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ABSTRACT. A total number of 2110 Japanese Quail produced during three
consecutive generations were used in this study. The data were analyzed by
fitting two different mixed models for growth and carcass traits and for re-
productive and egg production traits.

Mean BW0, BW1, BW2, BW3, BW4, BWS and BW6 was 8.07, 21.97,
43.22,78.12,107.15, 122.98 and 134.98 g. Differences between generations
were (p < .01) for BWO, BW3, BW4 and BW6, while (p < .05) differences
were observed for BW2 and BWS.

Mean ADGO02, ADG24, ADG46 and ADGO6 was 2.511, 4.57, 1.97 and
3.02 g/day. Differences between gencrations were (p < .01) for ADG24 and
ADGO6, while they were non-significant for ADG02 and ADG46.

D% increased (p < .01) with advance in generations. was 63.6, 64.9 and
66.3% during the 1st, 2nd and 3rd generation. The average P, F and M per
cent in meat was 23.06, 8.99 and 66.05%.

Mean FER% and HAT% for 45.7 days was 91.0 and 84.0%. AFE and
FER % differed (p < .05), while HAT% differed (p < .01) from one gener-
ation to another. Mean EP70 was 50.9, 59.3 and 60.1 eggs during the 1st,
2nd and 3rd generation. Egg production during all periods studied differed
(p < .01) from one generation to another.

Introduction

Beside the suitability of using Japanese Quail (Coturnix coturnix Japonica) as a pilot
animal for the more expensive experiments on chickens or turkeys, Quail industry
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has been developed in recent years in many countries such as Japan, France and Italy
(Itoh et al., 1982; Risse, 1980) for both meat and egg production. This is due to that
Quail’s meat could be a good source for animal protein for human consumption be-
side that Quail’s egg is a raw material for many industries such as egg powder, pickles
and other. The taxonomy, morphology, history and management of coturnix have
been discussed by Stanford (1959), Padgett and Ivey (1959), Wetherbee (1959) and
Toschi (1959).

Material and Methods

A total number of 240 Japanese quails (Coturnix coturnix Japonica) (80 males and
160 females) randomly taken at an average age of 15 weeks from the main quail ex-
perimental flock was considered as a base population. The mating system was in a
ratio as one male : two females avoiding full and half-sibling.

One week egg production was collected from each dam, marked and incubated for
15 days. After incubation, the eggs were divided randomly into two groups in sepa-
rate cages inside the hatcher and left for two days. The two hatched groups of chicks
were identified by wing-bands and raised in an electrically heated battery brooder
unit until 2 weeks of age. Then the birds were transferred to growing pens where they
remained until 6 weeks of age.

At 6 weeks of age, birds of Group I were slaughtered, while birds of Group 11 were
left to study reproductive traits and produce the chicks for the next generation. The
same system was followed for three generations. A complete description of the man-
agement, feeding and breeding practices used was given by El-Fiky (1991).

Individual body weights (BW) were recorded weekly from hatch until 6 weeks of
age. The hatch weight (BW0) was recorded to the nearest 0.1 g, while body weights
measured at later ages were recorded to the nearest 1 g. Individual average absolute
daily gain (ADG) was obtained biweekly from hatch until 6 weeks of age, as well as
from hatch to 6 weeks of age by the following formula (Brody, 1945):

ADG = (w,-w,)/(t,-t,)inwhich (w, - w,) is the weight increment in time inter-
val (t, - t,). Individual relative growth rate (RGR) was obtained biweekly from hatch
until 6 weeks of age as well as from hatch to 6 weeks of age by the following formula
(Brody, 1945) :

RGR = (w,-w,;)/(w,+ w,;)/2) x 100 so RGRis expressed in percentage. These
measurements were recorded on all males and females produced in Group I and
Group II during the three generations.

A total number of 473 birds (230 males and 243 females) were taken from Group [

to study carcass traits in the three generations (Table 1). Three birds at the age of 6

-weeks were taken from each dam and slaughtered. Individual dressing percentage
(D%) were estimated on a live body weight basis as follows :

D% = (Hot carcass weight/Live body weight) x 100
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The crude protein in meat was calculated according to Kjeldahl method as fol-
lows :

Crude protein = Total nitrogen content X 6.25 and protein percentage was cal-
culated as :

p% = (Crude protein / Dry weight) X 100

The amount of ether extract fat and moisture percent (F and M%) were estimated
according to A.O.A.C. (1975).

Individual housed females from Group II were observed once per day for laying
their egg from the 6th week of age and individual age at first egg (AFE) was recorded
in days. A total number of 649 females were available during the three generations
for the analysis (Table 1).

TABLE 1. Number of sire groups and their offspring used to study growth
traits, carcass, reproductive and egg production traits during the
three generations.

Group 1 Group 11

Generation Parent Offspring Parent Offspring

N D M F S D M F

Ist 15 30 58 61 60 | 120 | 121 | 242
2nd 29 58 88 86 53 | 106 | 105 | 211
3rd 30 60 B84 96 49 98 98 | 196
Total 74 148'| 230 | 243 | 162 | 324 | 324 | 649

S = Sire; D = Dam; M = Males; F = Females

Individual fertility percent (FER) was estimated using the same number of females
through incubating one week egg production during the 10th week of age from each
hen.

The weight of the total hatched chicks of a certain dam was recorded to the nearest
0.1 g and divided by the number of hatched chicks to obtain the average hatch weight
per hen (AHW) which was considered as a reproductive trait for hen. A total number
of eggs produced during the first 70 days of production (EP70) was recorded indi-
vidually. Egg production was also recorded individually during the first (EP1) and
the 7th (EP7) week of production.

Prior to analysis, the measurements taken as percentages were transformed using
arc sin transformation according to Winer (1971).

Body weight, absolute daily gain, relative growth rate and carcass traits were
analyzed by fitting a mixed model including generation, sex and generation by sex as
fixed effects and-sire with generation, dam within sire as random effects. While, re-
productive traits were analyzed by fitting a mixed model including generation as a
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fixed effect and sire within generation and daughter within sire within generation as
a random effect (Model type 5 of Harvey, 1987).

Results and Discussion

Body Weight

Mean BW0O, BW1, BW2, BW4 and BW6 (Table 2) falls generally within the range
of estimates 6.6-8.8,21.6-24.6, 43.4-43.6, 106-108 and 132-135 g, reported by Sefton
and Siegel (1974), Marks (1978), Chachil et al. (1975), Marks (1980) and Blohowiak
et al. (1984). The estimates of 78.1 and 122.9 g for mean BW3 and BWS5 are higher
than the estimates of 64.0 and 107 g reported by Sefton and Siegel (1974) and
Steigner ez al. (1989a), respectively.

The discrepancies between the different reported estimates could be possibly due
to the variations in climatic and managerial conditions under which different flocks
were reared, differences in the genetic make up of the blocks and/or differences in
the statistical manipulation of the data used to obtain the estimates.

The percentage of variation in body weight increased with advance in age to a
maximum of 13.3% at the 2nd week of age, thereafter, it decreased to a minimum of
5.1% at 6 weeks of age. The highest variability was during the 1st, 2nd and 3rd weeks
(Table 2). This phenomena could be utilized in any section program aiming at impro-
ving body weight in the present flock.

The least-square mean for weight at different ages varied from generation to

TABLE 2. Actual means, standard deviation (SD) and coefficient of varia-
tion (V%) of body weight, average daily gain and relative growth
rate recorded at different ages.

Body weight at No. Mean = SD CV%
Hatch 2110 8.07 = 0.81 7.3
1st week 2110 21.97 = 3.06 11.9
2nd week 2109 4322 = 6.53 13.3
3rd week 2109 78.12 £ 9.49 10.2
4th week 2098 107.15 + 10.56 8.3
Sth week 2072 122.98 = 9.80 6.3
6th week 2062 134.98 + 10.72 5.1

Growth rate

ADG 0 2 2109 2.51 £ 045 16.2
ADG 2 4 2098 2.57 = 0.57 11.0
ADG 4 6 2062 1.97 + 0.57 28.2
ADG 0 6 2062 3.02 £ 0.64 5.4
RGR 0 2 2109 136 = 8.00 5.6
RGR 2 4 2098 8 + 9.00 10.5
RGR 4 6 2062 23+ 8.00 30.4
RGR 0 6 2062 177 = 2.00 0.9
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another without clear trend for the effect of generation on weight (Table 3). How-
ever, the differences between generations in BW0, BW3, BW4 and BW6 were (p <
.01), while they were (p < .05) for BW2 and BWS5 and non-significance for BW1
(Table 4). In a randombred population of Japanese Quail, Marks and Lepore (1968)
and Collins ez al. (1970) found that body weight increased during consecutive gener-
ations but without obvious trend for the level of significance of generation differ-
ences.

The discrepancies between different reports concerning the trend of generation ef-
fects on weight of Japanese Quail at different ages could be attributed to differences
in genetic and/or non-genetic effects included under this major effect i.e. peculiar
ffom one generation to another.

The least-square mean for body weight at different ages differed between males
and females (Table 3). At hatch it was 7.9 and 8.2 g for males and females, respec-
tively. The differences between the two sexes remained in favour of females until 6
weeks of age. The same trend was also observed by Marks and Lepore (1968), Sefton
and Siegel (1974) and Chachil et al. (1975). The present estimates for the mean body
weight of the two sexes (Table 3) falls generally within the range of estimates re-
ported by Marks and Lepore (1968), Sefton and Siegel (1974) and Chachil et al.
(1975). However, the estimates of (74.84 and 81.03 g) and (118.4 and 126.88 g) ob-
tained for males and females BW3 and BWS were higher than the estimates of (63.0
and 65.0 g) and (94.5 and 99.5 g) reported by Sefton and Siegel (1974), Marks and
Lepore (1968). Chachil ez al. (1975) and Narayan (1976) found that female were (p <
.05 or p < .01) heavier than males at different ages from the first to the 6th week of
age. Wilson et al. (1961) interpreted the heavy weight of females by the heavier

TaBLE 3. Least-square means of factors affecting body weight recorded at difterent ages.

Hatch Istweek 2ndweek Ardweck Jthweek Sthweek othwecek
Independent _‘
variable Mean |, Mean Mean Mean |, Mean Mcin Mean
‘ No. .1 No. Do . No.
N g [N s N“'L* st | s se | s se Y] s [T < SE
Generation
st IRM 788 | T3 O FREN I 733 7587 T32O105.24 17220 12173 | 719 13289
=) =1 =03 +1{.3 ={1.6 + b = 0.6
2nd 706 804 1 7061 2196 Toe| 4328 7061 TR T 10686 | 691] 12237 ) 690 134.65
=0t = 0.1 =03 + 0.5 + (0.6 =03 * (L6
rd 670 827 | 6701 21.98 670 4353 6701 79.91 666 108.66 | 639 12383 | 633] 13589
{1 =0 03 = {15 4.5 =03 * 06
Sex
Males 967 7.93 1 9671 2098 967 4111 967 7484 961 10348 1 945 11840 | 9391 [28.14
<003 + (.1 +0.20 =030 + {40 = (140 + (.40
Females 1143 819 JIH3] 2283 Q1427 4505 H43L RL02 37U (036 L1271 12688 {11231 L40.K2
+0.03 = 0.01 =0.20 = (.30 li 040 = 040 =0.40
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gonads, liver and intestines, while the males had a relatively more muscle tissue than
the females. However, the sexual dimorphism for post juvenile weight Quail
suggests that body weight of the two sexes should be considered distinct characteris-
tics of the population. Similar conclusion has been reported by El-Ebiary et al. (1966)
and Strong et al. (1978) in Japanese Quail. However, female superiority in body
weight during the pre-juvenile stage observed here and in other studies seems to be
unique to the Quail and calls for, future interest.

The remaining random and fixed effects included in the model of analysis (Table 4)
indicate that, except for the (p < .05) sire effect on BW3 and BW4; sire and dam ef-
fects were (p < .01) for weight at different ages. Furthermore, generation by sex in-
teraction effects were non-significant for BW3 and BW4; (p < .05) for BWS5, other-
wise they were (p < .01) for body weight at different ages studied.

TasLk 4. Least-square analysis of variance of factors affecting body weight at different ages.

BWI BW| Bw? BW3 Bwd BWS BW6
S0V ;

df. ) MS {dE P MS df ] MS df. | MS |df MS. df | MS ldf | MS
Generation(G)} - 27 2644 768 MR 2R3 2203974 20 T8RS A RN
Sire: (G) 260 199 64 1784 26| 6944 6] 1538 RIS AU 26 193837 261 419
Dam:S:G RRR] I IR} W3O 3 95 233 181 233 130 33 6| 2335 16T
Sex (5X) 1] 3280 1] 1560.27 1704485 LI 1735489 12134993 11 3206564 LE7140.03
G:(SX) 436 I HH 20 20466 201807 N 8189 17387 R
Remainder 16441 6035 6] 671 644 3320 lhfi 6371 11633 87| 1607, 8976 J197) 4742

Generation effeet tested against sire within generation and sire within generation effect was tested against dam within sire
within generation, other effects in the model tested against remainder mean squares

p< 0.0

p<0.0]

Growth Rate

Average daily gain during different growth periods (Table 2) are generally higher
than the reported estimates for the same growth periods. The estimate for ADGO02
(2.51 g/day) is higher than that of 2.34 g/day reported by Darden and Marks (1989).
Also, the estimate of 4.57 g/day (from 2 to 4 weeks) is higher than the range of esti-
mates (3.12-3.57 g/day) reported by Sefton and Siegel (1974), Marks (1978) and Dar-
den and Marks (1989). The estimate of 1.97 and 3.02 g/day (ADG46 and ADG06)
are higher than that of 1.54 and 2.34 g/day reported by Sefton and Siegel (1974),
Marks (1978) and Darden and Marks (1989). Daily gain as a growth trait is the result
of the union and intersection operations between the set of genetic and the set of
non-genetic factors affecting this trait. These two sets of factors vary considerably
from one flock to another within the same species. This might interpret the dis-
crepancies between the present and other reported estimates for daily gain during
different growth periods.
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The percentage of variation in daily gain (Table 2) was high for ADG46 (28.2%).
This might be due to sex differences in body weight during that period which is in the
neighborhood of the age at sexual maturity. Otherwise, the variation in daily gain
ranged between low (5.4% for ADGO06) and moderate (11.0-16.2% ) for ADG24 and
ADGQO02, respectively. However, the observed magnitude of variation in daily gain
indicate the possibility of improving this trait in the present flock through selection.

The least-square mean for ADG24 and ADGO06 differed (p < .01) between gener-
ations (Table 5). On the other hand, generation effects on ADGO02 and ADG46 were
not significant. Unfortunately, the literature consulted seems devoid of information
concerning the effect of generation on daily gain in Japanese Quail. Therefore, it is
difficult to compare the present results with others to deduce a conclusion concern-
ing the trend of generation effect on this trait.

TABLE 5. Least-square means of factors affecting average daily gain and relative growth rate during dif-
ferent growth periods.

Independent 0-2weeks 2-4weeks 4-6weeks 0-6weeks
variable | N0 | ADG | RGR | No. | ADG | RGR |No. | ADG | RGR | No. | ADG | RGR
Generation
Ist 733 247 137 732 448 85 9 1.94 23 719 197 178
002 | £49 =003 | £59 0.4 | £49 =001 | =17
2nd 706 252 137 | 700 4.54 85 690 1.97 23 690 3.0 178
=002 | =45 +0.03 | 48 003 [ 39 +0.01 | 1.5
3rd 670 2.52 136 666 4.66 86 653 1.94 2 653 3.04 177
=002 | =54 +0.03 | 62 +003 | £38 =001 | =18
Sex
Males 967 2.37 137 961 4.46 86 939 173 21 939 2.86 177
=002 1 46 +0.02 [ £29 +0.02 | £3.1 =001 | +32
Females 1142 2.63 138 | 1137 4.66 84 1123 217 24 1123 3.16 178
=002 { £35 +0.02 | £34 =002 | £29 =000 | 4.2

Females have (p < .0) higher daily gain than males during all growth periods
(Table 6). Similarly Sefton and Siegel (1974) and Marks (1978) found that females
have generally higher rate of growth than males during the consecutive growth
periods from hatch to 6 weeks of age. However, the present results were expected
since daily gain was computed as the differences between consecutive weights which
in turn were higher in females than in males at all ages studied.

Mean for relative growth rate during different growth periods (Table 2) falls within
the range of estimates reported by Lepore and Marks (1971), Sefton and Siegel
(1974), Marks (1978) and Darden and Marks (1989). However, the estimates of
136% for RGRO2 is lower than that of 146% reported by Darden and Marks (1989).
While, the estimates of 85, 23 and 177% for RGR24, RGR46 and RGR06 were
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TABLE 6. Least-square analysis of variance of factors affecting average daily gain and relative growth rate
during different growth periods.

SOV ()-2weeks 2-dweeks 4-fweeks 0-6weeks

df. | ADG | RGR |df..| ADG | RGR | df | ADG | RGR | df | ADG | RGR
Generation (G) 2] 063 0.231 20 5327 10019 20 018 0.009 2] 063 0.005"
Sire (G) 26 0317 | 0.009° 1226 063 00147 2261 073 | 0.0007 | 226 | 0.3 o007
Dam:S:G 23| 023 | 0.008™ | 233 | 039 [ 0.010° | 233 0.36" | 0.005 2330 0067 | 0.0007
Sex(SX) 1] 31437 | 0437 1] 19,19 | 0.188"™ 1] 88077 | 0483 L] 38647 | 0.737
G:(SX) 21069 ] 0.004 201 020 005077 20 002 fo0.001° 200097 1 0.001
Remainder 1644 | 0.17 10006 16337 025 | 0.008 1897 030 | 0.005 11597 | 0.03 | 0.001

" Generation effect tested against sire within generation and sire within generation effect was tested against dam within
sire within generation, other effects in the model tested against remainder mean squares.
* p<0.05
** p<0.01

higher than the estimates of 78, 19 and 168% reported by Darden and Marks (1989),
Lepore and Marks (1971) and Sefton and Siegel (1974), respectively.

The high variability observed in RGR46 (30.4%) is consistent with the same trend
observed in body weight and average daily gain (Table 2). This might be due to sex
differences in body weight during the growth period nearest the age at sexual matur-
ity. Otherwise, the variability ranged between 0.9% (for RGR06) and 10.5% (for
RGR24).

The estimates for RGRO2 and RGRO6 differed (p < .05) from one generation to
another (Table 5). However, the differences between generation in RGR24 and
RGRA46 failed to reach the level of significance. Similar observations have been re-
ported by Marks and Lepore (1968)and Collins et a/. (1970) in Japanese Quail.

The least-square means for relative growth rate during different growth periods
varied (p < .01) between the two sexes (Table 5). Females RGR02, RGR46 and
RGRO6 were higher than those for males. While, males had higher rate from 2 to 4
weeks of age (86 vs. 84%, respectively). Lepore and Marks (1971) reported (p < .05)
sex differences during the first 4 weeks of growth while thereafter the rate of growth
was almost similar for the two sexes.

The remaining random and fixed effects included in the model (Table 6) indicate
that sire had (p < .01) effect on ADG24, ADG46 and ADG06 and on RGR46.
Otherwise, sire effect on both traits was (p < .05). Except for the (p < .05) and non-
significant dam effect on ADG46 and RGR46, respectively dam effect was (p < .01)
on both traits. Generation by sex interaction effect was (p < .05) for ADGO02 and
ADGO06 and (p < .01) for RGR24. Otherwise it was non-significant for both traits.
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Carcass Traits
Dressing Percentages (D %)

The mean D% (65.14%) fall within the range of 63.90 and 69.35% reported by
Bacon and Nestor (1983) and Wilson ez al. (1961) in Japanese Quail. However, Jones
et al. (1979) reported a higher estimate of 77% for Japanese Quail slaughtered at 10
and 18 weeks of age, respectively. Generally, the present estimate for D% in
Japanese Quail is almost similar to those of 71 and 72% reported for broiler chickens
and turkey by Hays and Marion (1973) and Dobson (1969), respectively which indi-
cates the efficiency of Quail in meat production.

Dressing percentage varied (p < .01) from one generation to another (Table 8).
The literature consulted seems devoid of any information concerning the effect of
generation on D% in Japanese Quail.

The least-square mean for D% of females and males (64.7 and 65.2%) were lower
than those estimates of 82.8 and 69.2% reported for the two sexes, respectively, by
Collins and Abplanalp (1968). Sex differences in D% were (p < .05). On the other
hand, Marks (1971), Hardy (1981) and Bacon and Nestor (1983) reported that sex
did not influence D% significantly.

The differences in D% between males and females in spite of the heavy live body
weight of the females may be due to that females at 5 weeks of age have heavier sex-
ual organs, where the observed age at first egg in the present flock was 45 days.
Therefore, the heavy sexual organs in females decreasing the D% than that of males
when both were slaughtered at 6 weeks of age.

The overall mean for P, F and M% was 23.06, 8.9 and 55.05%, respectively. The
variability in the three traits respectively was 8.96,26.95 and 4.61%. The present es-
timates are in good agreement with the estimates of 22.6, 9.0 and 66.3% reported for
P, F and M% in Japanese Quail meat by Hamm and Ang (1982), Lepore and Marks
(1971) and Sadjadi and Becker (1980).

On the other hand, the estimates for P and F% were higher than the range of esti-
mates 19.8-21.1% and 4.3-7.88% reported by Sadjadi and Becker (1980), Hardy
(1981), Marks (1981) and Bacon and Nestor (1983) for P and F% in Japanese Quail
meat. The estimates for M% is lower than the estimates of 70.7, 75.4 and 70.1%,, re-
ported by Lepore and Marks (1971), Hamm and Ang (1982) and Bacon and Nestor
(1983).

The discrepancies between the present estimates for P and F% and other reported
estimates might be due to the differences in the constituents of the diet on which the
flock was reared before slaughter, to the differences in the methods of chemical
analysis used and/or to sampling error.

In broiler chickens slaughtered at 8 weeks of age, Singh and Essary (1974) re-
“ported an estimate of 21.3, 5.0 and 73.4% for P, F and M%. This indicates that
Japanese Quail meat have a simifar percent of P, whichis in favor of utilizing this bird
in compensating the deficiency in meat production in Egypt and similar countries.
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Also, the relatively high F% in Japanese Quail meat gives Quail meat better marbl-
ing characteristic than chicken meat.

Protein, F and M% fluctuated from one generation to another (Table 7). Genera-
tions differed (p < .05) in P and M%, while they did not differ significantly in F%.
These results could not be compared with other results because the literature con-
sulted is devoid of any information concerning the effect of generation on the chem-
ical analysis of Japanese Quail meat.

TABLE 7. Least-square means’ of factors affecting carcass traits.

Mean
Indep;ndent No.
variable D% | P% | F% | M%

Generation

1st 119 63.6 22.9 8.2 67.2

2nd 174 64.9 232 9.3 65.5

3rd 180 66.3 22.9 9.2 65.9
Sex

Males 230 65.2 23.1 8.3 66.7

Females 243 64.7 229 9.5 65.7

" Means presented are the re-transformed estimates from the arc sin to the
original scale and consequently are not associated with standard errors.

The least-square analysis of variance for the chemical components of meat of the
two sexes showed that sex has (p < .01) effect on F and M %, while it has (p < .05) ef-
fect on P in meat. This should be considered in any breeding plan aimed at improving
Japanese Quail meat quality. Generally, the present results indicate the high nutri-
tive value of Japanese Quail meat. This calls for putting more emphasis on utilizing

“this bird in meat production on large scale to compensate the deficiency in meat pro-
duction in Egypt and similar countries.

Sire and dam effects on F and M% were (p < .01), while they were (p < .05) for
P% and not significant for D% . Generation by sex interaction effects were (p < .05)
for D% and F%, while it was non-significant for P and M% (Table 8).

Reproductive Traits

The average AFE (45.7 days) is in good agreement with the range of estimates
(45.3-58.9 days) reported by Marks (1979) and Steigner ez al. (1989b). A lower esti-
mate of 40.0 days was reported by Garrett et al. (1972) and a higher estimate of 49.49
days was reported by Kadry et al. (1986). The differences in the estimates might be
due to differences in managerial and climatic conditions, differences in the genetic
make up of the flocks, the size of data used, the numbers of generations studied, the
mating system used and differences in the light regime imposed on the flock.

The least-square means indicate that AFE increased (p < .05) from the 1st to the
3rd generation. This may be due to the improvement in body weight with advance of
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TaBLE 8. Least-square analysis of variance of factors affecting carcass traits.

M.s.s.
S.OV." d.f.

D% P% F% M%
Generation (G) 2 273.39** 4.29* 45.99 105.55*
Sire : (G) 71 10.24* 1.01 =21.79** 26.70**
Dam:$:G 74 7.55* 0.95 11.55** 14.60**
Sex (SX) 1 28.95* 3.38* 129.19** 100.89**
G.SX 2 6.11* 0.32 26.34* 18.53
Remainder 322 5.35 0.84 5.87 9.29

' Generation effect tested against sire within generation and sire within generation effect was tested
against dam within sire within generation, other effects in the model tested against remainder mean
squares.

*p<.5

** p<0.01

generations, due to the improvement in the managerial conditions of the block be-
cause no selection for high body weight was applied. Similarly Marks (1979) reported
that body weight increased during the consecutive generations so that AFE was de-
layed. On the other hand, Marks (1980) reported that AFE remained constant dur-
ing 5 consecutive generations which indicate no clear trend for the effect of genera-
tion on this trait.

Fertility

The average FER% (91%) is in good agreement with that of 93.9% reported by
Gildersleeve et al. (1987). However, the present estimate is higher than the range of
estimates (67.0-88.4%) reported' by Marks (1980), Blohowiak et al. (1984),
Woodard and Abplanalp (1967) Line et al. (1988) and Marks (1979). The differences
between the estimates is expected, since this traits is highly affected by several fac-
tors other than the genotype such as age, rate of laying as well as the system of mating
and climatic and managerial conditions.

The least-square mean indicate that FER % increased (p < .05) from the 1st to the
3rd generation. However, it should be noted that there was no any kind of selection
towards improving prolificacy in the present flock. Therefore, the observed im-
provement in fertility might be due to non-genetic factors and/or to the system of
mating used where full and half-sib mating were strictly prohibited. Kulenkamp et al.
(1973) reported that continuous full-sib mating reduce fertility in Japanese Quail by
19.6, 42.0 and 34.0% during the 1st, 2nd and 3rd generation, respectively.

Hatch

The average HAT% (84.0%) is in good agreement with that of 84.7% reported by
Sachdev er al. (1985). Collins and Abplanalp (1968), Chachil and Johnson (1974),
Gildersleeve et al. (1987) and Havenstein ef al. (1988) reported estimates ranging
from 63.0 to 88.8% , while Marks (1980) reported a lower range of (42.0-64.0%) es-
timated for 5 consecutive generations.
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TaABLE 9. Least-square means of reproductive and egg production traits
during the three generations studied.

. Mean = SE
Traits

Ist generation 2nd generation | 3rd generation
AFE 449 = 0.5 459 = 0.5 56.5 + 0.5
FER% 89.5 91.6 92.4
HAT% 78.8 86.0 88.5
AHW perhen 83 + 0.1 85 + 0.1 83 0.2
EP
EP1 2.7 0.0 34 = 01 36 * 0.5
EP7 58 * 0.3 65 = 0.1 6.6 * 0.6
EP70 509 + 0.6 59.3 = 0.8 60.1 = 0.6

* Means presented are the re-transformed estimates from the arc sin to the original
scale and consequently are not associated with standard errors.

The discrepancies between the different estimates might be due to differences in
age of dam, rate of laying, pre-incubation storage of the eggs and to differences in
hatching machine used.

The Iecast-squares mean indicate that HAT% increased (p < .01) from the Ist to
the 3rd generation. The improvement in HAT% with advance of generation may be
due to the same reasons mentioned before through which FER % was improved dur-
ing the consecutive generations. Kulenkamp et al. (1973) reported that continuous
full-sibling mating reduced HAT% by 16.1, 41.4 and 45.5% during the 1st, 2nd and
3rd generation, respectively. On the other hand, Marks (1980) reported that HAT%
fluctuated (p < .05) from 42.0 to 64.0% during five consecutive generations.

The average AHW per hen was 8.37 g. This trait was taken into account as a very
important trait for selecting dams for meat production because the Quail egg is con-
sidered as an intermediate production to produce next generations of Quail for meat.
To our knowledge, this trait was not taken into account or estimated before in
Japanese Quail studies. Therefore, the present estimate cannot be compared with
others.

The least-squares mean indicate that generations did not differ significantly in
their AHW per hen.

Egg Production

The average EP increased with advance of age where the production during the
EP1 was 3.19 egg/bird and during the EP7 was 6.29 egg/bird. The average 70 days EP
was 56.4 egg/bird. Similar estimates of 59 and 58.6 egg/bird was reported by Garrett
et al. (1972) and Strong et al. (1978) for the same period of production. However, the
present estimate is higher than that of 45.6 egg/bird reported by Havenstein et al.
(1988) for the same period.
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The variability in EP decreased from the st to the 7th week (32.4 to 13.2%, re-
spectively) and it was lower when the total EP during 70 days of production was
taken into consideration (7.65%). The high variability during the 1st week was ex-
pected since EP is always irregular during this period, due to the irregularity in clutch
of laying eggs among the birds of the flock.

The least-squares mean indicate that EP during the different periods studied in-
creased (p < .01) from the st to the 3rd generation. This may be due to the mating
system used where full and half-sib mating was avoided. Kulenkamp et al. (1973) re-
ported that inbreeding causes depression in reproduction in Japanese Quail. On the
other hand, Collins et al. (1968) and Bacon and Nestor (1983) reported that genera-
tion differences in Quail EP failed to reach the level of significance.

Sire and dam effects were (p < .01) for AFE, AHW per hen and EP70 and (p <
.05) for EP1. On the other hand, sire effects were non-significant for F, H% and
EP7, while dam effects were (p < .01) for the three traits (Table 10).

TaBLE L0, Least-square analysis of variance of factors affecting reproductive and egg production traits
recorded during different periods.

SOV it Mean square
AFE FER% | HAT% AHW EP! EP/EP2 EP70
Generation 20 148507 0487 5.087 2.97 42557 | 4179 | 5794.80%*
Sire 1 (G) 146 | 53657 | 020 0.19 1.36" 1.79° [.09 69.09*
Dam:S:G 150 200007 | 0.9 0.21%° 0.797* 1307 | o3 38317
Remainder 350 8.53 0.13 0.11 0.28 1.07 0.69 18.64

Generation effect tested against site within generation and sire within generation effect was tested against dam within sire within generation.
Tp <08
p<oa
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