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A stady was carried oul lo examine lhe eifects of lines on the clutch traits and the
prediction of cgp production in laving hens. Dala of ovipasilivn Lime were recorded at
lour slages Trom the 12010 day 1o the 330th day of cgg production for two yvears. The
duration of cbservation in each stage was 30 days. The laur lines were abbreviated as H,
I, J and X. The Il and L lines wore obtained from lotyr term divergent seleclion (o bhigh

_and low yolk-albumen ratios. The J and X lines were the commcri:ially' obtained. The
clutch traits were intra cluteh mean lag of oviposition Lise (LA, mean delay of pausc

tlay belween clulehes (DELAYY the rate of infernal laying (1P, the number t:r'c:luLc:hes._

[CN}, ihe average lenglh af ¢lulches (CL) and the average sizc of clutches (G5

There were significant differences belween lines and slages for all elutch traits, LAG -

values o the J and X Lnes (023 hours and .22 hours, respeclivelyl were signilicantily
shorter than Lhose in [he H and 1 lines {104 hours and 1.32 hours, respectivelys  Accotd.
ingly, the values of CL and C8 were significantly larger, and CN values were significantly
smaller in the J and X lincs. The values of DELAY v the H and 1. fines signilicantly
differed (rom thase in the J and X lines. IP values were 9.54%. 7.75%, 4.22% and 5.34%,
respectively, for the H, L, oJ and X lines ]

The clutel traits obtained from the first stage were used Lo prediel lolal egg number
of 270 and 360 days of laying periods (EP270 and EP359) by the multiphasic model
Corrclation cocficients between actual and predicled values of the four lines were 0.72
and 067 lar FP2T0 and EP360, respectively, The correlalion coellicients it ihe J and X
Lines that laid more than 300 egus in H60 tayvs of laving period ranged from 075 to 088,
being higher than thosc in the H and L lines t_t}.{iﬁmt}.fa} wilh 240 egws in the same laying
period. ; . B
Fbn Powlt, Scil, 330 235 241, 1985)
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Introduction

Epp production has achieved sucecssful progress by the application of quantita-
live genelics methods. This approach is unlikely to gain a further increase because of

Iosing gonetic variation of the (raditional selection traits and mitation of one cgg per -

day. Selections for short oviposition interval though conducted in different cnviron-
menis of light-dark cycles have shown a new trend Lo continued improvement of egg
production (McCoume et af, 1976 ; Fosyke, 1981 ; SUELDON e al., 1984 ; Narro ef af,, 1988).
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The rate of lay in these selection experiments was significanily increased in the
sefectod slages. L _ s S _ .

LII:LPI’ZRS (1993) allemptod tdcharac‘reri;_ae laying process by the "bv*iDUSitjoxl pral-
tetn” Lhal is the time at which Lhe cggs are laid and the interval between Lhem,
Morcover, getielic varialion of ovipesition pattern traits was reported to he higher
than that of comventional traits. Recenlly, a mmultiphasic model has been developod Lo
characterize egg production by the oyclic process, so called clulch (Koors and
Grossyan, 1992 ; Lic ef aof, 1993. In this model, egu production was treated as a
function of oviposilion interval, lepgth of pauseday and inlernal laying. Itis expected
thal the model could be used to predict annual cgg production of individual hens by
using records of av¥iposilion Lime in the carly stage of laving. The aim of Chis study is
to exatmine the elleels of nes on the cluteh teaits and the prodiction of egg production
by the multiphasic model in luying hens. '

Materials and Methods

Nata were bbtained Imrﬁ four lincs of White Leghorn laying hens. The Hoand L

“lines have been founded by a diverger;—t selection [or igh and low yol}’:" albumen ralios
since 19710, and rolaxed the selection since 1983 MrrsumoTo and Mryosue, 1989} In 1944,

Lwo commercial lines “were introduced inte Sur labeoratory.  These lings wore
desiznated as J and X, ' ' . '
The hens were housed In individnoal c'agcs at 1560 days of age with the lighifdark
regime about 14hr/10hr. Oviposition time of individual hens was tecorded at four
stages for two vears in April, June, August and Coelober 1993 and in Apnl. Mav, June
and Cclaber 14994, The first observalion slage was started at-the 120th day and the last
slage was con pleted 4l the 330 eh day of ez prod LlCltiOII.l. The du'raLi{m_ of obscrvation

in each stage was 30 days. Oviposition time was observed every one hour from 5 : 30

arn. o 6 : 30 pm., and Fecorded Lo Lhe nearcst half hour, The hens with no cgg laid
during the observalion slage were excluded from the data set (Lic ef al., 1995). The
number of hens and record.s of oviposition {itne are presented in Table 1.

Data of cgg production were n':cr}rdcd dailv for individual hens. T::ta_] cgye number
was calculated [or 270 and 360 davs of layving periods.(EE’ET{} and EP36], respectivelv).
LP2T0 represenls a perind hefore entering 1he end of the production period, while EP360
s Lthe whole production period. -

The clutch traits were delined as i]‘ttra—du'tr}.:h meatt lag of oviposilion time (LA,

Table 1. Number of hens and records of oviposition time

_ SO 1'% < S _ ©L 1954
Lige" —— -
Mo ool hens Mo, of records - Ner ol hens No, of records
H L4 ’ 164 - Al : w97
L - 119, 116 - ' HE : 425
J 1 43
X 7 B 1]

""H: High linc: L : Low Vine ;) and X : Commercial Unes.
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mean delay of pause day hetween clutches (DELAY). Those traits were estimated by

the multiphasic model of Luc et gl {1993}, Other clutch tralts thal wors cal culated from
the dala ol wviposition time ineluded the rale of internal laving (IF}, the number of
clulchics (CNY, the average length of clutches (CL), and the average size of clutclies (CS),
P was estimaled as porcentage hetweern (he number of missing eggs and the nutnber
al observed days in each stage. The missing eggs . were determined based on the time
of nviposition as deseribed by Luc af @l (15950, C

To examine the offects of lines and slages of observation on the cluteh drails,
univariale analysis of variance as split plol design was applierd by using the GLM
procednre of SAS (1983} Becausc Lhore wore empty ¢ells in 1he dala sel, the t-ypr: Ty
sums of squares were ised to determine the significances of the offects (SAS Ihstitute,
1981). - Duncan's multiple range lesl was performed to compare. means of Lhe elueh
lraits, - ' . . . .

Data.of Lhe ctutcl {raits obtamed [rom the fitst stage were used to prediclt ER2T0
atrd EP360 by the multiphasic model of Luc ef al. (1995, The predictability of the model
ineach line was based on the correlation coeflicionts and regression of actual values on
predicted values, Significant dillerences -::r intercepts.and I"EgI'ESHHm cocloiomts fmm
t and |. respectively, were accessnd hy f-test. '

Results anﬂ Diseussion -

Tahle 2 presenls mean squares of the effects oblained from the univariate analvsis
of variance as spil plot design for each cludeh trail. Thers were significant effects (p =
0.01) of line and stage for all clutch irails. Theoffoct of line mav be explained by the
dilletence in genetie origin, Significant effects of the slage indicate the infiuence of
aging on these lrails. Thisis in-agresment wilh the reports of Bank and Paluder (1989,
and Lniegrs and WILIELMsoN {1993} that whon the hen agés, the oviposition interval
~increases, Significant intetactions between line and stage were estimated for most
clutch,trajts except for LAG: Inthe X line, DELAY and CN inereased at Lhe sl-agc 2 and

Tahlc 2 Mean squarce of the clutch IrmL-: from tho anal} sis r:l‘ variance lor kpll[ plut design

, o Treut" o
Souros _ ' — . L .
dr LAG DELAY 1 CN CL CS
Between birds ) _ _ ' . .
Linc 5 42 520% - 481,038 1237.556%  280.1ke* DIGUTRGI.G* 3072, 200¢
Error 1 443 - 1.428 - 1M 232502 D.550 23136.2 fifh. 478
Within birds :
Slage 4 5.E11" 113.757* TI1.479* Bl.448*  3R4a80.1* T]JL.?OQ*
Line % Stage 1 - 0.216 - 14Z.798" 243 _4HT* 3.008*  i0237T8.3*  178.0020%

Krror 2 1149 0.31% 15,258 82748 1.192 - TO80.3 12 514

1 LAG [ntra clutch tmesn lag Uf.oviposi't'ion'tinie (heur) ; DELAY  Mean delay of pause
day between clutches (hour) ; IP I'he tale of internal laving (%) CN - "The number of
¢lulghes ; CL: The average lenglh of clutches [houwr)  CS : The sverage size of clutches
leggh S '

Fi Signilicant effect at p-7 0,01, ' :
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decreased at the stage.S. while the decreases at the stagpe 2 and the increases at the stage
3 wore found for Cland €S, Howevor, the 11, L and ) lines showed the similar trends
of changing in means ol DELAY, CN, CL and C& by slages. This in.dicaled that the
interactioms belweon line and stage for those traits were caused by the changes of Lhe
X Iine at the stages 2 and 3, but a clear explanation for these chanpes could nbt be
oblained in this study excepl.a possibility of ditfferenl genelic background of Lhis line,
1P yalues in the four lings did-not shawed a clear trend of changing over stages, No

“significant interaction for LAG suggested that hens [n the four lines showed the same

trend in oviposition intervals at different stages of layving.

Means and standard d_e\-'ialions of the clulch Lrails [(}r. cach line oblained {rom
pooled data are shown in Table 3. LAG in the H line was significantly shorter than that.
in the L line. LAG values in the J (028 hours) and X (0.22 hours) lines did not
significanily dilfer [rom cach olher, bul woere significantly shorter than those in the H
and L lines. Significant differences between the commercial zm(fl selecied lines far LAG,
CN, CL and CS values suggest that when the hen lays egys at short indervals, C8 and
Cl. values increase, henee ON values decrease, Thus, C8 values in the J and X lincs
were 15 and 14 eggs, with corresponding LAG values of 0.28 hours and (.22 hours. On
lhe cuﬁtrary, C% values in the H and L lines wore 6 and & cggs and LAG values of these
lings was 1.04 hours and 1,52 hours, r{':spcct'ively. DELAY vdlues were the same in the
H and L lines but were signiﬁcantlj longer thah those it the J and X lines. IP values
in the H and L lines were 9.94% and 7.73%, respca:ﬁvely, and were higher than those in
the J and X lines (4,209 and 5.3534%, respectively),

The prediction of egg produciion by the multiphasic model is presented in Table -
4 and Fig. 1. Correlalion coefficients belween aclual and predicled ege number were
higher in the H ling than in the L line for hoth predictions of EP270 and EP360, A
higher correlation was observed in the X line (0.88) than in the J line {30.83) for predictlon
ol EF270. However, when prediction fot EF36), the correlation in the X line decreased
to Q.73 an d_ was lower than that in thaJ line (0.83). The correlations for hoth predictions
of EP270 and EP380 were higher in the commercial linés (J and X} Lhan in Lthe selec[_ed

Table 3. Weans and .e-;l.c'indan:! deviations of the clutch traits

-+ Line'" {Number ol hang)

Trait® H (757) L {712) J 43y X {87

, Mean SD Mean 5D Mean 5D Mean 5D

LAG .04 0.76 1.3 0.90 0.28° 0.0 Do paw
DELAY 17.50  4.53  17.40 378 157 654 1545 9 48
r 9,04 11.93 7975 1153 4225 768 a4t 772
CN 462 184 5.4 2.1 2 888 1,63 970" 146
CL 178, 48 12678 155 45 1[][?.2‘.-3 a6849 .74 216, 5 348 957 2002l
s G21° © Ba4L - AN 490 1602 952 1578 §.38

e Means within trait with different superseripls diller al p<0 05,
1" Bee Tooslnole 1o Table 1
9 See footnote to Table 2.
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- Table 4. Means with slandard devinlions and eorrelaljon cosllicients belween aclual and
predicled epp nunber for 270 and 360 days of laving periods (TP270 anrl FP'EhU,
1cspcctn ely ]

y EP2TH - ~ Er360
Line™ N - e
Actual PrecdicLed T Aclual PredlbLeL r
H 21% 201+ 37 21a+342 .73 236183 2T L 43 (.69
L 207 195+ 38 21327 .87 AT 155 23 AR UMY
J . 11 238+ 16 Z4a+18 0_83_ S0 1T s 124 18 =]
X IT 243115 23523 0.88 SoB0E+Ez L 313+ 0.73
Total 447 202458 216240 0,72 240156 227 Lqn G067 .
" See footnote to Table L
300: H-tine Co . ) 300 I-line
250 Y=12.70+0.87X ; 250 Yj;?:;ﬁ;}?—;?ﬂ
. {1148} {0.05) %* - . . . R
200) y=p.75 e L 200| r=q67 - .
160 - 150 -
B . ] - L
AE 100 . 100; N !
2 g0l L 50 ._ T |
m 80 100 115G 200 250 300 50 100 150 200 250 300
L; 300 J- llII.E . 30{}_ ¥ line B - .
£ 250) Y=566710.74X "z - 250- Y=109.84+D.56X*/'l:,;.)*
- (41,400 (01T} s : {16.88) (0.08) .- e
200 L= ga 200 =088 -
150 ' 150-
100, : 100;
1
501 : 50 S —
a0 100 150 200 250_ 300 a0 100 - 150 200 250 300
' Predicted egg number ' '

Fig. 1. Plols belween aotual () and prcdlctcd (X1 egg number Tor 270 dayvs of egg
production
Note : The ligures in 1he parentheses arc standard errors.
¥ Signilicant differences from 0 and §oat peh.0h I'nr..imert:ept andl slope,
respectively, ’

- lines Il and L) (Table 1) H'mivm;cr. significant differences [rom 0 and 1 correspondingly
for the intercepl and slope wore estimated in the X line {or predicLion of ER270 {Fig 1)

Correlation coctficients for EP270 were slighlly higher than those for EPA60 {Tablo
4), suggesting that a higher aceuracy of prcdwtmn could be expected for the prediciicn
of EP270. The mu]‘r:phae:c madet overestlmated prediclions of bolh ERF270 and E1%36{
cxcept for EP270 in the X Lline,. The dillcronce between actual and predicted values for

EP260 was 46 eggs, being higher than that for EP270 of 14 eres. The overesiimation of -

the ruodel can be explained by the persistency of egg production. The hens that are
poor laying show a rapid decline on persistency of lay afler peak as observed by

MivosH ef gl (1986), The accuracy of prediclinn was the same far both predictions of BF

239
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270 and EP3) in th-c JJ Iine, indicating thay henis of ihis line maintained pe;sistency of
la¥ in the whole produciion period. .R-'loreover, the higher IP in the H and L. lincs
Cassocialod with the higher numbers of {'werustima ted cges in these lines (14 epws in
bath lines for EP270, and 46 and 51 eggsin the I and L lines, respectlively, [or prodiction
of EP2680). On the contrary, the lower numbers of overestimaled Cggs wore observed in
thed and X lines (7 eggs in the J line for K1'270, and |1 and 17 eggs [n the J and X lines,
respectively, for prediclion of EV360), the IP of these lines were relatively low.

Fig. 1 prescnls the ﬁlots betweeh actual and predicled epyg number for 270 davs of
laving period in the four lines. It is difﬂ:;ult- {6 pblain a precise camparison hetween the
comrnercial and selected lines owing Lo differenece in number of hens. However, when
considering the hens with high cgg production in the selected lines, 1he ﬁguﬁr revealed
that & higher predicti on accuracy of the model may beexpected for the hens that laid
more than 200 egges ﬂ)r 270 days of cgg praduction period.
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