-~

WY YFEe ) sl /Y8 ojlads /o3 s Jlo (ol lidgs slouimngs

" .as)-’ d&"

Sl b qalio 5 (55,9l gl oS>
81> Gladyi slewdngsy

b b Lliseo g (s pe gl 5 03Makol b (Gl oyt 53 Sy (S0 812

FSal e (5310 do2xo 9 T JaSy polee ¢ 6 paas i ¢! SRS (S0 Uy

(ashtiani@ut.ac.ir : Jygue odiw g5) ¢yl o5 ol&atild sliwl =)
Ot ol s )| ki )lS” s gl s =Y
Oleduo! (i oKl Hluisly —¥
Ol o8l sluwl -

VE Y iy g AWRF/NVYE 2l g )b
WAL WYY raiw

by 035
allas 5 Jos g 20 Gk ) gl ly b s iy cesal Sl s Sladlibs 3wy Gladse ojgyel 1BAn g dende
doly Ll SaSay g odby sllal widy ouds it il (pled U1y sl by oty B 0)ls 0gng Sl (ol cygubs g Bt jloseis jd Ay (slo e
d9rge (Su0) Joly (b)) Crer (e 2y slaidia | ogdeds 290 L)l lapls (y90 000 9 URygx 2 8L g LB Car sl g (e
Ol 3y o8 oy 5 oy ) (dadjd bl g (Jas b sl Jhe lacuie 5 bl oy p pslaieds adllae ol 38 edlitul 33 03

Gl 0 ploul (l;

yokatods ab odlitl ol g (LW) (359 S (HW) (155 s Y 5l ol eyl s (sl ¥ iy SleMbl ol 1o 1 yidg 9 3190
kst bl ©jgoh wn g (bl Ojgod ob 3l g FpeS «Situd 3y Jio dw jl0g)S aw lagu sl 3, 6] nog g (0
B8 duglie (50055 | (AIC) ST Ml s 5 (MSE) s lagyo puilio (RY) cysesd oy oles oo b o Jo 1] g i ot

okt Sieod Jao sl cipas (AIC) ST SMbl Jlxo 5 (MSE) Las iy (5:50ke (RY) Gl capd slojline olie iloaidly
< 1R0V) e ypd s g 3yl Jde sy cwitned g (FOTY VY/DF /ADV) ity Ladpé oS Jbo slp 5 (FOATR YE/YY o /20F)
Setwcd Jso sly (AIC) BT SleMbl Jlre g (MSE) las clasyo 55k o(R?) s oy slome dus Cprizeon ool Cawdy (SOYFA YY/VY
Jse lyr cmiomed g (FAFFY FVEOA /AVA) iy as pé blisee 508 Jdo (slp g (FIFFA FY/F v o /AVF) Cui ey o Lalises
@ Coms s (39 yieS g €8> g YL Juday Jos e balises (claJbo 48 ol Cawdy (P20 FVAFA +/AVA) i oy o e balises 5l
Al gy (s slo e

&g 9 55 nptar Rl ol 3 1) 48) Wlgie e ol e s (a8 g €8> 3V (2l b laliee 5l A5 o 35 55 Ao
Ole 2 9 S gy il Sead 9 0)lm; FeS Jbo cuiia (it ladse ple 3 )l 18 am laed) 3 Spad g S
9 &8> (g yiaS sy (b e Sitod Jio @l (om0 g e Swtesd g JpeS )l sl Bln e (et bilise sl e

D5 oyl A (o I alie Crogs las g i

15 iy Ay (xie ¢ peS e )bmy e «Sitnd S clalise (lad d cla Jie 1 g0llS dl.hbjls

Lo onj ojg b bl o plale Ol Ady oo
) el (U5 S) (sa8905m Cygots Ygono (w33l
) St 33 ) sla e 090l S o hrog
Gk | wges lp Bl 055 Slojg Cuenl
Olfw)‘% 2 by QSLDLSMA aslllas 9 J“‘b"’ 980
08198 b1y Lol iy olye B o)l sy (Sl ol 92
by gl SaSa g ool sllail Wb, ool aslis
5 Ohasn » 86 g QL Car ads g e
My sl gzwe 1 oogMedy ges 1)l laply ()90 00
ol 35 o) dg2ge Sy il (b)) Coe g0
Of dge (Shwed & dog b (b 5l (V) 28
il ole oo Ay lg'Ja.QS)o Ol g M) gt sbvasuuwl )
IS8 Slyis 3)9lp 9 08y Oliee cmitn slp A5 2l
My gl edlatul b e o lias 2,8 edlatnl  aoxie
ly delse K05 5 i uin ool dbtisS o cglis
e lyie @ a3y godie ladinl g 08
a5 odlatwl (galFe Mol sladol y jd bl
e (S5 slayially (A) oo g gl 5= 5%
BB udy b slayiel)b a8 woly Lis g 050l 1) M,
&S by ol (\Y) OHKer 5 elow Aiwd Cilyg
bl pbsl by wipdicdlyy Al gode layuel)l

dodile
el alise Jolos ibced o) whhenge j0 A,
s b Slgin 5 35 5 Ll Mo 1 bons 5,55
e dlge 5l eolail b olyer a8 s b > ol bl
o}l o> I3l 4 yoxia dnld pl 29 g s
o3l b g oo 1y lpss ol 20,5 0 D550 S IS L
olial b g 3903 (6K laie (slooygd 1> G (19 55
by glagiehl ol Jh3 ) p 3550 (o) SYslee |
Seioh peblin (1)) Kt o B 5o3 s 1
awy sl )l Caop ady Jreo oyl
sbedls L d")J" B ‘_gbljj CM“" L;Lmd}’s’l);@l
WS (oo @l b D) (e JSS (Sof e b (b pae
O % 3929 Soglis adlas ojlal @l nl 0gMe 4
walp g ) Wl Sglite (Se5j el o e
ol b e uly oS IS b sl
o (S gy bl ge JSS S b (gasgeS g0
sl o Caliie (slaaigs Ay (gla e (59, p 48
bl oyl 5l S5 lgie a Gl a8 canl edly lis
039 2 s Bk ) A8y osie S5 5 oS0l el M
5y e S ey e

WYY



Sl 53l doxn 5 JI5Y ol sy e < i8] e L

7
Dgb oo Jols i abaly lady F5 e cpl
w
bw [1 i
Wa

Sy Jo
Yt = A[1+ bexp(—kt)] /n

Eob 09 AL e 3 ey e 1Y (L) Jae ol o

4 a8 WS o e Colis g Cow S LB ons
A 2Bl o Esh o) )3 o 0 bawgte IS b
B e s S G fje Old i
Eob o, @b s Ol 25 K g cwl ol
TP =) A o dyglp Ady (domie Iy (o Eob 2y
alads ol 0aLS” o A IS Jzelyl A @ 8l Cowd
o> Fols oy yal)ly cpl Wil o by oo jd cilae

g b o aaly ) ol
Ak ghe Jolbs pjaal) jlas,

V =
2(n+2)

F oS J
il pj ©ygets Jho cul (Lol S5
W(t) = M exp[-a exp (-M Bt)]
Wo oo gk 039 (M e 0jg WD) Jo ol
Al g Jho el 1By ol it eadsl
Er Sl dbeds GlLbl o ud, Sove b Jae cpl j
gz chlae dhai ) bl o olbcsld s ya .l s,
ke Je 2 g Cull FeS Juo 5 ilae dadi )
e (5lbre Sygo 4 43) pilie &) s (pdy Sl
oyl 2ysl sl bilyy 5 S s (IY)
o dasMe g g9y BB (V) Aggrey dlie jo jo Ll
o (version 9.1) SAS ljsle s 3l eolazwl b b ool Laiily
o se gl W yzell 5 3o 5J6T PROC NLIN L
WA gl calizes
byl slaybre
Joadlas cpl 0 K0u$s L laJae anlie jglaiess
2950 03laul o (slylne
(R?) comtd sy
oSy Ui B Jelse wew 0kind Ll e o ps
dindly Cho GESly (i byl g ool odalia (30 35290
o0 b S8 BB Jelse dlogy o5 03l o (adllae 390 i)
F by sy o Cul cpl oxad Ui Vb s b
sy S5 B Copgo sy sy 290 o 1 fige Jelse
& JRS B Jelse Sluye ggeome S Cpgo &y (g 05
Dy g0 Al S Clayyo g0
R®=1- (SSE/SST)
R o o cud oyl oglao b Jse o) pSin  Yoono
o dtady o s VD o ) o o8 234 YL L VO
395 Vb linlie 15 i o ] it b oledly Joloe 30
s yibicos R Syt cplpls db oo 258l 56 R ise

ey ol IY5 o)leis /pm):w J ob Sladg clouings,

W 99, 9 3190
oY 90 g dald 09,8 G slrodly I adllas oyl
5 (HW) 09 0w sbognY cuiya & (il sl
S ol S5 4 Y 05 oolital v (LW) 530 <Sam
i Jud V (b LW g HW (lagn Y slagp il
BRRERCAPY o u‘.x.ul ON O L)“‘EK 9 u.\.u])BI d‘ﬁ
5 Soslaer ¥l e55 YOr Sl j8he il
A5 Bl 42 )3 VY (glod 13 (eSS 5oy ¥ 1 g ST
ok WY ol g loj 50 s J&ie yiw olStwd &
09,5 3 0kiyy Yo) 5 LW 1Y 5l akipy VYA HW ¥
JUEST yias (59) 2 (295 ©ygods (35 (g 5| o Sald
bulyd cod g i 59) 2 Jgl 59y ) ladege 50 03>
Ll (i oy g a8)S )18 4505 g Lod i 5l ol Jyus
5 5 a5 (VAF) NRC o o 155 clslisl Lol
V731U IRV IS A Fe R PAENCSRTI 2 B | I YWEr S
Gygo LSy Wdn pp g (295 Ojpod (Spae S|
90295 Jb o)led (S dw oy jl lapue il ol wid)S
iy b Sl Wl a5 0iy S ¥oow
» ulp sl Gygen Gl al (b gk
g by plxl wliy) ©ygods (Sjo) VY oy U g 0y
sshied; &5 cuwl S5 4 Y W8S ©jse (S
g )il )il (Bpae S Glise ¢ pSojlul
bl csad Jite (i 09)3 & (S59) V) o ) gzl
g LW Y (slagyzyih ofgtr byl (Sos8” Jidoa
2 Paome gyl Wl Gl i Lailyd ()9 cuslial

b Jie y 90 4 (Sie) YA

aSloj 5l Loy uin g0 ol ey Aol ol
b s gl ol v ol pasis BB Cuuis
ol 0 I sl (ool cglds &S Wl )y 09,5 dw b
Ml iy @ cdlie glo oo wyp jolaledy (B>
Cobo ¥ Jlosl 5l g G2y90 0095 OLL ) 5 2y
iyleS olKiwd Glgime il JB jelaieds  (Siw)S
LB Dyge (S 09

oM Ojs srodly L) ol huog g sy n solated:
Ligee o 9 (s Gyt o )b, g FpeS
SAS Jlidley il eolatwl b laedly ¢ s eolisisl las yue
Siln ad et bl g s s 49y 93 9 AN Sl
(R?) o cupd sl dw olul 5 s Cono g L
ST Ml x5 (MSE) s claype S3le
sy 5 odizl b Jie 5a (slajiell b oy (AIC)
D)5l 0 g g IS

Scnrd ko
Wi = WoW[Wo + (Wi — Wo) exp(-bt)]

‘Wi A,)gl 059 Wo d oy 50 odig 39 (W, ‘_',\ NS
Slse Juo yiall 1D g cenr 5k 019



S 53l doxn 9 JI5Y ok sty e s i8] e L

Y& ot s blise o (Jad e gl Jas 5l oolatol b (15 e yals jd Ay oxie 5l

aslllas 3590 Caliseo (glaog)S yjg o 4 ST.(VVeV+) 5y
HW Y Glaguz ih 5 cuils 3929 ol (inghy ol
I Ao (p20.01) (s)bime jsbay cilae dais
M) (ot )by 9 JSB (Jg exisgy als g LW (glagy¥
Dy alde 6 sl Ll yo

Sy by Jae a5 b (L Giegg cnl )l ol gl
s bas (g ieS g €y op VL uib b (hd jé balse
sobe 1 ol 1) M) Nlgee b e ple
o3 58 B & s Scrd Jo )5 o > 55
s Sloje (xSike (092 s 5 (RY) omess oy o
J rolie Ciogs (AIC) ST SV JLas 5 (MSE)
R RV WPV R E 50

(R oes cupe byl palio adllas ol o
ST SleMel jlas 5 (MSE) s cloje Sike
CIADY) b Sl e sl iy (AIC)
i S PSSl ln g (POAYA VF/LYY
S, Jio Glp Cpied g (FOYSY YY/OFe +/A0V)
) Joan) del Cawdy (SOYFA YY/VYe /A0Y) as e
15 Sl 0xSlin dRE) el s e s g
S Jso 4l (AIC) ST SleML) Jbas 5 (MSE)
Gl g (PVFFL FY/Fe e o /AVS) L pay as pé balise
FVEON AVA) Cu g s e blisw (5,68 i
i ghdpe blse sbu, Juo lp g (705
Lz gla Jae a5 ol Condy (02 SFV/AFR (o /AVA)
O3 oS g Omd e g PYL a4 s e
@ s ST Ml Jlre 5 s Slaye Sk
dlie Jla IV Joio) sl gy p (Jadpd o
sl iy 4 (hdpd bl ghe ) o
g A3 gy (hilp Sunncd g g 3)ly a5
sbdse Jlp cuiia (Jad s bl glaie gle 5
gy plag Setmncdd a9 35508 )b

WYY ol Gig w38 b bl (Jas i 3l Jio
el a3y 1y 2l iy S moiar CnpteS VAVYO (5

R? e (ghaeyio colaosly j sl clinlio i ¢ byjiol)l
ol (b Yaaze
(MSE) s cola o 555l
Ui 3y50 Iy Jde Jliel )5 o daosile 8L & 3595 5] ookl b
il )y s Claye oo mand ) layo (uSike S )3
Dy g0 dpbra 5 Sy &
MSE = SSE/ (nK)
K o clalio JS sl N dlas Slayye geme SSE a5
bl e Jdo (sl yial olass
(AIC) ST CleWb ] jLre
weyare ST Gy Jao o glae cpl olul
Jre )b 1y ST jlado oy i oS a5 Jio g Canl 395 4
»OAD L)")‘)’ d‘:mJ.\.o —dUa.i e sly Al e e
odliwl AIC oylol 1 Ll 51 G o sl jiol )b slaws ol
2t awlio (gly oylol 1l K> Oyle @ () 34 00
oylol oS Jade s 38 wolite (ol yial,b sl b
» ST el Jao e e S0l ST
290 g0 dpslone 15 Jg0,8 il olisul L b )ljdle
AIC =nlog (SSE /Nn) +2p

9 halio Jix wsiladdl sy yo goame iy 4P o N SSE &
b o Jde (sl yial b ol

phOlasl s 4 3)bu, Jae a5 3l st (V) 6,51
glars 13y omie (ol sbie Jue ol 005
o 3 oWlas i > > (e g ML (355
Do o odlitul Jdo

o3l Jpa> 3 1) (oot OB O 0y S 29
Ay (Gie Copde g CELD Holate 4 (S95UeS (sla 5
2 cwle 0jg b g JliS gloj 3 YU iy 4 vy sl
Pl £ 9 (igelber 3 QL] Bo)b I gl (o)
(6)) Cawl 045
bl &S cwl oy lis calisee Lgl.bui'.%[,aﬂ =l
0ol Y (g g (el U 4 (Sa 13 @y

L ol M) e oS o i Gl (2559 sl e (gl lin 5 00 35l (sla el - g
Table 1. Estimated parameters and different criteria for the functions describing growth pattern of Japanese quail
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Figure 1. Prediction of quail body weight using non-linear and nonlinear mixed Gompertz models
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Figure 2. Prediction of quail body weight using non-linear and nonlinear mixed logistic models
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Extended Abstract

Introduction and Objective: The growth models own a very great importance in biological
systems. For example, by analyzing the growth curve of ruminant animals and poultries, it is
possible to fastener and to manage their rearing, nutritional and behavioral requirements, based
on their growth routines and principles. On the other hand, the growth pattern of animals might
be used in evaluating their genetic potential for breeding purposes. Thus, to evaluate and
describe the growth pattern of Japanese quail, this study aimed to evaluate the capabilities and
advantages of non-linear and nonlinear mixed models to describe and evaluate the growth
pattern of Japanese quail.

Material and Methods: In order to assess and designate the growth pattern of Japanese quail,
we used the growth data of three groups; high weight (HW), low weight (LW) and the control
lines of Japanese quail. Different models, including logistic, Gompertz and Richard's both non-
linear and nonlinear mixed models were fitted to the data. For evaluation of models three
criteria including coefficient of determination (R?), mean square error (MSE) and Akaike's
information criterion (AIC) were employed as criteria to compare the mentioned six different
models.

Results: Values of the coefficient of determination (R?), for logistic, Gompertz and Richard's
nonlinear models were 0.954, 0.957 and 0.951, mean square error (MSE) for three models were
74.034, 72.560 and 72.730, and Akaike's information criterion (AIC) for the models were
65829, 65307 and 65349, respectlvely The results for non-linear mixed models, in the same
order mentioned above and for R?, MSE and AIC, were 0.976, 0.978 and 0.978; 33.400, 31.658
and 31.849; 61449, 60641 and 60591 respectively.

Conclusion: The results showed that nonlinear mixed models had higher accuracy and less
mean square error, compared to nonlinear models and Richard’s model is more capable (better)
to the predict growth pattern of Japanese quail. Also among non-linear models Gompertz model
had a better fit to the purpose. In general, it can be said that the parameters determined by the
functions inspected in this study, are not much different.

Keywords: Gompertz model, Growth curve, Japanese quail, Logistic model, Non-linear mixed
models, Richard model



