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ABSTRACY

Four strains of Orecchromis nifoticus namely, Abbassa (AB), Aswan
{AS), Maryout (MR} and Zawia (ZW) were collected from four different
geographical locations in Egypt and used to produce a complete diallel
crosses. Sixteen combinations from pure strains and their reciprocal crosses
were produced by individual mating.

A total of 2170 individuals tagged fingerlings from seventy two full-
sib and half sib families were communally stocked in earthen pond for a
growth period of 120 days during winter. Strain additive genetic, total
heterosis and general reciprocal effects were studied.

The mean body weight for pure strains and their crosses at harvest
were significantly different {(P<0.0001) and showed coefficient of variation
ranged from 46.1% to 70.8 %. Aswan pure strain had the highest growth
rate, while Zawia pure strain was the lowest.

Although, Abbassa and Zawia gave the lowest growth rate as pure
strains, their crosses (AB, sire and ZW, dam) gave the highest mean body
weight.. While, in spite of Aswan being the best strain for body weight at
harvest, its cross with Abbassa was the worst (AS, as sire and AB, as dam).

The survival rates varied between the pure strains and their
crosses. The highest survival rates from stocking to harvest in pure strains
were recoded for Aswan, in contrast to Abbassa which had the lowest
survival rate. The crosses between Zawia (sire) and Maryout {dam)
presented the highest survival rates followed by Maryout (sire) and Abbassa
{dam).

Positive and strong genetic correlations were recorded between the
initial weight and age of fingerlings of pure strains Aswan, Abbassa, Maryout
and some of their crosses. The correlation between the age and survival rate
in the pure strains varied from weak in Aswan to strong in Maryout, On the
other hand, no correlation was recorded for Zawia between age and Initial
weight or survival and age or initial weight and survival. Aswan was the
highest of all other strains for additive genetic effect, while Zawia strain
showed the lowest rank. The highest rank for additive genetic effects of the
crosses was recorded for Aswan & Maryout, whereas, the lowest was
recorded for the cross of Abbassa & Zawia.

All strains showed negative heterosis lower than the mean of the
two parental strains, except for Abbassa & Zawia cross which showed
significant positive heterosis of 16% more than the mean of the pure
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strains. The average and general heterostic effecis for harvest body weighit
were negative and lower than the mean pure strains. In general Maryout
was the highest, for maternal effect while the Abbassa strain was ranked as
the lowest of all the strains. Some strains performed better when used as
sires or dams in reciprocal crosses.

INTRODUCTION

Tilapia is a popular species in most countries in the worid. Although, it
originated in Africa, tilapias are farmed in at least 85 countries, with most
production coming from the developing countries of Asia and Latin America {(Eknath
et al., 2007).

Consequently, with the popularity tilapia has gained among consumers,
tilapias have become the world's second most popular farmed fish, after carps.
Global production of farmed tilapias was about 2 121 009 metric tones in2007,
which valued about 2 632 978 U$ (FAQ, Statistics 2007).

Local and internaticnat markets for farmed tilapias, especially Nile tiiapia
(Oreochromis niloticus) have been growing in the face of declining marine and
inland éptured fisheries, growth of human popdlations in developing countries and
increases in wealth and health consciousness (Brummett and Ponzoni , 2009).

The differences in growth performance of the base population for GIFT
Tilapia between strains were highly significant and Egyptian strains of tilapia were
the best (Eknath et 3/, 1993). The adaptability and tolerance of tilapia species to a
wide range of environments as the result of genetic variations between and within
the Tilapia strains (Kamel, 1999).

An afternative approach to improving the productivity of cultured stocks is
via crossbreeding (intraspecific crossbreeding or interspecific hybridization) to
exploit potential heterosis (hybrid vigour) in crossbred offspring (Thanh ef a/,
2009). Using different strains crosses can improve the productivity by producing
superiority than the pure strain. Crossbreeding has been used to transfer favorable
traits among strains and crossbreeding can be a relative simple and inexpensive
method for improving local strains (Fjalestad, 2005). The requirements and benefits
of such a crossbreeding program should be compared with those of purebreeding
programs utilizing repeated selection to improve the additive genetic performance
(Gjedrem, 1985; Bentsen, 1990; Bentsen and Gjerde, 1994}
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The need for a systematic effort to secure and to improve further the
genetic quality of farmed stocks of Nile tilapia is widely recognized. The iong-term
gbai should be to supply the tilapia farming industry with domesticated breeds that
perform as weli as the traditional breeds of terresirial farm animals when odmpared
to their wild ancestors (Bentsen, 1990; Bentsen et a/ 1998 and Eknath et a/,
1991)

The growth rates of different strains of Nile tilapia and their crosses were
supericr to pure strains under various rice field conditions (Circa et a/, 1994).

Heterosis or hybrid vigour occurs when the pefformance of offspring
surpass the average of its parents or the best parental strain for one or more traits.
Crossing inbred lines or unrelated populations leads to heterozygosity, increased
fitness and higher productivity. Non-additive genetic effeds are primarily
responsible for heterosis, with the dominance component playing a major role. The
high degree of heterozygosity that usually resuits from crossbreeding tends to
produce a high frequency of dominance effects (Gjedrem and Baranski, 2009)

Heterosis and full diallel cross experiment involving strains of Niig tilapia
was conducted to study components for growth traits (Bentsen ef af, 1998) ; for
four strains of Oreochromis shiranus to evaluate the harvest body weight (Maluwa
& Gjerde, 2006 a) and for red tilapia to study the heterosis, direct and matemnai
genetic effects on body traits (Nguyen ef af,, 2009} .

The superiority of crosses were reported in different fish species e.g., for
cormimon carp (Hulata, 1995; Nielsen, 2010), for Rohu carp (Gjerde ef a/., 2002);
for tilapia (Bentsen et a/, 1998; Kamel ,1999 ; Maluwa & Gjerde, 2006 a&b Jand for
red tilapia ( Nguyen et a/., 2009).

The differences between reciprocal crosses of strains or species are largely
attributable to maternal effects, which must be accounted for when evaluating
heterosis and the success of hybridization or crossbreeding activities. These effects
can involve cytoplasmic inheritance from mitochondrial DNA, or more direct
influences which may have genetic bases, such as egg size or guality. Inherent skill
_in caring for eggs or fry, as might be observed in tilapia (Lutz, 2001)

The ranking of the strain contributions depended on whether the genes of
the strain were inherited from a sire or a dam. Unlike the ranking of the additive
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genetic contributions from sires, Egyptian strain was ranked significantly lower than
the Kenyan and Taiwan strains when used as dams, and Israel strain was ranked
significantly higher than Ghana; Singapore and Thailand strains when used as dams
{Bentsen ef a/, 1998).
Almost all traits included in breeding goals are quantitative in nature and they are
controlled by a large number of genes with additive effects {Gjedrem and Baranski,
2005)

In Egypt, few studies explained the variations in growth performance of
different strains of tilapia (kame!, 1999, Rezk et a/, 2002).

The aim of the present study was to assess the growth of a complete diallel
crosses, heterosis and additive and maternal genetic effects of four strains of tilapia
to initiate selection breeding program.

Material and methods

Fish collection
The fish were collected from four different geographical locations in Egypt; Maryout
{MR) -Alexandria at North Coast of Egypt (Which has lower temperature), Zawia
(ZW) - Kafer E] Sheikh at the Delta region (which has saline soil) and Abbassa (AB)
area at the middle of Delta and were described by Kamel (1995) and Rezk et
a4(2002) In addition to Aswan (AS) strain, which was collected from Upper Egypt,
.where the temperature is high. The experiments were carn‘éd out at Abbassa
ponds at Worldfish Center (formerly, Central Laboratory for Aquaculture Research,
CLAR).
The broodstocks per strain used in the present study was taken at random from a
poo! of progeny originating from a mass spawning of a large number of fish (140
females & 140 males).
Mating design and rearing of fry

One male and two females were stocked per hapa (1x1x1 m) suspended in
concrete tanks and were fed twice a day with a fish peliet 25 protein at 10% of
the body weight. Two weeks after stocking the breeders, all hapas were inspected
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and fry spawning dates (Spawning was assumed to have occurred when the dam
had eggs or yolk-sac fry in her mouth} were recorded over a period of 1-2 days.

Male breeders that had spawned were removed from the breeding hapas,
to a new hapa to spawn with unspawned female for producing the paternal half
sibs (Table 1A). To prevent multiple spawning, the male was removed immediately
after occurrence the spawning.

The spawned females were removed from hapas after two weeks and fry
number were reduced to 100 fry per hapa for rearing. Seventy two successful
mating only from one hundred and sixty pairing were obtained which represented
fifteen full —sibs and fifty seven half sibs. Each full-sib and half sib families were
reared separately in hapas and fed a powder fry diet (40% protein) until tagging.

Table 1A. Diallel crosses mating design involving four strains of tilapia

Sire 3 AB AS MR Zw

AB AB AB AB AS AB MR AB ZW
AS AS AB AS AS AS MR AS7W
MR MR AB MR AS MR MR MR ZW
W ZW AB ZW AS W MR W ZW

As soon as the fry reached suitable tagging size, 40 randomly chosen fry from each
full and half -sibs families were individually tagged with Floy® tags and returned
into the respective hapas until stocking.

Individual body weights and lengths were recorded for equal numbers of fingerings
from each strain and their cross combinations. Then 2170 from seventy two full and
half-sibs families tagged fingerlings were communally stocked in 1000 m* earthen
ponds with 1 m water depth for growth and thirty fingerfings from each family were
used. The average weight of stocked fingerlings was 2.8 £ 1.3 g.

During the first week, the died fish were removed from the earthen pond and
replaced with tagged fish from the same family.

Fish were feed with sinking fish feed pellet 25% protein in this experiment ad
libitum
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After a growth out period of about 90 days, the pond was drained, and body weight
was recorded on every fish with tags.

Data analysis

Body weights at harvest were analyzed using the generalized linear model GLM.
SAS Institute, 1990

Yai = P+ It Gt Ae+ Ci¥ I + Gy * I * Ar + €arg

Where

Yarg = body weight of the gth individual

p= is the over all mean

L= is the Initial weight of an ly, individual

A; = is a covariate effect of age at harvest

Ca=is the fixed effect of the dy, strain combination (d=1, 2, ..., 16)

eqrpi= is the random residual error

This statistical model was used to estimate the additive genetic and heterosis
effects

Yy =1 +Za0artEay y +E Bt s +ey

where, g; is the proportion of genes contributed by the n® individual originating
from the i strain (g =0.0, 0.5 or 1.0 and X g =1.0); & is the additive genetic
effect of genes originating from the i strain; g, is the coefficient of the total
heterostic effect for the cross between the iy and ji strains g; =0.0 or 1.0; izj and
ij#ji and Z gy =1.0); hyis the total hetergsis effect for the cross between the ith
and jth strains (i+#] and ij#ji); £ is the coefficient of the general reciprocal effect for
the ith strain 5 =0 for purebreds and —0.5 for male strain and 0.5 for female strain,
for the crossbreds and Z 5, =1.0); r; is the general reciprocal effect of the iy, strain;
sis the random effect of full-sib group; and e is the random residuat ervor for the
Iy, individual.

The additive genetic effects were restricted 2 g, =0.0 The coefficients of the general
reciprocal effects set in the present study assume that the additive genetic effects
of a given strain are similar regardless of gender of parental bFEEdEl;S (Table 1B).
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Table 1B.Genetic analyses of diallel, maternal genetic effects (g' and heterosts (h1)
m
) A B C D
Sire
T
A o'y @Wardprz | @ardlrz | a2
M ML ML M I
g 0 98 hap 9¢c hac | 9D Map
B (g'g+ala)2 o'y @gtalcy2 | (algra'p)2
M I M M1 M I
g'a hpa gg O 9c hgc | 9p hpp
¢ @tz | @lerd'pn2 o'c (@'c+a'p)r2
M I ML M M
9A Mea | 98 heg gc 0 9p hep
5 Woralpz | @lipralprz | ehyrelon2 o'y
M LI M I ML M
9°a hpa | B hps gc hpe gp 0
A:Abbassa B:Aswan C: Maryout D: Zawia

Total heterosis for a cross between two strains was partitioned as

hy= - h;+ h;+ 55

where /1 is the average heterostic effect for alt strains involved in the dizllei cross,
h; and h; are the general heterosis effects for the iy, and jy, stock, respectively, and
sy is the spedific heterosis effect of strains.

Results

Growth rate and survival:

The number of fish per strain or cross combination at harvest, mean body weight
and survival rates in this study were shown in (Table 2). The fish lost their tags
were ignored from recording because it was not possible to distinguish them. The
mean body weight for pure strains and their crosses at harvest showed coefficient
of variation ranging from 46.1% to 70.8 %. The mean body weight for pure strains
at harvest were significantly different (P<0.0001). Aswan pure strain had the
highest growth rate (23.8 g), while Zawia pure strain was the lowest (15.5g) (Table
2).
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Table .2 Strains and cross combinations of O.nifoticus, mean weight, standard deviation
{50), coefficent of varation (CV, %) and survival (%) at harvest .

" Strains and cross Family | Fry .
combination No. No. Mean | SD | CV% | Survival
AB 4 61 [15.8% {86 [54.2 [50.8
AB x AS 5 78 |13 |98 [s80 |517
AB x MR 6 108 | 161|103 1649 |600
AB x ZW 3 49 [20.3™ 1110 {553 {544
AS x AB 6 70 136" |63 1461 | 438
AS 7 153 | 23.8 | 143 | 60.2 | 652
AS X MR 7 106 | 19.9% [13.9 (708 1505
AS X ZW 4 55 |11 1103 {509 |a57
MR x AB 2 37 |89 103|642 |617
MR x AS 5 78 1189< [125 [676 |520
MR 3 52 ]21.5° }11.0 |51.0 {578
MR x ZW 4 64 | 14.6% 7.2 |49.1 | 53.3
7W x AB 3 52 |71 1413|662 |s75
ZW x AS 6 9 |1l 189 {599 |s550
ZW x MR 6 115 82 1116 [640 |639
w 1 17 (&> |78 |504 |567

Rows with different letters are significantly difference

Although, Ahbassa and Zawia gave the lowest growth rates as pure strains,
their cross {Abbassa sire and Zawia dam) gave the highest growth rate {20.3g).
Some strains performed better when used as sires or dams,
On the contrary, Aswan had the best growth rate over all pure strains or crosses,
its cross with Abbassa (Aswan sire and Abbassa dam) gave the lowest weight
(13.69) |
The survival rates varied between the pure strains and were significantly different
(P >0.0001).
The highest survival rate from stocking to harvest in pure strains was recaded for
Aswan, (65.2%) in contrast, Abbassa had the lowest survival rate (50.8%).
The cross between Zawia (sire) Maryout (dam) presented the highest survival rate
{63.9%;) followed by Maryout (sire) and Abbassa (dam} 61.7%.
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The lowest survival rate were recorded for Aswan as sires with Maryout, Zawia and
Abbassa, respectively ’

Table3. The correlation coefficients for the pure strains and their crosses among
age, survival rate and initial weight.

Inital - Age and | Initial weight
Pure strain | weight survival and survival
or Crosses andage |(rate | rate 1
AB 0.66 0.64 0.36
ABAS 0.25 0.01 Q.55
ABMR 0.69 G.58 -0.01
ABZW 04 0.14 0.96
ASAB 0.1 0.1 0.52 ]
AS Q.69 0.3 0.54
ASMR 0.85 0.37 0.35 ]
ASZW 0.44 0.02 0.61
MRAB 1 1 1
MRAS 0.22 -0.42 0.73
MR 061 1 0.55
MRZW 0.07 -0.59 0.25
ZWAB 0.29 0.79 0.81
ZWAS -0.31 -0.03 0.46 N
ZWMR 0.81 0.45 0.76
W 0 0 0

Genetic correlations among age, initial weight and survival rate,

Positive and strong genetic correlation was recorded between the initial
weight and age of fingerlings of pure strains Aswan, Abbassa and Maryout (0.69,
0.66, and 0.61, respectively). On the other hand, Maryout and Abbassa gave
positive and strong correlation between the survival rate and age (Table 3).

The crosses resulted from Maryout as dams revealed strong correlations
between age and initial weight with sires from either Abbassa, Aswan or Zawia
(0.69, 0.85 and 0.81, respectively).

The correlation between the age and survival rate in the pure strains varied
from weak in Aswan to strong in Abbassa. While, complete correlatior: between
Maryout sires and Abbassa dams for initial weight and age was recorded. The
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genetic correlation between initial weight and survival in pure strains were weak in
Abbassa and moderate in Aswan and Maryout. Crosses between Maryout and
Abbassa showed complete correlation for initial weight and survival, at the same
time as, positive and strong in crosses Abbassa & Zawia, Maryout &Aswan and
Zawia & Abbassa (0.96, 0.73 and 0.81, respectively).

On other hand, no correlation was recorded for Zawia between age and
Initial weight or survival and age or initial weight and survival
Additive genetic effects

The strain additive genetic effects for harvest body weight are shown in
table (4). Aswan was higher (22.9 %) than the other strains for additive genetic
effect followed by Maryout, while Zawia pure strain tanked the lowest and
represented 22.2 lower than the mean performance of pure strains.

The highest rank for additive genetic effects of the crosses was recorded
for Aswan & Maryout, whereas, the lowest was recorded for the crosses of
Abbassa & Zawia.

Total heterosis effect for strains

The heterosis effect for body weight at harvest for each strain and crosses
were shown {Table 5). All strains showed negative hetercsis for body weight lower
than the mean of two parents' strains, except Abbassa& Zawia which was higher by
16.02 % than the mean of pure strains. The average and general heterosis for
body weight were negative and lower than the mean of pure strains. ,

The correlation coefficient between heterosis and additive genetic effect was
negative.
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Table 4. Estimates of additive genetic effects for body  weight of the pure strains
(O.ndloticus) and strain crosses as deviations from the mean of the purebred strains

Strain or crosses Estimate %
Mean of pure strains 19.10
" Total heterosis
AB -0.98 -5.13
AS 4.38 22.93
MR 0.54 4.40
W -4.24 =22.20
Crosses between the strains
AB x AS 1.70 8.90
AB x MR -0.07 0.4
AB x 2W =2.61 -13.66
AS x MR 2.61 13.66
AS X ZW 0.07 0.37 .
MR x ZW -1.70 -8.90

TableS. The total, average and general heterosis effects for body weight of the six strain
cross combinations of O.mioticts measured as deviations from the mean of the pure strain
(in g and %

Strain or crosses Estimate
Mean of pure strains 19.10 %
Total heterosis

AB x AS -4.36 -22.83
AB x MR -2.64 -13.82
AB x ZW 3.06 16.02
AS x MR 319 | -16.70
AS x ZW -3.49 -18.27
MR x ZW -2.13 -11.15
Average heterosis -2.12 -11.10
General heterosis
AB -0.98 -5.13
AS -2.76 -14.45
MR -1.99 -10.42
ZW -0.64 -3.35
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Table 6. Genetic maternal effect and genetic value for
0. nilolicus pure strain :

Strain
Parameter
AB AS MR WZ
Maternal genetic effect -2.4 0.3 1.6 0.5
Genetic value -1.0 4.4 0.8 4.2

For the matemal genetic effect, the resuits were opposite to those of the additive
genetic effect. Zawia was the worst for additive value while was higher than Aswan
for matemal genetic effect (Table 6). In general, the maternal effect for Maryout
was the highest, while the Abbassa strain was ranked as the lowest of all the

strains. Aswan pure strain gave the highest genetic value whereas, Zawia gave the
lowest.

DISCUSSION

Some fish lost their Floy tags during the growth period which was common and
was reported for tilapia by Bentsen, et al., 1998; Maiuwa, and Gjerde, 2006 (2&b),

The variation in the genetic background among the tilapia strains were probably
originated from area with geographical isolation,  influenced relative growth
performance of purebred strains and cross combinations in this study. Also, some
genes were found to express themselves in the suitable envirohment as genetic
environment interaction which agreed with Kamel (1999).

The mean body weight for pure strains at harvest were significantly different
(P<0.0001). Aswan pure strain had the highest growth rate, while Zawia pure strain
was the lowest. Zawia gave better growth rates in other studies than Abbassa
which can be attributed to the contribution of Zawia in this study which was
represented by only one family and may be affected by the low number of breeders
and offspring. This is result in contradiction with Kamel (1999), who reported that
Abbassa of the lowest growth rate than Zawia. The variation between tilapia
strains was reported for other strains of tilapia, for example Shire was the best
and the Chiuta was the poorest performing strain for growth (Maluwa & Gjerde,
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2006a); Egyptian strain of tilapia was the best for growth rates when compared to
other eight strains of Oreochromis nifoticus from African and Asia tilapia (Bentsen et
al., 1998; Eknath et al, 1993)

Some strains performed better when used as sires or dams in reciprocal crosses
showing significant reciprocal effects. Aithough, Abbassa and Zawia gave the lowest
growth rates as pure strains, their crosses (AB, sire and ZW, dam) gave the highest
growth rate. However, although Aswan being the best strain for growth rate, its
cross with Abbassa was the worst {AS, sire and AB, dam).

The same result was reported in tilapia (Bentsen et ai., 1998, Kamel ,1999;
Maluwa & Gjerde, 2006,alb); for common carp (Hulata, 1995; Nielsen, 2010) and
for Rohu carp (Gjerde ef af, 2002). The growth performances of cross
combinations in general, were better or not significantly different from that of pure
strains in a diallel cross of three strains of giant freshwater prawn (Thanh et af,
2009)

The survival rates were different between the pure strains and their crosses. The
highest survival rate from stocking to harvest in pure strain was recoded for Aswan,
in confrast, Abbassa had the lowest in survival rate.

The crosses between Zawia as sire and Maryout as dam recorded the highest
survival rate followed by Maryout as sire and Abbassa as dam. This result is in full
agreement with Bentsen et al. (1998); Kamel (1999) ; Maluwa & Gjerde,
(2006,a8b) for tilapia. The differences hetween the strains with respect to survival
rate was clearly significant for common carp {Nielsen et af, 2010).

The survival interaction effect between produdion environment and stock
combination was highly significant for Rohu carp (Gjerde ef &i, 2002). No
significant difference was detected for total relative survival among strains giant
freshwater prawn (Thanh, et a/2009)

Positive and strong genetic correlation was recorded between the initial weight and
age of fingerlings of pure strains Aswan, Abbassa, Maryout and some of their
crosses. The ‘correlation between the age and survival rate in the pure strains
varied from weak in Aswan to strong and complete in Maryout. On the other hand,
no correlation was recorded for Zawia between age and Initial weight or survival
and age or initial weight and survival rate.

253



GENETIC EVALUATION OF OREOCHROMIS NILOTICUS STRAINS IN A COMPLETE DIALLEL CROSSE

The present results disagreed with Bentsen et al., (1998) who reported negative
correlation coefficient between the overail L.SM of body weight at harvest and
mortality for tilapia; Thanh et &/ (2009), who cbserved no strong evidence for age
or initial size at stocking effect on harvest body weight of giant freshwater prawn
and low correlation for survival for Rohu carp stock combinations in monoculture
and polyculture (Gjerde et al., 2002). The genetic correlations between weight and
survival rate were low and non-significant for W2 but high and significant for W3
(Nielsen et a/, 2010).

Al strains and cross combinations showed negative heterosis lower than the mean
of two parental strains, except Abbassa& Zawia cross which showed significant
positive heterosis more than the mean of the pure strains by 16%. The average
and general heterostic effects for harvest body weight were negative and lower
than the mean pure strains. The obtained results are in the same line with Yapi-
Gnaore, {1996), who pointed out nhegative heterosis for all growth trait studied in
the three strains of Oreochromis spp.; Maluwa and Gjerde (2006 b) who
reported that " all six possible two-way crosses gave negative individual heterostic
effedts, thus resulting in a negative average individual heterosis effect significantly
different from zero; and Gjerde ef af (2002) who pointed out low or negative total
heterosis for harvest weight, for each of the six stock crosses of 3x3 diallel crosses
of rohu (Labeo ropita). While, the obtained resutts are in contradiction within a
diallel cross between four strains of Oreochromis shrinanus in Malawi, the total
heterosis effect accounted for 15.3% of the total variance for harvest body weight
(Maluwa and Gjerde, 2006a) and Bentsen ef a/, 1998 who mentioned that the
estimates of heterosis vary widely from 5.2 to 14%. The effects are not systematic,
suggesting that it is not possible to predict the magnitude of heterosis effects. The
Egyptian strain had the highest heterostic effects overall other strains.

The present results may indicate that the non genetic and environmental effect are
high which agreed with Wohlfarth  (1993) who reported results from
carossbreeding experiments with common carp that also suggested that the
expression of non-additive genetic effects may be increased under environmental
conditions causing low growth rates; Bentsen ef a/ (1998) suggest that the non-
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additive genetic component of growth performance in Nile tilapia may be more
sensitive to environmental variation than the additive genetic component.

The maternai effect of Maryout was the highest, while the Abbassa strain was the
lowest of all strains. This result indicated that Maryout is important strain when
used in selective breeding program. The results in this study agreed with Yapi-
Gnaor (1996) and Bentsen et a/ {1998), they reported the role of maternal effect of
tilapia in selective breeding program.

CONCLUSION

The present study indicated the variation in growth performance between tilapia
strains which were criginated from area with geographical isolation. The role of
genetic environment interaction which was dear in the performance of introduced
strain as expression of some genes in the pew environment. Some Crosses gave
better grOWth than the pure strains.

Some strains performed better when used as sires or dams. Finally the study
indicated the role of maternal, additive and genetic effects within tilapia strains.
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