Multiphasic Model of Egg Production in Laying Hens
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Egg production in laying hens was characterized by clutches. This study sought to
examine the variability of the clutch characteristics and predictability of annual egg
production by the multiphasic model of Kooprs and GROSSMAN (1992) with consideration of
internal laying.

Oviposition time of 135 and 123 hens in high and low lines, respectively, of a
population divergently selected for yolk-albumen ratio, wree observed at four stages of
alaying period. Observation duration in each stage was about 30 days. Clutch charac-
teristics considered in this study were LAG (mean lag of oviposition time within clutch)
and DELAY (mean delay of pause day between clutches) estimated by a multiphasic
model, rate of internal laying (IP), the number of clutches (CN), average length of clutches
(CL) and average size of clutches (CS).

LAG in both lines did not significantly vary over the four observed stages. DELAY,
IP, and CN markedly increased, while CL and CS significantly decreased by stages in both
lines. LAG in high line was significantly shorter than that in low line, which suggested
that egg production in high line should be higher than that in low line. However,
because the rate of internal laying in high line was higher than that in low line, the egg
production in two lines was not significantly different.

Correlation of LAG with CN was high and positive, and that with CL and CS was
medium and negative. LAG and IP showed negative correlation resulting from the
inclusion of internal laying in the clutch definition.

The information of clutch characteristics in stages 1 and 2 at 120 and 188 days from
onsect of lay, respectively, was used to predict egg number of individual hens for the
periods of 270 and 360 days of egg production by the multiphasic model. Mean of
predicted values was about 35 eggs higher than that of actual number of eggs with
correlation coefficients from 0.6 to 0.8.

(Jpn. Poult. Sci., 32 : 161-168, 1995)
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Introduction

The development of mathematical models of egg production may not only be of
potential use for producers to forecast income and flock performance but also describe
an alternative method in genetic evaluation for poultry breeding progams (Woop, 1967;
McMILLAN et al., 1970a, b ; McNaLLy, 1971 ; Apam and BEeLL, 1980 ; YANG et al., 1989).
The goodness of fit of these models is excellent when fitted to the data of the flock even
to such small groups as dam and sire families.
egg production of individual hens these models do not show superior applicability
with coefficients of determination ranging from 0.0 to 097 (Gavora et al., 1982 ;

McMILLAN et al., 1986).

However, in the case of prediction of
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A multiphasic model of Koops and GrossMaN (1992) has firstly been suggested to
characterize egg production of individual hens by clutch characteristics, LAG and
DELAY, where LAG is mean lag of oviposition time within clutch and DELAY is mean
delay of pause day between clutches. LAG estimated by the multiphasic model is
expected to be the best indicator of egg production. However, it is better to under-
stand whether LAG is a variable or a constant over a whole period when LAG is used
to predict egg production from early partial records (Koops and Grossman, 1992).

The purpose of this paper is to examine the variability of clutch characteristics,
and predictability of annual egg production from early partial records by the multi-
phasic model.

Materials and methods

Data were obtained from White Leghorn population of two selected lines. These
lines were founded on a divergent selection for high and low yolk-albumen ratio in 12
generations since 1970, and relaxed selection from generation 13 (MiTsumoto and
MivosHy, 1989). The hens were housed in individual cages at an age of 150 days with
light-dark regime about 14hr/10hr. Oviposition time was observed every one hour
from 5:30 AM. to 6: 30 P.M. and recorded to the nearest half hour. Four observed
stages of laying period and the number of recorded hens at each stage used in this
study are shown in Table 1. Egg production (EP) data were recorded daily for
individual hens, and hen-day egg production (egg number) was calculated for the two
stages of egg production, one from the onset of lay to 270th day of EP, and another from
the onset of lay to 360th day of EP. Rate of internal laying (IP), the number of clutches
(CN), average length of clutches (CL) and average size of clutches (CS) were calculated
from the data of oviposition time for each hen.

Egg production is characterized by the number of eggs within a clutch and pause
day between clutches. Each clutch consists of consecutively laid eggs or eggs laid in
the sequence and internally laid eggs (GILBERT and Woop-Gush, 1971 ; NALBANDOV and
OrEeL, 1974). Table 2 illustrates oviposition patterns and clutch formation. Clutch,
internal laying, and pause day were determined from the oviposition time of each hen.
It was obvious that egg production of the hens with no internal laying depended on
intra-clutch interval and length of pause day.

Table 1. Number of hens recorded for oviposition time at four stages

Observation stage

- No. of hens
Line
housed 1 9 3 4
High (H) 135 125 120 115 104
Low (L) 123 118 106 98 96
Total 258 243 226 213 200

Average day from first egg at
which observation began 120 188 256 285
Observation duration (day) 25 30 30 30
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Table 2. The illustration of oviposition patterns and the clutch formation of four typical
hens

Hen No. Day 1 2 3 4 5 6 7 8 9 10 11 12

407 PE O O O O O O O O O O O O
oT 7:00 8:00 9:00 9:00 8:00 8:00 7:30 9:00 8:30 9:00 9:00 10:30

CN 1 1 1 1 1 1 1 1 1 1 1 1
381 PE O O O O O O O o O
OT 8:0014:30 NE 8:3014:00 NE 7:3010:0016:00 NE 8:00 9:30
CN 1 1 P 2 2 P 3 3 3 P 4 4
448 PE O O O O O O O O O
OT 8:0010:0016:00 NE 7:30 9:3012:00 IN NE 7:30 10:0015:30
CN 1 1 1 P 2 2 2 2 P 3 3 3
470 PE O O O O O O O O O O
OT 6:00 9:00 10:3015:00 NE E 8:00 9:00 10:00 IN 11:3015:30
CN 1 1 1 1 P 2 2 2 2 2 2 2

PE, O : Present egg; OT : Oviposition time; CN : Clutch number ;
NE : Noegg; IN: Assumption of internally laid egg ;
E : Egg was present, but the time was not recorded ; P : Pause.

The multiphasic model of Koors and GrossMAN (1992) was used to take into account
these characteristics of egg production in laying hens. The model was as follows ;
t—6(c—1)

(24+2)

where Y, is cumulative number of eggs at time ¢ (in hour), A is average intra-clutch

lag of oviposition time in hour (LAG), which is the difference between biological
rhythm of ovulation-oviposition cycle and daily rhythm, >0 is average delay of
pause day between clutches (DELAY), which is the deviation in hour between the
length of pause day and daily length, and ¢ is the sequence number of the clutch (c=
1,2, 3.

The model can be modified to adjust for internal laying as follows ;
t—olc—1)

(24+2)

where i is cumulative number of internally laid eggs. Other variables were the
same as defined in equation [1]. LAG(1) and DELAY(S) characteristics in this study
were estimated by equation [2].

Data were analyzed by GLM procedure of SAS (SAS Institute, 1985) with mean
separation according to Duncan’s multiple-range test. Simple correlations of LAG

Y =1+ i (2]

and DELAY with other clutch characteristics were also calculated by using SAS.

The information of clutch characteristics obtained from stages 1 and 2 was used to
predict total egg number of individual hens for 270 and 360 days of egg production
periods. The accuracy of prediction was determined by simple correlation between
the predicted and actual number of eggs.
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Results

Means and standard deviations of clutch characteristics are presented in Table 3.
Mean of LAG ranged from 0.97 to 1.05 (equal to 58.2 minutes and 63 minutes, respective-
ly) in high line and from 1.26 to 1.44 (equal to 75.6 minutes and 86.4 minutes, respective-
ly) in low line. No significant differences between stages were observed for LAG in
both lines, whereas there were significant differences between stages for other charac-
teristics in both lines. Mean of DELAY significantly increased from 16.19 hours in
stage 1 to 18.99 hours in stage 4 for high line, and from 16.31 hours in stage 1 to 17.94
hours in stage 4 for low line. IP also markedly increased from 5.8% to 15.0% in stages
1 and 4, respectively for high line, and from 4.0% to 8.5% in stages 1 and 4, respectively
for low line. The difference in the number of clutches between stages was about 1 for
both lines. CL and CS significantly decreased as stage increrased. The longest CL
was found in stage 1 with 191.9 and 152.9 hours for high and low lines, respectively,
gradually decreasing to 141.1 and 133.8 hours, respectively for high and low lines in
stage 4. Consequently, the numbers of eggs laid within a clutch in stage 1 were 7.2 and
5.6 eggs for high and low lines, respectively, and 4.3 and 4.4 eggs for high and low lines,
respectively in stage 4. The comparisons between lines showed that LAG values in
high line were significantly shorter than those in low line for all stages. Significant
differences between lines for DELAY were found in stages 2, 3 and 4. IP in high line
was significantly greater than that in low line in stages 1, 3 and 4. There were
significant differences between lines for CN in stages 1 and 2. No significant differ-

Table 3. Means*standard deviations of clutch characteristics by lines and stages

Observation stage

Characteristic Line 1 ) 2 3 4
Mean*=SD Mean*+SD Mean=+SD Mean+SD
LAG (hour) H 0.970 + 0.74 1.012 = 0.71 1.00* = 0.67 1.052+ 0.73
L 1.44* £ 1.01™ 1.30° = 0.78"™ 1.26° = 0.83" 1.422 = 0.95**
DELAY H 16.19°* = 5.61 18.00* = 3.73 18.79* + 2.23 18.99* + 2.25
(hour) L 16.31° = 4.44 16.74>*+  4.21%  17.71*% 3.09™ 17.942+ 3.11**
1P (%) H 5.82° £ 7.39 9.92° + 12.27 14.35* £15.12 15.03* +14.26
L 4.03* + 6.58" 8.11* = 12.22 8.16* = 9.26™  8.512 £10.46™
CN H 3.79* = 1.46 4,56 = 1.85 7.98°+ 1.62 5.382+ 1.66
L 4,56+ 1.72" 4.15" £ 1.82" 5.38° + 1.74 5.93°+ 1.85"
CL (hour) H 191.90° =129.62 189.79" +113.30 155.84° +62.45 141.09° +50.44
L 152.89°°+ 99.96* 165.38* +111.26 147.59*+77.62  133.80°+78.22
CS (egg) H 7.200 = 5.71 6.50° = 4.60 4.86° = 2.50 4.30°+ 2.09
L 5.64° £ 4.47" 5.67* = 4.62 4.97*+ 2.91 4.40°+ 2.99

IP : Rate of internal laying; CN:The number of clutches; CL: Average length of
clutches; CS: Average size of clutches.

ae . Means within row with no commom superscripts are significantly different (p<0.05).
Significant difference of means between lines (* : p<0.05, ** : p<0.01).
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Table 4. Correlations of LAG, DELAY with rate of internal laying (IP), the
number of clutches (CN), average length of clutches (CL) and
average size of clutches (CS)

Stage Line 1P CN CL CS
1 H —=0.10 0.77% —0.61** —0.59**
L —0.14 0.72* —0.55™ —0.53*
2 H 0.07 0.73* —0.56** —0.60*
L —0.26** 0.83** —0.62** —0.57*
LAG
3 H —0.24* 0.74** —0.66** —0.54**
L —0.24* 0.71* —0.56** 0.57*
4 H —0.37* 0.72* —0.62** —0.44*
L —0.26* 0.64** —0.53** —0.51*
1 H 0.20* 0.42* —0.76** —0.77*
L 0.22* 0.25* —0.61** —0.63**
2 H —0.07 0.07 —0.40** —0.38*
L 0.19 0.14 —0.47* —0.50**
DELAY
3 H 0.30** —0.29* 0.32** 0.19*
L 0.05 —0.08 -0.19 -0.12
4 H 0.40** —0.31* 0.33* 0.13
L 0.09 —0.01 —0.26* -0.20*

*:p<0.05, **:p<0.01.

Table 5. Means and correlation coefficients of actual and predicted egg number

Actual Predicted Correlation
Line Stage
PZ’IO P360 Y270 Y360 rp270*y270 rpSGO*yﬁGO

High 1 204.6 241.2 217.8 289.8 0.69 0.63

2 208.8 247.3 204.7 272.3 0.69 0.59
Low 1 200.4 239.7 213.7 284.3 0.66 0.58

2 209.4 253.2 205.2 273.1 0.82 0.46
Total 1 202.6 240.5 215.8 287.2 0.67 0.60

2 209.1 250.1 204.9 272.7 0.75 0.64

ences between lines for CL and CS were found in all stages except for stage 1.

The relationships of LAG and DELAY with other clutch characteristics are shown
in Table 4. Negative and low correlations between LAG and IP were found, while
there were positive and high correlations of LAG with CN. Medium and negative
correlations of LAG with CL and CS were estimated. The correlations of DELAY with
IP and CN were generally low in all stages of both lines. Significant and high
correlations between DELAY and CL and CS were found in stage 1 for both lines, while
low correlations between those were found in other stages for both lines.

Means of annual egg number for individual hens predicted by equation [2] and
correlations with actual number of eggs are reflected in Table 5. The differences
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between the numbers of eggs predicted by using clutch characteristics in stage 1 and
actual values for the 270-day-EP were 13~14 eggs with correlation coefficients of 0.66
~0.69, and for the 360-day-EP were 43~49 eggs with correlation coefficients of 0.58 ~
0.63. The differences between actual and predicted number of eggs were smaller in
stage 2 than in stage 1 for both the 270-day-EP and 360-day-EP. The correlation
coefficients in 270-day-EP prediction were higher than that in 360-day-EP prediction

for both lines in two stages.
Discussion

Egg production of individual hens can be characterized by the multiphasic model
of Koors and GrossMaN (1992) in which total egg number at time t (in hour) of egg
production is a function of intra-clutch lag of oviposition time and delay of pause day
between clutches. In case internal laying occurs, the multiphasic model can be
modified to include internal laying characteristic. Intra-clutch lag of oviposition time
estimated by the modified multiphasic model in the present study did not vary over the
entire laying period in both high and low lines. The result of this study agreed with
the hypothesis of Koops and Grossman (1992) that mean lag of ovipostion time within
clutch adjusted for internal laying was a constant over laying period. However,
significant differences in intra-clutch oviposition intervals between laying cycles of
the first and second years were reported by LiLLPERS and WILHELMSON (1993).

LAG in high line was significantly shorter than that in low line for all stages. It
may be that the follicle of the hens in high line seems to reach the maturation size for
ovulation faster than that in low line. The other possibility is that the time spent by
an ovum in the oviduct for egg formation is longer in low line than in high line.
Further, if LAG is the best indicator of egg production, this result should show that egg
production in high line is greater than that in low line. However, the rate of internal
laying (IP) was significantly higher in high line than in low line in all stages except for
stage 2. This resulted in insignificant difference in hen-day egg production between
lines.

DELAY in both lines was longer than 16 hours, suggesting that the length of pause
day was longer than 40 hours. The significant differences in DELAY between stages
and lines might be due to the differences in responses of chickens of two lines to
different stages of laying period. DELAY has been suggested to be determined by
environment, especially by light/dark cycle. An increase in photoperiod may result
in an increase of DELAY of ovulation unless selection for reduction of LAG or
expansion of clutch size is conducted.

High and positive correlations between LAG and CN were found in both high and
low lines, and consequently, the correlations between LAG and CL and CS were
negative and medium in high and low lines. LAG is expected to have a negative
correlation with total number of eggs, indicating the same results reported by Koops
and Grossman (1992). A negative genetic correlation between mean intra-clutch
oviposition interval and egg production was reported by McCLUNG et al. (1976), SHELDON
et al. (1984) and Yoo et al. (1988). Therefore, the correlation between LAG and total
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number of eggs is expected to be genetically negative. However, no significant
relationship between LAG and clutch size in Japanese quail was found by AGGREY el al.
(1993), and no correlation between intra-clutch oviposition interval in the first year of
egg production period and egg production in the second year was shown by LILLPERS
and WILHELMSON (1993). Negative correlation between LAG and IP resulted from the
inclusion of internal laying in the clutch definition where internal laying was consid-
ered as a normal process of ovulation. This phenomenon can be eliminated by the
exclusion of internal laying from the clutch and consideration of intra-sequence lag of
oviposition time.

The correlation coefficients between actual and predicted values for 270-day-egg
production were higher than that for 360 day-egg-production in all stages of two lines.
This shows that the accuracy of prediction for the entire production period is lower
than that for the main production period, because at the end of the egg production
period the rate of internally laid eggs increased rapidly. Prediction accuracy can be
also increased by increasing observation periods of oviposition time.

The present multiphasic model may be a potential tool to predict egg production
for individual hens with a relatively high egg production as a result of genetic selection
based on conventional traits. Although LAG parameter was not significantly differ-
ent over the entire laying period, the predicted value (Y;) depends on internal laying,
clutch number, and partly on delay of pause day. Internal laying has been determined
to be a variable over the laying period (GiLBERT and Woop-GusH, 1971). Further studies
on the methods for predicting internal laying characteristic would be needed to
increase the accuracy of prediction of egg production by the multiphasic model.
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