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Oviposition time of 419 ‘hens from a White Leghorn population of two lines
divergently selected for high and low volk-albumen.ralic was chaerved at foar stages of
sy provluclion period Tor s domsdion ol aboal @ days in each slage. A lowal ol |39
recerds were used in the analyses of this study. The cluteh traits for heritability
catimation include @ Intra—ciutchnean lag of aviposition time (LAC), mean delay of pause
day belween clulches NELAY), the tale of inlernal laving (TP, Lhe number of clulches
0N, the average length of clutches (CL), and the average sizc of elutches (C35). LAG and

. DELAY wereeslimaled by the multighasic model (Lic ef al, 19%3).  leritabilitios of these
cluleh lrails wers aslimaled h\ A site—darn nesled TTHJd{:‘] anel 11'l1rr1—l;,1r&1 rerTession of
daunghter on dam. .

Means ol LAG were 1L hc!.Lm and L2 hewrs Tor high and low lines, respectively,
Corresponding herilabilily eslimates were 041 032, 062, and 055, 061, 062 Tor sire
componcnt and combined corrlponents of sire and dam, and intra sire regression coelli-
-cient of daughter on dam, respectivelv,  Heritabikity cstimates of DELAY wore ﬁ_ot :
eifTersmt [romm zero o bolh loes using Lhe iwo methods.  Medium and high heritability
‘estimeates of ON, Coand C8 were Tound Tor both high and low lines in Lhe Lwo methods,
cxeept for regpression estimates in the high line. Hertability estimates in the low line
were Iugher than that i the high linc for most traits, execpt for DELAY and I

ffen Prudd, Sci, 38 23-28 1096)
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Il‘ll._rnducl.iun

Egg ﬁr(iducﬁtm in laving hen sirongly exhibils the evelic process in which eggs
are laid at the interval of about 24-27 hours or more, depending mainly on laying
performance and age, This (;}’Clic pacess results in the formation of the clutches. A
mathematical model hag been developed by using the approach of multiphase of cgg
laying to describe this phenomenon (Kooes and GrossMar, 1992 ; Luc et .(IE... 1993) i
the multiphasic maodcl, exs production is trealed as ciulches, in which el utch COnsists
nf the cggs laid i in consectulive (1dyb and inlernally laid egos, andd is terminated by ong,
pause day., The model may be wrillen as follows :
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where Y, is LllmllldLl\-’L nuinher of epas .-11. tirne £ {in hour] ; » is [ntra— clutch mean-lag

¥, 1—-

u }?rcscnt address : The Tniled Gradnae Serhioal of i\j:rlr_l.ﬂLur.i] "auenLe Iwatc UmvchIt};
Ueda, Moricka, [wate, 020,
Received Mar. 6, 149495



21

Jpn. Poull. Sci, 33 (1), 1536

of ovipasilion lime in houar (LAG) ; 6§ >0 Is mean delay of pause day bolween clutches
in hour (DELAY) ;¢ is the sequence number ol the cluleh (& 1, 2, 3, ...) and § 15
curnulative number ol inlernally laid egrs. Eguation |1 roveals that ihe prolific hens
lay eggs [n ane or a few clutches without internal laying, the production of these hens
primarily depends on Lag of oviposition times of subscquont cgs, and partly depends
on delay of pausc dav botwoeen clulches.  The hens with one clutch cgg production,
undoubtedly, the number of cggs is determined by the lenglh of lag of oviposition time.

Several selection experiments have been practiced to incresse Lhe raie ol lay on the
prineiple of red ucinﬁ the ovulation interval by using the measurable wrail of oviposi-
tion interval within sequences (MoCLuNG ef al., 1976 ; StELDON 6t 1., (984} The oviposi-
tion interval within sequences in the selected lines was significantly decreased in the
selected penerations. It is concluded from the above experimenis that the rate of lay
in the population with relatively high ege production can e improved by redueing the
oviposition interval, Hoeritabilily estiroates [or oviposition interval within SOQUoTCeS

“were teporled to be medium (McCeUne ef af., 1976 ; Yoo ef af, 1988 ; Natto of af., 1980 ;

and Liirers and Wiavimsos, 19933 However, heritabilities of other cluteh trails sueh
as clurch size, clutch I'r:n gth, number of clulches as well as Intra-clutch lag of oviposi-
tion time and delay of pause day between clutchos have nol been reported so far.

The purpose of Lhis sludy was to search for the genctic variations of LAG and
DELAY obtained from cqualion [17, and other clutch traits of'cgg production as
mentioned above. '

Matcrials and Methods

I¥ata of ovipesition time were oblained [rom a White Leghorn population of two
lines divergently selected for high and low wvolk alburnen ratin. This population has
been lounded since 1970, and relaxedly selected from 1883 (Mirsuserro and Mrvos,
1989, The hons were housed o individual cages at an age of 180 days with the

- light-dark regime about 14hr/lthr.  Ovipasition me of individual hens was recorded

al four slages during April, June, August and October 1893, and April, May, June and
October 1894, Observation duralion in eﬁch.stage wés about 30 days. Oviposition
time was, observed every ong hour from 4 : 30 AN io 6: 30 PAL and recorded to the
nearest half hour, Hens with no egg laid in the observation stage were excluded from
the dala sel. o

Cluilch Lrails in Lhis sludy were defined as intra-cluteh mcan lag of oviposilion
time (LAGY, mean delay of pause day between clutches (DELAY)  These trails wers
cstimated by Lhe mulliphasic model [1]. Other-clutch_‘rraits including the number of
clutches [CNY, the average length of clulches (CL.), and the average size of clutches (C5)
were calculated fram the data of oviposition time,  The rate of intlernal laving (IP) was
eslimated as the percentage between the number of missing cggs and Lthe number of
davzin the shservation stage.  These missing eggs were deternmined based on the time

© of oviposition as described by Lug et all {1493)

Statistical analyses were separated 1y lines. The number of sires, dans, hens and
records in cach line used in the eslimalion of variance components are prosenled in



Luc et ul : Heritabilities of the Clutch Trails

Takle 1. Kumber of sires, dams, hens and records in lwe lines selected for high and low
yolk-albumen ratio )

Lligh tine ) Low line
Year : . )
-Sire Dam [Ten Kecord Sirc . Dam . Hen Record
1993 18 a3 . 131 1 18 51 119 116
1534 14 a1 . 81 2434 17 30 g8 325
Tutal oM fid 2z 75T 35 &l ant - T4l

Table 1. Variance components were oblained by the REML method ol v A RCOMP in
SAS {SAS Institute, 1985) wilh a sirc-dam nested model as [ollows - _

Vium=tF G | Pyt Spt Dipe—lgpm  oorevmerees R PO, T feeees r2l,
where Fimw is Lhe observation on LAG, DELAY, 1P, CN, CL, and CS ; # is the overall
mean : {7, is the fixed eflvcl of the @ vear of data coltection i=1, 2j; Py is the fixed
effect of the /* observation period within i year ; Su is the random effect of 1he &% sire _
within /™ year; £, is the random cffect of the /* dam mated with £% sive within i vear:

' 2yum 18 the residual effect.  These random effecis are assumed to be normal, idenlical
and independent distributions wilh Lhe variances of Ty Fagm aid o, TespoCtively,
Data of dams used in snalysis of regression were oblained [rom stages 1, 2 and 4 of
cgg production period in 1843 [Jata of daughters were obtained from stages 1, 3, and
4 of egg produclion period in 1994, l]ntra sire Togrossion coefficlents of danghter on
darn for each trait were estirﬁated [rotn 2083 and 207 records of daughlers corresponding
Lo 86 and 76 pairs of damy’ familics in high and low lines, rospoctively, '

Results and Discussion

Mcans and standard devialions with the skewness of their distributions are
presented in Table 2. Because clutch trails are mirror images of egg production traits,
mosl of cluteh traits had positix-el-y skoewnd distributions c':_cu::pt for DELAY in both
high and low lines and CN in the low line wilh negative skewed distributions. LAG
and CN showed closcly to the normal distribution. LAG is a conlinuous variabie,
while CN is a discrete variable. However, no transformalions and truncations were
applicd for any trait.

Means of LAG were 104 hours and 132 hours, corresponding the oviposilion
intervals of 25.04 hours and 26.32 hours [or high and low lines, respeclively, These
results are comﬁarable to the values of oviposition interval within scqm:nco.repofted
by Liierks and Woneissos (1993). Means of DELAY were similar values for hoth
high and low lines; 1750 hours in ‘the high line and i?.d() hours in the low line
Average length of the clutches (C1) and size of the clutches (CS1 in the high line wore
significantly larger than that in the low line ; 17848 h,éurs and 621 cygs, and 15347
hours and 530 cggs for CL and C8 in the high and low lines, respectively,  According-
I¥. the number of clutches (CX) in the high line was 4.92, was smaller than N of 549 in
the low line. However, the rale ol internally lajd eggs (I was higher in the high line
ol 8.73% compared wilth the low line of 7.64%. Thoese rosults agres with the previous

()
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Table 2. Means, slandard deviations and skewness of sorme cluteh traits

Trail High line Low ll'ﬂﬁ, : Comparison

rai - — _ . :
Idean 511 Skewness Mean 5D Skewness helween lines®

LAG 1.04 -~ 0.76 0,98 1.32 Uoat 0Bl - o

DELAY | 7R} 4,83 ° —2.39 17.40 A.TH —2__1] ) nNE

Ir 9.94 1143 L.84 7.0 I35 273 e

Cx 4.92 1.04 0.11 8,19 ENITE -0y b

CL 178 48 125,78 2. 80 153,47 100 56 3.85 -

C5 G, 21 .34 2.8 h.30 4

1.24 C3.52 e

e per{)01; NS : No signilicant.

Table 8. Heritabilities with standard ermors (o Lhe cluich traits cstimated by Lhe sire—ilam
nesled model and intra-sire regression of davghler an dam

Linc and Trait . A SE Mo 1SE Ay —SE

Hizh hne _
LAG , Topd1—018 0.82L0.08 0.62+0.30
DELAY _ O 08007 DML —0.03%0.16
P 0.07+0.11 0.12 10,05 0.14=9.15
CN 0.43+0.22 .43 011 0.12:0.20
ClL : 0,490, 23 B U T ) §.2810.20
s 0.13=0.23 . n.4ptno1z : 0.59.L0.2

Low line . ] :
LAG 0550027 0.51+0.13 0.62470.19
LELAY .02 L0.05 0.01+0.03 005014
IP 0.0 L0 18 0.33£0.10 — .08 —0,14
cK 0.6810.38 0832018 U.53—0.17
CL 0,50 L1047 0.81=0.18 © O WETTO.1G
C5 0

60038 : 0.87=0.19 D uE2s0.14

report of Lucet afl (1993 [or the clutch traits ohtained from the dals only in 1983, The
1P for both high and Jow lines in preseni study was higheor than ﬂmll'(ﬁ £25~1.4%) for
ll'u, comrercial straing that were introduced inle our laboratory (unpublished).
Herilabilily esiimates of the clutch traits were ObldLIIEd [rom sire componenl ol
variance, the combination of sire and dam COmpnnans of varianee of the sire-dam
nested model, and from the inlra-sire regression coclicienl of daughier on dam (Tahla
3).. Heritabilitics of T.AG were 041, 032 and 062, and .55, 451 and 0..62 for sire and
combined components, and regression in thé high and low lines, respectively, In this
study, herilability of LAG estimated by the sire-dam nosted model, .and by regressien
in both high and low lines is within the range of the previous estimates for inlra-
sequence mean of oviposition inlervals with values of 047-086 estimated by Yoo ef al.
(1988 D98 099 by Naimo et ql. (1989 and 042 0.55 by luLLrers and WiLHELWSON (1983
Moreaver, realized heritabilily for ovipesition. interval estimated from a scleclion
cxperiment for reducing oviposition interval was 0.39 (McCrong ef el (1978), 1t would
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b expected 1hat 1.AG has the sarme irll{trprt:iaiifm of egg laying with intra-cluteh
niean of oviposition intervals. Howewver, LAG in this study was estimated by equation
[17in consideration of the internal laying and Lhe delay of pagse day.

Heritability eslitnales of DELAY were not different from zero in both high and low
lines of the lwo methods.  Herd 1.abiliL}' ostimales of CN were 0.12 0.43 and 0.55-0.83, and
that of CL. were 0.28-0.48 and U.SD—U.S@f_or high and low lines, respectively. A similar
trend In heritabilily eslimales was also [oand for C5 with the valugs of 01445 and
060 (.87 [or high and low lines, rcsp(:f_;tiv.cl ¥

'Ht:riL:—.LbiliLy, cstitnates in the high line were lower Lhan thatl in itbe low line in bolh
estimation methods for the traits of LAG, CN, CL and s excepl for LAG in the
regression esi_:imatio'n. The difference hetween the two lines in the hovitability, osii-
males seems Lo be caused by the dilference in Lthe skewness of i;heir distributions
espocially tor CL and CS. The other possibility is that the seleclion [or high yolk-
albumen ratie may restlt in itereasing the rate of ovulation in the high line. 'l’hcrul-
afler, the reduction in genctic varation for clutch trails of the high-line may occur
Because selection cr'iterion in this 1:|c:-pulation was not for the rate of fay, the rate of
abnormally kbald egy was higher in the high line than in the low line (Table 2%, It [s also
in accordance with the previous repout of Luc e al {1985 that although LAG in the
tiigh line was sipnifleantly shorter than that In the low line, égg production in the high
line was notl highoer than thal in the low line, because {Jf the higl_lt"t‘ rale O_f internal
laying associated with high line. '

This study was conducted in a small bopulation thus, a profound intorpretation {s
nol much desired. However, the results of Lhe eslimales of heritability showed some
trend in genctic variations among the cluteh trails. The furthor estimation of the
directly additive genetic variation by the animal model using all relationships in the
pedigree s needed {o increase the accuracy of Lhe estimales,
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