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Divergent Selection Effect on Reproductive Trait in Japanese Quails
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Abstract: This experiment was conducted to determine the effect of 9 generations of divergent selection
for 4 weeks Body Weight (BW4) on growth and reproductive traits in Japanese quail. For this purpose, HW
and LW lines were subjected to individual selection for high and low 4 weeks BW, respectively and were
compared with control line (C). In compare to LW line and except for average daily gain from 4-6 weeks, average
daily gain for other periods was sigmficantly higher in HW. Age of sexual maturity was 7 and 4 days more than
control line in HW and LW, respectively (p<0.05). Body weight of sexual maturity in HW was significantly
higher than those in control (p<0.05). In compared to the C line, total egg weight increased 18.57 g in HW and
decreased 112.56 (g) in LW (p<0.05). Total egg number in HW was significantly lower than those m C line

(p<0.05).
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INTRODUCTION

The Japanese quail’s small size, inexpensive rearing
requirements, rapid maturation and adaptability to a wide
range of husbandry conditions have made it popular as a
laboratory animal for studies of behavior, development,
genetics, growth, endocrinology, nutrition, physiology,
pharmacology and toxicology (Landsdown et al., 1970,
Padgett and Ivey, 1959; Wilson ef al., 1959, Reese and
Reese, 1962). Furthermore, Japanese quail have many
characteristics and behavior patterns in common with the
domestic chicken (Gallus gallus domesticus). They have
been used to test the nutritive value of various feedstuffs
for chuckens (Kaya et af., 2003; Elangovan et al., 2003)
and are increasingly being used as a model of that species
for studies of applied animal ethology related to animal
welfare (Gerken and Petersen, 1987; Gerken and Malls,
1993; Odeh et al., 2003). The Japanese quail i3 now
a well-established animal model in biclogy and a bird used
for intensive egg and meat production mainly in Asia
and Burope but also in the Middle East and America
(Minvielle, 2004).

The quail meat is preferred to the chicken meat
because of its less fat content (low calorific value), taste
and delicacy. It demands to produce more quail meat in
the shorter period. This can be achieved by a specific
selection program for higher body weight at specific age

(Malarmathi e al., 2010). Genetic selection 1s a powerful
means to increase body weight and rate of gam in
Tapanese quail (Devi et al., 2010). Genetic progress in
body weight for Tapanese quail is accomplished by
continuous  selection for the trait (Marks, 1971,
Anthony ef al., 1986).

Egg production in chicken is characterized by the
mumber of eggs in a clutch and the period between
clutches where oviposition fails to occur because of
pause which results in missing egg between clutches. The
cyclic laying process 1s described by some clutch traits
such as the number of clutches, the average clutch size,
the number of pauses and the pause size between
clutches. Number of eggs in a clutch 15 determined by
circadian cycle which consists of a daily rthythm and
lag. Internal laying is a result of asynchrony in the
development of the oviduct and the ovary. Pause consists
of a circadian rhythm and a period called delay.

Genetic selection in various poultry species has
resulted in higher body weight at various ages along the
growth curve (Anthony ef al, 1991). The selection
scheme used to change an animal’s pattern of growth
resulted in both short-term and long-term effects on other
traits such as tissue growth patterns, the onset of sexual
maturity and overall reproductive efficiency. It has been
shown that when selecting for traits besides reproductive
fitness, a negative correlation between the selected trait
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and reproductive fitness will resulted. This negative
correlation has shown to be true between growth rate and
reproductive traits such as female fertility and egg traits
(Siegel, 1963; Falconer, 1981). The aim of present study
was to determine the effect of nine generations of
divergent selection for 4 weeks body weight in Japanese
quail on productive and reproductive traits.

MATERIALS AND METHODS

Population structure and animal management: The base
population of Japanese quail used in the current study
was maintained at the animal research station in university
of Tehran, Tran. Eight generations of divergent selection
for 4 weeks BW has been done to establish the selection
lines of high Body Weight (HW), Low body Weight (LW)
and the Control line (C). The birds used from each line
(HW, LW and C) in the current study were collected
during 3 continues hatches. The collected eggs from each
line meubated for 15 days separately. Then, eggs were
transferred to the hatcher and 3 days later all chicks were
removed from the hatcher. Immediately after the hatch,
each bird was permanently identified by leg-banded. Sex
identification was carried out according to the plumage
and color pattern at 4 weeks of age. At this age, 300
female and 150 male (100 female and 50 male from each
line) were selected. The statistical descriptions of 4 weeks
body weight within each sex in the selected lines are
presented in Table 1. According to the Table 1, means of
4 weeks body weight between male and female in HW line
were very close but in LW line they were very different.
Because of selected female’s twofold number this
different in HW line disappeared and in LW line became
very obvious.

The adult female birds were housed in individual
stainless steel wire mesh cages, exposed to 16 h of light.
The feed and water were provided for them as ad libitum.
The first diet containing 260 g kg™ protein and 11.5 MJ
metabolisable energy/kg was fed from the hatch tothe
4 weeks of ages and changed to a ration contained
200 g kg™ protein with 11.5 MJ metabolisable energy/kg
during the laying period.

Table 1: Descriptive statistics for 4 weeks body weight (g) within sexes in
the selected lines of Japaese quail

No. of Selection
Lines! observations  Mean SD CV (%)  Intensity (SI)
Female
HW 100 22813 0.86 376 0.46
LW 100 131.62 1.68 12.76 0.36
Male
HW 50 22512 0.85 2.66 1.11
LW 50 121.09 1.78 10.39 1.05

'HW = Selected line for high 4 weeks body weight; LW = Selected line for
low 4 weeks body weight
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Trait definitions

Growth related traits: Individual daily body weight gains
during different growth periods from hatch to 2 (ADGO0-2),
2-4 (ADG2-4), 4-6 (ADG4-6) and hatch to 6 weeks of age
(ADGO-6) was obtained according to Brody as follows:

a- (w2-wl)
(1241)

is the weight increment in the time interval (t2-t1).

Egg production parameters: A clutch was described as an
uninterrupted laying period during the egg yield term.
Each non-laying period between two clutches was defined
as a pause. The clutch length is the number of eggs laid
on consecutive days which is one of the components of
the total number of eggs laid during a production cycle.
The average clutch length was the arithmetic means of all
clutches recorded. Age at sexual maturity was determined
as the first egg laying-day of females.

The mndividual egg yield of all females during the first
90 days of production (TEN), Total Egg Weight (TEW)
(g), Total Egg Number (TEN), Total Egg Weight (TEW),
Age at Sexual Maturity (ASM), Body Weight at Sexual
Maturity (BWSM), Clutch Number (CN) and Pause
Number (PN) for each female bird in all 3 lines were
recorded.

The fertility (%) and hatchability (%) were calculated
for each line by the following equation:

}X 100

}xlOO

Statistical analysis: Data were analyzed using the General
Linear Model (GLM) procedure of SAS. Least Square
Means (LSM) were calculated and the Teast Scquare
Differences (I.SD) between means was evaluated. The

Number of fertile eggs

Fertility (%) =
Total number of eggs set

Number of chicken hatched
Number of fertile eggs

Hatchability (%) = [

means were calculated within sex in each line for all traits
and the correlations between traits within lines were
estimated by using Pearson correlation coefficients. The
statistical model used for growth traits was:

Y, = L 48 48 (L, e,
Where:
Y; = Observations for a trait
i = Theithline
i = Thejthsex
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L = The fixed effect of the ith line
S = The fixed effect of the jth sex
S; (L) = The effect of sex within line
e = The random error term

1

The statistical model used for growth traits was:

Yl = M+Ll+el

Where:
Y, = Observations for a trait
i = Theithline
I. = The fixed effect of the ith line
e, = The random error term

RESULTS AND DISCUSSION
Growth related trait

Average Daily Gain (ADG): Least-squares means for
ADG during different periods of age within sexes in the
selected and control lines are presented in Table 2. The
overall means of ADG 1 all periods were heavier in
females that this results were nearly equal with finding by
Shamma, Sefton and Siegel who indicated that ADG for
females quail being heavier than males. Also, except for
ADG4-6 that n LW line was more than HW for all periods
ADG m HW was higher than LW. Also, the differences
among all sources of variance studied were significant
(p<0.05). These results are in agreement with finding by
Shamma, Darden, Marks , Sefton and Siegel.

Productive traits

Age of Sexual Maturity (ASM) and Body Weight of
Sexual Maturity (BWSM): The average ASM was 48.88,
41.09 and 45.33 days for HW, C and LW, respectively
(Table 3). The results reported that control line reached
firstly sexual maturity followed by LW and HW reached
finally sexual maturity. These results may be due to the
correlation coefficient between age at sexual maturity and
body weight. The results are in agreement with that
reported by Oguz et al. (2001) and Dobalova et al. (1983)
they reported delay m selected lines for HW to reach
ASM than control lines. Also, the difference between
selected lines (HW and T.W) wasn’t significant but they
were significant with control (p<0.05). The phenotypic
correlation between ASM and BW4 showed m Table 4 it
was positive for all lines and it was 0.3]1 m pooled
population.

Means of BWSM in HW, C and LW were 237 81,
173.44 and 137.76 g, respectively (Table 3). The
differences among lines for BWSM were statistically
significant (p<0.05) with the increase of BWSM and
ASM. Generally, the results revealed that BWSM of
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Table 2: Teast squares means and Standard Errors (meantS8E) for average
daily gain during different periods for three lines of Japanese quail
females and males

Females Males
------------- e Pooled
Traits Lines LSM=SE LSM=SE  population
ADGO-2 (g/day) HW 3.75+£0.18 3.57£0.35"  3.66:0.17*
C 3.18+0.19°  3.05+£0.17¢  3.11+0.18°
LW 2474015 23240147 2.79+£0.16°
Overall mean  3.13+0.17% 2.98+0.18% 3.09+0.12
ADG24 (g/day) HW 9.8940.25*  9.42+0.90°  9.65+£0.24%
C 8.02+0.30°  7.99+0.26* 7.81+0.25%
LW 7.13+£0.26°  6.45£0.24"  6.79+0.21°
Overall mean  835+0.20%  7.82+0.23F 818+0.22
ADG4-6 (g/day) HW 2.94+0.21*  2.83£0.19" 2.88+0.14°
C 3.48+0.23* 3324019 3.40+0.174
LW 3.3340.16°  3.17+0.14%  3.25+0.158
Overall mean  3.26+0.16* 3.11+£0.20° 3.17+0.16
ADGO-6 (efday) HW 5524028 5.25£0.36° 54140204
C 4.8943.70°  4.58+£3.408  4.79+0.31B
LW 4.3140.25¢  4.01+0.29"  4.19+0.24°
Overall mean  4.91+0.27%  4.69+£0.30F  4.85+0.28

'ADG0-2 = Average Daily Gain from hatch to 2 weeks ages;
ADG2-4 = Average Daily Gain from 2-4 weeks ages; ADG4-6 = Average
Daity Gain from 4-6 weeks ages; ADGO-6 = Average Daily Gain firom hatch
to 6 weeks ages; HW = Selected line for high 4 weeks body weight; LW =
Selected line for low 4 weeks body weight; C = Control line; Means of each
trait with different small letters are significantly different (p<0.05). Means
having the different small or capital letters are significantty different (p<0.05)

Table 3: Teast squares means and Standard Errors (meant=SE) for different
reproductive traits for three lines of Japanese quail fernales

Pooled

Traits' HW C LW population

ASM (days) 48.88+3.500F 41.0942.52(F 453343.680* 45.10£2.190
BWSM (g) 237.81+35.68 173.4449.550F 137.76+13.46° 182.99+8.890
TEN 727654, 540F  76.2041.8500  76.4042.190¢  75.11+£1.540
TEW (g) 946.30+£86.260 927.73+65.57 815.17+44.01° 896.49+52.11
F (%) 81.85+£0.07(F 88.11+0.080* 71.30+0.080° 80.42+£0.050
H (%) 55.42+0.090°  65.93+0.090* 58.12+0.080°  59.82+1.100

'ASM (days) = Age of Sexual Maturity; BWSM (g) = Body Weight of
Sexual Maturity; TEN = Total Fgg Number during 90 days atter sexual
maturity; TEW = Total Egg Weight during 90 days after sexual maturity;
F (%) = Fertility percentage; H (%6) = Hatchability percentage; HW =
Selected line for high weight in 4 weeks body weight, LW = Selected line
for low weight in four week body weight; C = Control line; different letters
shows significant different between lines (p<0.05)

Table 4: Least squares means and Standard Errors (mean+SE) for clutch and
pause traits in three lines of Japanese quail ferales

Pooled
Traits’ ow C Lw population
CL (day) 72.76+4.540F  76.20+1.85  76.40+£2.190°  75.11+1.54
CN 5,963,018 5.61+1.58 4.45+1.690¢ 5.36+£1.49
PL (day) 17.65£10.71*  13.9242.32"  13.67£12.37° 15.08+2.28
PN 6.13+2.07¢ 5.9141.72" 4.83+1.680¢ 5.02+1.66

!CL = Clutch Length until 90 days of egg production; CN = Clutch Nurmnber
until 90 days of egg production; PL. = Pause Length until 90 days of egg
production; PN = Pause Number until 20 days of egg production;
HW = Selected line for high 4 weeks body weight; LW = Selected line for
low 4 weeks body weight; C = Control line; different letters shows
significant different between lines (p<0.03)

Tapanese quail of HW was heavier than the other lines.
This result is in agreement with Bahie El-Deen (1999),
Shalan (1998) and Kosba et af. (2003) who mdicated that
improving BW at 6 weeks of age had positive effect on



Res. J. Poult. Sci., 6 (1): 18-22, 2013

increasing BWSM. The phenotypic correlation between
BWSM and BW4 showed in Table 3 it was positive for
three lines and it was 0.89 in pooled population.

TEN and TEW: Means of Total Egg Number (TEN) during
the first 90 days of laying for the three lines are presented
in Table 3. The results showed an increase in TEN for LW
line than HW and C lines (76.40 vs. 72.76 and 76.20) with
significant differences (p<0.05) between LW and HW line.
May be that 15 due to the effect of earlier maturity on
increase the length of laying cycle and/or the increase in
clutch size (Table 5). The phenotypic correlation between
TEN and BW4 showed in Table 4 that was negative for
three lines and it was 0.42 in pooled population.

Means for Total Egg Weight (TEW) during the first
90 days of laying by lines are shown in Table 3. The mean
of TEW during the 90 days of laying for HW and C was
heavier than LW and the differences among the three
lines were significant (p<0.05). Similar results were
reported by Nestor et al. (1996), Kosba et al. (2002, 2003)
and Marks (1979) showed that EW increased but not in
proportion to the increase i BW. The phenotypic
correlation between TEW and BW4 showed in Table 4
that was positive for three lines and it was 0.84 in pooled
population.

Clutch Number (CN) and Pause Number (PN): Means of
Clutch Number (CN) and Pause Number (PN} are shown
in Table 5. The mean of CN was 5.96, 5.61 and 4.45 for
HW, C and LW, respectively and the difference among
the HW and LW was significant (p<0.05). The mean of PN
was 6.13, 5.91 and 4.83 for HW, C and LW, respectively
and the difference among the three lines was significant
(p<0.05). Similar result was reported by Kemal.

Clutch Length (CL) and Pause Length (PL): The clutch
length is the mumber of eggs laid on consecutive days
which 1s one of the components of the total number of the
eggs laid during a production cycle. CL in the HW was
found lower than the LW and C while CN, PL and PN were
higher. Therefore, CL was higher in LW than C and HW
(Table 5). It was concluded that egg yields decreased

Table 5: Estimates of phenotypic correlations (£SE in subscript) between
4 weeks Body Weight (BW4) and other traits in three lines of
Japanese quail females

Traits ASM  BWSM  TEN TEW F(o  H(%)
BWA 0.20000" 0.20000" 02T 0.220:0" -0.1300" -0.270m"
0.20000" 0.34g0s™ -0.2200m° 0.34g1p" -0.10g05" -0.1700y
0. 22(0.06)** 0. 30(0.05)** -0. 28(0.10)* 0-30(0 1 1)H -0.1 2(0.05)*F -0. 24(0.07)*
0-31fD lEIJM 0-89tD 123M '0-42(EI 11)“ 0-840] 13)** 'O-IItD EIS)}k '0-25(D IJQ)}k

ASM = Age of Sexual Maturity (day); BWSM = Body Weight of Sexual
Maturity; TEN = Total Egg Number; TEW = Total Egg Weight (g);
F % = Fertility; H % = Hatchability, Values of HW, C and LW lines and
total population were shown one under the other at rows in each traits,
respectively; *p<0.05; #¥p<0.01
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when clutch numbers increased. The mean of PL was
17.65, 13.92 and 13.67 (day) for HW, C and LW,
respectively and the differences among the three lines
were significant (p<0.05). Similar result was reported by
Kemal.

Reproductive traits

Fertility: Data presented in Table 3 showed fertility
averages of this trait were 81.85, 88.11 and 71.30 in lines
HW, C and LW, respectively that there was a significant
difference between lines (p<0.05). It was clear that
divergent selection affect fertility in quail eggs and LW
line had the lowest fertility and C line had the highest one.
The results are in close agreement with Marks (1996) and
Harfoush (2004) that reported selection for high body
weight at 4 weeks of age had a significant negative
effect on fertility percentage. Researchers found that
phenotypic correlation was negative in all lines and it was
-0.11 in pooled population (Table 4).

Hatchability: The percentages of hatchability (Table 3)
were 5542, 6593 and 62.13% in HW, C and LW,
respectively. Hatchability was lower in the selected lines
comparing with control line. Differences between the
selected and control lines were significant (p<0.05). The
results are m close agreement with Peebles and Marks
(1991) and Marks (1996), they reported that hatchability
(%) in selected lines were significantly lower than control
lines. Phenotypic correlation was negative in all lines and
it was -0.25 in pooled population (Table 4).

CONCLUSION

In contrast to LW, clutch number, pause number and
pause length increased but clutch length decreased
for HW. Fertility was higher in HW than LW while
hatchability was higher in LW (p<0.05). Only total egg
number, fertility and hatchability had negative phenotypic
correlation with BW4 (p<0.05) in three lines.
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