DiscussionResults and Discussion

Reproduction and survivalReproduction and survival

Fry of the Chitralada strain were sighted after 15

days while those of the GIFT strain were sighted

after 23 days. Table 1 summarizes results of the

breeding trial. The delay in breeding of the GIFT

strain may have been due to temperature aside from

the high mortality of brooders from handling and

disturbances during replacements.

Pond conditionsPond conditions

During the breeding trial, pond water pH  in the

morning ranged from 7.5 to 8.0 and in the

afternoon from 8.3 to 8.4. Morning temperatures

ranged from 24.4 to 26.9oC and afternoon ones,

from 26.7 to 27.3oC. Dissolved oxygen readings

ranged from 5.0 to 6.8 in the morning and from

6.9 to 8.0 in the afternoon.

During the four-month growth trial,  water

temperature and pH did not differ significantly

between ponds. The pH morning readings ranged

from 7.7 to 8.7, and temperatures from 24.7 to

30.6oC. Afternoon readings ranged from 8.5 to 9.6

for pH and 26.3 to 34.9oC for temperature (Tables

2 and 3). Of the three parameters (temperature, pH

and dissolved oxygen), temperature was found to

have a significant effect on growth and

reproduction.

Growth trialGrowth trial

After 4 months, the average weight was higher for

the GIFT strain, the difference being significant

(P=0.05) only at the end of the trial (Fig. 1). The

differences in growth may be attributed to the fact

that majority of the GIFT fish had not reached

maturation at the end of the growout period (4

months) as compared to the Chitralada ones, which

Breeding and fry production GIFT Chitralada
strain strain

No. of females spawned /100 31 48

Average fecundity 211 194

Total no. of fry 6 532 11 760

Average weight of brooders (g)

   Male 800 700

   Female 400 300

Survivors at 20 days 5 531 9 318

Average early survival (%) 84 79

Table 1. Evaluation of reproduction and survival of Chitralada
and GIFT strains of O. niloticus.

Month

Sep

Oct

Nov

Dec

Table 2. Average temperatures (oC) during growth trial.

Pond 6

 AM  PM

24.8 26.3

27.5 29.6

29.5 31.9

30.0 34.9

Pond 5

 AM  PM

24.7 26.2

28.0 29.7

29.7 32.0

30.0 35.0

Pond 4

 AM  PM

24.8 26.4

27.7 29.4

29.5 32.0

30.0 34.8

Pond 3

 AM  PM

24.9 26.4

27.7 29.9

29.8 31.9

30.6 34.9

Pond 2

 AM  PM

24.9 26.5

27.5 29.2

29.6 32.4

30.0 34.8

Pond 1

 AM  PM

24.7 26.4

27.6 29.6

29.7 32.3

30.4 34.9

A Comparative Evaluation of Two Tilapia Strains in Fiji

Note: Meter was faulty during first two months.

Table 3. Average water pH during growth trial.

Month

Nov

Dec

Pond 6

 AM  PM

8.0 9.3

7.7 8.9

Pond 5

 AM  PM

7.9 9.3

8.4 9.2

Pond 4

 AM  PM

8.1 9.3

8.7 9.6

Pond 3

 AM  PM

8.2 9.6

8.5 9.2

Pond 2

 AM  PM

8.1 9.5

8.3 9.3

Pond 1

 AM  PM

7.7 9.0

7.8 8.5
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Bangladesh also showed that GIFT strain had better

growth than other strains after 3 months (GIFT

average weight gain was 40% better than existing

strains) (Mazid et al. 1996).

GIFT fish had higher MDWG and were better at

converting feed into growth than Chitralada (Tables

8 and 9). MDWG during growout decreased and food

conversion ratio increased after day 94 for both strains

due to females breeding (eggs were observed in

mouths of females) (Figs. 2 and 3). The significant

difference in MDWG between two strains was also due

to the higher number of males in the GIFT sample.

When comparing growth of the strains between two

conditions (integrated and nonintegrated), there was

no significant difference for Chitralada strain (Fig. 4)

while for GIFT strain, there was a significant difference

towards the end of the growout where the fish in the

integrated system showed higher growth than in the

nonintegrated system (Fig. 5).

The age batch designated in this study (within 40 days

age difference) was found to be a reliable basis for

comparing strains which did not result in problems

of age or size differences. Palada-de Vera and Eknath

(1993) found no significant effect of initial size

differences on growth rate of O. niloticus strains across

three batches collected at one-week intervals.

The genotype-environment interaction was not

analyzed in this study. However, studies by Macaranas

et al. (1997) at the same experimental site

(Naduruloulou, Fiji), on two O. niloticus  strains,

Chitralada and Israel, showed no significant genotype-

environment interactions within a range of

environments.

Since this is the first experience with the GIFT fish,

the project made some accomplishments with regard

to breeding (fry cannibalism and handling of

brooders) of this strain. Results of the first comparative

Pond

1

2

3

4

5

6

Total

%

Table 7. Final sex ratio for two strains of O. niloticus.

 Chitralada strain

Female Male

50 50

49 51

44 56

56 44

53 47

59 41

311 289

52 48

GIFT strain

Female Male

26 74

44 54

52 46

47 53

39 61

33 67

241 355

40 60

A Comparative Evaluation of Two Tilapia Strains in Fiji

Male Female

Chitralada strain S2 (47 days)    67.10 ± 04.10 46.6 ± 3.5

S3 (70 days)    86.70 ± 11.20 60.9 ± 7.2

S4 (94 days) 106.00 ± 13.10 80.0 ± 9.1

GIFT strain S2    77.20 ± 03.50 49.0 ± 3.4

S3    98.70 ± 08.20 72.6 ± 5.6

S4 128.00 ± 11.20 90.0 ± 6.7

Table 6. Average body weight (g) of two strains of
O. niloticus by sex from three sampling intervals.

Table 8. MDWG (g) and food conversion rate (FCR) for Chitralada strain of O. niloticus at different samplings.

Notes: NI - nonintegrated; I - integrated.

S1

S2

S3

S4

Final

 Pond 6 : NI

MDWG  FCR

0.77 1.53

0.58 0.64

1.93 0.53

0.53 1.23

0.25 3.00

  Pond 5 : I

MDWG   FCR

0.98 1.64

1.22 0.58

2.17 0.56

1.05 1.18

0.25 6.20

  Pond 4 : I

MDWG   FCR

0.89 1.84

0.70 0.59

0.62 1.15

0.63 1.26

1.08    0.80

  Pond 3 : I

MDWG FCR

0.91 1.80

1.03 0.68

0.78 1.08

0.57 1.48

0.55 1.80

POND 2 : NI

MDWG  FCR

 0.88 1.76

0.19 3.52

0.60 1.02

1.04 0.59

1.14    0.80

Pond 1 : NI

MDWG  FCR

1.00 1.75

1.53 0.58

0.90 0.99

1.10 0.80

0.18 6.70

Overall

MDWG   FCR

0.90 1.72

0.88 1.10

1.12 0.82

0.82 1.09

0.58 3.20

Table 9. MDWG (g) and FCR for GIFT strain of O. niloticus at different samplings.

Notes: NI - nonintegrated; I - integrated.

S1

S2

S3

S4

Final

Pond 6 : NI

MDWG  FCR

0.77 1.53

0.73 1.48

0.17 3.03

0.68 0.90

0.71 1.20

 Pond 5 : I

MDWG   FCR

0.91 2.06

1.22 0.58

1.87 0.66

1.40 0.87

1.00 1.60

 Pond 4 : I

MDWG   FCR

0.74 2.61

1.10 0.80

1.52 0.70

1.33 0.71

1.07 1.30

Pond 3 : I

MDWG  FCR

0.99 1.68

0.96 0.62

1.05 0.87

1.33 0.69

0.54 2.40

Pond 2 : NI

MDWG  FCR

1.23 1.33

0.17 2.20

1.09 0.70

0.68 1.07

2.33 0.40

Pond 1 : NI

MDWG  FCR

1.19 1.47

1.22 0.64

0.70 1.08

1.50 0.74

0.39 3.40

Overall

MDWG   FCR

1.03 1.83

0.90 1.05

1.07 1.17

1.15 0.83

1.01 1.70
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breeding and growth trial indicated that the GIFT

strain performed slightly better than the Chitralada

strain. A more substantial statistical analysis of data

from this trial is being carried out. To complete the

evaluation of performance of the two strains, the trial

was repeated in April-May 1999 for breeding and in

June-September 1999 for growth.
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