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Four mathematical models [comparimental (C) meditied cotpartmental (MC), Wood
(W), and Adams Bell (ADRY wore fitted te different p'lttcrns of e produclion data in
Taying hens Lo comnpare The s of 1hese modals,

The cpe production data were obtained from Lhe Lwo lines which were I:mmle:l A
basis of divergenl seleclion [or ege quality iraits. Egg production data of individual hens
were classified inosiy patlerns, The averape hen-day rates ol lay were calculated for
cvery 10 days from the first cgg for cach pattern. The comparison of s was based on Lhe
K adjused [or degress of [reedom and Akaike's information criterion {AIC)

The s of C, MC and AR wmodels were similar lor the ege producioon data showing
a gcneral patiern of curve. Howewer, the model parameters could not he estimated by
1hese Lhree modeks for the data whose patterns showed abrupt deercases after the peak of
g procluciion. The dala in which the periot [rom Lhe liesl ege o the peak of cgg
production was short and linearly decreased afler reaching the peak shenwed poor lils of
the models. The parameters of all patterns could be cstimated by the W omodel, hal Lhe
lils were lower Than those of the olhers.

fipme Poull. Sei, 38 178-181, 18948,
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[ntroduction

Egg production in chickens i genoerally presenled as an égg produclion curve
uging a non-linear mathematical model hased on the records summarized on a weekly
ot a monthly basis for a group of hens. Four non-linear equaiions have heen known to
be prominent in mathematical modeling of egg produclion in poultry, namely ; 1)
Wood model, originally applicd to lactation curve in dairy callie (Woon, 1967), 2)
compartmental model, originally applicd to cgg production in the dlf(J:iophiJ.a
(Mchdmeaxy ef al, 18704, bY, 3) modified compartimental mode] that was a combined
logristic model (Yaxe ef af, 19853, and 4) Adams-Bell model that svas improved using a
non linear model [or growlh curve of chickens {Anans and Brr, 1980). These modcls
have heon compared on the basis of goodness ol il or prediclability (Gavora ef al, 1982
; MeMILLAN of af., 1986 ; Casox and BriTTox, 1988), However, thore wore large differences

on Lhe 01 and Lhe predictability for the egg production records usged in each modcl

various pallerns of epg production curve may possibly exist.

(Gavora efal. 1971), The best is not be casily determined among Lhese models, because

Eeceived Sept. 4, 1995



AMiynsin ef al. : Non linear Model in Egg Production

1The aim of this study s to inspect the patterns of egg production curve, and then
to examine the applicability of the above models 1o dilferent pallerns of egg produe-
tiom. ’

Materials and Methods

The egg praduction data used 1o this study were obtained {rom 1.113 hens of the 13
th~231h peneralion of & White Leghorn populalion of Lo selected lingﬂs dersosora
and Mivosa, 1989), These lines wore founded on a basis of rlivttrgﬁ:nl: selection for high
and low yolk -albumen ratio in 12 generations since FITA, and relaxed seléclion from
generation 13. Hens of both lines were hatched from June to July and reared under the
regimes of {eeding and management mainiaining almostl the same in every generation.

" Egy production dala were recorded from Novoem hor of 1he hatching vear w Decemboer
of the next vear. The data were recorded daily for each hen from the first egg, and then
sumrarized as 10-day ege numbers. “The shapes of ey production records of every
hen were inspocted, and six common patterns were derived as shown in Fig. . The
hens that had a similar egg producticn patiern were classified into one of them, and the
hens with record of Lhe irregtlar palleril fout of ihese patlerns), died or elitninaled iti
the main produgction poricd were excluded from the analvses.

The dav of first ege was defined as t- 0, and the average hen-day rates of lay of
each patlern were caleufated for every 10 days. The data ivere fitted to the four non-
linear models as tollows '

. compartmental (C) (Favors &f gl 14971)

Y, -ale &) [1—e sait -a‘}]

2. modilied comparimental (MC) (Y axg ef af, 1989

Yo=a g™ /1 --e7c R

3. Wood (W) (Waoon, 14967)
Y=/ (e
4, Adams-Bell (AB} (Apams and BeLe, 1980)

¥ 1001+ #—p (f—gq)

where : ’ , )

Y. tho average hen-day rate of lay at day ¢ ;

g, the base of natural logarithm, and ;

a b f g hom o bog the parameters to be estimated. _

The day { was the middle poinl of hen-day ege production over [0 davs. For
example, hen-day egg produciion &l { =25 means Lhe rate of lav in a pered from 2L th
{o #tth day afller the [irsl eg. '

The comparison of fit of cach maodel depended on Lhe R adjusted for degrees of
freedom, and Akaike's information criterion (AIC)., The NLIN procedure of SAS (SAS

'[nstitute, FO83) wag nsed o estimaie the paramelers in each model,

Resulig and Diseussion

Egz praduction of individual hens showed various patlerns of curves., The most
distinguishable six patterns were achieved and shown in Fig: 1. I indicaled that hens
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Fig. 1. Patterns of egr production curve,

‘in patterns 1 and 2 got the peak of egg production at about 1~2 months aftor onsct of
lay, and Lthen graduatly decreased. Patlerns 1 and 6 showed abrupt decreases at the end
aof cgg production period. A linear decreasc aftor the peak was observed in pallern 5.

- A total of 25 hens (62%) whose shape of ege producticn curves were distinguishahble,
O themn Lhe highest [requency was lound o patlern 2 having 184 hens, followed by
pattorn 3 with 145 and pattern | with 130 hens (Table 1) The number of hens whose
laying curves were not classifiable or irrogular pattorns was 388 ot of 1,113{33% ). This
indicated the existence of a considerable nunber of irregular pattoms in egg produe-
tion of laf’ing hens. Moreaver, the hens even had a normal shape in cgg production, the
converpence [or records of these individual hens was seldomly met. Thercfore, the
average hen day rates of lay were [rstly calewlaled for each patltern and then fitted to
the models. . .

Table 1 presents the parameter estimates, the coefficients of determination (7% and
Akalke’s information r:ﬁ‘r.c‘.ricm [AIC) {o7 cach pallern in Lthe [our models. The parame-
ters of all patterns could be estimated by the W'rﬁ'odel. but #? was almost Lhe same (>
0.99) and AIC was higher than thase of the olther inodels. These results agree with the
roparts of Mohinoay ef af, {1986 and ¥ ang ef al. (198Y9) Lhal Wood model does not show
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Table 1. Parameter eslimales, coeficients of determination (2% amd Akaikes information .
erterion (AICH of fowr models depesnding on six egg production patterns.

. Pralierns of egg production curve (N umber of hens)
Madel*  Paramsier - -

1000 20w - 3143 4 {108; B (36) & {5
C m 99, 606 B3.002 85.758 91,536 -
{1.962) (AM) (AR (1,374
T h L0016 _OHaeas 00ES 00187
: 000107 CO0B0EY  C.00na £.0000%)
G L0729 JO4TE | BE6S . 21088
C IRt C.00340 O 0a08) £oB145)
d — 134086 91911 3.5108 {11
£1 59891 (397400 {0 o 07.T20R)
R 9oy I < 908 -
Al 86 N 17.1% 23.64
MC a 98.042  B4.530  85.783 91541
o £1.TRE) AT ¢ ane OLATL
b 00138 00025 LI 0187 -
C.00ntay 2000030 (00D 000093 -
¢ 2080 15857 13953 37576
C.017ERY CO0BRSY (D 7.6122)
d 5. 0493 5,828 36675 1.2153
{1.02aTy €302 {1101} 6. 1201)
R L 993 .y L998
AIC a2 C o T.89 17.18 33,64
W r - 35,587 37482 72,762 25,034 Y. 814 61.087
(26700 IRATS] (2.322) {3,828 ) (6. 17R)
P 26819 21834 04431 RGRITS LR 12028
02130 Lonzu0ey L 0pag) o 0434 L0704y £ 02079y
h 00343 _O016Y . DOOET LB0TH 0025500228
£, 0002L) (00021 {.00008)  CLO0DS8)  (L0DOLS)  (.00083)
R o a8 .98 Coeag T lgay - o68 9941
alc 148 41.30 21,18 5.6l 34.05 31.38
AB m 33625 U626 '
1.00747) (003353
n —-53.1714 —h_1299
o )
o .12083 021
7. 00595) (00219
q —52 596 734,454
7114210 (06,073
T b .86350
{000 {00033
R 98 L308
AIC © E6.58 8.78

Nete : The empty cells are Those in which converge was nol el
0 eamparlmenlal | MC : maodified campartroenial ; W Wood ; AR Adams-Bell.
The numbers in par«:ntiieses are slandard errors of the cstimated paramelers.

o 1Y Adjusted for degress of [reedom,
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applicability to the egg production curve, The € and MC models were estimable for
patterns 1, 2, 3 and 5, of which patlerns 1, 2 and 8 were éonsidered as Lypical shapes of
comimerclal laving flocks, Mchdimnax (1986] alse reported that it was possible te predict
epp produciion by linear regression in patterns 3 and 3, whore the period from the Arsl
cgg to the peak of cgg production is short and linearly decreases after getting the peak.
The comparison on the basis of B* and AIC arnong lhe four models showed Lhat Lthe C
mor
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Fig. 2. Filling egyr production data (W) of palterns | and 2.0 comparlmental (<),
modified compartmental {2, Wood (), Adams Bell { [, :
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and MC models had betler (1= Lhan the W medel for patterns 1, 2, 3and 3. However, nio
apparent differonce was observed helween the C and MO medels, although Yaws ¢f al.
(19%88) reported that the MC model was superiar to the C model. Patamelers of the AB
model were estimated only in patterns 1 and 2, and on the magnitude of £° and AIC, the
fits of this model were similar to those of the C and MC models. These resulis are not
consistenl with the reports of Cason and Berorrow {1988) that 22 of O model was
significantly smaller thaﬁ thal of AB and the logistic models. The parameters of all
maodels except for the W model wore not estimated in patterns 4 and 6 with (wo phases
of decrease, indicating that these models did not include Lhe Lerms explaining for the
- second phase decrease of the shape. The plots belween actual and prodicied values by
all models for patterns 1 and 2 are presenled in Fig, 2.

Frediction of annual egy production is one of the aims of ulilization of non lincar
models. Thit study revealed the 1:0551ble applicalion of 1he non-lincar nmindels to the
prodiction of annual egg productlion for the large flocks. However, the prediclion for
the small groups of hens was difficult as Indicated: in the present stndy and the
previous report of Gavora el el {1982) that the models showed differences in fit to
different egg produclion patterns, From a view point of seleclion or. breeding, the
paramelers and/or predicted values of the models should serve as the indices of egg

production for individual hens, but it was impossiblc to apply the non-linear models’

for individuals becudse of Lhe 'cxistcncc of the {rregular patterns }'n'egg production.
Therelore, a hetter hiological explanation can be atlained ir there is a suitable model
thal can predict the abilities of egg produclion [or individual hens.
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