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INTRODUCTION

Coturnix Japanese quail belongs to the class Aves, 
family Phasianidae and genus coturnix and is named Coturnix
coturnix Japonica. The Bobwhite quails belong to a different
family. Coturnix - were either domesticated in Japan about the 
11th century or brought to Japan from China about that time. 
The male of this species is lighter than female and is 
identified by the cinnamon coloured feathers on the upper 
throat and lower breast region. The female is similar to male 
in colouration except that the feathers on the throat and 
upper breast are long, pointed and much lighter in cinnamon. 
Japanese quails are prolific layers and have showed that under
tropical conditions quails mature by about 7 to 8 weeks of age
and reach peak production by about 10 weeks. Under 
favourable environments (temperature, humidity, day light) 

they,. produce for long...periods and averaging 250 eggs per year.
The weight of egg is approximately 10 g (6.7 to 13.8 g). The 
eggs are multicoloured ranging from dark brown-blue and white 
to buff each heavily mottled with black, brown and blue. 
Adult males weigh about 151 g (116 to 190 g) and females 
weigh about 166 g (130 to 200 g) at 10th week of maturity.

Quails in general are .easy to rear needing compara
tively smaller area for its rearing. Feeding is also very 
easy and less costly. It is generally disease free in
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comparison to poultry as a whole. Normally one quail egg cost 
about 50 paise in market. Quail egg and meat are considered 
to be of high medicinal value and hence it is more dear 
among the common people. By taking all these points into 
account it is very much economically viable for a lower middle 
class family to rear about 50 quails in their limited 
resources.

Very few studies were undertaken in the past with 
regards to body weight and egg production models in quails. 
The only available reference in literature at present are 
Laird (1965), Marks (1978), Ricklefs (1979), Kozaczynski 
(1985), Ricklefs (1985), Anthony (1986). Laird (1965)
has fitted only a Gompertz curve for the growth pattern which 
he has not compared with any other model. Except Ricklefs 
(1979, 1985) none of them contributed much towards the
development of suitable models for ascertaining the growth in 
quails. Since Ricklefs (1979) fitted logistic form for 
growth of Japanese quail and Ricklefs (1985) fitted Gompertz 
form, it' was worth investigating the exact model for ascer
taining the growth in quails. With regard to egg production 
models in quails no reference was available and hence it was 
also worth developing a suitable model for this purpose.

A study of growth curve may indicate the earliest age 
at which reliable prediction of adult weight may be made. 
Similarly the egg production also can be predicted through
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suitable mathematical models. Under this situation it was 
thought useful to develop suitable models for ascertaining 
growth and egg production in quails with the 'following 

objectives.

1. To find a suitable relationship between . age and body .

1 weights.

2. To investigate the trend of egg production in quails

through suitable mathematical models. '

3. To study the impact of climatic elements (temperature,
humidity) on egg prduction in quails.

With this study in view an experiment has been 
conducted on Japanese quails. Under this experiment 150 day 
old birds of same breed were hatched at the Kerala Agricultural 
University Poultry Farm. The birds were kept under homogenous 
conditions and were fed as per the package of practices 
recommended by KAU. Weekly body weights, daily egg production 
and daily climatological parameters were observed. This data 
has been used for development of suitable models. :



Male
Female
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REVIEW OF LITERATURE

2.1 Growth studies

'■ Growth curves reflect the life time inter relationship
between an individual's inherent impulse to grow and mature in 
all body parts and environment in which these impulses are 
expressed. Knowledge of growth curves is important to all 
biologists regardless of specialisation, who are concerned 
with the effects of their research and recommendations on life 
time production efficiency. Development of the theory and
techniques for fitting growth, curves may be traced both 
through time and scientific disciplines. In particular the
theory and methodology of fitting growth curves owes much to

i
the mathematicians, demographers and economists. A review of

t
growth curve analyses in the chicks, ducks, quails and other 
avian species are presented here.

2.1.1 Growth studies (General)
i*

Gompertz (1825) (See Winsor, 1932) developed a model 

Wt = Wa, exp[ - (InWeo ~ lnw , ) exp (-k (t-t' ) ] which is obtained 
by integrating the differential equation in terms of natural

•s <.

logarithm with respect to ~t



where, W ^ =  maximum weight, Ŵ. = weight at time t, 
k . = proportionality of growth rate constant

Ludwig (1929) pointed out that most of the equation 
Representing growth can be reduced to four types. With k 
standing for a constant, t for time, W for body weight, At for 
time at completion of growth and A for final weight, these 
four types can be expressed as follows:

“ t) when rate of growth is considered 
proportional to the time remaining for completion of 
growth. .

^ = k(Aw - w) when rate of growth is proportional to 
the.weight to be gained.

<f> = (k/t) when rate of growth is inversely proportional 
to the elapsed time. .

. .({> = (k/w) when rate of growth is iriversely proport
ional to the weight already attained.

Bertalanffy (1938, 1949, 1957) outlined a general
theory of organic growth. Bertalanffy1s differential equation 
is given by

dw/dt = awm - bw; a, b, m are constants. -



curves
Integrating,the function yielded the following growth

where, WQ is weight at time .t = 0 

when m = 0/ . ■

W = | - ( E - wQ) exp(-bt)

which is monomolecular or modified exponential, 
when m = 2

W = l/( ^ -( ^ - wQ) exp(-bt)) •

which is autocatalytic or logistic curve, 
when m = 1 ’ .

' -the original differential equation gives

t W = wq exp[(a-b)t] which is exponential*

Under certain important assumption on constants and 
letting m-5>l, this differential equation tends to Gompertz 
equation of. the form

W A exp [ B exp (kt) ] -

where, A-? <a/b)1/1-111, b = log(A/wQ), K->b(m-l)
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Medawar- (1940) pointed out that a growth curve 
would be of little interest to biologists if data represent
ation were, its only function. The value of a growth curve 
lies in its potential for bringing out relationship which are 
not obvious from the data alone. This potential depends upon 
the correlation of the magnitude of growth curve parameters 
with significant experimental or biological conditions.

■ Brody (1945) defined two independent growth curves.
One is based on the tendency for instantaneous rate of gain, 
prior to puberty or the point of inflection to be proportional 
to growth already made and is described by the differential 
equation

dW /dx = kVx • x — --------------- (2.1.1)

where, k = proportionality or growth rate constant 
W = weight of animal at time x

Rearranging equation (2.1.1) and then integrating with 
respect to x from t' to t he obtained .

Wt = Wo exP ̂ ̂  ̂ 

where, Wq is initial body weight

Following puberty the rate of gain tends to be propor
tional to the gain yet to be made and is described by the 
second equation



8

dW /dx- = -k1 ( w -  w ) ■   (2.1.2)A . OJ X ■

where, k' =■growth rate constant and WM = maximum weight

! Rearranging equation . (2.1.2) and integrating with
respect to x from t' to tQ' he obtained

W = w - ( w -  w ) exp(-k' t)
. t. 0) w O

when t ' = 0 ■
where, t' is the initial time.

In 18 38, Verhulst (See Allee e-t a l . , 1949) developed' 
an equation to describe population growth and termed the 
function for this S—shaped curve the logistic function.

i i

The equation for rate of gain, from which the logistic 
function was derived is-, ■ -

, dWx/dx = kWx (Ww - WX)/Wtp---------------  (2.1.3) '

which, indicates that the instantaneous rate of gain is a 
function of growth already made and potential for growth.

Rearranging equation (2.1.3) and then integrating, 
using partial fractions -between t' and t with respect to x, we 
obtain

Wt = /Wt>) -1) exp(-k(t-t ') J"1 ________(2 x 4)
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Equation (2.1.4) relates weight at a given time to a 
function of initial and final weights, growth rate constant 
and time'. '

Richards (1959) used ah extended, form of Von 
Bertalanffy1s growth function -

■ 1 - m
W =  (■ jl -( ^  - w ) exp(-(l-m)kt))1/1_m

k k ° ,
' (2.1.5)

(which is sigmoid) to plant data for supplying an empirical 
fit. Here WQ = weight at t = 0; (beta), k (kappa)

are proportionality constants of anabolism and catabolism. 1

■ - m = slope of Von Bertalanffy1s relation.

Equation (2.1.5)"can be abbreviated as

W1 m = a1 m - exp(-k't) ---------(2 .1 .6)
. I

1-m nn 1-mwhere, A =^./k;  ̂ = ( ^/k) - w q ; k* = (1-m) k are
’constants. .

Therefore,

W = A^ m (1-b exp(-kt)) when m <1 ------  (2.1 .7)
1 l*-m, ,= A (1+b-exp(-kt)) when m >1 ---- —  (2.1.8)

where, b = + p Am_1
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when m = Of equation (2.1.7) reduces to monomolecular
form W -= A(l-b exp(-kt)) and when m = 2 equation (2.1.8)
reduces to the autocatalytic form W = A (1+b exp(-kt))-"1"
3 . .

When m = 1 equation (2.1.6) is -insoluble.
*

,When m lies between 0 and 1 the curves are transi
tional in form between the monomolecular and Gompertz and when 
m lies between 1 and 2 the curve lie between Gompertz and 
autocatalytic. It was derived that as m~>l equation (2.1.5) 
represents the Gompertz equation

W = A exp(-b exp(-kt)) ,

where, W = size at time t, A = ultimate limiting value,
k = constant of catabolism (kappa)

The absolute growth rate for (2.1.5) is given by

kW{ (A/W)1-rfl _ i)/(i-m) ----------  (2.1.9) ;
t  -

when m = 0, (2.1.9) reduces to the growth rate of mono
molecular function k(A-W) and when m = 2 equation (2.1.9) 
reduces to growth rate of autocatalytic function kW (A-W)/A

Equation (2.1.9) becomes kW loge (A/W) which is growth 
rate of Gompertz function. Here k is the "rate constant" 
which determines the spread of curve along time axis.
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Nelder (1961) developed a logistic function

Wt = W^tlt ((W* /Wt ,)1/&-l) .exp(-k(t-t')/©))“e 

by integrating-the differential equation

dwx/dx = kwx (l-(wt/w0l J1^     (2.1.10)

which is a generalization of logistic function given in 
differential equation form

dWx/dx = kWx (l-( wx/W))   (2.1.11)

suggested by Verhulst (1838) (see Allee 1949)

Here Wp, = maximum weight, W = weight of animal at time
A

x

An advantage of Nelder1s (1961) generalized logistic 
function is that when u = 1/g # 1, the curve is asymmetrical
and is more flexible.

«

' Nelder (1962) (on reparameterization of Nelder (1961))
developed a logistic model of the type

wt = W(l+((W0./Wt ,)u-1) exp(-uk(t-t')))‘1/u whioh is obtained
by integrating the differential equation dW /dx = kW (l-(w /W)U )■ x x t *

between t‘ and t with reference to x and letting u = 1/0
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' Fabens (1965) gave properties and fitting of the 
Bertalanffy growth curve. He also developed a weight—growth 
curve, .

W = (a (1-b exp(-kt)))3 .
• i

to recapture data as well as conventional age-s’ize data. A 
computer programme is also presented to fit the curve,

where a =- b = l - l b t l l l  , k = y ' f l

**2 — anobolic constant, %  = catabolic constant,
^ = constant'characteristic of taxon,
W = weight of animal 
c =

The weight growth curve has an inflection point at 
W = 8a3/27.

Bhattacharya (1966) generalized the growth function 
suggested by Von Bertalanffy as '

■ ✓ J b ^
Y ~ ( o( + p  ) . 

where, oi , p  d  and & are parameters -

The equation reduces to modified exponential when £= 1
J

logistic equation when r = -i, Gompertz equation when £-3>S>o

Laird at. (1968) used a growth equation of the 
Gompertz type
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w = Wo exp( ° (X-exp(-^ t))); A = A exp(-^t)

where, w = weight (or size in any other volumetric terms) at 
time t, WQ = initial , weight at the start of the period of 
observation; Aq and A are specific growth rates at the 
starting time and at time t respectively, 0( = rate of 
exponential decay of Aq for representing the growth of 
individual parts of organism and of the whole organism.

Tallis (1968) suggested that growth and- development
can be regarded as a stochastic process in continuous time.
Moreover in some situations of primary production, certain
growth patterns may be more economical or otherwise more 
desirable than others.

Turner v t a l. (1976) introduced a general theory of 
growth which gave the following growth rate equation,

X - /kn) x1" ^  (kn - xn )1+p '

where, x =■ size of the system at time t, k = size at t = CP
andp, n, p are parameters determining the particular 
characteristic of given curve.

Pruitt ana Turner (1978), Turner and Pruitt (1978) 
have proved that general theory of growth is useful in 
numerioal analysis of many and diverse biological and



biochemical processes. The range of applicability of the 
theory is illustrated by the fact that it yields

1. the logistic curve (1+ exp(-j$ (t-T ))) ^ with point 
of inflection 1/2

2. the Gompertz exp (-exp (-/i -(t- X ))) with point of 
inflection 1/e

3. Bertalanffy-Richards function 

(1 + exp(-np (t-T)) n

with point of inflection (1 + n)-^ 11 ,

Here is constant of integration and is growth curve parameter.

Pruitt q£  clZ. (1979) developed the generic growth curve

(1 + (1+np p (t-T)) ^)) n whose point of inflection
is given by ( (l-np)/(l+n) )1//n

where n and p are shape parameters/ p is maximum specific growth 
rate, "£ is the constant of integration and reported that the 
analysis of growth in terms of the generic growth curve can be a 
powerful technique leading to relationships which may not be 
apparent from the growth data alone.

2.1.2 Growth studies in chicks ■

Lerner (1939) observed that the curve form W = bta is 
not entirely satisfactory for representing the growth of a chick



but has been very widely used with many excellent results for 
limited portions of growth curve.

Here W = weight at time t, a and b are constants.

The first derivative of this equation is

dW/dt = u = ab

Sang (1962) used the logistic function,

W = A/(l + exp(c-kt))

to analyse mean growth rate of selected lines of Brown Leghorns 
and found no sizeable differences among growth rates (k values) 
for six lines of chickens.

Roberts (1964) used a special case of the polynomial, a
simple power function in time, to fit a linear portion of the
early growth curve from hatching to seven weeks of age. He 

*

estimated the exponent of a function in the form

Wx = axk

Where Wx = weight at time x, a = initial weight, k = early 
growth rate. The method was to take ratios of consecutive 
weights and solve for weekly k 1 s in each individual using the 
equation'

k = log (w2/w1)j/log (x2/x1)
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Average values for it in four different lines, over the 
seven weeks showed significant differences between lines and 
sexes when data were subjected to an analysis of variance.

Tanabe and Sacki (1964) working with, pure and crossbred 
chicken from hatching to ten weeks of age, used the time 
function

W = axk 'x .

to estimate the values of k (early growth rate for each sci ' *
based on the log transformed function 

log W = log a + k log x. X ■
. i

Here Wx = weight at time x, a = initial weight. In both the 
pure and crossbred lines, males and higher k value than females 
.of same breed.

Krause a t. (1967) fitted the logistic function

Wt = f  {% +p(exp(- ■/ t)"1

to juvenile body weights of Athens-Canadian randombred chickens 
taken at 4 day intervals from 20 to 140 days of age.

Here p = w^ = 'maximum weight, o( = (wa,/wtI)-l, wt, = weight at
initial time t ’, V = k = proportionality or growth rate
constant.
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Pillai e.t a t. (1969) while studying growth rate of 
chickens from six different crosses found that simple expon
ential function w = A exp(kt) yielded a very good fit. Here A, 
k are constant, w is the weight at time 't'. ■

Lilljedhl (1970) used a mathematical function of the 
logistic type -

Y = (A + B exp(KX))/(1 + C exp(KX)) 

to give information about the growth of broiler chickens.

Here y = body weight, X = age.

All the four parameters A, B, c and K were significant^ 
different from zero. For one of the forms in which the time 
difference between the early and late hatch of chicken tested 
was so large that they represented two different stages of 
genetic improvement. Statistically significant difference 
between two hatches were found in all four parameters. By 
making second derivative -of the body weight function equal to 
zero, some important growth characteristics such as co-ordinates 
of growth rates maximum, the corresponding inflection weight and 
proportion of body weight at slaughter (56 days) attained at the 
point of inflection (growth rate maximum) were derived. Also it 
was found that growth rate increased upto maximum of 29 g to 
45 g per day - more in males than in females and it decreased 
subsequently. The maximum occurred between 36 and 48 days later 
in males than in females.



Zelenka (1970) while studying growth of chicken during 
the early period of post embryonal life used exponential 
function. .

w = a exp(kt) .

where, w = weight at time t ;  a, k are constants and the power 
function y = at to calculate growth from 2 to 22 days of age in
40 cockerals and 90 chicks of both sexes.

Tzeng and Becker (1981) used Gompertz model (Laird, 
1965) '

W. = w exp( — {1-exp(-kt))) t o  k

in their study related to growth and found that it gave excellent
fit to the live weight data as also the abdominal fat weight.
Here W = weight of the broiler or its part at time ' t 1, dw/dt =
L.w^ exp(-kt) = absolute growth rate. Other forms of non linear
curves considered logistic curve,<

Wt = A (1 + exp(-kt)) m and '

Von Bertalanffy

Wt = A (1-B exp(-kt))3

where., A, B, K and m are parameters.
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Grossman.and Bohren (1982) in their study of "Comparison 
of proposed growth curve functions in chicken" contradicted the 
claim that growth in chicken is best described by any one of the 
growth functions but rather that under some set of environmental 
conditions one function should be able to describe accurately 
growth in chickens.

By describing overall body growth as a function of its 
components one should be able to have a better understanding of 
the growth characteristics and their relationships and be able, 
to develop breeding plans to select for desirable aspects of the 
growth curve'. . .

, Jacob and Surendran (1984) observed that curves of the 
form '

y = a exp(bx) (exponential) .
. y = ab (Gompertz) 1 .

were suitable in fitting body weights for 24 weeks, 
where 1 y 1 is body weight at age x.

Grossman ^  (1985) used the logistic function model

Wt — + ( —0O_ 1) exp(-kt)) ^
Wo

for comparative purposes in two populations of chickens from
hatching through 45 week of age. Here = weight ■ at time t,
k = growth rate constant, w q = initial weight, wM = maximum 
weight.



Grossman and Bohran (1985) used the logistic function 

Wt = (1 + exp(-a(t-^)/c- ) ) ~ 1

vjVieve W. = weight at time 't'u /

to determine whether two parameters of logistic growth function, 
growth rate constant .

a —
K = g— where, a = IT/ */2

and age at inflection point (jr -} were inherited traits in 
chickens.

Knizetova eJ: cÛ . (1985) expressed the growth of chickens 
with widely different genetic growth■abilities by means of four
parameters Richards function (Richards, 1959)

Yt = A (1 + b exp(-kt) )”ly/n) n >-1; n # 0; A, k >0
Yt = - A (1 + b exp (-kt) ) ~1//n for n > 0

* Yt = A (1-b exp(-kt))"1/n for n <0

The parameters estimated using the generalized least squares 
method are the following.

Yt = body weight (grams) at age t (days)
A = asymptotic value of size as t->cO; generally

interpreted as average size at maturity independent of short
term fluctuation of size in response to extraneous environmental 
effects.
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b = integration constant, time scale parameter of no specific 
biological significance. '

k = rate at which logarithmic function of degree of maturity in 
body weight changes linearly per unit of time (maturity 
index), this rate estimates the maturation rate of curve 
(i.e. the relative rate at which A is reached).

n = shape parameter determining the position of the inflection 
point of the curve. In the original Richards function, it 
was designed as m (m = n+1) and by other authors as
(M = -1/n), and established the degree of maturity in body 
weight at the point of inflection.

Tierce and Nordzkog (1985) analysed the body weight and 
shank length at 20 weeks of age and fitted an exponential 
equation of the type

■ / p y = o(x

where, y = shank length, x = body weight at 2 0 weeks of age, 
d-f j$ are growth constants. '

Indirabai <Lt a.t. (1985) reported that growth curves of 
the form '

Y = a + bx (linear), y = a exp(bx) (exponential) were 
suitable for predicting the pattern of growth in broiler 
chicken.
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Here y is body weight at age x.

Ibe and Nwakalor (1987) fitted an allometric growth
?>curve of the form y -o(W in broiler chicken, where w = body 

weight, y = linear structural body parameters.

Grossman and Koops (1988) examined the growth of 
chickens with the help of multiphasic growth function based on a 
sum of logistic functions to describe mean body weight 1 gain 
curves for four lines of chickens and to estimate ‘number of 
phases and values of parameters within each phase. The function 
is of the form

n
Yt = ^  (a. (1 + tan h (b. (t-c.)))) i=l 1 i

with first derivative at age t as

VI
Yt . = (aibi (1-tan h2 (b±(t-c±))))

where yfc = mean weight (grams) at age t, n = number of phases,
tan h = hyperbolic tangent, a± = half asymptotic weight,
b;i. = growth rate relative to a._ (week-1), c.. = age at maximum 
gain (weeks)*

Study revealed that a diphasic function is appropriate 
to fit weight gain data for male and female chickens.
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2.1.3 Growth studies in ducks

Susaki and Hamakawa (1965) while studying the growth of 
broiler ducks constructed growth curves from data on body weight 
of three broiler breeds and three crosses upto ten weeks of age. 
Curves of the type.

by = ax
2y = a + bx + cx

y = a + bx + c(log x)

gave satisfactory fit to the data.

2.1.4 Growth studies in quails - .

Laird (1'965) fitted the Gompertz equation to growth 
curves of several varieties of domestic chicken, turkey, goose, 
duck and quail. '

Marks (1978) utilized four quail lines (P, T, S and C
which is maintained as a non selected control) to investigate
growth patterns in quail. Body weight measurements suggested 
that the growth of all lines was best approximated by fhe 
logistic growth curve model

y = A/(1 + exp (-k(x-T\)))

where, y = weight at age* , k = constant proportional to overall 
growth rate, TL = age at inflection, A = asymptotic weight
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Ricklefs (1979) studied the patterns of growth develop
ment in Japanese quail, Common turn and the Starling. It was 
observed that the growth rate varied inversely with functional 
maturity. The starling grows 4 times and the Turn two and a 
half time more rapidly than quail. Growth rate of each species 
was determined by fitting the growth curve by a logistic 
equation. ■ .

W(t) = A/(l + exp(-k(t-t^)))

where W(t) = weight at age t, A = asymtote or weight plateau of 
growth curve, k = growth rate constant, t^ = age at inflection 
point of growth curve (the point of maximum growth rate).

Ino Q.t a i. (1985) observed that at 2, 4, 6, 8, 10 and v,
12 week of age, the body weight of unspecified number of 
Japanese quails averaged 35.4, 75.3, 94.0, 95.7, 100.6 and
102.0 g respectively in male V/s 36.1, 77.9, 109.0, 118.6, 122.3 
and 125.5 g in females. Age at sexual maturity averaged 35.9

4

and 44.8 days in male and female respectively. ■

Kozaczynski (1985) used the data obtained from 129 males 
and 151 females Hungarians, 68 males and 101 females Pharroh x 
Hungarian, 26 males and 33 females PAN, 92 males and 120 females 
BEK Japanese quails.

For the 4 breed types the body weight at 12 week of age 
averaged 152.4, 151.1, 151.9 and 147.9 g for males and 187.8,
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.181.5, 181.8 and 181.0 g for females respectively. Growth rate 
was highest from 7 to 21 days of age and lowest from 70 to 84 
days. Correlation between body weight at. various ages were 
mostly significant and ranged from 0.19 to 0.95. Hungarian 
quails matured earlier than the other 3 types.

Ricklefs (1985) observed that growth curves of selected 
and unselected lines of broilers and Japanese quail show that
the chicks respond to selection for 8 weeks or 4 week body mass
respectively, by increasing the exponential growth rate during 
the first 2 weeks after hatching. The Gompertz equation used 
was of the form .

M (t) = A exp(-log (A/I) exp(-kt))

Here, M(t) = Mass (g) at age t, A = mass plateau in grams 
(Asymptote), ^ = rate of attainment of asymptote (unit= 1/time),
I = initial mass :at age zero. '

;i -

log M(t)’= log A - log (A/I) exp(-kt)

_J?_ (log M(t)) = log (A/I) K exp (-kt) 
dt .

. = k log (A/M) = k (log A - log M)

Anthony eX at. (1986) have studied the growth curves of 
Japanese quails as modified by divergent solution of 4 week body 
weight of two weight selected lines and reported that the 
Gompertz curve is best for describing the growth of both the
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lines. The logistic curve best fits the growth pattern of the 
low' weight category. Also be observed that the pattern of 
growth of both the sexes were identical.

Sreenivasaih z t aJL. (1987a) reported an initial average 
body weight of 100 Japanese quails (Monsoon hatch-August) as 
5.74 g and the birds attained an average body weight of 117.27 g 
at 88 days (12.57 weeks) of age. The initial average body 
weight of 60 Japanese quails (Winter hatch-November) was 6.02 g 
and the birds attained an average body weight of 126.74 g at 
88 days (12.57 weeks) of age. ,

2.2 Egg production studies .

Mathematical models play a dominant role in poultry egg 
production. Models relating to egg production over time help inli
the prediction of egg productio.n in certain time intervals or 
total egg production during any period. Also, from such models 
one can determine optimum.time interval at which production is 
maximum.

' Earlier workers (McNally, 1971; Timmermans, 1973) while
trying to fit mathematical models for egg production employed
the same models that were found to fit milk-yield at different
lactation. One of the reasons for this is that milk yield and
e9f9 production both reach a peak and then onwards start 
declining.
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A brief review of the works conducted are presented

here.

Brody <Lt aJL. (1923) employed the exponential curve 

Y = a exp(-bt)

to describe average lactation course of a large number of cows 

of different breeds.

Here y = average weekly or fortnightly milk yield, t = time, 
a, b are constants. They observed that the equation failed to 

fit the data remarkably well.

' Sikka (1950) made an attempt to see whether the parabolic

exponential equation .

2y = a exp (bt + ct )

would represent the lactation curve better. Here y = average 
weekly or fortnightly milk yield, and a, b, c are constants.

Narain (1962) studied three day egg laying of VrioAophila. 

m2lanogaAte.fi at various intervals throughout the life time. It 
was described that the decline in egg production of V. mHa.nogaAt&fi 

from Nai-Basti (in India) by the model ■

N(t) = 66.56 exp(-0.029 t)

where N(t) is daily egg production corresponding to day of egg 
laying.
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Wood (1967) fitted a gamma type function 

y = at^ exp(-ct)

to the lactation yield. The function accounted for 89.7 per cent 
of total variation in log daily yield. The function accounted 
for 89.7 per cent of total variation in log daily yield.

Tonkinson aJL. (1969 b) suggested to use principal
component analysis technique for the evaluation of egg
production curves. The technique requires the computation of
characteristic roots and vectors from the matrix of corrected
sum of squares and cross products originating from the data
matrix. The technique partitions the total variations of egg
production curves with sets of independent derived responses.
These responses are analysed by conventional ANOVA techniques
for estimates of treatment, replicate and interaction effects.
The curves can be reconstructed based upon the derived responses
for visual interpretation of the analysis of variance results.

« .

' McMillan a l. (1970 a) used-the mathematical model

N(T) = M(l-exp(-^(T-TQ))) expt-^T) '

to estimate the daily egg production of a Drosophila female 
whose production curve closely related to the curve of laying 
hens. ■



29

Here N(T) = number of egg laid in period T, M == the potential 
maximum egg production per period, = the initial period of
egg laying, ^  = the rate of increase in egg laying, aC= rate of 
decrease in egg laying.

McMillan aZ. (1970 b) calculated parameters of egg 
production model ■

N (t) = M( 1-exp(- (t - tQ))) e x p ( - o C t )

(McMillan e.t aZ. 1970 a)’* r

of Vft.oioph.-iZ.Za m&Zanogait&fi From the model he also derived maximum 

egg production rate, time of this maximum, total egg production 
over 4-day intervals and total potential life time egg 
production. A feature of this model is that the parameters and 
derivations can be calculated withiout measuring daily egg 
productions throughout the entire life time of females.

■ McNally (1971) suggested that Wood model (1967)
i • ,

* i

yt = atb .exp(-ct)
yt = average daily yielded in the ith week, 

atid a, b and c are constants

which has been found to fit lactation data in cattle can be 
taken as a basis of mathematical model for poultry egg product
ion. He opined that the variation of number of eggs produced by 
a group of hens with time over a laying year has the same 
general form as that of milk yield over a lactation. .
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The addition of an extra term proportional to the square 
root of time to Wood model improved the fit giving multiple 
correlation ranging from 0.936 to 0.994. Hence Wood model may 
be written as .

= at^ exp(-ct + dt^^)

The modified model was found to fit better than the Wood
2model with the highest values of R ranging from 93.6 to 

99 .4- per cent. '

Gavora e t at . (1971) verif ied that the egg production
curve developed for egg production in V. me.lanogaAte.fi (McMillan, 
1970) can be used for avian species also. .

N(t) = Md-expt-^ (t-tQ ))) exp (-o£t)

where N(t) = number of egg laid on day t; M = potential maximum
daily egg production, t = initial day of egg laying, ^  = rate of
• . n ■increase -xn egg laying; c( = rate of decrease in egg laying.

_ The model1 was .fitted for weekly, fortnightly and monthly
time scale and also for all individuals as well as groups of 
hens. , "

Timmermans . (1973) used a mathematical model of egg 
production as suggested by McMillan (1970) and Gavora (1971) to 
a strain of white Leghorn bird (WB) and a strain composed of 
medium heavy breeds (MB).. Both strains selected in a constant
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. '$1environment. It was found that the function of McMillan fits in 
a high degree to the observed data. The prediction of the 
production has been investigated on hen housed basis. Later he 
proposed to use in further investigations the hen day data
instead of hen housed data.

Schaeffer Zt a t. (1977) compared three methods
1. non linear method, 2. multiplicative method, 3. regression 
methiod to predict the 305 day milk and fat yields of Canadian 
Holstein and Jersey cattle. .

The study found that the non linear method which 
consists of a non linear model

' y.. = A exp(-p (i“tQ))(1-exp{-B (i-t )))/B exp(^ )
-L J U 1  J

was at least as accurate as either the multiplicative or
regression methods because it requires only less computer storage 
for parameter estimates than other methods and could be imple
mented easily into a milk recording programme. Here y^ . = amount

^  L I i "

of milk given on the i day of lactation of j cow, t = "lag 
time11 parameter and may indicate when a cow's udder begins to 
lactate prror to calving, B = slope of the lactation curve
during the increasing production stage, A = peak production,
P = slope during the decline in production after the peak,

= residual effect which was splitted into exp ( =
exp{n sin(ip)) exp(e.^) where i sin (ip) = period effect in a 
particular set of records. '
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p is 27T .divided by the length of the period which could 

differ among lactation groups 4

Ramachandra e.t aJL. (1979) fitted fouv models including 
the one suggested by McNally (1971) to identify the one which 
best fits the data and explain^' the minimum variation in egg 
production due to variation in the egg laying period in white

hens. The models are

1. KJ y.t = dL+ f>t + t2

2 • tj y.t = e(+  ̂log t +^(log .t)2
3. f.' y.t = c(t exp(-rt)
4. 1/y.t = <£t exp (-"ft + £ j t )

In all the models ̂ y.t represents the true (but unknown) 
average weekly egg production during laying period t. Under 
customary assumptions of the least square method jy y.t is 
measured as yt with a random error component which has zero

I ,
expectation and constant variance.

i ‘ '

The sample estimates of the unknown parameters in the 
case of each model were obtained by the application of the 
principle of least squares.

It was found that model 4 fitted to the sample data is 
an excellent one.
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Adams and Bell (1980) used two equations

y = (1.0/(0.01 + arx-b)) -c(x-d) '
where x = age of flock, y = per cent hen day production, a, b,
c, d and r are constants, and

Vy = a + br

where x = age of flock, y = weight per egg, a, b, r are constants 
for predicting egg production and egg size as function of age.

Congleton £-4 {1981) observed that prediction of
laying hens using incomplete gamma curves

'
’ , * b t *■ y = An exp(-cn) .

is highly biased during most of the laying cycle. Here y =
4- ̂ "predicted production for the n week of laying. A, b, c are

parameters (specifying per cent production for each week in 
laying) which can be estimated by multiple linear expression.

• An equation with an additional parameter (d)

■A b f—. ■ .y = An exp(-cn + d ,/n)

was also investigated and found that it did not improve the fit 
of the model.

McMillan (1981) derived an egg production model

y .t = A(exp(-k2t)-exp(-k1t))
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where k-̂ and k2 are instantaneous rates of increase and decrease 
in egg production, respectively and A is the maximum potential 
egg production. .

Gavora &£ at. (1982) fitted exponential models of 
McMillan eX at. (19 70 a, b)

N = a (1-exp(-c(t-d))) exp(-bt)P

Wood (1967), N = f t^ exp(-ht) and a linear regression,P
N = m - kt .P

to the results for individual hens, as well as to the mean 
results of groups of hens.

In all the three models, = the-number of eggs laid in
28 day period p, t = age of the birds in the middle of the
28 day period in days that is t = (age at first egg 14 + 28 p) 
and a, b, c, d, f, g, h, k and m are model parameters. The 
models 'were fitted to the data by the International Mathematics

4 ■

and Statistics Library Routine ZXSSQ. Overall the McMillan 
model gave the best results with mean R2 of 0.71 from fitting
it to the results of 223 individuals with sixteen 28 day periods

2 , each and R of 0.97 from fitting it to the period means for
groups. The respective R^ values were 0.68 and 0.95 for the
wood model and 0.60 and 0.90 for the linear regression.
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McMillan e.t cut. (1986) compared three mathematical 
models of production curves with respect to their ability to 
predict 50 week egg production from actual egg production record 
lengths of 16, 20 and 24 weeks. .

1. Wood (1967) model y = f t^ exp(-ht) .
where f, g, h are constants. *

2. Compartmental model y = a (1-exp(-c(t-d))) exp(-bt)
where a, b, c, d are parameters which take different interpre
tations depending on the particular situations to which model is 
applied.

3. Regression model y = m-kt .
y = average total group egg production over time t, m and k are 
constants. .

The study reported that when the model is intended only 
to predict full record egg production from past record, the 
linear model is better due to its simplicity and lower costs of 
fit.- When the model is intended to serve several purposes, the 
compartmental model is preferable by virtue of the biological 
interpretation of its constants. ,

Johari nt a l. (1986) fitted McMillan model (1970 b) to 
annual egg production curves of white Leghiorn strain crosses to

1 t ■ instudy their biological and statistical significance. The R 
values were ranging from 80.31 to 97.87 per cent.
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Johari &£ (1987) compared the fitting of five mathe- ̂
matical models.

Exponential (Brody i t  a l. 1983) y = a exp(-bt)
2Parabolic exponential (Silika, 19.50) y^ a exp(bt + ct )

Gamma type function (Wood, 1967) y = atb exp(-ct) ■
b '/*-Gamma type function (McNally, 1971) y = at exp(-ct + dt)

2 _iInverse polynomial (Nelder, 1966). y = t(a + bt + ct )

in the study on white leghorn strain crdss entries.

The fitted models were compared using coefficients of 
. . 2determination (R ). In all the models a, b, c, d are constants.

The study revealed that Nelder1s inverse polynomial is the 
ideal one for hen housed egg production in layer type chickens.
In this model 'a' is the rising extreme of the curve (depicting 
peak production) 'b1 is the slope of curve (depicting the rate 
of increase of production) and 'c' is the decending phase (rate 
of decline of production).

- Sreenivasaiah i t  &Z. (1987) .reported an average egg
weight of Japanese quails as 9.47 + 0.06 ofg(Monsoon - August)
10.15 + 0.05 g (Winter - November).

Cason and Britton (1988) used weekly egg production data 
from six first cycle and 13 molted commercial layer flocks to 
compare... three non linear egg production models.
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1. Compartmental or McMillan model 

p = a exp(-bt) (1-exp(-c(t-d)))

2. Adams-Bell model

p - 0.07 (l/(.01 + ar t_b) -c (t-d))

3. Compartmental type model based on a logistic growth curve 

P = a exp(-bt)(1/(1 + exp(c + dt)))

where p = egg production in time period t, •
t = age offlock in weeks, and a, b, c, d, r are constants

Based on the comparisons the Adams Bell model was
9 . 2  superior (R = .9938) to compartmental (McMillan model) (R -

.9523) in terms of goodness of fit or predictive ability for egg
production in first cycle flocks and is as good as the compart—
mental model in molted flocks, for either hen housed or hen day

egg production data. '

, . The logistic model (R2 = .9930) was superior to
compartmental model (R2 = .9423) in terms of goodness of fit and

' 2 .predictive ability only for first cycle flocks. Here R is the 
mean coefficient of determination.

Predictions of total production based on 24 week of data 
were significantly more accurate for the Adams-Bell and logistic 
models than for compartmental model in terms of error or
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percentage error in first cycle flocks, with no difference in 

molted flocks. . ■ ,

Yang aZ. (1989) derived a new model (called as 
modified compartmental model)

y (t) = a exp (-bt) (1+ exp (-c (t-d)) ) ^ --------- (2.2.1)

for poultry egg production which not only has theoretical
advantages over the compartmental model

y (t) = m (l-exp(-p(t-q)) (exp(-nt) ---------(2.2.2)
and wood model

y (t) = ft g exp(-ht)  (2.2.3) ■

but also appears better in respect of its goodness of fit to the
data and its ability to predict.

‘ In model (2.2.1) 'the parameters are 'a* = a scale
parameter, b = rate of decrease in laying ability, c = reciprocal 
indicator of the variation in sexual maturity, d = mean age of 
sexual maturity of hens and ae = exponential decay function.

In model (2.2.2) m, n, p and q are a scale parameters a 
measure of persistency of egg production, rate of sexual
maturity and age at first egg respectively.

In model (2.2.3) f, g and h are parameters without
reasonable interpretation.
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Several criteria of goodness of fit, for different 
2models including K and errors of estimated annual egg numbers 

and estimated peaks of egg production curves are presented.

Results showed that modified compartmental model had 
' 2higher R , smaller errors of annual egg numbers and greater 

agreement of estimated peaks with actual peaks than the other 
two models.

Narayanankutty e t aZ. (1989) in their study observed 
that for 40 eggs from 12 week old quails and 40 from 24 week old 
quails weight averaged 8.56 + 0.10 and 9 . 95 + 0 .13 g respectively.

2.3. Climatological studies

Yeates z t aZ. {1941) and Rao z t a t. (1966), found detri
mental efforts of hi;.'.gh temperature on egg production in 
chicken.

Zannelli (1963) reported that higher weight gains was
<observed under low temperature regions.

Rao z t aZ. (1966) reported that relative humidity had no
effect on egg production in chicken.

Wilson zt aZ. (1971) reported that 6 month old female 
Japanese quails kept in hot environment showed a higher egg 
production than those kept in cold environment. '
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Sreenivasaiah and Joshi (1987) observed that in Japanese 
quails mean temperature (°C) and vapour pressure (mm of Hg) 
during the production period of two seasons (Monsoon - August, 
Winter - November) of hatch differed significantly. Egg 
production and egg weight of winter hatched birds were signifi
cantly higher than the monsoon hatched birds.

Regression analysis indicated that regardless of season 
of hatch age had profound effect on both egg production and egg 
weight of monsoon hatched birds. Egg weight of winter hatched 
birds was greatly influenced by egg production. Definite 
detrimental effects due to high temperature and vapour pressure 
on egg production and egg weight were observed among monsoon 
hatched birds. Winter hatching was preferable and it was 
thought that values of climatic elements during production 
period of winter hatched birds were optimum for species. Both 
temperature and vapour pressure were found to influence egg 
production and egg weight. Also it was observed that relative 
humidity had . no effect on egg production in quails.
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MATERIALS AND METHODS

3.1 Materials

The study was initiated using day old straight run 
birds of Japanese quails ( Cotafinix cotuAnix japonlca. ) , one 
hundred and fifty in number from Kerala Agricultural University 
Poultry Farm, Mannuthy. The quails were hatched on 1st 
February, 1989. They were serially numbered and wing banded.

On the day of hatching, the quails were placed in 
electrically operated thermostatically controlled battery type 
brooders. They were allocated to different compartments of 
the brooder at random. About thirty of chicks were
allotted to each section of battery brooder. Commercial 
all-mash starter ration was fed ad lib itum while the chicks 
were brooded in the batteries. Fresh water was made available 
at all time.

After few weeks the quails were divided into males and 
females and moved to individual cages. Necessary warmth was 
prpvided by infra-red bulbs. At this stage the birds were 
fairly well feathered and due to temperate weather only 
moderate heat was required. All the birds were fed on same " 
feed formula and’all management practices were identical.

3.2 Methods '

The body weight of each bird was recorded at weekly 
intervals until the birds attained an age of 12 weeks. At the
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end of 12th week weights were available on fifty eight (58) 
males and forty five (45) females. The weighing was stopped 
when females started laying. The weight of the birds were 
also recorded at. 27th and 35th experimental week.

The data so gathered were used for fitting appropriate 
functions of growth.

The choice of the appropriate curve to depict the 
growth pattern in any situation is hot easy. On visual 
observation of data the pattern of growth appropriated to 
sigmoid curve upto 12th week. The following functions were 
considered.

(i) Linear Wt = a + bt (3.2.1)
(ii) Quadratic wt = a + b^t + b2t2 (3.2.2)

(iii) Exponential Wt : a exp(bt) (3.2.3)
(iv) Von Bertalanffy Wt = a[ 1-b exp(kt)]^ (3.2.4)
(v) Modified exponential Wt = k + ab̂ " (3.2.5)
(vi) Logistic Wt = a/[1+b exp(-kt)] (3.2.6)

(vii) Gompertz Wt = a exp[-b exp(-kt)] (3.2.7)

Where a, b, b^, b2 and k are constants and W^ is the 
body weight at time t. The parameters of equations (3.2.1) to 
(3.2.4) were estimated using method. of least squares and the 
parameters of equations (3.2.5) to (3.2.7) are estimated by 
method of partial sums (Nair, 1954).
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The estimates of parameters and other related para
meters are given as follows.

3.2.1 Linear

Wt = a + bt

The estimates of parameters are given as

' b - (NStWt -2tlWt )/(KSt2 - { S t )2 

a = K - . b . I

Growth rate (GR) of an organism at any instant of 
time (t) is defined as "the increase in organism material 
(body weight) of organism per unit of time.

i.e. GR = dw^/dt = b

3.2.2 Quadratic ’

Wt = a + b^t + b2t2 

where, a = Dp/D, = D^/D, b2 = D3/D

2 wt it Zt2 n iwt Zt2

D1 =
itwt St2 it3 °2 = Zt Ztwt i t 3
Z t \ it3 Zt4 , Z t 2 Z t 2wt it4

n Zt Z w t n Zt Z t 2

D3 = Z t Z t 2 Stwt D = Zt St 2 # Zt3
z t 2 Z t 3 Z t \ Z t 2 Zt3 £t4

Growth rate (GR) = b 1 + 2b2t
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3.2.3 Exponential

= a exp(bt)

where the constants a and b are estimated as a = exp(A) 

A = Zt - Bt, Zt = log Wt

£  = B = (n2tZt - £ t  ̂ Zt )/[n2t2 - (^t)2]

When the curve is fitted the rate of growth at
a particular period can be verified as the ratio of weight 
during the period to the weight during previous period minus 
one. In the case of exponential, the rate of growth is appro
ximately given as exp(b) -1.

3.2.4 Von Bertalanffy

Wt = a[1-b exp{kt)]3

where ‘a 1 is mature body weight which is known; b and k are 
■ constants.

= 1-b exp(kt)

log b + kt

b exp(kt) = l-(Wt/a)1/3 

= log [l-<Wt/a)1/3

B + kt Z

where zt = log [1-£wt/a)1/31 '

B = ( ^ 2 t £ t 2 - 2 t ^ Z t )/(n2.t2 -lit)2) , ^  = exp(B) 

^  = < " 2 ^  - ^ Z t)/(n^t2 -C^t)2)
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The growth rate at a particular point is approximately 
given by .

b exp('kt) [ 1-exp{K) ]/(l-b exp(kt)] 
which depends on the value of b exp(K).

3.2.5 Modified exponential 

Wt = K + abt

where the constants a, b, and K are estimated as 

'b = [(s3 - S2)/(S2 - S ^ ] 1^

^ A n Oa = (S2 - Sx) (b - l)/(bn - 1 ) Z

/TV r xv. a. n A.k = IS1 - a (b - 1)/(b-1)]/n

Here S.^ S2, S3 are the sum of the Wt values of three equal 
parts obtained from partial sums and'n'is the number of obser
vations in each part.

The growth rate at a particular period is approxi
mately given by

<abt + 1 - abt)/(K + ab11)

^ a b *1 (b-1) / (K + ab^
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3.2.6 Logistic -

Wt = a/(1 + b exp(-kt)

which can be written as Zt = A + BC*1

where, C = exp(-K), A = 1/a, B = b/a, 

The estimates of parameters are given

K = log (1/C) where C =((S3 -

A  „ ,a = 1/A where A = (S1 -(S2 - S 

Ab = a.B where B = (S2 - S^)(C- 
3 7

S1 S2 - 2  V  S3 =
t=0 t=4

The growth rate at a particular period

1 + b  exp(-kt) _ j 
1 + b  exp[-kt{t + 1)]

«

3.2.7 Gompertz

Wt = a exp[-b exp(-kt)] 

which can be written in the form 

Zt = A + BCt 

where, A = log a, B = 7b, C = exp(—k)

zt = l/wt

by,

S2)/(S2 - s1))1_n 

1)/(cn-l)/n

1)/(C(cn-l)2)
11
2 Zt
t=8

is given by

, and Z. = logt 3 t
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The estimates of parameters are given by .

a = exp (A) where A = (Sx -(S2 - S-^/tC11 - l))/n

*b = -B where B = (s2 - S.^ (C-l)/(Cn - l)2
/N , ,K = loge (1/C) where C = ( (S3 - S2)/{S2 - ) ) /n

3 _ 7 IX
S1 = 2  Zt' S2 = 2  Zt ' S3 = 2  Zt

t=0 t=4 t=8

• The rate of growth at a particular period can be 
calculated as

a exp(-b exp(-k(t+l))) _ ^
a exp (-b exp(-kt))

3.3 Comparison of growth curves

In order to compare the relative efficiency of various
to

growth curves and to select the one which best fit the 
observed data, two criteria are used, viz.

(i) Coefficient of determination (r2) and
(ii) Standard error of the estimate(s)

3.3.1 Coefficient of determination

It is calculated as the square of the correlation
coefficient between the observed and predicted values. A

2
large value of r indicates best fit o f  t h e  c u r v e .
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3.3.2 Standard error of the estimate

The standard error of the estimate measures the 
inadequacy of fit of the equation or of the error which is
made in the estimation or prediction of y from given values of 
x. The standard error of the estimate is calculated as

where y^ is the predicted value and 'n1 is the number of 
observations. A small value of 'S' indicates goodness of fit 
of the curve.

3.3.3 Comparison of rates of growth

. Rao (1958) suggested a procedure for the comparison of 
rates of growth between different groups.

A

Let Yt denote the increase in body weight at time t
and g^ is the mean of all yt's in the experiment. Then g is 
the time metameter. The difference in the values of y are 
due to the time factor t ), hence we may write

and the method of least squares leads to
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> Thus obviously, comparison of difference in rates of
growth between groups will be a comparison of b's. The 'b' 
values may be affected by initial body weight. Hence, a 
covariance analysis of the 'b 1 values taking initial 'values as 
concomitant variable can be adopted for comparing the growth 
rates of the groups.

3.4 Egg production

Daily egg production of quails were recorded from the 
end of March 1989 till the end of experiment. The data was 
converted to weekly, fortnightly^ hen housed and hen day egg 
production basis.

McNally (1971) and Timmermans (1973) observed that the 
profile of egg production in poultry bears much resemblance to * 
that one of the milk yield in dairy cattle. Hence the 
following milk production curves can be used to predict the 
e9# production in quails.

(i) Linear
(ii) Exponential

(Brody, 1923)

(iii) Parabolic
exponential 
(Sikka, 1950)

(iv) Inverse
polynomial 
(Nelder, 1966)

Yj. = a + bt 
Y = a exp(-bt)

Yt = a exp(bt + Ct )

= t (a + bt + Ct2)-1

(3.5.1)
(3.5.2)

(3.5.3)

(3.5.4)
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(v) Gamma function Y = atb exp(-ct) (3 s si
{Wood, 1967) b

(vi) Gamm type Y = atb exp(-ct + dt1/2) (3561function 1 ' u.b.bj
(McNally, 1971) .

(vii) Quadratic Y = a + bt + ct2 ( 3 =
function 
(Ramachandra 

' ztal., 1979)

(viii) Quadratic
’ S g Cs c a L in Yt  = a + b(loge t)  + c ( loge t ) 2 ( 3 . 5 . 8 )
' . (Ramachandra

zt al., 1979)

(ix) Quadratic-cum-
( S L h o t r .  Yt ‘  * + bt + + d U o g e t )  ( 3 . 5 . 9 )
zt a^. ,1980)

(x) Emperical = t / ( a  e x p (b t ) ) ( 3 .5 .1 0 )

(xi) Linear hyperbolic
. SobSnSo"1'  Yt  "  3 + bt + . < 3 .5 .1 1 ,

zt al., 1986)

Where Yfc is the egg production in time scale (weekly, fort
nightly, monthly hen housed, monthly hen day); a, b, c, d are 
parameters.

For estimating the parameters of the above curves ' the 
following method suggested by Kendall Zt al . (1983) was used.

1st the linear model be

Y = X B + U " ■
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where,

Y = n x 1 vector of egg production
X = n x k matrix of known coefficients
B = k x 1 vector of regression coefficients
. U = n x 1 vector of error random variables with means

and dispersion matrix E{U) = 0
2 .

V(U) = 6 I '—■

The vector of least square estimators of B is given by 

B = (X'X)-1 X'Y 

and its dispersion matrix is given by

V (B) = ct - (X'X) 1

2 2Unbiased estimator of tr— is S

Where, (n-k) S2 = (Y - XB) ' (Y - XB)
= Y 1 Y ■- B 1 X' Y

3.5 Comparison of production curves
4

- In order to compare the relative efficiency of various
egg production curves and to select the one which best fit the 
observed data the following criteria are used.

3.5.1 Coefficient of determination

(As described in section 3.3.1)

3.5 .2 Standard error of estimate '

. (As described in section 3.3.2)
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3.5.3 Furniva! index (I)

Furnival (1961) constructed an index (I) of fit as 
n

i = ( T f  
i=l

where, f1 (y^ is the derivative of some function of f(y) of 
the dependent variable Y with respect to y; n is the number 
of data points, s is the root mean square residual obtained 
from fitted regression.

A large value of I indicates a poor fit and vice versa.

3.6 Climatological studies

Weekly egg production of thirty two (32) female 
Japanese quails hatched on first February 1989 and climatolo
gical parameters under which they were reared such as daily 
temperature and humidity (which was converted to weekly basis)
were measured and utilised for this study. The birds started } *
egg production from tenth week onwards and it was recorded 
daily up to the 34th week. The egg production in any week 
depends on the previous two to three week climatological 
parameters. In order to correlate the effect of climatolo
gical parameters on egg production the previous three week 
average of those parameters were considered in correspondence 
with the present week's egg production, i.e. average of sixth,
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seventh and eighth week climatological parameters were used to 
correlate with the nineth week egg production; average of 
seventh, eighth, nineth week climatological parameters were 
used to correlate the tenth week production etc.

In order to find a suitable relationship of temper
ature and humidity with that of weekly egg production, a 
multiple linear repression equation was fitted.



? ^ e 5 u lt 5
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• RESULTS

The present investigation was undertaken mainly for 
the development of mathematical models for ascertaining growth 
and egg production in Japanese quails. Various mathematical 
models {described in sections 3.2, 3.4) were fitted to choose 
the best one for this purpose. The results obtained were 
presented in this chapter.

4.1 Average body weights

The average body weights along with standard error for 
male, female and birds irrespective of sex were presented in 
Table 1. The body weights varied from 7.1172 g for first week 
to 157.6552 g during twelveth week in the case of males; 
7.1622 g to 179.2000 g in the case of females; 7.1369 g to 
167.0680 g in the case of birds irrespective of sex.

A graph with age (number of weeks) on X-axis and mean 
body weight of Japanese quails on Y-axis (Fig.l) was plotted.

Analysis of variance was conducted to test whether the 
difference in body weights 'of male and female Japanese quails 
were significant or not (Table 2.)

4.2 Growth study through mathematical models

The mathematical models utilised were described in 
section 3.2. The models were,fitted for fifty eight (58) male



and forty five (45) female Japanese quails using their body 
weights for first twelve weeks. The parameters of the fitted 
mathematical models namely linear, quadratic, exponential, Von 
Bertalanffy, modified exponential, logistic and Gompertz were
presented in Table 3 to Table 9 for males and females along

. . . . 2 with the values of coefficient of determination r and standard
error of estiamte(s).

Models described in section 3.2 were also fitted for 
males, females and birds irrespective of sex using their
average body weights over twelve weeks. The parameters of the
, 2 fitted models were presented in Table 10 to 16 along with r

and s Values.

4.3 Rao1s method

. By the method of Rao (1958) the growth parameter 1 b 1
was estimated 'for each of the 58 male and 45 female Japanese
quails and were presented in Table 17. The growth parameter
had a mean value of 0.009250 and 0.009741 for male and female 
<Japanese quails respectively.

Analysis of covariance of 'b' values, taking initial 
body weight as concomitant variable was presented in Table 18.

4.4 Egg production study

Daily egg production data of thirty two (32) female 
Japanese quails reared for thirty four (34) weeks beginning
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from first February 1989 to 30th September 1989 were utilised 
for the study. The birds started egg laying around 10th week
onwards. The data was coverted to total number of eggs
produced on weekly, fortnightly and mean weekly egg production 
per bird basis (Table 19). Figure 6 and 7 shows the nature of 
weekly and fortnightly egg production. Hen housed and hen day 
e99 production were worked out and presented in Table 20. A 
combined graph of hen housed and hen day ogg production 
(y-axis) over various months (x-axis) were shown in Fig.8.

Study was mainly conducted through mathematical models 
described in section 3.4. The models were fitted for four
catagories namely total number of eggs produced on weekly, 
fortnightly and hen housed and hen day egg production data.

For comparison of fitted equations the coefficient of
■ 2 }> determination (r ), standard error of estimate(2) and Furnival W

index (I) were worked out.

t In the case of r2 value, it was assumed a linear trend
of the variables. Hence the comparision under non linear 
models r values will not be adequate. Therefore Furnival
index (I) was taken as best criteria for comparison.

The parameters of the fitted mathematical models for
the four categories (weekly, fortnightly, hen housed and hen
day) were presented in Table 21 to 24 along with r2, s and I 
values.
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4.5 Climatological studies

‘ Under this study the data on temperature and humidity 
were collected upto 34 weeks. Data were converted to weekly 
basis in order to match with weekly egg production data. As 
mentioned in section 3.6 the climatological data of previous 
three weeks were correlated with present weeks average egg 
production per bird.

A multiple linear regression equation was fitted by 
taking previous three weeks average temperature (Ẑ ) and 
previous three weeks average humidity (Z ̂ ) as explanatory 
variables and present weekly average egg production per bird 
(Y) as dependent variable (Table 25). The fitted equation was 
as given.

Y = -41.7275 + 0.7687** Z^ + 0.3150** with r2 = 0.7654

The ANOVA of fitted regression equation was given in 
Table 26.



Table 1. Mean and standard error of body weights (in g) of Japanese quails

Week Male Female Irrespective of sex

1 7.1172 ± 0.1591 7.1622 ± 0.1813 7.1369 + 0.1698

2 22.2362 ± 2.1702 22.5978 + 1.6934 22.3942 + 1.9796

3 46.6207 + 9.6479 47.1556 ± 9.3662 46 .8544 + 9.4831

4 74.7241 ± 13.4540 76.8445 + 13.4400 75 . 6505 + 13 .4235

5 95.5172 + 14.1089 97.5111 ± 12.9275 '96.3884 + 13.5764

6 121.0690 ± 14.9536 123.3778 + 12.2980 122.0777 + 13.8392

7 131.4828 + 13.8136 131.0222 + 10.6141 131.2816 + 12.4613

8 140.6552 ± 12.1591 142.4444 + 9.7318 141.4369 + 11.1476

9 147.2414 + 12.6426 154.5333 + 14.2217 150.4272 + 13 .7540

10 151.5862 + 14.8573 166.8445 + 15.7450 158.2524 + 20 .1326

11 152.1724 + 15 .0708 174.2667 + 15.7803 161.8252 + 18 .8578

12 157.6552 + 14.5199 - 179.2000 + 19.8055 167.0680 + 20.0584

27 172.4310 ± 23.9862 194.0000 + 17.7508 181.8544 + 23.9376

35 179.4483 + 22.1567 192.4839 + 19.1841 185.1456 + 21.8023



Table 2. Mean sum of squares (M.S.S.) of body weights of Japanese quails over different weeks of age

Source DF
M.S.S. over various weeks

1 2 3 4 ' 5  6 7 8
Between
sexes
Within
sexes

1

101

0.0480

0.0290

3.3010 7.2500 113.9370 100.6880 135.1250 

3.9070 90.7480 180.8470 185.1460 192.0820

5.3750 

156.7670

81.1250

124.6960

Source DF M.S.S. over various weeks
9 10 11 12 27 35

Between
sexes

1 1347.5000** 5899.5000** 12369.7500** 11762.2500** 11788.616** 4309 .316**

Within
sexes

101 178.3140 232.5740 236.6630 289.8640 461.9624 437 .3812

** Significant at 1 per cent level

cn
CD
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Table 3. Fitting of linear form Hfc - a + bt using twelve weeks body weights of Japanese quails

S I .
No.

Hale Female

a b
----------- _ 5 ------------------

■ a b r 2 s

1 . 1 2 . 1 0 3 0 1 4 . 1 4 0 6 0 . 8 8 4 6 1 9 . 3 1 8 4 8 . 9 9 4 0 1 5 . 3 2 6 6 0 . 9 1 8 8 1 7 . 2 2 9 5

2 . 1 1 . 1 0 3 0 1 3 . 1 4 0 6 0 . 9 0 8 3 1 5 . 7 8 9 9 8 . 0 8 4 9 1 7 . 5 4 3 4 0 . 9 4 8 7 1 5 . 4 3 3 7

3. 2 8 . 0 2 4 3 1 3 . 3 4 7 6 0 . 8 4 6 3 2 1 . 5 1 4 0 1 3 . 8 4 2 5 1 4 . 0 6 7 8 0 . 9 1 1 2 1 6 . 6 1 1 9

4 . 7 . 9 3 0 3 1 3 . 9 2 4 8 0 . 9 2 1 1 1 5 ; 4 0 7 9 5 . 7 5 7 6 1 6 . 4 1 6 8 0 . 9 4 8 7 1 4 . 4 3 2 4

5 . 7 . 0 2 1 2 1 3 . 8 3 3 9 0 . 9 3 2 7 1 4 . 0 5 6 3 - 1 . 5 8 4 8 1 7 . 0 2 9 7 0 . 9 7 8 7 9 . 5 0 6 9

6 . 4 . 3 9 0 9 1 8 . 6 4 3 7 0 . 9 3 6 4 1 8 . 0 7 0 9 7 . 3 3 0 3 1 5 . 7 5 5 6 0 . 9 4 6 0 1 4 . 2 3 6 1

7 . 2 3 . 5 7 2 7 1 2 . 6 9 2 7 0 . 6 0 8 1 . 2 3 . 3 9 0 0 1 . 4 5 1 5 1 5 . 9 1 6 4 0 . 9 4 9 7 1 3 . 8 5 6 1

S. 1 6 . 2 1 2 1 1 4 . 7 2 3 8 0 . 8 7 2 6 2 1 . 2 7 9 1 9 . 1 8 1 8 1 6 . 0 1 0 5 0 . 8 8 3 6 2 1 . 9 7 7 8

9 . 1 . 3 3 3 3 1 5 . 1 1 5 4 0 . 9 4 8 4 1 3 . 3 2 3 0 9 . 2 0 0 1 1 3 . 0 6 9 2 0 . 9 4 4 0 1 2 . 0 3 4 5

1 0 . 2 1 . 8 9 7 0 1 2 . 6 2 8 7 0 . 8 2 7 0 2 1 . 8 4 3 8 2 5 . 8 0 0 0 1 2 . 4 0 0 0 0 . 7 5 9 8 2 6 . 3 6 2 1

1 1 . 2 4 . 5 6 3 7 1 2 . 9 3 6 4 0 . 8 3 3 8 2 1 . 8 4 3 1 1 3 . 6 4 8 5 1 4 . 6 7 9 7 0 . 9 0 5 9 1 7 . 3 9 6 0

1 2 . 1 7 . 0 1 2 1 1 4 . 1 6 2 2 0 . 8 4 8 5 2 2 . 6 2 9 6 . 1 4 . 9 3 7 8 1 4 . 9 0 3 2 0 . 8 6 3 9 2 2 . 3 7 4 1

1 3 . 1 7 . 4 2 2 7 1 3 . 3 9 2 7 0 . 8 5 2 3 2 1 . 0 8 7 5 2 . 8 0 6 1 1 7 . 0 3 5 0 0 . 9 2 8 7 1 7 . 8 5 4 7

1 4 . - 0 . 3 7 5 7 1 4 . 9 8 6 0 0 . 9 4 7 5 1 3 . 3 3 5 1 6 . 7 3 9 4 1 4 . 5 1 1 9 0 . 9 0 9 9 1 7 . 2 7 2 2

1 5 . 3 . 6 4 8 5 1 3 . 7 5 6 6 0 . 9 3 2 7 1 3 . 9 7 5 3 8 . 5 1 5 1 1 6 . 3 1 8 2 0 . 9 1 5 0 1 8 . 8 1 0 7

1 6 . 1 . 3 4 5 5 1 4 . 2 3 9 2 0 . 9 2 8 2 1 4 . 9 7 9 0 5 . 8 1 8 2 1 7 . 2 2 0 3 0 . 9 6 6 9 1 2 . 0 4 0 7

1 7 . 5 . 0 7 2 7 1 4 . 8 9 6 5 0 . 9 0 0 3 1 8 . 7 5 1 4 4 . 4 8 4 8 1 4 . 7 5 8 7 0 . 9 3 2 1 1 5 . 0 6 8 5

1 8 . 9 . 0 1 2 1 1 6 . 3 9 3 0 0 . 8 9 7 7 2 0 . 9 2 7 6 - 0 . 9 3 3 3 1 9 . 1 9 2 3 0 . 9 7 1 7 1 2 . 3 7 9 1

1 9 . 1 6 . 2 7 2 7 1 4 . 8 4 2 7 0 . 8 7 8 9 2 0 . 8 3 9 2 - 0 . 5 6 9 7 1 7 . 5 2 0 9 0 . 9 6 4 7 1 2 . 6 7 1 6

2 0 . 1 0 . 5 1 5 1 1 4 . 8 5 6 6 0 . 8 9 6 4 1 9 . 0 9 9 7 1 9 . 4 8 4 8 1 5 . 7 7 4 1 0 . 8 9 4 5 2 0 . 4 8 4 4

2 1 . 1 9 . 7 5 7 6 1 3 . 9 4 7 6 0 . 8 4 4 7 2 2 . 7 1 9 7 - 8 . 9 9 4 0 1 5 . 1 3 5 0 0 . 9 8 3 0 7 . 5 2 5 9

2 2 . 1 5 . 3 6 3 6 1 3 . 0 5 9 4 0 . 8 5 7 8 2 0 . 1 0 9 1 7 . 0 6 6 7 1 5 . 9 4 6 2 0 . 9 2 6 6 1 6 . 9 6 8 7

23. 1 8 . 4 0 0 0 1 4 . 9 6 1 5 0 .866-7 2 2 . 1 8 8 4 7 . 4 6 0 6 1 6 . 6 0 3 5 0 . 9 4 3 0 1 5 . 4 3 4 1

2 4 . 1 1 . 8 2 4 3  . 1 5 . 1 0 1 4 0. .8954 1 9 . 5 1 6 8 1 . 8 0 0 0 1 5 . 3 1 5 4 0 . 9 6 8 5 1 2 . 0 4 6 4

2 5 . 1 9 . 9 0 9 1 1 3 . 2 2 1 7 0 . 8 2 6 8 2 2 . 8 8 6 0 1 0 . 5 5 7 5 1 5 . 8 3 9 9 0 . 9 1 7 8 1 7 . 9 2 2 0
26 . 1 3 . 3 3 3 3 1 3 . 3 6 1 5 0 . 8 9 9 5 1 6 . 8 8 8 8 1 2 . 3 8 1 9 16 . 7 33 6 0 . 8 9 2 0 2 2 . 0 1 6 4
27 . 1 8 . 6 6 6 6 1 3 . 2 0 7 7 0 . 8 5 7 3 2 0 . 3 7 6 5 5 . 0 4 6 5 1 4 . 8 8 7 4 0 . 9 3 1 7 1 5 . 2 4 2 8
28 . 5 . 6 4 2 4 1 5 . 2 6 7 8 0 . 9 2 5 1 1 6 . 4 2 9 1 1 . 2 8 7 9 1 7 . 0 9 5 5 0 . 9 5 7 6 1 3 . 6 0 8 3
29 . 1 1 . 4 3 0 3 1 5 . 6 5 9 5 0 . 8 9 2 6 2 0 . 5 4 5 6 1 0 . 0 7 5 8 1 7 . 1 0 2 5 0 . 8 9 4 9 2 2 . 1 6 0 2
30. 1 3 . 3 1 5 1 1 3 . 7 4 9 0 0 . 9 0 2 5 1 7 . 0 9 1 0 1 1 . 6 7 5 8 1 6 . 2 7 1 7 0 . 8 9 7 6 1 9 . 5 0 7 9

Contd
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Table 3. (Contd.)

Ha le  Female
S I .
No. a b

--------------------- _ 2 -----------------

a a b r 2 s

3 1 . 1 5 . 5 2 7 2 1 4 . 2 8 0 4 0 . 8 7 0 3 2 0 . 8 4 3 5 8 . 4 8 4 8 1 5 . 3 8 1 8 0 . 9 2 7 0 1 6 . 3 2 7 7

3 2 . 1 5 . 2 0 0 0 1 4 . 2 9 9 9 0 . 8 6 5 4 2 1 . 3 2 4 4 4 . 2 9 7 0 1 7 . 0 8 2 5 0 . 9 5 3 9 1 4 . 2 0 2 7

33. - 1 . 8 3 0 3 1 2 . 9 7 1 3 0 . 9 7 4 9 7 . 8 7 3 5 0 . 9 3 3 4 1 7 . 5 2 3 1 0 . 9 6 7 4 1 2 . 1 5 7 4

3 4 . 1 8 . 1 0 9 1 1 4 . 2 3 7 1 0 . 8 5 9 3 2 1 . 7 9 0 2 6 . 9 7 5 7 1 5 . 6 6 0 2 0 . 9 6 0 1 1 2 . 0 6 7 6

35. - 4 . 5 8 7 6 1 8 . 7 5 4 5 0 . 9 7 4 8 1 1 . 4 1 1 5 5 . 8 8 4 8 1 5 . 6 7 4 1 0 . 9 5 2 1 ' 1 3 . 2 9 6 6

3 6 . 1 5 . 7 1 5 2 1 6 . 1 9 5 1 0 . 8 6 4 0 2 4 . 2 9 9 4 - 1 1 . 3 1 5 1 1 5 . 7 2 0 3 0 . 9 6 6 3 1 1 . 1 0 8 0

3 7 . 1 7 . 2 8 7 9 1 2 . 8 6 4 7 0 . 8 6 0 0 1 9 . 6 2 5 1 - 2 . 7 0 0 1 1 7 . 4 5 0 0 0 . 9 5 9 8 1 3 . 5 1 1 2

3 6 . 1 4 . 0 6 9 7 1 3 . 3 9 0 6 0 . 9 0 5 ? 1 6 . 3 3 9 0 4 . 7 5 4 5 1 7 . 9 9 5 5 0 . 9 4 5 3 1 6 . 3 7 4 9

39. 2 , 2 3 6 4 1 2 . 8 0 9 8 0 . 9 5 6 3 1 0 . 3 5 2 3 - 5 . 2 8 1 9 1 8 . 9 5 4 9 0 . 9 6 2 7 1 4 . 1 1 7 2

40. 2 4 . 6 2 2 4 1 1 . 9 6 7 8 0 . 8 1 6 4 2 1 . 4 6 4 0 9 . 4 1 5 1 1 6 . 1 2 9 7 0 . 9 3 8 1 1 5 . 6 6 9 1

4 1 . 1 9 . 3 0 9 0 1 5 . 5 8 3 2 0 . 8 5 4 3 2 4 . 3 3 4 9 2 . 4 4 5 4 1 3 . 8 4 3 0 0 . 9 0 5 0 1 6 . 9 5 6 8

42.' 1 8 . 5 9 4 0 1 1 . 6 5 7 3 0 . 6 2 0 5 2 0 . 6 2 1 5 4 , 6 3 0 3 1 6 . 1 5 1 7 0 . 9 5 2 6 1 3 . 6 2 9 8

43. 1 3 . 9 8 7 9 1 4 . 0 8 3 9 0 . 9 0 4 1 1 7 . 3 4 8 4 6 . 7 2 1 2 1 7 . 4 5 3 1 0 . 9 2 6 9 1 8 . 5 4 0 2

4 4 . 7 . 2 9 9 9 1 6 . 6 0 3 9 0 . 9 1 0 0 1 9 . 7 5 0 3  _ - 1 1 . 8 6 0 4 1 8 . 1 1 1 9 • 0 . 9 9 0 7 6 . 6 3 3 6

4 5. 2 . 8 1 5 1 1 2 . 8 8 3 6 0 . 9 6 5 8 9 . 1 7 3 8 - 1 4 . 9 2 1 2 1 9 . 3 7 7 6 0 . 9 9 0 7 7 . 1 1 8 1

4 6 . - 1 . 2 4 8 5 1 6 . 9 2 8 0 0 . 9 4 4 5 1 5 . 5 1 6 0

47. 2 2 . 4 1 8 2 1 2 . 8 5 1 0 0 . 8 1 8 1 2 2 . 9 1 1 9

4 8 . 1 3 . 1 4 5 5 1 4 . 2 7 7 6 0 . 8 7 0 4 2 0 . 8 3 1 0

49. 6 . 2 6 6 7 1 6 . 7 4 6 2 0 . 9 2 0 4 1 8 . 6 1 8 8

50. 1 6 . 8 7 2 6 1 5 . 3 9 6 5 0 . 8 8 5 3 2 0 . 9 5 4 8 •

51. 3 . 6 3 0 3 1 3 . 7 6 7 1 0 . 9 4 9 4 - 1 2 . 0 2 1 8

5 2. - 1 . 1 5 7 5 1 4 . 4 5 2 4 0 . 9 2 7 3 1 5 . 3 0 7 9

5 3. 8 . 4 1 8 2 1 3 . 7 0 4 9 0 . 8 8 2 5 1 8 . 9 0 8 8

5 4 . 1 9 . 2 3 6 4 1 2 . 6 5 5 9 0 . 8 4 8 5 2 0 . 2 2 2 6

55. 0 . 1 1 5 2 1 3 . 6 7 9 7 0 . 9 2 6 9 1 4 . 7 3 5 9

5 6 . 1 2 . 9 5 7 6 1 3 . 3 7 0 6 0 . 8 7 9 5 1 8 . 7 1 3 7

57. 1 . 6 8 4 9 1 1 . 6 4 3 4 0 . 9 5 3 5 9 . 7 2 3 6

58 7 . 8 9 7 0 1 4 . 6 3 6 4 0 . 9 2 5 4 1 5 . 7 1 8 0
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Table 4. Fitting of quadratic form Wt - a + bjt + b2t using twelve weeks body weights of Japanese quails

S I . Kal e ' Female
Ho.

a bl b 2 r 2 8 a bl b 2 r 2 E

1 . - 3 5 . 2 6 8 7 3 4 . 4 4 2 6 - 1 . 5 6 1 7 0 . 9 6 5 3 7 . 2 7 8 7 - 2 8 . 5 5 9 0 3 1 . 4 2 0 7 - 1 . 2 3 8 0 0 . 9 7 4 8 1 0 . 1 2 6 5

2 . - 2 8 . 7 6 8 7 3 0 . 2 2 8 4 - 1 . 3 1 4 4 0 . 9 9 3 1 4 . 5 6 0 0 - 2 8 . 0 5 9 0 3 3 . 0 3 3 5 - 1 . 1 9 1 6 0 . 9 8 9 5 7 . 3 5 6 0

3 . - 3 1 . 8 7 7 0 3 6 . 4 4 8 1 - 1 . 7 7 7 0 i 0 . 9 8 6 2 6 . 7 8 3 8 - 2 3 . 7 4 0 6 3 0 . 1 7 4 8 - 1 . 2 3 9 0 0 . 9 7 7 1 8 . 8 8 6 1

4 . - 2 9 . 4 0 6 7 2 9 . 9 2 6 4 - 1 . 2 3 0 9 0 . 9 8 8 3 6 . 2 5 2 7 - 2 4 . 2 7 3 1 2 9 . 2 8 7 1 - 0 . 9 9 0 0 0 . 9 8 0 9 9 . 2 7 8 0

S. - 2 6 . 7 2 5 0 2 8 . 2 9 6 6 - 1 . 1 1 2 5 0 . 9 8 7 0 5 . 9 9 8 6 - 2 0 . 6 7 9 5 2 5 . 2 1 3 1 - 0 . 6 2 9 5 0 . 9 9 1 2 6 . 4 5 4 4

6 . - 3 9 . 6 4 3 4 3 7 . 5 1 5 5 - 1 . 4 5 1 7 0 . 9 9 1 5 7 . 0 9 3 6 - 2 3 . 2 3 4 2 2 8 . 8 5 4 7 - 1 . 0 0 7 6 0 . 9 8 2 1 8 . 6 3 6 1

' 7 . - 3 4 . 3 2 5 0 3 7 . 5 0 6 0 - 1 . 9 0 8 7 0 . 9 7 8 7 8 . 2 2 2 4 - 3 0 . 0 9 7 8 2 9 . 4 3 7 6 - 1 . 0 4 0 1 0 . 9 8 7 5 7 . 2 7 3 1

e . - 3 7 . 8 4 0 9 3 7 . 8 8 9 4 - 1 . 7 8 2 0 0 . 9 9 1 8 5 . 6 7 5 4 - 4 0 . 6 5 8 9 3 7 . 3 7 0 9 - 1 . 6 4 3 1 0 . 9 7 0 4 1 1 . 6 7 6 0

9 . - 2 7 . 7 5 0 0 ‘ 2 7 . 5 7 9 7 - 0 . 9 5 8 8 0 . 9 8 4 1 7 . 8 0 3 6 - 2 1 . 1 4 0 6 2 6 . 0 7 2 3 - 1 . 0 0 0 2 0 . 9 9 5 6 3 . 6 4 2 9

1 0 . - 3 3 . 8 2 2 3 3 6 . 5 0 8 3 - 1 . 8 3 6 9 0 . 9 9 0 3 5 . 4 5 7 6 - 3 9 . 7 4 5 5 4 0 . 4 9 0 9 - 2 . 1 6 0 8 0 . 9 7 5 2 8 . 9 3 0 0

1 1 . - 3 0 . 4 5 8 8 3 6 . 5 1 7 4 - 1 . 8 1 3 9 0 . 9 8 6 8 6 . 4 9 5 2 - 2 9 . 2 0 0 1 3 3 . 0 4 3 4 - 1 . 4 1 2 6 0 . 9 8 4 1 7 . 7 4 2 0

1 2 . - 3 9 . 8 3 6 6 3 8 . 5 2 5 9 - 1 . 8 7 4 1 0 . 9 8 7 2 6 . 9 3 7 0 - 3 9 . 6 7 9 5 3 8 . 3 1 0 6 - 1 . 8 0 0 6 0 . 9 8 1 5 B. 6 8 5 6

1 3 . - 3 4 . 7 7 0 5 3 5 . 7 6 1 2 - 1 . 7 2 0 7 0 . 9 8 3 5 7 . 4 1 8 7 - 3 7 . 9 8 1 6 3 4 . 5 1 5 4 - 1 . 3 4 4 6 0 . 9 8 2 7 9 . 2 7 7 6

1 4 . - 2 8 . 2 9 9 8 2 6 . 9 5 3 5 - 0 . 9 2 0 6 0 . 9 8 0 9 8 . 4 7 9 9 - 3 4 . 5 6 3 8 3 2 . 2 1 3 2 - 1 . 3 6 1 6 0 . 9 8 4 6 7 . 5 1 7 8

1 5 . - 2 9 . 8 3 6 4 2 8 . 1 0 7 2 - 1 . 1 0 3 9 0 , 9 8 8 7 6 . 0 2 4 2 - 3 8 . 2 0 4 5 3 6 . 3 4 0 9 - 1 . 5 4 0 2 0 . 9 9 1 1 6 . 4 3 1 5

I S . - 3 2 . 5 1 8 1 2 8 . 7 5 2 1 - 1 . 1 1 6 4 0 . 9 8 1 4 8 , 0 2 9 7 - 2 1 . 5 2 2 9 2 8 . 9 3 7 8 - 0 . 9 0 1 3 0 . 9 9 1 6 6 . 3 8 5 0

1 7 . - 3 7 . 8 8 1 8 3 3 . 3 0 5 5 - 1 . 4 1 6 1 0 . 9 7 6 2 9 . 6 5 9 3 - 3 1 . 0 6 8 3 29 . 9 95 7 - 1 . 1 7 2 1 0 . 9 8 6 9 6 . 9 6 8 4

1 8 . - 4 2 . 7 0 0 0 3 8 . 5 5 5 4 - 1 . 7 0 4 8 0 . 9 8 8 3 7 . 4 5 8 5 - 2 3 . 1 2 2 9 2 8 . 7 0 2 1 - 0 . 7 3 1 5 0 . 9 8 4 9 9 . 5 3 4 4

1 9 . - 3 4 . 0 6 8 2 3 6 . 4 1 7 3 - 1 . 6 5 9 6 0 . 9 8 1 4 8 . 6 0 6 9 - 3 0 . 2 5 9 3 3 0 . 2 4 5 1 - 0 . 9 7 8 8 0 . 9 9 2 8 6 . 0 2 7 9

2 0 . - 2 9 . 9 7 7 4 3 2 . 2 1 0 5 - 1 . 3 3 4 9 0 . 9 6 3 9 1 1 . 8 7 6 9 - 2 5 . 0 6 8 3 3 4 . 8 6 8 3 - 1 . 4 6 8 8 0 . 9 6 6 9 1 2 . 0 9 5 7

2 1 . - 3 6 . 2 5 0 1 3 7 . 9 5 0 8 - 1 . 8 4 6 4 0 . 9 8 2 8 7 . 9 3 2 8 - 1 4 . 4 4 1 3 1 7 . 4 6 9 5 - 0 . 1 7 9 6 0 . 9 8 4 3 7 . 6 2 4 9

2 2 . - 3 4 . 6 5 9 1 3 4 . 4 9 7 7 - 1 . 6 4 9 1 0 . 9 8 5 4 6 . 7 8 2 8 - 3 1 . 0 7 7 6 3 2 . 2 9 3 7 - 1 .  2575 0 . 9 8 0 4 9 . 2 4 2 7

2 3 . - 3 7 . 2 5 9 2 3 8 . 8 1 5 4 - 1 . 8 3 4 9 0 . 9 8 8 4 6 . 9 0 8 0 - 2 5 . 4 4 1 3 3 0 . 7 0 4 3 - 1 . 0 8 4 7 0 . 9 8 0 6 9 . 4 9 7 2
2 4 . - 3 6 . 8 0 4 6 3 5 . 9 4 2 3 - 1 . 6 0 3 1 0 . 9 8 9 6 6 . 4 6 7 5 - 2 6 . 2 6 8 4 2 1 . 3 4 4 7 - 0 . 9 2 5 3 0 . 9 9 1 2 5 . 8 5 3 3
2 5 . - 3 7 . 8 4 0 7 3 7 . 9 7 1 6 - 1 . 9 0 3 8 0 . 9 8 6 8 6 . 6 6 7 3 - 3 4 . 0 4 1 1 3 4 . 9 5 3 6 - 1 . 4 7 0 3 0 . 9 9 1 6 6 . 0 2 5 6
2 6 . - 2 7 . 9 3 1 9 3 1 . 0 4 6 6 - 1 . 3 6 0 4 0 . 9 B 6 5 6 , 5 1 7 1 - 4 2 . 7 7 7 0 4 0 . 3 7 3 1 - 1 . 8 1 8 4 0 . 9 9 0 3 6 . 9 4 3 4
27. - 3 1 . 2 0 4 5 3 5 . 0 0 9 6  ‘ - 1 . 6 7 7 1 0 . 9 8 6 3  - 6 . 6 5 1 5 - 2 9 . 5 0 4 2 2 9 . 6 9 5 7 - 1 . 1 3 9 1 0 . 9 8 2 6 8 . 1 0 7 7
2 8 . - 3 4 . 3 0 4 7 3 2 . 5 8 8 0 - 1 . 3 1 6 9 0 . 9 8 9 3 6 . 5 3 5 1 - 2 9 . 1 2 4 8 3 0 . 1 2 9 4 - 1 . 0 0 2 6 0 . 9 8 8 3  - 7 . 5 2 8 7
2 9 . - 3 7 . 0 3 2 1 3 6 / 4 2 9 1 - 1 . 5 9 7 7 0 . 9 7 9 3 9 . 5 1 2 8 - 4 1 . 2 6 1 1 3 9 . 1 0 4 0 - 1 . 6 9 2 4 0 . 9 7 6 7 1 0 . 9 9 4 5

1 
u*

 
1 

o
 

1 
•

1 ■

- 2 9 . 5 4 1 4 3 2 . 1 1 6 0 - 1 . 4 1 2 8 0 . 9 9 1 4 5 . 3 4 1 5 - 3 4 . 6 1 5 9 3 5 . 1 1 1 0 - 1 . 5 2 6 1 0 . 9 8 1 2 8 . 8 0 1 3

Contd.
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Table 4. (Contd.)

S I . Hale Female
Ho .

a . b l •b 2
-  - - r

• a bl b 2
2r B

3 1 . - 3 7 . 1 7 7 4 3 6 . 8 6 8 1 - 1 . 7 3 7 5 ' 0 . 9 9 0 6 5 . 9 1 8 0 - 2 7 . 8 1 8 4 3 0 . 9 4 0 4 - 1 . 1 9 6 8 0 . 9 7 9 3 9 . 1 5 4 3
3 2 . - 3 7 . 7 7 6 9 3 7 . 0 0 4 4 - 1 . 7 4 6 5 0 . 9 8 5 9 7 . 2 7 4 5 - 2 1 . 6 7 2 7 2 8 . 2 1 2 4 - 0 . 8 5 6 1 0 . 9 7 6 3 1 0 . 7 4 3 9
3 3 . - 1 7 . 5 0 4 6 1 9 . 6 8 8 8 - 0 . 5 1 6 7 0 . 9 8 9 3 5 . 4 1 0 8 - 2 1 . 2 6 3 7 2 7 . 0 3 6 0 - 0 . 7 3 1 8 0 . 9 8 3 2 9 . 2 0 9 1
3 4 . - 3 6 . 7 3 1 7 3 7 . 7 4 0 2 - 1 . 8 0 7 9  ' t 0 . 9 8 8 6 6 . 5 4 5 2 - 1 9 . 2 8 1 9 2 6 . 9 1 3 4 - 0 . 8 6 5 6 0 . 9 8 7 5 7 . 1 1 9 2
3 5. - 3 0 . 2 7 7 2 2 9 . 7 6 4 2 - 0 . 8 4 6 9 0 . 9 9 3 3 6 . 1 9 0 6 - 2 4 . 8 2 7 2 2 8 . 8 3 6 4 - 1 . 0 1 2 5 0 . 9 8 9 2 6 . 6 6 4 8
3 6 . - 4 5 . 2 7 6 9 4 2 . 3 3 4 6 - 2 . 0 1 0 7 0 . 9 8 8 3 7 . 5 1 6 8 - 2 3 . 1 6 3 4 2 0 . 7 9 8 1 - 0 . 3 9 0 6 0 . 9 7 1 8 1 0 . 6 9 9 2
3 7 . - 3 2 . 1 7 0 4 3 4 . 0 6 1 1 - 1 . 6 3 0 5 0 . 9 8 9 0 5 . 8 0 3 9 - 3 0 . 5 2 9 7 2 9 . 3 7 7 0 - 0 . 9 1 7 5 0 . 9 B 4 5 8 . 8 3 2 2COrn - 2 5 . 8 4 3 0

S 3 0 . 4 9 6 0 - 1 . 3 1 5 8 0 . 9 8 7 3 6 . 3 1 4 5 - 3 4 . 4 3 8 9 3 4 . 7 9 2 6 - 1 . 2 9 2 1 0 . 9 9 0 8 7 . 0 9 5 5
3 9. - 2 1 . 7 1 8 2 2 3 . 0 7 6 0 - 0 . 7 8 9 7 0 . 9 9 0 2 5 . 1 5 6 9 - 3 3 . 6 5 7 3 3 1 . 1 1 5 7 - 0 . 9 3 5 4 0 . 9 8 4 5 9 . 5 7 3 8
4 0 . - 2 9 . 2 8 2 3 5 . 0 7 8 3 - 1 . 7 7 7 8 0 . 9 8 4 5 6 . 5 7 4 7 - 2 2 . 3 8 4 6 2 9 . 7 5 8 1 - 1 . 0 4 8 3 0 . 9 7 5 1 1 0 . 4 7 9 0
41. - 4 0 . 3 2 7 2 4 1 . 1 4 1 6 - 1 . 9 6 6 0 0 . 9 8 1 2 9 . 2 0 7 5 - 3 1 . 3 3 8 9 2 8 . 3 2 2 0 - 1 . 1 1 3 8 0 . 9 S 9 7 1 1 . 6 4 1 2
4 2 . - 2 9 . 2 0 9 0 3 2 . 1 4 4 3 - 1 . 5 7 5 9 0 . 9 6 0 4 1 0 . 2 0 7 8 - 1 8 . 1 0 4 6 2 5 . 8 9 5 2 - 0 . 7 4 9 5 0 . 9 7 1 7 1 1 . 0 9 4 8
4 3 . - 2 8 . 3 4 5 1 3 2 . 2 2 6 6 - 1 . 3 9 5 6 0 . 9 8 6 9 6 . 7 5 0 8 - 2 6 . 1 7 2 8 3 1 . 5 5 0 6 - 1 . 0 8 4 4 0 . 9 6 0 3 1 4 . 4 0 6 4
4 4 . - 4 0 . 4 8 4 2 3 7 . 0 8 2 8 - 1 . 5 7 5 3 0 . 9 8 6 4 8 . 0 8 7 3 - 1 7 . 6 1 8 1 2 0 . 5 7 9 4 - 0 . 1 8 9 8 0 . 9 9 1 7 6 . 5 9 9 1
4 5 . - 1 8 . 3 9 3 6 2 1 . 9 7 3 0 - 0 . 6 9 9 2 0 . 9 9 2 3 4 . 5 8 2 2 - 2 2 . 1 1 8 0 2 2 . 4 6 1 9 - 0 . 2 3 7 3 0 . 9 9 2 0 6 . 9 2 4 2
4 6 . - 3 5 . 7 8 5 9 3 1 . 7 2 9 8 - 1 . 1 3 8 6 0 . 9 8 4 4 8 . 6 7 4 6

47. - 3 5 . 3 7 6 9 3 7 . 6 2 0 4 - 1 . 9 0 5 3 0 . 9 8 6 0 6 . 7 0 2 6

4 6 . - 3 8 . 3 7 7 0 3 6 . 3 5 8 7 - 1 . 6 9 8 5 0 . 9 8 5 4 7 . 3 6 9 0
4 9 . - 3 8 . 6 0 4 2 3 5 . 9 7 6 6 - 1 . 4 7 9 3 0 . 9 8 7 5 . 7 . 7 8 9 3
50. - 3 3 . 9 2 2 5 3 7 . 1 6 5 9 - 1 . 6 7 4 6 0 . 9 8 3 1 8 . 4 8 7 7
51 . - 2 4 . 2 4 0 8 2 5 . 7 1 1 9 - 0 . 9 1 0 8 0 . 9 8 8 9 5 . 9 4 8 4

5 2 . - 3 2 . 6 0 4 6 2 7 . 9 2 9 7 - 1 . 0 3 6 7 0 . 9 7 1 8 1 0 . 0 4 8 9
53. - 3 6 . 3 5 4 7 3 2 . 8 9 3 2 - 1 . 4 7 6 0 0 . 9 7 8 1 8 . 6 1 2 6
5 4. - 3 1 . 7 1 8 2 3 4 . 4 9 3 6 - 1 . 6 7 9 8 0 . 9 8 8 0 5 . 9 9 4 3
55. - 3 1 . 5 8 1 9 2 7 . 4 6 4 1 - 1 . 0 4 5 0 0 . 9 7 6 0 8 . 9 0 7 5
5 6. - 3 1 . 7 0 9 0 3 2 . 5 1 3 4 - 1 . 4 7 2 S  ■ 0 . 9 7 9 1 8 . 2 1 9 3
57. - 1 7 . 3 9 1 0 1 9 . 8 1 8 7 - 0 . 6 2 8 9 0 . 9 7 9 5 6 . 8 1 1 7
5 8 . - 3 0 . 2 9 9 8 3 1 . 0 0 6 4 - 1 . 2 5 9 2 0 . 9 8 9 3 6 . 2 7 3 4



64

Table S. Fitting of exponential form ■ o exp (bt) using twelve weeks body weights of Japanese quails

S I .
No.

Hale Female

a exp(b) r 2 S a cx p( b) r 2 a

1 . 1 8 . 6 0 8 3 1 , 2 5 0 4 0 . 6 2 6 0 5 2 . 3 8 5 8 1 8 . 5 9 5 1 1 . 2 5 7 4 0 . 6 9 1 6 5 2 . 3 0 3 8
2 . 1 8 . 0 6 1 3 1 . 2 4 4 0 0 . 6 6 3 9 4 5 . 5 2 6 0 1 9 . 4 4 9 4 . 1 . 2 6 6 4 0 . 7 3 5 7 5 8 . 9 0 7 9

3. 2 1 . 0 5 9 9 1 . 2 3 7 5 0 . 5 9 1 9 5 3 . 9 8 3 8 1 9 . 3 0 8 1 1 . 2 4 6 8 0 . 6 9 6 9 4 8 . 5 1 8 2

4. 1 7 . 3 5 7 0 1 . 2 5 3 2 . 0 . 6 6 4 0 4 7 . 0 0 6 1 1 8 . 1 0 0 9 1 . 2 6 6 9 0 . 7 5 1 5 5 2 . 4 6 1 3
S. 1 7 . 0 0 7 7 1 . 2 5 4 1 0 . 7 0 6 7 4 5 . 2 0 4 7 1 6 . 9 8 6 0 1 . 2 7 2 8 0 . 8 0 1 9 4 8 . 0 4 6 8
6 . 1 8 . 3 7 6 4 1 . 2 8 1 2 0 . 6 8 9 2 6 6 . 6 2 9 1 1 8 . 3 3 9 1 1 . 2 6 1 3 0 . 7 4 6 6 5 0 . 4 2 5 2

7 . 2 0 . 7 1 7 1 1 . 2 3 5 6 0 . 5 4 6 2 5 4 . 4 0 0 6 1 6 . 2 1 0 2 1 . 2 7 3 3 0 . 7 2 5 7 5 1 . 4 7 0 4

e. 2 0 . 3 6 1 4 1 . 2 4 7 5 0 . 6 0 5 9 5 7 . 0 1 0 4 1 6 . 8 9 5 1 1 . 2 6 0 8 0 . 6 1 9 3 5 9 . 6 0 9 4
9. 1 6 . 5 8 1 0 1 . 2 6 2 4 0 . 7 2 5 7 4 6 . 4 8 4 3 1 7 . 9 0 4 4 1 . 2 4 2 3 0 . 7 3 4 2 40 ■. 5268

1 0 . 2 1 . 0 4 9 6 1 . 2 3 0 9 0 . 5 6 5 6 5 1 . 4 6 9 0 2 2 . 0 4 1 9 1 . 2 2 6 3 0 . 4 6 5 6 5 5 . 4 7 8 0
1 1 . 2 2 . 1 0 8 8 1 . 2 2 9 9 0 . 5 6 1 8 5 2 . 7 8 2 0 1 9 . 6 8 4 3 1 . 2 4 9 2 0 . 6 7 4 4 5 2 . 0 6 9 2
1 2 . 1 9 . 9 0 2 9 1 . 2 4 6 7 0 . 5 7 6 1 5 6 . 8 9 5 7 1 9 . 1 4 4 9 1 . 2 5 6 3 0 . 5 9 7 5 5 9 . 2 9 0 9
1 3 . 1 9 . 4 9 0 9 1 . 2 4 3 3 0 . 5 9 1 3 5 2 . 9 9 9 7 1 7 . 6 2 6 9 1 . 2 7 2 4 0 . 6 7 9 5 5 8 . 5 2 2 7
1 4 . 1 5 . 4 6 7 7 1 . 2 6 8 6 0 . 7 2 8 0 4 6 . 0 7 9 8 1 6 . 7 2 1 7 1 . 2 6 2 4 0 . 6 5 7 4 5 1 . 4 8 4 7
1 5 . 1 5 . 3 5 9 4 1 . 2 6 3 2 0 . 6 9 1 7 4 5 . 6 1 8 0 1 8 . 7 4 2 2 1 . 2 6 4 2 0 . 6 5 8 4 5 8 . 9 4 2 9
1 6 .  ' 1 4 . 7 8 9 5 1 . 2 7 0 1 0 . 6 8 1 4 4 7 . 6 3 3 8 1 9 . 4 8 3 2 1 . 2 6 3 2 0 . 7 7 8 4 5 2 . 4 0 8 1
17 . 1 5 . 9 0 5 6 1 . 2 7 0 9 0 . 6 4 1 8 5 4 . 2 9 2 4 1 6 . 3 6 8 9 1 . 2 6 5 0 0 . 6 9 5 8 4 9 . 4 5 9 9<0H

1 7 . 9 0 2 2 1 . 2 7 1 8 0 . 6 2 6 2 6 3 . 2 1 1 3 1 8 . 2 4 2 9 1 . 2 8 0 7 0 . 7 9 8 7 ' 5 6 . 9 9 4 2
1 9 . 2 0 . 5 9 4 3 1 . 2 4 7 0 0 . 6 3 0 1 5 5 . 8 9 3 9 1 7 . 1 7 1 1 1 . 2 7 6 6 0 . 7 4 7 1 5 4 . 8 4 0 0
2 0 . 1 8 . 8 4 3 3 1 . 2 5 3 0 0 . 6 7 2 3 5 1 . 6 1 4 2 2 2 . 1 1 2 7 1 . 2 4 7 8 0 . 6 7 8 2 5 7 . 8 4 8 3
21. 2 0 . 3 2 5 6 1 . 2 4 5 1 0 . 5 8 3 6 5 6 . 8 7 2 1 1 2 . 8 3 5 6 1 . 2 8 4 6 0 . 8 4 5 9 3 6 . 8 4 0 2
2 2 . 1 6 . 8 2 0 4 1 . 2 4 2 7 0 . 5 9 5 9 5 0 . 5 0 2 6 1 7 . 7 3 0 9 1 . 2 6 7 4 0 . 7 0 0 2 5 5 . 0 0 6 4
2 3 . 2 0 . 7 9 5 0 1 . 2 4 8 9 0 . 6 0 6 8 5 9 . 1 9 3 9 1 8 . 5 9 7 3 1 . 2 6 6 6 0 . 7 4 0 7 5 4 . 6 6 1 7
24 . " 1 9 . 0 6 6 7 1 . 2 5 5 1 0 . 6 3 6 8 5 5 . 8 6 8 9 1 6 . 4 7 6 0 1 . 2 6 60 0 . 7 4 6 8 4 6 . 9 8 7 8
2 5. 2 0 . 5 7 5 3 1 . 2 3 6 9 0 . 5 5 6 7 5 4 . 0 9 1 5 1 9 . 0 1 7 1 1 . 2 6 0 5 0 . 6 7 1 1 5 6 . 9 4 3 3
2 6 . 1 9 . 0 7 1 0 1 . 2 4 1 3 0 . 6 6 5 2 4 6 . 6 7 9 8 1 9 . 5 3 5 6 1 . 2 6 5 7 0 . 6 2 0 0 6 5 . 3 1 5 9
27 . 2 0 . 6 7 3 0 1 . 2 3 6 1 0 . 6 0 7 9 5 1 . 2 1 8 1 1 7 . 2 0 6 0 1 . 2 5 9 8  . 0 . 6 9 7 1 4 9 . 0 0 2 4
2 8 . 1 7 . 0 1 0 9 1 . 2 6 5 7 0 . 6 7 5 5 5 3 . 1 3 1 8 1 7 . 3 9 0 9 1 . 2 7 3 3 0 . 7 4 0 3 5 4 . 2 3 0 8
2 9 . 1 8 . 4 4 0 8 1 . 2 6 4 2 0 . 6 3 9 8 5 9 . 3 5 3 4 1 9 . 1 3 8 3 1 . 2 6 9 0 0 . 6 3 5 7 6 4 . 9 2 7 7
3 0 . 1 8 . 9 7 3 8  ‘ 1 . 2 4 5 7 0 . 6 6 0 2 4 9 . 0 9 4 9 1 9 . 1 8 7 1 1 . 2 5 5 5 0 . 6 4 5 4 5 5 . 8 7 2 6

Cont.
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Table S. (Contd.)

S I .
No.

Male Female

a e xp(b) r s a e xp (b ) s

3 1 . 1 9 . 4 9 6 6 1 . 2 4 9 1 0 . 6 0 4 5 5 5 . 5 8 8 9 1 7 . 8 6 0 1 1 . 2 6 3 0 0 . 7 0 4 4 5 2 . 7 4 4 8

3 2 . 1 6 . 6 0 6 2 1 . 2 5 5 5 0 . 5 9 7 8 5 7 . 2 0 5 2 1 8 . 6 8 9 0 1 . 2 6 6 1 0 . 7 6 7 6 5 2 . 2 4 0 8

3 3. 1 3 . 4 3 7 4 1 . 2 6 5 6 0 . 7 9 5 1 3 5 . 1 0 1 9 1 7 . 8 0 2 5 1 . 2 7 3 0 0 . 7 9 0 2 5 1 . 7 5 2 1

3 4 . 1 9 . 4 2 6 6 1 . 2 5 2 2 0 . 5 9 1 6 5 8 . 1 7 5 8 1 8 . 9 2 8 1 1 . 2 5 5 6 0 . 7 7 6 2 4 6 . 8 5 0 0

35. 1 5 . 9 8 5 5 1 . 2 9 2 7 0 . 7 6 5 9 5 9 . 0 6 2 9 1 8 . 3 8 2 5 1 . 2 5 8 6 0 . 7 4 4 5 4 8 . 9 2 2 6

36. 1 9 . 2 3 9 9 1 . 2 6 7 0 0 . 5 6 1 1 6 7 . 9 3 1 0 1 2 . 6 9 6 6 1 . 2 8 8 5 0 . 7 7 9 5 4 1 . 9 9 4 4

3 7 . 1 9 . 5 6 1 3 1 . 2 3 7 9 0 . 6 0 4 8 4 9 . 4 5 6 3 1 6 . 4 6 9 7 1 . 2 7 9 3 0 . 7 4 2 6 5 4 . 0 7 7 6

3 6 . 1 9 . 3 3 5 3 1 . 2 4 0 6 0 . 6 7 5 8 4 6 . 4 9 1 1 1 8 . 5 6 4 4 1 . 2 7 5 0 0 . 7 1 2 6 6 1 . 5 5 8 5
3 9. 1 5 . 0 7 9 3 1 . 2 5 3 8 0 . 7 4 9 5 3 7 . 2 7 3 8 1 6 . 2 8 2 9 1 . 2 9 0 5 0 . 7 4 5 1 5 9 . 9 0 6 4
40. 2 1 . 7 7 5 0 1 . 2 2 3 4 0 . 5 6 6 6 4 9 . 0 6 6 7 1 9 . 3 6 5 0 1 . 2 5 8 9 0 . 7 4 3 8 5 2 . 1 6 2 8
4 1 . 2 1 . 2 9 1 3 1 . 2 5 1 5 0 . 5 9 0 6 6 3 . 2 7 6 7 1 5 . 3 8 8 3 1 . 2 6 1 5 0 . 6 6 5 3 4 5 . 9 3 6 0
4 2 . 1 9 . 3 2 1 0 1 . 2 2 9 3 0 . 5 8 0 6 4 5 . 5 5 3 0 1 7 . 8 4 6 3 1 . 2 6 5 3 0 . 7 8 3 8 4 8 . 3 7 2 8
4 3. 1 9 . 6 0 0 9 1 . 2 4 4 9 0 . 6 7 0 4 4 9 . 7 2 0 7 1 8 . 7 3 0 7 1 . 27 1 1 0 . 7 1 9 1 5 9 . 0 1 9 4
4 4 . 1 8 . 0 9 3 7 1 . 2 7 0 1 0 . 6 4 9 5 6 1 . 0 7 1 6 1 5 . 0 0 9 5 1 . 2 8 7 1 0 . 8 4 0 9 4 4 . 7 8 1 8
4 5 . 1 5 . 8 0 8 4 1 . 2 4 8 9 0 . 7 7 6 1 3 5 . 5 8 7 7 1 4 . 4 9 5 9 1 . 2 9 9 4 0 . 8 3 0 9 5 0 . 2 2 1 0
4 6 . 1 5 . 7 1 0 4 1 . 2 8 3 4 0 . 7 0 5 5 5 6 . 5 8 5 5

4 7 . 2 0 . 8 0 1 7 1 . 2 3 5 1 0 . 5 5 1 8 5 4 . 0 0 3 7

4 8 . 1 8 . 3 7 0 4 1 . 2 5 4 6  ' 0 . 6 0 3 5 5 5 . 5 0 9 8

49. 1 8 . 1 1 9 5 1 . 2 7 0 1 0 . 6 6 4 3 6 0 . 1 1 6 8

5 0 . 1 9 . 9 9 5 1 1 . 2 5 6 5 0 . 6 3 6 2 5 9 . 9 8 9 2
5 1 . 1 5 . 7 9 7 4 1 . 2 5 9 4 0 . 7 3 6 4 4 2 . 6 0 6 4
52. 1 4 . 3 5 0 8 1 . 2 7 3 0 0 . 6 8 2 6 4 7 . 2 6 8 8
53. 1 6 . 5 3 0 8 1 . 2 5 8 3 0 . 6 1 9 3 5 0 . 8 1 1 8

5 4 . 1 9 . 5 4 8 9 1 . 2 3 8 4 0 . 5 6 9 6 5 0 . 5 8 7 8 1
55 . 1 4 . 1 9 4 5 1 . 2 7 0 5 0 . 6 8 4 1 4 5 . 5 7 4 7

I
i

5 6. 1 8 . 7 3 3 6 1 . 2 4 3 3 0 . 6 3 4 3 4 8 . 3 9 4 7
/ ,

57. 1 4 . 4 5 2 8 1 . 2 4 5 3 0 . 7 6 2 7 3 1 . 5 4 6 5
5 8 . 1 8 . 1 1 2 4 1 . 2 5 3 7 0 . 6 6 8 7 4 9 . 0 4 2 3
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3
Table 6. fitting of Von-Bertalanffy from W  « a [1-b exp(kt)] ueing twelve weeks body weights of Japanese quails

S I . K al e (a -  210  g) Female (a = 230 g)
No.

b k 2
r s b k r 2 8

1. 0 . 6 4 0 8 - 0 . 1 8 3 1 0 . 9 4 4 1 1 3 . 7 8 3 2 0 . 6 8 7 9 - 0 . 1 8 4 3 0 . 9 5 4 2 1 2 . 9 7 3 8

2 . 0 . 6 3 6 9 - 0 . 1 6 4 3 0 . 9 5 0 9 1 1 . 7 1 8 5  1 0 . 7 8 1 2 - 0 . 2 3 8 6 0 . 9 8 4 5 8 . 5 4 1 7

3 . 0 . 5 7 5 4 - 0 . 1 7 5 1 0 . 9 1 5 6 1 6 . 2 9 9 9 0 . 6 3 5 7 - 0 . 1 6 2 5 0 . 9 4 0 4 1 3 . 7 0 6 3

4 . 0 . 6 6 9 4 - 0 . 1 7 7 1 0 . 9 6 2 5 1 0 . 8 2 3 9 0 . 7 4 4 9 - 0 . 2 0 6 3 0 . 9 7 2 5 1 0 . 6 3 4 7

5 . 0 . 6 7 7 8 - 0 . 1 7 5 7 0 . 9 6 7 6 9 . 9 1 0 3 0 . 8 0 9 0 - 0 . 2 1 4 5 0 . 9 8 9 5 6 . 7 3 6 6

6 . 1 . 0 4 8 2 - 0 . 3 4 7 3 0 . 9 9 6 6 4 . 3 1 8 3 0 . 7 1 1 5 - 0 . 1 9 1 9 0 . 9 7 0 2 1 0 . 6 4 4 2

7 . 0 . 5 5 4 0 - 0 . 1 6 2 0 0 . 8 7 7 5 1 9 . 0 0 3 8 0 . 7 3 4 3 - 0 . 1 8 6 7 0 . 9 7 8 3 9 . 2 3 1 2

8. 0 . 6 2 9 8 - 0 . 2 0 0 6 0 . 9 4 9 4 1 3 . 9 5 9 3 0 . 6 8 1 6 - 0 . 1 9 4 0 0 . 9 4 1 6 1 5 . 7 4 7 7

9. 0 . 7 3 9 1 - 0 . 1 9 8 4 0 . 9 8 3 0 7 . 8 2 3 4 0 . 6 4 6 7 - 0 . 1 4 4 2 0 . 9 6 2 6 9 . 9 3 2 6

1 0 . 0 . 5 6 0 7 - 0 . 1 5 9 6 0 . 8 9 3 6 1 7 . 4 2 0 3 0 . 5 4 4 5 - 0 . 1 3 9 8 0 . 8 1 9 6 2 2 . 9 4 4 1

1 1 . 0 . 5 5 5 1 - 0 . 1 6 8 5 0 . 9 0 4 3 1 6 . 9 1 7 4 0 . 6 3 9 2 - 0 . 1 7 1 3 0 . 9 4 6 3  ^ 1 3 . 6 8 5 5

1 2 . 0 . 6 0 9 4 - 0 . 1 8 7 1 0 . 9 2 5 5 1 6 . 3 6 3 5 0 . 6 2 5 6 - 0 . 1 7 3 5 0 . 9 2 1 5 1 7 . 2 9 1 4

1 3 . 0 . 5 9 8 7 - 0 . 1 7 1 9 0 . 9 1 5 7 1 6 . 2 2 7 3 0 . 7 4 1 5 - 0 . 2 0 8 5 0 . 9 7 5 7 1 0 . 7 2 1 4

I * . 0 . 7 4 8 5 - 0 . 1 9 3 7 0 . 9 7 9 5 8 , 5 1 3 0 0 . 6 7 1 9 - 0 . 1 6 3 6 0 . 9 4 6 4 1 3 . 4 7 3 9

1 5 . 0 . 6 9 6 6 - 0 . 1 7 1 6 0 . 9 6 6 6 1 0 . 0 0 4 5 0 . 6 8 9 6 - 0 . 1 9 7 1 0 . 9 6 8 7 1 1 . 8 0 8 6

1 6 . 0 . 7 1 7 9 - 0 . 1 7 8 9 0 . 9 6 5 3 1 0 . 5 8 9 3 0 . 7 8 0 5 - 0 . 2 2 7 8 0 . 9 8 6 6 8 . 7 8 4 0

17. 0 . 7 0 2 2 - 0 . 1 9 3 7 0 . 9 5 2 6 1 3 . 2 4 5 0 0 . 6 9 2 5 - 0 . 1 6 7 4 0 . 9 6 2 3 1 1 . 3 5 3 4
1 8 . 0 . 7 2 5 3 - 0 . 2 3 6 7 0 . 9 7 4 2 1 1 . 2 9 7 0 1 . 3 0 0 3 - 0 . 3 5 2 8 0 . 9 6 9 8 1 8 . 0 4 1 5
1 9 . 0 . 6 3 7 3 - 0 . 2 0 4 6 0 . 9 4 9 6 1 3 . 9 0 6 9 0 . 7 9 8 4 - 0 . 2 2 1 3 0 . 9 9 3 5 5 . 5 0 9 4
2 0 . 0 . 6 8 6 7 - 0 . 2 0  38 0 . 9 4 6 7 1 3 . 8 0 0 3 0 . 6 4 5 7 - 0 . 2 0 2 2 0 . 9 4 2 7 1 5 . 2 2 2 6
2 1 . 0 . 5 9  36 - 0 . 1 8 5 1 0 . 9 1 9 7 1 6 . 7 3 3 2 0 . 8 1 0 3 - 0 . 1 7 3 4 0 . 9 8 3 6 7 . 4 1 7 6
2 2 . 0 . 6 0 4 6 - 0 . 1 6 3 9 0 . 9 1 4 8 1 5 . 8 0 2 6 0 . 7 0 7 1 - 0 . 1 9 2 6 0 . 9 6 3 0 1 2 . 1 6 8 4
2 3 . 0 . 6 2 7 1 - 0 . 2 0 9 2 0 . 9 4 8 7 1 4 . 4 1 8 7 0 . 7 4 6 4 - 0 . 2 1 3 4 0 . 9 7 1 5 1 0 . 9 8 6 2
2 4 . 0 . 6 6 7 8 - 0 . 2 0 5 6 0 . 9 6 2 0 1 2 . 2 4 4 3 0 . 7 2 1 8 - 0 . 1 7 6 7 0 . 9 8 2 1 8 . 0 2 6 8
2 5. 0 . 5 7 9 4 - 0 . 1 7 0 3 0 . 8 9 9 8 1 7 . 7 3 4 8 0 . 6 7 4 6 - 0 . 1 9 0 4 0 . 9 6 5 9 1 1 . 8 2 9 5
26. 0 . 6 2 8 0 - 0 . 1 7 0 0 0 . 9 4 5 0 1 2 . 6 7 8 4 0 . 6 7 7 8 - 0 . 2 0 9 9 0 . 9 6 1 4 1 3 . 6 9 6 0
27 . 0 . 5 8 5 3 - 0 . 1 7 0 2 0 . 9 1 9 1 1 5 . 6 4 1 4 0 . 6 9 3 9 0 . 1 7 1 3 0 . 9 6 3 1 1 1 . 2 7 7 6
2 8 . 0 . 7 1 3 8 - 0 . 2 0 4 3 0 . 9 7 5 5 9 . 7 3 1 5 0 . 7 7 0 3 - 0 . 2 1 2 5 0 . 9 8 6 5 7 . 7 6 5 2
2 9 . 0 . 6 9 4 8 - 0 . 2 2 1 3 0 . 9 5 9 8 1 2 . 9 9 0 3 0 . 7 0 7 3 - 0 . 2 1 9 1 0 . 9 5 8 5 1 4 . 2 3 3 7
30. 0 . 6 3 4 0 - 0 . 1 7 7 4 0 . 9 5 2 7 1 2 . 1 5 5 1 0 . 6 5 7 1 - 0 . 1 8 0 8 0 . 9 4 6 0 1 4 . 3 3 8 4

Contd
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S I .
No.

Male (a -  210 g) Female [a = 230 g)

b k r 2 B b k r 2 5

31. 0 . 6 2 3 4 - 0 . 1 8 8 8 0 . 9 4 0 6 1 4 . 5 6 4 2 0 . 6 8 7 3 - 0 . 1 8 2 4 0 . 9 5 8 3 1 2 . 4 6 3 2

3 2 . 0 . 6 2 7 9 - 0 . 1 8 9 2 0 . 9 3 4 7 1 5 . 2 8 1 0 0 . 7 8 6 7 - 0 . 2 2 4 4 0 . 9 7 0 9 1 1 . 3 6 9 8

3 3. 0 . 7 3 3 6 - 0 . 1 5 8 1 0 . 9 8 4 1 6 . 3 1 6 2  ' ' 0 . 8 2 8 3 - 0 . 2 3 2 2 0 . 9 7 8 4 1 0 . 0 6 0 5

3 4 . 0 . 6 1 2 3 - 0 . 1 9 0 8 0 . 9 3 3 1 1 5 . 4 9 2 8 0 . 7 1 2 8 - 0 . 1 9 0 3 0 , 9 7 8 1 9 . 0 2 1 4

35. 1 . 2 2 3 7 - 0 . 3 5 0 6 0 . 9 8 9 6 8 . 9 3 3 3 0 . 7 0 9 2 - 0 . 1 6 7 3 0 . 9 7 8 7 8 . 9 3 4 4

3 6 . 0 . 6 7 7 8 - 0 . 2 4 0 8 0 . 9 6 1 2 1 4 . 0 0 6 7 0 . 8 1 5 4 - 0 . 1 7 7 2 0 . 9 8 3 0 7 . 9 6 8 9

3 7, 0 . 5 9 2 7 - 0 . 1 6 1 7 0 . 9 1 5 9 1 5 . 4 5 3 0 0 . 8 0 3 1 - 0 . 2 1 6 6 0 . 9 6 7 1 7 . 7 1 5 6

3 8 . 0 . 6 2 6 8 - 0 . 1 7 1 8 0 . 9 4 9 6 1 2 . 1 1 3 7 0 . 7 9 4 1 - 0 . 2 4 0 8 0 . 9 8 8 4 7 . 6 6 2 8

3 9 . 0 . 6 9 4 8 ' - 0 . 1 5 5 3 0 . 9 7 5 7 7 . 8 0 9 3 0 . 9 0 1 9 - 0 . 2 5 6 4 0 . 9 9 0 0 7 . 3 1 2 5

4 0 . 0 . 5 4 1 9 - 0 . 1 4 9 8 0 . 8 7 6 5 1 7 . 8 1 7 1 0 . 7 1 5 8 - 0 . 2 0 3 0 0 . 9 6 3 2 1 2 . 1 4 2 6

4 1 . 0 . 6 3 8 2 - 0 . 2 2 8 2 0 . 9 4 8 8 1 5 . 2 9 1 3 0 . 6 9 6 0 - 0 . 1 5 3 6 0.9311" 1 4 . 4 8 4 1

42. 0 . 5 7 3 8 - 0 . 1 4 2 0 0 . 8 6 3 5 1 8 . 0 7 5 6 0 . 7 6 1 5 - 0 . 2 0 4 6 0 . 9 6 3 6 1 2 . 1 1 0 4

4 3 . 0 . 6 4 0 5 - 0 . 1 8 6 3 0 . 9 5 5 5 1 2 . 0 4 5 6 0 . 7 8 0 7 - 0 . 2 3 5 2 0 . 9 5 4 4 1 4 . 6 6 1 1

4 4 . 0 . 7 5 0 2 - 0 . 2 4 2 5 0 . 9 7 9 2 1 0 . 1 0 7 9 0 . 9 1 7 4 - 0 . 2 3 1 1 0 . 9 8 9 4 7 . 3 0 5 0

4 5 . 0 . 6 9 3 1 - 0 . 1 5 7 3 0 . 9 8 1 9 6 . 7 4 2 0 1 . 0 3 7 7 - 0 . 2 6 7 0 0 . 9 8 9 6 8 . 1 2 2 4

4 6 . 0 . 8 2 8 6 - 0 . 2 4 2 5 0 . 9 8 9 5 7 . 0 4 8 7

4 7 . 0 . 5 6 2 0 - 0 . 1 6 4 6 0 . 8 8 9 2 1 8 . 2 0 2 6

4 8 . 0 . 6 3 6 5 - 0 . 1 8 6 3 0 . 9 3 6 4 1 5 . 0 0 7 6

49 . 0 . 7 6 4 2 - 0 . 2 4 6 2 0 . 9 8 4 3 ' 8 . 8 5 1 1

5 0 . 0 . 6 6 6 5 - 0 . 2 2 3 7 0 . 9 5 8 8 1 2 . 9 6 2 6

5 1. 0 . 7 0 2 7 - 0 . 1 7 3 4 0 . 9 7 5 0 8 . 5 5 2 4

5 2 . 0 . 7 3 6 3 - 0 . 1 8 1 2 0 . 9 6 3 8 1 0 . 9 6 7 4

53. 0 . 6 5 7 6 - 0 . 1 7 2 1 0 . 9 3 2 7 1 4 . 5 2 6 8

5 4 . 0 . 5 8 1 9 - 0 . 1 5 9 6 0 . 9 0 5 7 1 6 . 1 6 9 7

55. 0 . 7 1 9 5 - 0 . 1 7 1 3 0 . 9 6 0 1 1 1 . 0 4 5 7

5 6. 0 . 6 2 4 8 - 0 . 1 6 8 7  • 0 . 9 2 9 9 1 4 . 4 9 2 8

57. 0 . 6 8 6 4 - 0 . 1 3 7 4 0 . 9 6 6 3 8 . 8 2 0 3

56. 0 . 6 8 4 9 - 0 . 1 9 2 3 0 . 9 7 1 5 9 . 9 6 8 3
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Table 7. Fitting of modified exponential form ■ k + ab using twelve weeks body weights of Japanese quail e

S I .
No.

Male Female

k a b r 2 B k a b
2r s

1 . 1 6 3 . 9 3 8 4 - 2 4 5 . 0 4 4 7 0 . 7 5 2 1 0 . 9 5 6 5 1 2 . 3 8 6 4 2 0 0 . 9 1 5 4 - 2 4 5 . 1 2 2 5 0 . 8 3 6 6 0 . 9 7 0 8 1 0 . 3 3 4

2 . 1 6 5 . 3 3 6 6 - 2 1 5 . 8 6 3 0  - 0 . 8 0 5 2 0 . 9 8 1 0 7 . 4 2 0 7 2 2 6 . 1 2 1 1 - 2 8 2 . 1 4 8 0 0 . 8 3 2 7 0 . 9 8 7 7 7 . 7 0 4

3 . 1 5 9 . 8 4 7 1 - 2 4 1 . 6 2 1 2 0 . 7 2 1 2 0 . 9 7 6 6 8 . 7 0 5 7 1 7 3 . 3 9 5 7 - 2 2 8 . 8 4 2 2 0 . 7 9 1 8 0 . 9 7 8 0 8 . 4 0 0

4 . 1 6 7 . 7 5 5 8 - 2 2 9 . 2 7 4 6 0 . 7 9 4 8 0 . 9 7 2 1 9 . 5 3 9 6 2 1 0 . 0 4 9 9 - 2 6 2 . 0 1 1 2 0 . 8 3 4 6 0 . 9 7 7 6 9 . 6 0 9

S. 1 7 0 . 6 9 5 5 - 2 2 3 . 6 1 3 2 0 . 8 1 1 7  . 0 . 9 7 8 2 8 . 1 9 2 3 2 6 6 . 6 5 8 8 - 3 0 1 . 7 8 4 1 0 . 8 9 4 8 0 . 9 8 8 0 7 . 1 4 6

6 . 2 2 5 . 6 3 4 1 - 3 0 4 . 7 6 3 4 0 . 8 1 0 8 0 . 9 7 8 2 1 1 . 3 0 6 2 2 1 2 . 4 8 6 5 - 2 5 5 . 0 9 8 7 0 . 8 4 8 9 0 . 9 8 2 3 8 . 2 0 7

7 . 1 5 0 . 5 4 0 9 - 2 4 9 . 2 2 0 8 0 . 6 8 3 9 0 . 9 5 8 8 1 1 . 3 2 2 3 1 9 8 . 8 1 9 9 - 2 6 1 . 1 6 4 7 0 . 8 2 8 0 0 , 9 7 5 2 1 0 . 2 7 5

S. 1 7 7 . 8 3 4 1 - 2 5 3 . 6 8 1 9 0 . 7 6 4 6 0 . 9 7 2 4 1 0 . 3 7 1 0 2 1 3 . 3 6 0 7 - 2 6 7 . 4 0 9 7 0 . 8 3 5 6 0 . 9 5 6 2 1 3 . 7 1 7

9 . 2 3 0 . 7 5 2 1 - 2 6 6 . 5 0 8 6 0 . 8 8 4 6 0 . 9 7 8 5 8 . 7 5 7 8 1 6 5 . 0 6 8 0 - 2 0 9 . 8 2 5 0 0 . 8 1 6 4 0 . 9 8 8 5 5 . 6 2 6

1 0 . 1 4 7 . 0 3 0 4 - 2 6 1 . 4 6 0 4 0 . 6 6 5 6 0 . 9 4 6 5 1 3 . 3 8 2 3 1 5 7 . 7 3 2 1 - 2 3 1 . 4 6 3 8 0 . 7 3 1 6 0 . 9 4 0 4 ' 1 3 . 3 9 1

1 1 . 1 5 6 . 3 8 3 7 - 2 3 9 . 9 6 1 5 0 . 7 0 8 1 0 . 9 7 7 3 8 . 4 0 3 3 1 7 3 . 8 4 5 1 - 2 4 6 . 6 6 3 6 0 . 7 6 6 7 0 . 9 7 4 2 9 . 7 4 1

1 2 . 1 6 6 . 1 1 2 8 - 2 5 9 . 1 3 9 5 0 . 7 3 0 0 0 . 9 5 7 2 1 2 . 7 9 1 1 1 6 7 . 9 3 6 6 - 2 8 4 . 7 8 3 0 0 . 7 0 6 1 0 . 9 4 4 0 1 5 . 7 4 9

1 3 . 1 5 7 . 1 9 2 7 - 2 4 1 . 4 9 6 4 0 , 7 2 8 2 0 . 9 6 0 9 1 1 . 3 1 4 7 2 2 7 . 8 1 4 1 - 2 8 5 . 5 2 9 2 0 . 8 4 78 . 0 . 9 7 3 2 1 1 . 3 8 0

1 4 . 1 9 5 . 7 7 3 8 - 2 4 6 . 9 8 8 4 0 . 8 4 7 6 0 . 9 6 9 2 1 0 . 5 0 2 ? 1 6 8 . 9 4 3 3 - 2 4 2 . 5 6 3 3 0 . 7 7 9 5 0 . 9 6 1 5 1 1 . 7 5 3
1 5 . 1 7 4 . 6 5 8 8 - 2 2 5 . 9 9 9 9 0 . 8 2 8 8 0 . 9 7 7 2 8 . 4 6 9 3 1 9 4 . 5 0 2 2 - 2 7 1 . 6 7 4 1 0 . 7 8 9 5 0 . 9 7 3 0 1 1 . 1 5 5
1 6 . 1 7 7 . 3 6 4 1 - 2 3 4 . 0 5 4 7 0 . 8 2 6 5 0 . 9 6 5 8 1 0 . 6 9 1 3 2 8 3 . 5 4 7 0 - 3 1 1 . 4 1 1 7 0 . 8 9 8 2 0 , 9 9 2 8 5 . 6 2 3
1 7. 1 6 5 . 2 8 5 9 - 2 6 3 . 4 9 7 9 0 . 7 4 8 7 0 . 9 3 7 3 1 6 . 0 2 5 6 1 7 8 . 1 1 9 2 - 2 4 1 . 5 6 1 7 0 . 8 0 6 9 0 . 9 7 1 5 1 0 . 1 6 1
1 8 . 1 8 7 . 1 8 1 3 - 2 8 5 . 4 8 8 8 0 . 7 5 7 4 0 . 9 6 1 6 1 3 . 7 9 6 1 3 0 0 . 0 2 1 6 - 3 3 8 . 6 3 2 4 0 . 8 9 4 2 0 . 9 8 4 2 9 . 2 7 0
1 9 . 1 7 2 . 9 2 1 3 - 2 7 0 . 0 4 4 9 0 . 7 3 2 6 0 . 9 5 7 4 1 3 . 4 9 7 7 2 6 0 . 1 6 1 9 - 3 0 3 . 5 0 3 0 0 . 8 8 1 6 0 . 9 8 9 5 7 . 0 7 2
2 0 . 1 7 1 . 9 5 0 6 - 2 5 0 . 8 7 3 2 0 . 7 6 3 6 0 . 9 4 5 4 1 4 . 2 9 2 8 2 1 0 . 5 8 9 9 - 2 5 2 . 5 4 3 8 0 . 8 2 3 4 0 . 9 7 5 4 9 . 8 9 4
2 1 . 1 5 8 . 8 9 8 9 - 2 8 5 . 4 2 0 1 0 . 6 7 2 8 0 . 9 4 4 6  ' 1 5 . 1 2 6 5 2 7 4 . 9 7 6 0 - 3 0 5 . 4 1 3 2 0 . 9 2 0 5 0 . 9 7 6 5 8 . 8 7 7
2 2 . 1 4 8 . 5 9 2 2 - 2 4 9 . 4 5 2 1 0 . 7 0 2 3 0 . 9 4 1 8 1 3 . 9 1 0 6 190 . 9 5 9 0 - 2 6 2 . 9 3 9 9 0 . 7 9 6 7 0 . 9 7 0 4 1 1 . 2 9 3
2 3 . 1 7 3 . 4 8 5 8 - 2 7 3 . 2 1 1 2 0 . 7 2 1 6 0 . 9 6 7 5 1 1 . 7 2 6 7 2 1 5 . 7 2 5 5 - 2 6 6 . 6 7 2 6 0 . 8 3 6 5 0 . 9 8 0 6 9 . 0 9 9
2 4 . 1 7 6 . 1 1 3 7 - 2 6 1 . 9 1 9 0 0 . 7 5 8 7 0 . 9 6 5 9 1 1 . 9 4 6 6 2 0 4 . 0 9 5 6 - 2 5 0 . 1 3 1 0 0 . 8 5 2 5 0 . 9 8 4 1 ’ 7 . 5 9 3
2 5 . 1 5 7 . 1 7 1 9 - 2 4 6 . 0 0 1 8 0 . 7 1 8 5 0 . 9 5 5 6 1 2 . 1 4 9 7 1 9 5 . 6 0 0 6 - 2 5 5  . 1274 0 . 8 0 6 9 0 . 9 8 3 7 8 . 0 5 7
2 6 . 1 6 0 . 5 9 1 4 - 2 2 7 . 1 6 5 9 0 . 7 6 9 3 0 . 9 7 3 8 9 . 1 2 4 4 2 0 3 . 2 4 8 5 - 2 7 8 . 3 0 0 2 0 . 7 9 0 0 0 . 9 7 6 3 1 0 . 6 3 0
27 . 1 5 4 . 0 2 0 6 - 2 5 1 . 9 3 7 5 0 . 7 0 0 9 0 . 9 6 3 5 1 1 . 2 5 7 7 212 . 9 0 0 9 - 2 4 9 . 7 4 7 6 0 . 8 6 6 8 0 . 9 7 6 4 9 .0 19
2 8 . 1 8 7 . 5 8 4 8 - 2 4 9 . 0 7 7 3 0 . 8 1 3 0 0 . 9 7 5 6 9 . 6 6 1 5 . 2 9 6 . 0 0 5 4 - 3 2 3 . 4 3 7 3 0 . 9 0 9 0 0 . 9 8 5 7 7 . 9 0 4
2 9 . 1 7 8 . 0 1 7 9 - 2 7 S . 6 7 2 4 0 . 7 4 3 9 0 . 9 5 6 8 1 3 . 8 6 9 1 2 1 8 . 0 1 8 6 - 2 8 2 . 6 5 8 9 0 . 8 1 8 8 0 . 9 6 8 7 1 2 . 3 6 3
3 0 . 1 6 6 . 2 4 9 8 - 2 2 7 . 3 4 2 8 0 . 7 7 9 4 0 . 9 8 0 3 7 . 8 7 2 9 2 1 2 . 9 5 7 9 - 2 5 6 . 4 9 5 0 0 . 8 4 6 7 0 . 9 7 3 0 1 0 , 2 2 2

Contd
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Table 7. (Contd.)

S I .
No.

Hale Female

k a b
- j . . .

Q k a b ” ™ r ™ 8

3 1. 1 6 6 . 8 3 5 8 - 2 5 3 . 6 1 6 0 0 . 7 3 9 8 0 . 9 6 5 5 1 1 . 3 7 3 2 2 0 9 . 9 1 4 9 - 2 4 7 . 3 2 5 4 0 . 8 5 2 3 0 . 9 7 9 7 8 . 6 1 1 3

3 2 . 1 6 5 . 1 5 2 2 - 2 5 8 . 3 2 2 9 0 . 7 3 0 5 0 . 9 6 1 9 1 2 . 0 6 0 0 2 7 7 . 1 9 8 3 - 3 0 5 . 4 1 8 6 0 . 8 9 7 4 0 . 9 7 7 1 1 0 . 0 0 3 7

3 3 . 2 0 5 . 5 4 5 4 - 2 3 3 . 7 7 0 2 0 . 8 9 6 2 0 . 9 6 6 0 5 . 9 4 2 9 2 7 6 . 8 8 5 3 - 3 1 0 . 3 3 5 6 0 . 8 9 4 8 0 . 9 8 3 0 8 . 8 0 1 6

3 4 . 1 6 7 . 3 9 5 7 - 2 5 3 . 4 5 0 5 0 . 7 3 3 6 0 . 9 7 3 0 9 . 9 5 9 8 2 2 5 . 0 8 9 0 - 2 5 7 . 4 8 9 7 0 . 8 6 9 6 0 . 9 8 8 3 6 . 5 3 1 5

35. 2 7 3 . 3 3 9 2 - 3 2 0 . 4 4 2 1 0 . 8 8 2 7 ' 0 . 9 8 9 2 7 , 4 9 3 9 2 2 9 . 6 6 1 8 - 2 6 5 . 2 4 2 3 0 . 8 7 2 6 0 . 9 8 8 0 6 . 7 2 7 9

3 6 . 1 8 8 . 9 1 7 5 - 2 8 5 . 9 5 1 6 0 . 7 4 6 1 0 . 9 6 7 9 1 2 . 4 2 2 3 5 9 . 7 8 9 1 - 3 8 9 . 3 6 3 3 0 . 9 4 1 5 0 . 9 6 9 9 1 0 . 5 8 0 3

3 7 . 1 4 8 . 8 0 3 0 - 2 4 2 . 4 9 4 7 0 . 7 0 6 5 0 . 9 5 7 6 1 1 . 6 6 6 1 3 1 0 . 7 3 1 8 - 3 4 6 . 4 3 2 1 0 . 9 1 1 9 0 . 9 8 2 0 9 . 3 2 8 5

3 8 . 1 7 1 . 2 1 7 4 - 2 1 6 . 9 9 3 1 0 . 8 0 7 7 0 . 9 8 4 2 6 . 7 6 3 0 2 3 5 . 7 0 4 2 - 2 9 1 . 6 5 4 1 0 . 8 4 3 5 0 . 9 8 6 7 8 . 1 9 0 2

3 9 . 1 7 4 . 7 9 3 7 - 2 1 3 . 3 2 7 6 0 . 8 5 5 9 0 . 9 8 2 5 6 . 8 3 3 3 2 7 6 . 7 4 6 6 - 3 3 2 . 1 0 3 1 0 . 8 7 9 6 0 . 9 7 9 4 1 0 . 9 7 4 0

4 0 . 1 4 3 . 9 1 2 5 - 2 3 8 . 9 0 9 8 0 . 6 7 7 8 0 . 9 6 6 0 9 . 8 9 0 1 2 2 0 . 2 3 5 0 - 2 5 9 . 5 8 3 4 0 . 8 5 1 4 0 . 9 7 8 3 9 . 2 7 9 1

4 1 . 1 8 0 . 2 3 5 0 - 2 0 9 . 7 5 1 1 0 . 7 1 5 5 0 . 9 5 7 8 1 4 . 0 1 0 0 1 7 5 . 2 1 3 3 - 2 2 8 . 8 7 0 5 0 . 8 2 9 2 0 . 9 4 4 3 1 3 . 2 9 7 8

4 2 . 1 3 1 . 1 2 0 8 - 2 6 8 . 3 4 1 2 0 . 6 2 2 5 0 . 8 9 3 6 1 7 . 8 5 6 2 2 2 7 . 1 2 2 3 - 2 6 0 . 4 1 1 8 0 . 8 6 9 4 0 . 9 7 1 7 1 0 . 5 7 7 4

4 3 . 1 6 8 . 0 4 9 7 - 2 3 1 . 2 8 9 6 0 . 7 7 2 6 0 . 9 7 6 7 8 . 6 6 0 8 3 0 0 . 6 0 3 8 - 3 3 2 . 1 1 5 8 0 . 9 0 9 0 0 . 9 5 8 7 1 3 . 9 2 8 3
4 4 . 1 9 8 . 4 8 5 3 - 2 7 9 . 3 4 4 3 0 . 7 9 2 1 0 . 9 6 9 9 1 2 . 1 8 1 8 9 5 5 . 1 0 2 5 - 9 7 5 . 2 8 2 1 0 . 9 7 8 5 0 . 9 9 1 6 6 . 4 0 4 3
4 5 . 1 8 9 . 2 5 6 3 - 2 1 8 . 9 7 7 9 0 . 8 7 6 2 0 . 9 8 8 5 5 . 3 9 4 4 8 5 . 2 8 0 7 - 5 1 8 . 2 8 3 1 0 . 9 4 8 7 0 . 9 8 9 8 7 . 5 1 3 5
4 6 . 2 0 6 . 7 3 1 8 - 2 7 6 . 0 3 0 9 0 . 8 2 5 6 0 . 9 6 8 2 1 2 . 1 9 1 1

4 7 . 1 5 3 . 3 3 4 2 - 2 4 6 . 7 6 1 0 0 . 7 0 0 3 0 . 9 6 1 3 1 1 . 1 5 6 8

4 8 . 1 6 2 . 4 4 8 2 - 2 6 4 . 3 2 5 3 0 . 7 2 3 7 0 . 9 5 0 1 1 4 . 1 0 1 1

4 9. 2 0 4 . 0 7 3 2 - 2 7 2 . 3 0 2 6 0 . 8 0 9 9 0 . 9 7 2 7 1 1 . 1 5 0 8

5 0 . 1 8 2 . 0 9 8 6 - 2 6 0 . 9 3 6 5 0 . 7 5 6 4 0 . 9 7 7 7 . 9 . 4 7 6 0

5 1 . 1 7 7 . 8 6 1 4 - 2 2 2 . 1 3 2 6 0 . 8 3 9 0 0 . 9 8 1 3 7 . 4 2 9 7

5 2 . 1 9 0 . 2 5 4 5 - 2 3 9 . 0 5 8 1 0 . 8 5 1 2 0 . 9 5 8 7 1 1 . 7 1 0 2

53 . 1 5 5 . 3 2 0 2 - 2 3 8 . 1 9 5 0 0 . 7 5 0 6 0 . 9 4 3 1 1 3 . 7 2 2 3

5 4 . 1 5 1 . 6 2 1 6 - 2 2 4 . 6 3 2 3 0 . 7 3 2 9 0 . 9 7 3 0 8 . 7 7 4 0

55 . 1 6 4 . 9 0 6 6 - 2 2 9 . 6 7 6 1 0 . 8 0 8 7 0 . 9 5 1 2 1 2 . 5 9 9
5 6 . 1 5 1 . 1 7 8 5 - 2 4 5 . 8 3 2 7 0 . 7 1 8 6 0 . 9 4 0 2 1 4 . 1 2 4 3
57 . 175.5328 - 2 0 1 . 3 3 1 2 0 . 8 8 3 0 0 . 9 7 3 9 7 . 3 2 8 8
5 8 . 1 8 2 . 0 5 6 4 - 2 4 2 . 5 3 9 0 . 8 0 9 4 0 . 9 7 6 5 9 . 3 8 3 3
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Table 8. Fitting of logistic form Wt = a/l+b exp(-kt) using twelve weeks body weights of Japanese quails

S I .
No.

Ha le

a b k r 2 ■

1 . 1 5 2 . 5 7 1 0 3 8 . 8 3 9 1 0 . 8 1 6 2 0 . 9 9 1 7 6 . 4 0 7 9
2 . 1 4 4 . 6 9 9 0 3 3 . 7 9 9 9 0 . 7 6 1 9 0 . 9 8 6 8 6 . 9 6 2 3
3 . 1 5 2 . 1 8 9 1 4 3 . 3 0 4 4 0 . 9 0 3 7 0 . 9 7 4 2 1 0 . 7 2 2 8
4 . 1 4 8 . 6 1 1 6 3 6 . 0 0 3 3 0 . 7 7 0 4 0 . 9 9 2 6 5 . 7 5 2 2
S. 1 4 7 . 1 8 0 1 3 5 . 1 4 3 1 0 . 7 5 6 8 0 . 9 8 7 2 7 . 0 5 1 0
6. 1 9 3 . 1 1 2 3 5 1 . 5 8 3 7 0 . 8 2 5 0 0 . 9 8 5 1 1 0 . 2 3 0 2
7 . 1 4 5 * 9 8 6 6 4 5 . 6 0 5 7 0 . 9 5 1 3 0 . 9 7 5 5 9 . 7 5 4 0
8 . 1 6 3 . 4 0 4 3 4 1 . 9 3 3 6 0 . 8 4 0 7 0 . 9 8 5 8 8 . 8 7 6 7
9 . 1 6 2 . 1 0 9 2 3 3 . 4 1 0 9 0 . 6 7 6 5 0 . 9 9 2 0 6 . 4 5 9 4

1 0 . 1 4 3 . 4 7 1 1 4 2 . 6 2 1 3 0 . 9 4 2 3 0 . 9 9 1 1 6 . 2 7 4 9
11. 1 5 0 . 0 1 5 9 4 2 . 4 8 7 6 0 . 9 1 9 5 0 . 9 7 2 1 1 0 . 9 9 9 7
12 . 1 5 6 . 8 9 7 5 4 2 . 6 8 8 0 0 . 8 7 5 4 0 . 9 8 8 6 7 , 3 2 2 6
1 3 . 1 4 8 . 9 3 7 6 4 0 . 3 5 2 7 0 . 8 6 2 8 0 . 9 8 1 9 8 . 6 8 6 4
1 4 . 1 5 5 . 6 3 8 9 3 4 . 3 8 4 1 0 . 7 0 1 7 0 . 9 9 2 6 5 . 3 9 9 5
1 5 . 1 4 5 . 3 9 8 0 3 5 . 1 4 3 8 0 . 7 3 8 2 0 . 9 9 3 1 5 . 0 7 3 6
1 6 . 1 4 8 . 1 7 2 4 3 6 . 1 7 9 4 0 . 7 3 3 8 0 . 9 9 5 5 4 . 0 4 7 7
17 . 1 5 3 . 2 7 0 9 4 3 . 7 8 0 1 0 . 8 4 0 3 0 . 9 9 6 4 3 . 6 5 0 7
1 8 . 1 7 2 . 3 8 6 1 4 9 . 3 4 5 8 0 . 8 6 6 2 0 . 9 9 4 3 5 . 8 3 0 6
1 9. 1 6 2 . 7 9 9 8 4 4 . 6 1 2 6 0 . 8 8 3 9 0 . 9 8 2 9 9 . 0 6 3 9
2 0 .  . 1 5 6 . 2 9 5 2 4 0 . 3 9 5 0 0 . 8 3 3 2 0 . 9 6 7 4 1 1 . 3 1 7 8
2 1. 1 5 4 . 3 2 5 2 4 9 . 4 4 8 2 0 . 9 6 8 0 0 . 9 9 1 2 6 . 4 0 1 3
2 2. 1 4 2 . 8 1 7 7 4 0 . 3 1 3 6 0 . 8 7 8 6 0 . 9 9 2 6 5 . 4 4 0 0
2 3. 1 6 4 . 7 7 0 0 45 . 8276 0 . 9 0 3 9 0 . 9 8 6 1 8 . 5 7 6 6
24 . 1 6 2 . 2 6 5 1 4 1 . 7 3 3 9 0 , 8 3 9 9 0 . 9 9 1 4 6 . 5 9 6 9
25. 1 4 9 . 4 7 0 0 3 9 . 9 5 5 4 0 . 8 8 2 6 0 . 9 8 0 1 8 . 8 2 5 9
26 . 1 4 6 . 7 9 2 6 35 . 3 3 7 2 0 . 8 0 7 8 0 . 9 8 4 8 7 , 6 5 5 5
27 . 1 4 7 . 9 3 1 3 4 1 . 4 0 2 7 0 . 9 1 4 3 0 . 9 8 6 1 7 . 4 7 6 2
2 8 . 1 6 1 . 0 9 3 3 3 9 . 5 1 8 4 0 . 7 6 8 2 0 . 9 9 2 5 6 . 3 0 0 9
2 9. 1 6 5 . 5 7 5 7 4 8 . 4 8 9 7 0 . 8 8 5 7 0 . 9 8 2 5 8 . 9 7 5 7
3 0 . 1 5 0 ; 6 4 4  9 3 7 . 0 2 6 9 0 . 6 0 0 5 0 . 9 8 5 1 8 . 3 2 0 4

Female

a b k r 2

1 6 3 . 7 9 0 0 3 8 . 4 5 4 9 0 . 7 6 5 8 0 . 9 5 5 5 1 4 . 1 0 1 0

1 8 5 . 3 6 4 2 4 6 . 6 0 4 3 0 . 8 0 8 8 0 . 9 5 8 6 1 5 . 6 3 5 4

1 5 3 . 4 3 8 2 3 9 . 2 9 6 7 0 . 8 2 4 5 0 . 9 5 5 2 1 3 . 1 7 3 7

1 7 0 . 5 5 6 9 4 1 . 9 4 2 8 0 . 7 8 8 5 0 . 9 5 0 1 1 5 . 2 6 1 7

1 7 4 . 7 1 3 0 3 8 . 3 4 2 7 0 . 7 1 1 1 0 . 9 6 1 6 1 3 . 5 9 7 2

1 6 7 . 6 9 0 4 4 0 . 0 9 3 4 0 . 7 6 6 4 0 . 9 5 2 7 14 . 8025

1 6 4 . 3 4 9 4 4 1 . 4 8 1 4 0 . 7 6 9 8 0 . 9 8 4 8 8 . 1 8 7 7

1 7 4 . 2 6 1 0 4 0 . 6 6 0 8 0 . 7 6 7 0 0 . 9 7 1 0 1 2 . 1 8 0 2

1 4 1 . 3 0 4 2 3 1 . 8 9 8 6 0 . 7 4 7 8 0 . 9 8 2 5 7 . 8 7 1 4

1 4 7 . 7 4 8 4 4 0 . 1 3 8 1 0 . 8 9 6 8 0 . 9 4 5 8 1 3 . 8 5 3 6

1 5 8 . 8 0 8 0 4 0 . 4 3 6 2 0 . 8 3 7 4 0 . 9 7 6 5 1 0 . 1 8 5 2

1 6 0 . 7 1 7 2 4 8 . 0 8 5 2 0 . 9 1 4 7 0 . 9 9 1 8 6 . 2 2 1 8

1 8 0 . 4 3 8 9 4 1 . 0 7 8 7 0 . 7 4 6 2 0 . 9 8 9 8 7 . 9 2 4 0

1 5 2 . 4 8 5 1 3 8 . 7 7 5 2 0 . 7 8 9 1 0 . 9 9 4 3 5 . 0 4 0 1

1 7 3 . 0 6 4 1 4 3 . 8 3 4 5 0 . 8 1 4 0 0 . 9 9 3 9 6 . 4 8 9 2

1 8 5 . 3 6 1 2 3 9 . 9 9 8 9 0 . 7 3 2 1 0 . 9 5 0 0 1 7 . 0 3 8 3

1 5 4 . 1 4 7 4 3 8 . 7 0 4 7 0 . 7 7 3 7 0 . 9 9 0 8 6 . 1 2 1 0

1 9 6 . 6 2 7 8 4 3 . 5 5 2 8 0 . 7 4 2 6 0 . 9 4 1 4 1 9 . 0 0 5 5

1 8 2 . 7 5 2 0 3 9 . 6 6 9 1 0 . 7 1 9 4  . 0 . 9 8 1 3 1 0 . 3 0 7 1
1 7 8 . 1 4 4 4 4 2 . 5 3 6 4 0 . 8 2 2 1 0 . 9 2 1 6 2 0 . 5 1 2 5
1 5 0 . 3 2 6 5 3 4 . 1 3 9 4 0 . 6 5 5 9 0 . 9 5 6 7 12. 06 54

1 6 7 . 0 7 8 7 4 4 . 6 1 9 3 0 . 8 2 3 6 0 . 9 7 2 7 1 1 . 1 3 2 5
1 7 4 . 9 7 3 0 4 3 . 9 4 2 0 0 . 7 9 8 2 . 0  . 9490 1 5 . 9 8 6 8

1 5 9 . 8 1 7 6 3 6 . 0 0 4 1 0 . 7 2 0 3 0 . 9 8 7 4 7 . 49 6 6

1 7 0 . 1 1 7 0 4 1 . 8 4 8 9 0 . 7 9 6 0 0 .9 81 4 1 0 . 3 5 7 5
1 8 0 . 8 6 8 2 4 7 . 7206 0 . 8 3 61 0 . 9 8 3 6 1 0 . 4 3 3 6
1 6 0 . 0 2 9 2 34 . 9 5 7 4 0 . 7 1 0 5 0 . 9 7 7 6 9 . 9 3 2 4
1 8 2 . 7 1 6 8 3 7 . 5 7 0 1 0 . 6 8 6 4 0 . 9751 ' 1 2 . 1 8 8 1
1 8 4 . 4 0 1 3 4 6 . 2 1 6 6 0 . 8 1 0 9 0 . 9 6 9 0 1 3 . 4 5 8 3
1 7 0 . 4 0 1 5 3 8 . 9 9 1 8 0 . 7 6 3 2 0 . 9 6 3 8

Contd.
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Table 8. (Contd.)

S I .
No.

Kal e Female

a b k r 2 s a b k 2r 5

31. 1 5 6 . 6 3 8 7 4 2 . 5 6 9 3 0 . 8 6 1 2 0 . 9 9 0 6 7 . 0 7 4 0 1 6 5 . 4 4 9 0 3 9 . 0 7 9 8 0 . 7 5 8 9 0 . 9 5 2 5 1 4 . 6 8 6 2
3 2 . 1 5 5 . 9 2 7 6 4 6 . 2 4 8 6 0 . 8 8 6 8 0 . 9 8 7 7 7 . 6 3 1 1 1 8 0 . 1 1 4 9 3 9 . 0 9 8 9 0 . 7 3 1 1 0 . 9 3 3 5 1 8 . 5 5 8 2
33 . 1 3 5 . 3 2 6 7 3 0 . 3 6 9 5 0 . 6 5 8 7 0 . 9 7 5 4 8 . 0 8 7 4 1 8 1 . 3 2 7 9 4 0 . 2 1 9 7 0 . 7 3 2 6 0 . 9 3 9 4 1 7 . 7 0 8 5
3 4 . 1 5 7 . 9 1 0 5 4 7 . 0 6 4 9 0 . 8 9 7 4 : 0 . 9 7 9 5 •9. 9371 1 6 7 . 0 1 0 9 3 5 . 7 2 5 0 0 . 7 3 1 9 0 . 9 5 1 2 1 4 . 9 1 3 2
35. 1 8 9 . 3 8 6 7 4 5 . 9 4 6 4 0 . 7 3 9 2 0 . 9 7 5 1 1 2 . 1 9 9 2 168  8429 3 6 . 0 7 8 0 0 . 7 2 2 7 0 . 9 6 9 4 1 2 . 1 6 3 4
36 . 1 7 6 . 0 9 7 6 5 3 . 7 9 1 1 0 . 9 0 4 1 0 . 9 8 2 6 1 0 . 2 1 7 8 1 6 4 . 4 6 0 5 3 2 . 1 7 7 9 0 . 5 8 8 1  ‘ 0 9948 4 . 5 1 5 5
37. 1 4 2 . 7 6 7 0 3 9 . 0 4 1 5 0 . 8 8 1 5 0 . 9 9 1 1 6 . 0 0 8 0 1 8 5 . 1 5 5 6 38 3856 0 . 6 8 4 6 0 . 9 7 9 7 1 0 . 7 9 2 6
38. 1 4 9 . 5 5 6 6 3 3 . 7 5 0 1 0 . 7 6 6 6 0 . 9 7 2 9 1 0 . 5 4 3 0 188 4689 44 . 2 60 8 0 . 7 7 8 0 0 . 9 7 3 5 12 7843
3 9. 1 3 6 . 2 3 3 7 2 9 . 4 0 1 2 0 . 6 8 2 9 0 . 9 9 3 2 4 . 6 0 1 8 1 9 3 . 5 1 1 7 44 . 5576 0 . 7 3 8 9 0 . 9 7 5 6 1 2 . 0 8 2 6
40. 1 3 9 . 9 1 9 9 4 1 . 2 1 2 0 0 . 9 3 8 6 0 . 9 7 9 6 6 . 6 6 4 2 1 7 2 . 4 5 6 6 3 9 . 4 0 6 0 0 . 7 7 5 3 0 . 9 3 2 7 1 7 . 8 6 7 8
4 1. 1 7 1 . 6 6 6 0 4 8 . 9 9 8 0 0 . 9 1 7 3 0 . 9 8 2 6 9 . 8 5 4 6 1 4 4 . 5 8 0 2 3 2 . 7 7 3 4 0 . 7 1 9 3 0 . 9 7 2 8 9 . 1 8 5 2
42. 1 2 8 . 6 2 7 4 4 1 . 4 4 5 0 0 . 9 8 6 6 0 . 9 8 2 7 6 . 5 5 5 2 1 6 6 . 9 9 9 7 3 8 . 6 3 6 9 0 . 7 4 5 4 0 . 9 2 8 9 1 7 . 9 8 4 7
4 3 . 1 5 3 . 2 6 6 3 3 6 . 9 5 2 4 0 . 8 0 6 8 0 . 9 7 8 1 ' 9 . 8 6 9 1 1 8 9 . 5 5 0 5 42 . 6814 0 . 7 3 2 0 0 . 9 1 5 1 2 2 . 2 9 3 8
4 4 . 1 7 5 . 5 5 7 2 4 4 . 7 2 4 4 0 . 8 1 8 0 0 . 9 9 0 2 7 . 4 4 5 6 1 8 8 . 7 2 5 3 3 5 . 8 3 7 8 0 . 6 1 8 8 0 . 9 7 7 8 1 0 . 8 1 8 8
45. 1 3 8 . 6 2 4 5 2 6 . 7 8 8 5 0 . 6 4 8 6 0 . 9 8 7 7 6 . 2 1 8 1 1 9 5 . 4 4 0 1 3 9 . 6 0 1 8 0 . 6 4 3 6 0 . 9 8 2 1 1 0 . 1 1 6 2
46 . 1 7 1 . 9 8 1 9 4 3 . 3 0 3 4 0 . 7 6 3 8 0 . 9 9 4 3 5 . 3 8 7 3
47. 1 4 7 . 4 7 6 0 4 3 . 2 3 1 2 0 . 9 1 9 9 0 . 9 7 6 7 9 . 2 9 1 0
4 8 . 1 5 3 . 9 1 7 2 4 4 . 8 3 5 9 0 . 8 8 5 9 0 . 9 9 5 4 4 . 6 5 5 4
49 . 1 7 6 . 3 9 5 5 4 2 . 9 7 0 9 0 . 7 7 8 5 0 . 9 9 1 1 7 - 6 5 1 8
5 0. 1 6 8 . 1 2 4 6 4 8 . 3 3 0 9 0 . 8 8 7 0 0 9680 1 2 . 8 0 6 4
51. 1 4 4 . 7 6 2 2 3 3 . 3 7 3 1 0 . 7 1 9 1 0 . 9 8 4 8 7 . 2 8 2 7
5 2. 1 5 0 . 4 7 1 7 3 4 . 0 4 5 5 0 . 6 8 3 3 0 . 9 9 6 2 3 . 9 1 4 7
53. 1 4 4 . 5 2 4 6 3 8 . 1 3 6 3 0 . 8 0 5 9 0 . 9 9 2 6 5 , 2 5 5 0 •

5 4. 1 4 3 . 4 0 1 3 3 9 . 4 5 4 7 0 . 8 6 6 5 0 . 9 7 5 8 9 . 6 5 9 0
55 . 1 4 2 . 4 0 2 0 3 5 . 4 5 3 0 0 . 7 3 5 7 0 . 9 9 8 2 2 . 3 8 3 3
56. 1 4 3 . 7 5 9 3 3 7 . 6 5 3 7 0 . 8 5 0 5 0 . 9 9 0 8 5 . 7 1 8 8
57. 1 2 6 . 3 3 0 2 2 3 . 9 4 3 7 0 . 6 0 9 1 0 . 9 9 2 0 4 . 5 2 8 0
56. 1 5 7 , 3 1 2 1 3 6 . 5 8 8 4 0 . 7 6 9 5 0 . 9 8 9 6 6 . 9 2 9 1
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Table 9. Fitting of Gomperti form ~ a exp (-b exp (

SI . Hale
No

r 2_ . a b k B

1 . 1 5 6 . 7 7 2 5 5 . 0 2 2 0 0 . 4 7 9 1 0 . 9 9 1 6 5 . 2 6 7 8
2 . 1 5 1 . 1 5 3 4 4 . 4 6 8 6 0 . 4 2 2 2 0 . 9 9 5 5 3 . 5 4 9 4
3,. 1 5 4 . 7 8 2 9 5 . 2 2 7 8 0 . 5 3 8 7 0 .9 9 3 8 - 4 . 4 3 5 1
4. . 1 5 4 . 8 5 7 2 4 . 7 1 7 9 0 . 4 3 3 1 0 . 9 9 5 9 3 . 5 2 1 1
S. 1 5 4 . 3 8 6 8 4 . 5 9 4 2 0 . 4 1 7 3 0 . 9 9 4 9 3 . 8 9 0 0
6 . 2 0 2 . 4 6 4 8 5 . 2 2 4 2 0 . 4 3 7 6 0 . 9 9 6 3 4 . 4 5 6 6
7. 1 4 7 . 5 7 7 7 5 . 6 8 2 2 0 . 5 9 0 2 0 . 9 9 1 9 4 . 8 6 5 5e. 1 6 8 . 1 5 9 6 4 . 9 7 6 9 0 . 4 7 8 5 0 . 9 9 4 0 4 . 6 5 8 6
9 . 1 7 8 . 7 9 6 2 4 . 2 0 3 0 0 . 3 3 5 3 0 . 9 9 2 1 5 . 2 5 8 5

1 0 . 1 4 4 . 8 6 5 7 5 . 6 9 9 8 0 . 5 9 9 1 0 . 9 9 5 3 3 . 6 5 9 2
1 1 . 1 5 2 . 2 1 9 1 5 . 2 0 1 5 0 . 5 5 4 7 0 . 9 9 3 6 4 . 4 1 7 9
1 2 . 1 6 0 . 0 7 9 4 5 . 3 7 4 1 0 . 5 2 2 3 0 . 9 9 3 0 4 . 8 8 0 2
1 3 . 1 5 1 . 9 0 5 6 5 . 2 0 9 7 0 . 5 1 8 5 0 . 9 9 0 2 5 . 4 6 0 3
1 4 . 1 6 6 . 9 6 2 8 4 . 5 8 9 5 0 . 3 7 4 6 0 . 9 9 2 8 4 . 9 8 2 6
1 5 . 1 5 3 . 5 9 5 6 4 . 7 1 4 4 0 . 4 0 3 6 0 . 9 9 7 7 2 . 5 8 4 7
1 6 . 156 .6 6  05 4 . 8 4 0 5 0 . 4 0 3 2 0 . 9 9 4 7 4 . 1 3 4 4
17. 1 5 7 . 3 0 9 4 5 . 7 2 2 7 0 . 4 9 9 9 0 . 9 9 2 0 5 . 6 7 3 0
I S . 1 7 7 . 0 8 7 6 5 . 6 6 1 3 0 . 4 9 8 2 0 . 9 9 9 2 2 . 0 9 5 5
1 9 . 1 6 6 . 2 7 6 2 5 . 3 6 3 1 0 . 5 2 0 1 0 . 9 8 8 0 6 . 5 9 8 1
2 0 . 1 6 1 . 6 5 6 6 5 . 0 7 0 8 0 . 4 8 0 1 0 . 9 7 2 4 9 . 8 9 6 5
2 1 . 1 5 5 . 9 7 0 1 6 . 1 1 7 5 0 . 6 0 5 0 0 . 9 9 6 0 3 . 7 7 4 4
2 2 . 1 4 5 . 0 5 3 5 5 . 4 8 0 5 0 . 5 4 4 6 0 , 9 9 1 4 5 . 0 5 5 9
2 3 . 1 6 7 . 7 1 5 1 5 . 5 2 3 9 0 . 5 3 9 5 0 . 9 9 8 0 2 . 7 0 8 0
2 4 . 1 6 6 . 8 2 1 4 5 . 2 2 8 2 0 . 4 8 7 3  ' 0 , 9 9 6 5 3 . 6 0 7 5
2 5 . 1 5 2 . 2 0 6 2 5 . 2 7 0 4 0 . 5 3 5 5 0 . 9 8 7 8 6 . 1 0 3 6
2 6 . 1 5 1 . 3 0 8 5 4 . 7 9 1 2 0 . 4 6 8 4 0 . 9 9 2 9 4 . 4 8 4 1
27. 1 5 0 . 0 5 4 5 5 . 4 8 9 7 0 . 5 6 3 2 0 . 9 9 6 8 3 . 0 6 7 0
28. 1 6 9 . 1 5 8 2 4 . 8 1 7 2 0 . 4 1 9 4 0 . 9 9 7 1 3 . 2 4 6 5
29 . 1 6 9 . 6 2 1 8 5 . 6 5 1 9 0 . 5 1 6 5 0 . 9 9 0 9 6 . 0 2 8 6
30. 1 5 5 . 8 2 0 0 4 . 6 9 1 1 0 . 4 5 4 0 0 . 9 9 5 6 3 . 7 2 9 2

■kt)] using twelve weeks body weights of Japanese quaili

Female

a b k r 2

1 7 4 . 0 0 3 0 4 . 4 5 7 5 0 . 4 0 0 7 0 . 9 7 3 0 1 0 . 0 7 3 7

1 9 6 . 0 0 0 3 4 . 7 8 7 5 0 . 4 1 7 5 0 . 9 8 4 2 8 . 75 5 1

1 5 9 . 3 4 4 2 4 . 7 2 7 7 0 . 4 5 7 1 0 . 9 7 8 3 ■ S . 3106

1 8 0 . 9 3 1 3 4 . 7 3 1 4 0 . 4 1 3 7 0 . 9 7 4 7 1 0 . 2 0 4 0

1 9 4 . 1 3 2 9 4 . 3 2 5 1 0 . 3 4 2 4 0 . 9 8 4 6 8 . 1 3 8 8

1 7 9 . 1 0 2 9 4 . S S I 9 0 . 3 9 2 6 0 . 9 7 6 8 9 .5 0 6 1

1 7 3 . 8 8 3 0 4 . 9 4 0 8 0 . 4 1 1 9 0 . 9 9 3 5 5 . 0 1 7 9

1 8 5 . 1 0 7 7 4 . 6 2 4 9 0 . 4 0 0 7 0 . 9 7 3 0 1 0 . 6 5 6 8

1 4 8 . 5 1 5 9 4 . 3 2 0 3 0 . 4 0 9 9 0 . 9 9 5 7 3 . 3 7 7 2

1 5 1 . 1 4 5 0 5 . 0 4 8 6 0 . 5 3 1 1 0 . 9 5 8 1 1 1 . 0 9 1 3

1 6 3 . 6 8 1 3 4 . 9 7 1 3 0 . 4 7 9 1 0 . 9 9 0 1 5 . 8 3 5 0

1 6 3 . 2 6 3 1 5 . 9 1 4 3 0 . 5 5 7 0 0 . 9 9 3 7 4 . 9 7 5 0

1 9 3 . 0 1 8 5 4 . 7 3 3 5 0 . 3 8 6 6 0 . 9 9 2 0 6 . 0 3 1 5
1 5 8 . 0 1 6 3 5 . 0 5 1 1 0 . 4 5 3 1 0 . 9 9 5 0 4 . 1 5 5 4
1 7 9 . 8 0 2 9 5 . 0 6 1 5 0 . 4 5 0 8 0 . 9 9 9 0 2 . 0 8 0 8
2 0 4 . 6 0 6 3 4 . 1 8 3 9 0 . 3 4 5 0 0 . 9 8 1 2 9 . 5 5 7 4
1 6 1 . 3 9 1 8 4 . 9 1 1 1 0 . 4 2 8 6 0 . 9 9 5 8 3 . 7 6 4 6
2 1 6 . 9 7 5 5 4 . 5 1 7 0 0 . 3 5 6 1 0 . 9 7 2 7 1 2 . 3 1 1 2
2 0 0 . 0 9 4 1 4 . 5 1 8 9 0 . 3 5 6 0 0 . 9 9 5 2 4 . 7 7 8 2
1 8 6 . 5 0 8 9 4 . 5 0 8 2 0 . 4 3 1 1 0 . 9 5 9 7 1 3 . 2 7 1 4
1 7 1 . 6 4 4 7 4 . 4 3 0 2 0 . 3 1 7 8 0 . 9 7 6 8 8 . 8 3 9 0
1 7 4 . 0 1 5 8 5 . 1 4 7 0 0 . 4 5 3 8 0 . 9 8 6 1 7 . 4 0 8 2
1 8 5 . 3 7 9 6 4 . 7 3 5 2 0 . 4 1 4 3 0 . 9 7 5 4 1 0 . 2 7 03
1 7 1 . 8 0 8 3 4 , 4 7 7 1 0 . 3 7 4 8 0 . 9 9 5 7 3 .8 83 8
1 7 7 . 8 4 2 4 4 . 7 4 8 7 0 . 4 3 0 8 0 . 9 9 4 7 4 . 7 2 8 3
1 8 7 . 6 5 2 6 5 . 1 1 0 4 0 . 4 5 7 7 0 . 9 9 4 4 5 . 0 9 1 2
1 7 3 . 4 5 8 2 4 . 2 7 3 8 0 . 3 6 0 5 0 . 9 8 5 0 7 . 2439
2 0 4 . 8 3 4 6 4 . 1 9 3 4 0 . 3 2 3 4 0 . 9 8 7 5 7 . 7 2 8 6
1 9 3 . 5 6 0 3 4 . 9 7 6 7 0 . 4 3 1 0 0 . 9 8 0 8 9 . 5 7 1 5
1 8 1 . 0 8 7 1 4 . 4 8 4 7 ( 0 . 3 9 4 5

Contd.



T a b l e  9.  ( C o n t d . )

S I .  Male Female
No.

a b k r 2 s - a b k 2r 8

31 . 1 6 0 . 1 8 0 $ 5 . 2 4 4 6 0 . 5 0 7 1 0 . 9 9 6 8 3 . 3 0 7 6 1 7 6 . 3 1 2 7 4 . 4 8 4 8 0 . 3 9 1 9 0 . 9 7 6 3 9 . 5 5 7 4
3 2 . 1 5 9 . 0 6 2 0 S . 5511 0 . 5 2 6 2 0 . 9 9 5 7 3 . 8 1 4 9 1 9 9 . 1 7 9 3 4 . 2 3 5 9 0 . 3 4 8 9 0 . 9 6 5 4 1 2 . 5 6 7 5
33 . 1 5 0 . 1 2 2 1 4 . 2 4 1 9 0 . 3 3 2 0 0 . 9 8 9 9 5 . 0 0 5 6 ■ 2 0 0 . 2 7 4 4 4 . 3 8 4 7 0 . 3 5 2 7 0 . 9 7 1 6 1 1 . 5 0 2 2
3 4 . 1 6 1 . 0 1 6 5 5 . 4 5 3 4 0 .  5274 0 . 9 9 5 8 3 . 8 1 2 9 1 8 0 . 9 0 1 8 4 . 1 8 1 7 0 . 3 6 6 3 0 . 9 7 8 5 9 . 0 9 3 8
35 . 2 0 7 . 9 9 4 0 4 . 7 4 6 1 0 . 3 6 1 2 0 . 9 9 2 9 6 . 1 2 6 0 1 8 3 . 2 2 1 9 4 . 2 5 4 4 0 . 3 6 1 1 0 . 9 8 7 0 7 . 1 3 7 0
3 6 . 1 8 0 . 1 2 1 5 5 . 7 0 8 7 ' 0 . 5 1 8 8 0 . 9 9 5 8 4 . 3 0 3 7 1 9 5 . 3 1 8 2 4 . 2 9 0 7 0 . 2 7 5 5 0 . 9 8 8 7 6 . 4 4 5 9
3 7. 1 4 4 . 9 8 5 3 5 . 3 6 0 4 0 . 5 4 4 8 0 . 9 9 6 5 3 . 1 7 3 3 2 0 8 . 2 5 4 6 4 . 4 0 6 7 0 . 3 2 5 3 0 . 9 8 8 8 7 . 3 5 3 4
3 8 . 1 5 6 . 1 8 1 4 4 . 3 6 1 0 0 . 4 2 2 1 0 . 9 8 7 6 6 . 1 2 2 9 . 2 0 0 . 5 7 1 0 4 . 7 9 3 8 0 . 4 0 2 1 0 . 9 9 1 4 6 . 5 9 4 9
39. 1 4 6 . 4 9 5 1 4 . 2 9 8 9 0 . 3 6 4 9 0 . 9 9 7 6 2 . 4 5 1 7 2 1 1 . 4 2 7 6 4 . 8 9 3 0 0 . 3 6 7 7 0 . 9 8 9 4 7 . 6 0 4 1
4 0. 1 4 1 . 3 6 8 4 5 . 4 1 4 2 0 . 5 9 0 5 0 . 9 9 5 3 3 . 4 4 4 8 1 8 3 . 9 1 2 9 4 . 4 6 9 5 0 . 3 9 8 4 0 . 9 6 5 7 1 1 . 8 9 1 1
4 1 . 17 .4 .6436 5 . 6 5 1 6 0 . 5 4 6 8 0 . 9 9 2 0 5 . 7 2 6 8 1 5 3 . 4 8 0 8 4 . 6 8 1 9 0 . 3 9 8 5 0 . 9 7 1 5 9 . 3 1 4 5
4 2 . 1 2 9 . 6 7 2 2 6 . 3 5 4 1 0 . 6 6 3 5 0 . 9 7 4 1 8 . 0 8 8 4 1 8 1 . 2 5 2 0 4 . 3 2 4 6 0 . 3 7 2 7 0 . 9 5 8 9 1 2 . 9 1 2 3
4 3. 1 5 8 . 3 1 3 4 4 . 6 9 2 7 0 . 4 6 1 1 0 . 9 9 0 7 5 . 5 2 6 2 2 1 0 . 8 0 0 6 4 . 2 5 6 4 0 . 3 3 9 9 0 . 9 4 7 8 1 6 . 2 5 5 3
4 4 . 1 8 2 . 3 3 8 0 5 . 2 5 9 9 0 . 4 5 5 7 0 . 9 9 6 3 4 . 0 7 7 8 2 3 4 . 6 3 3 4 4 . 1 5 7 9 0 . 2 6 1 6 0 . 9 9 3 4 5 - 6 6 3 5
4 5 . 1 5 1 . 5 4 9 1 3 . 9 8 9 9 0 . 3 3 6 7 0 . 9 9 5 1 3 . 4 8 8 4 2 3 2 . 5 8 8 5 4 . 4 5 0 1 0 . 2 8 8 8 0 . 9 9 5 2 5 . 1 2 8 6
4 6 . 1 8 2 . 0 2 2 5 5 . 0 8 8 5 0 . 4 1 1 0 0 . 9 9 6 6 3 . 9 7 7 5

4 7 . 1 4 9 . 5 5 4 2 5 . 4 5 0 0 0 . 5 6 3 1 0 . 9 9 1 3 5 . 0 2 4 9

4 8 . 1 5 6 . 8 3 8 8 5 . 6 6 8 6 0 . 5 3 2 9 0 . 9 9 6 6 3 . 5 8 3 4

49 . 1 8 5 . 1 9 7 5 4 . 8 6 5 2 0 . 4 2 0 6 0 . 9 9 4 8 4 . 8 0 6 7

5 0 . 1 7 2 . 4 6 0 4 5 . 2 9 5 8 0 . 5 0 4 8  - 0 . 9 8 9 6 6 . 4 1 7 6

51. 1 5 4 . 2 0 5 9 4 . 4 4 9 7 0 . 3 8 6 1 0 . 9 9 3 4 4 . 3 7 9 8

5 2 . 1 6 2 . 2 2 8 2 4 . 5 6 2 8 0 . 3 6 3 5 0 . 9 8 8 0 6 . 2 7 7 8

5 3 . 1 4 8 . 5 1 0 3 5 . 2 2 4 0 0 . 4 8 1 4 0 . 9 8 9 1 5 . 9 3 0 8

5 4 . 1 4 6 . 2 2 6 0 5 . 0 7 4 8 0 . 5 1 7 6 0 . 9 9 1 6 4 . 8 6 6 4

55 . 1 4 9 . 4 9 0 4 4 . 9 9 3 1 0 . 4 1 7 2 0 . 9 9 2 1 5 . 0 6 2 2

5 6 . 1 4 6 . 5 7 4 5 . 2 9 9 9 0 . 5 2 2 9 0 . 9 8 8 2 5 . 9 6 6 8

5 7 . 1 3 9 . 4 1 0 8 3 . 8 5 4 0 0 . 3 1 7 3 0 . 9 8 9 2 4 . 7 0 5 7

5 8 . 1 6 4 . 7 3 0 2 4 . 6 9 8 9 0 . 4 2 3 5 0 . 9 9 5 3 4 . 0 0 0 6
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Fitting of models u s i n g  average body weights of Japanese quails over twelve weeks

T ab le  1 0 . L i n e a r  Ŵ. ■= a + bt Table  1 4 . M o di f i e d  e x p o n e n t i a l  Wt  "  *  + a b 1

Sex a b r 2 s Sex k a b r 2 s

Hale 1 1 . 5 4 0 2 1 4 . 2 2 5 6 0 . 9 0 3 9 1 7 . 5 4 5 6 Male 1 6 8 . 6 5 1 3  - 2 4 0 . 1 1 0 5 0 . 7 7 1 8 0 . 9 7 5 4 9 . 3 4 7 6

Female 5 . 1 0 7 0 1 6 . 1 7 5 3 0 . 9 5 3 8 1 3 . 4 5 6 8 Female 2 1 9 . 5 7 7 7  - 2 6 5 . 1 9 1 4 0 . 8 5 3 2 0 . 9 9 2 1 5 . 7 3 0 0

I r r e s p e c t i v e  8 . 7 2 9 6  
o f  sex

1 5 . 0 7 7 4 0 . 9 2 9 5 1 5 . 6 9 8 4 I r r e s p e c t i v e  1 8 7 . 1 8 6 3  - 2 4 5 . 3 8 8 2  
o f  sex

0 . 8 1 0 6 0 . 9 8 5 8 7 . 34 9 6

T ab l e  1 1.

' N

Q u a dr a t i c  Wfc = a + b^t b2t 2 Table  1 5 . L o g i s t i c  a / l + b  e x p ( - k t )

Sex a bl b2 ^ E Sex a b k 2r s

Male - 3 2 . 7 0 8 8  33 . 1 8 9 4  - 1 . 4S88 0 . 9 9 2 6 5 . 1 4 6 0 Male 1 5 3 . 7 3 2 8  3 9 . 1 8 2 9 0 .B161 0 . 9 9 1 8 6 .4281

Female - 2 8 . 3 0 6 7  30 . 4 9 5 5  - 1 . 1015 0 . 9 9 5 1 4 . 6 1 1 0 Female 1 7 1 . 6 8 1 4  3 9 . 2 8 5 7 0 . 7 4 9 6 0 . 9 7 7 8 1 0 . 7 7 4 5

I r r e s p e c t i v e  - 2 0 . 7 8 5 3  32 
o f  sex

. 0 1 2 4  - 1 . 3027 0 . 9 9 4 3 4 . 7 0 7 7 I r r e s p e c t i v e  1 6 1 . 5 4 3 3  3 9 . 0 3 9 0  
o f  sex

0 . 7 8 2 9 0 . 9 6 6 3 8 . 3 0 3 5

Table  1 2 . E x p o n e n t i a l  Wt = a e x ?  ( b t ) Table  1 6 .
r

Gompertz = a e x p [ - b e x p ( - k t ) )

Sex a e x p ( b ) r 2 B Sex a b k 2r s

Male 1 8 . 4 3 3 5 1 . 2 5 2 0 0 . 6 5 3 4 5 1 . 3 2 0 4 Male 1 5 8 . 6 0 5 7  4 . 9 6 6 7 0 . 4 6 7 7 0 . 9 9 9 1 1 . 6903
Female 1 7 . 9 5 3 6 1 . 2 6 5 5 0 . 7 3 3 6 5 2 . 3 3 8 7 Female 1 8 3 . 8 1 5 2  4 . 52 3B 0 . 3 8 4 6 0 . 9 9 4 9 4 .623C
I r r e s p e c t i v e  1 8 . 2 1 0 2  
o f  sex

1 . 2 5 8 1 0 . 6 9 1 6 5 1 . 7 5 4 5 I r r e s p e c t i v e  1 6 9 . 1 0 2 5  4 . 7 3 0 1  
o f  sex

0 . 4 2 6 7 0 . 9 9 8 2 2 . 6 0 5 4

Table  1 3 .  V o n - B e r t a l a n f f y  = a [ 1 - b  exp ( k t  > ] 3

Sex b k r 2

Male
(a = 210 g)

0 . 6 5 1 5 - 0 . 1 8 5 4 0 . 9 5 8 0 1 1 . 9 1 3 1

Female  
(a = 230 g)

0 . 7 2 2 1 - 0 . 1 9 5 4 0 . 9 8 5 1 7 . 8 0 7 3

I r r e s p e c t i v e  
o f  sex  
(a n 220 g)

0 . 6 8 1 3 - 0 . 1 8 8 0 0 . 9 7 2 4 1 0 . 0 6 2 6
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Table 17. Initial
female

body weights (Wq ) 
Japanese quails for

and
Rao'

1b1 values 
*3 method

of male and

SI. Male Female
No. --

W0 b W0 b

1 . 7.0 0.009532 7.0 0.009383
2 . 7.0 0.008268 7.0 0.010811
3. 7.0 0.009923 7.0 0.009777
4. 6.9 0.009056 7.2 0.010352 '
5. 6.9 0.008853 6.9 0.009385
6. 6.9 0.010741 6.9 0.010228
7. 6.9 0.009980 6.9 0.009567
8. 7.0 0.010210 7.0 0.010455
9. 7.0 0.008240 7.0 0.008020

■
o 1—( 7.0 0.009208 7.2 0.009408

11. 7.0 0.009595 7.2 0.010195
12. 7.2 0.010136 7.2 0 .010521
13. 7.2 0.009998 7.2 0.010385
14. 7.2 0.008936 7.2 0.009359
15. 7.2 0.008137 7.0 0.010283
16. 7.2 0.008195 7.0 0 .010525
17. 7.2 0.009277 7.0 0.009125

CO ■ 7.2 0.010391 7.4 0.011679
19. 7.0 0.010215 7.4 0.010113
20. 7.0 0.009807 7.4 0.011260
21. 7.0 0.010021 7.0 0.007931
22. 7.0 0.009146 7.0 0.010455
23. 7.4 0.010568 7.0 0.010825
24. 7.4 0.009834 7.0 0.009019
25 . 7.4 0.009552 7.0 0.010535
26. 7.4 0.009063 7.0 0.011331
27. 7.4 0.009406 7.0 0.008658 '
28. 7.0 0.009573 7.3 0.010202
29. 7.0 0.010816 7.3 0.011204

Contd.
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Table 17. (Contd.)

SI. Male Female
No.

wo b W0 b

30. 7.0 0.009374 7.3 0.010065
31. 7.0 0 .010039 7.2 0.010431
32. 7.0 0.010150 7.2 0.010385
33. 7.0 0.007082 7.2 0.010676
34. 7.0 0.010326 7.2 0.009972
35. 7.0 0.010861 7.2 0 .009921
36 . 7.0 '0;011209 7.2 0.007862
37. 7.3 0.009264 7.5 0.010127
38. 7.3 0.009258 7.5 0.011036
39. 7.2 0.007353 7.5 0.010767
40. 7.2 0.009300 7.5 0.010512

»I—I 7.2 0.011744 7.5 0.008152
42. 7.2 0.008783 7.0 . 0.010316
43. 7.2 0.009587 7.2 0.011618
44. 7.5 0.010677 7.2 0.009040
45. 7.5 0.007571 7.2 0.010074
46 . 7.0 0.009984
47. 7.0 ' 0.009986 .

48. 7.0 0.009821
49 7.0 0.010506
50. 7.0 0.010801
51. 7.0 0.008665
52. 7.0 ■0 .007907
53 . 7.2 0.009109 -
54. 7.2 0.009312
55. 7.2 0.007680
56. 7.2 0.009384
57. 7.2 0.006609
58. 7.2 0.009038



Table 18. Analysis of covariance of initial body weights and 'b' values by Rao's method

Source D.F. SS(X) SS(Y) SP(XY)
ADJ
D.F ADJ M.S.S F

Mean of 
'b' values

ADJ Values
W. -(X. -6.241748) ro lO

Between 1 579.6616 0.001085 0.794905 1 7.586867E-06
**

9.318347 0.009539 0.009250
groups

Within 101 2.75 0.000082 0.000902 100 8.141859E-07 0.0100432 0.000741
group

Total 102 582.4116 0.001176 0.795807 101

Regression estimate = 0.000328

To test «b’ = [SP(XY)]2/ ADJ M.S.E.SS(X)

= 0.3631 <1 {not significant)

■vj
-vl
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Table 19. Total weekly fortnightly and mean weekly egg 
production per bird of Japanese quails

Total weekly egg Total fortnightly Mean weekly
production egg production egg production

23 0.7188
69 92 2.1563

119 3.7188
134 '253 4.1875
153 4.7813
147 300 4.5938
138 4.3125
178 316 5.5625
196 . 6.1250
180 376 5.6250 '
185 5.7813
166 . 351 5.1875
170 5.3125
168 338 5.2500
141 4.4063
121 262 3.7813
117 3.6563
154 271 4.8125
158 4.9375
168 326 5.2500
179 5.5938
180 359 5.6250
164 5.1250
145 309 4.5313
146 4.5625
139 285 4.3438



Table 20. Hen housed and hen day egg production of Japanese quails during the period 1,1.1989 to 
30.9.1989

Months

Number of 
layers at 
the begin- 
ing of 
month

Number of 
days in 
each 
month

Total hen 
days

Total 
number 
of eggs 
produced

Hen
housed
egg
production

Number 
of birds 
expired

Number 
of days 
absent 
by dead 
birds 
during 
the 
month

Hen
days
of
survi
vors

Hen
day
egg
product
ion

(1) (2) (3) (4)
(=2x3)

(5) (6)
(t)x 100

(7) (8) (9)
( 4) - (8 )

(10)
(5) x 10C 121

February 62 28 1736 0 0 0 — 1736 0

March 62 31 1922 38 1.9771 0 — 1922 1.9771

April 62 30 1860 885 47.5806 0 — 1860 47.5806

May 62 31 ■ 1922 1304 67.8460 3 41 1881 69.3248

June 59 30 1770 1294 73.1073 3 12 1758 73.6064

July 56 31 1736 976 56 .2212 5 29 1707 57.1763

August 51 31 1581 1003 63.4409 8 195 1386 72.3665

September 43 30 1290 722 55.9690 2 41 1249 57.8063

-si
CD



Table 21. Fitting of mathematical models for^weekly egg production of Japanese quails

Models a b c

Linear 121.4000 1.9419
Exponential 101.1137 0.0237 -
Parabolic exponential 57.0929 0.1462 -4.5362
Inverse polynomial 0.0205 0.0032 0 .0001
Gamma function 35.5322 1.0571 -0.0833
Gamma type function 1049.1900 3.6236 0.2729
Quadratic function 69.0193 13.1663 -0.4157
Quadratic function 
log scale

13.4228 124.6064 -25.6003

Quadratic-cum-log 31.6676 -17.2984 0.2521
Emperical 0.0266 -0.0775
Linear hyperbolic 192.6841 -1.3239 -183.4538

-4.0810

122.8046

0.1601 34.7162 34.7162
0.1264 38.1350 12228.2900
0 .4850 0.3165 101.4965
0.9213 0.0145 280. 6831
0.8223 0.1860 59.6288
0.9223 0.1258 40.3254
0.4889 27.6640 27.6640
0.7471 19.4584 19.4584

0.7602 19.3758 19.3758
0.6480 23.4910 7532.5820
0.7194 20.4970 . 20.4970

Oo
O



Table 22. Fitting of mathematical models for fortnightly egg production of Japanese quails

Models a b c d 2r s I

Linear 241.1923 7.7198 — — 0.1749 68.1949 68.1949

Exponential 210.2932 0.0420 — — 0.1426 73.1730 47549.3000

Parabolic exponential 119.7881 0.2671 -0.0161 — 0.5443 0 .2650 172.2323

Inverse polynomial 0.0063 0.0013 0.0001 — 0.9374 0. 0034 269.1243

Gamma function 129.8996 1.1039 -0.1627 — 0.8166 0.1681 109.2483

Gamma type function 90987.1600 4.8825 0.7049 -7.5894 0.9240 0 .1141 ' 74.1584

Quadratic function 126.0351 53.7827 -3.2902 — 0.5245 54.2986 54.2986

Quadratic function 
log scale

97.1038 268.8874 -75.5807 — 0.8018 35.0586 35 .0586

Quadratic-cum-log 195.6462 -107.5919 3.3230 370.8704 0.8190 35 .3130 35.3130

Emperical - 0.0074 -0.1435 — — 0.6793 43.3137 28146.1400

Linear hyperbolic 450.5895 -10.0145 348.5215 0.8052 34.7535 34.7535

CO



Table 23. Fitting of mathematical models for hen housed egg production of Japanese quails

Models a b c d 2r s I

Linear 26.2958 6.5026 — _ — 0.3500 20.9682 20.9882
Exponential 8.3317 0.3720 — ■ — 0.1428 38.8248 3298.7340
Parabolic exponential 0.6035 2.1221 -0 . 2188 — 0.7807 0.7445 63.2596
Inverse polynomial 0.6405 -0.2770 0.0302 ' — 0.6786 0.1150 156 .6152
Gamm function 8.4609 5.2193 -1.2209 — 0.9371 0.3987 33.8736
Gamma type function 1.109345E+19 25.4443 5.7197 -48.8799 0.9963 0.1123 9.5416
Quadratic function -27.2613 42.2073 -4.4631 — 0.8448 11.4576 11.4576
Quadratic function 
log scale 1.2589 96.6707 -35.3734 — 0.9571 6.0220 6 .0220

Quadratic-cum-log 50.4287 -51.2273 1.9775 137.3186 0.9609 6.6385 6.6385
Emperical 0.1197 0.0668 ' — — 0.2687 30.4821 2589.9000
Linear hyperbolic 127.2179 -7.7595 -118.4475 — 0.9533 6 .2830 6.2830

CO
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Table 24. Fitting of mathematical models for hen day egg production of Japanese quails

Models ■ a b c d ar s I

Linear 24.9896 7.3183 — •—*«—» 0.4022 21.1125 21.1125
Exponential 8.1594 0.3847 — — 0.1748 40.4675 3542.5890
Parabolic exponential 0.5927 2.1329 -0.2185 — 0.7884 0.7398 64.7593
Inverse polynomial 0.6414 -0.2772 0.0301 — 0.6838 0.1146 165.6879
Gamm function 8.2854 5.1986 -1.2019 — 0.9378 0.4011 35.1081
Gamma type function 4.855436E+18 25.0332 5.6049 -47.9365 0.9934 0.1505 13.1725
Quadratic function -28.5834 . 43.0336 -4.4644 — 0.8513 11.7737. 11.7737
Quadratic function 
log scale

1.2386 95.4551 -33.5394 —  _ 0.9382 7.5873 7.5873

Quadratic-cum-log 42.7397 -42.7434 1.4483 126.064 0.9401 8 .6287 8.6287
Emperical 0.1222 0. 0795 — — 0.3046 31.5089 2758.3370
Linear hyperbolic 124.5305 -6.7486 -116.8264 __ 0.9346 7.8062 7 .8062

OO
Co
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Table 25. Weekly mean temperature and humidity with weekly 

average egg production per bird

Average weekly Previous three weeks average
egg production ------------ 1--------------------

Y - Temperature Humidity
Z1 Z2

0.72 29.00 65.80
2.16 29.00 68.80
3.72 29. 70 69.90
4.19 29.90 70.70
4.78 29.80 74.40
4.59 30.00 75.90
4.31 30.00 75.70
5.56 30.20 75.50
6.13 , 29.60 77.10
5 .63 29.10 79.00
5.78 28.50 80.10
5 .19 27.50 82.50
5.31 26 .80 84.00
5 .25 26 .00 85.90
4.41 26.30 84.50
3.78 26.60 82.30
3.66 27.00 80.70
4.81 26.50 81.80
4.94 26.10 ' 84.00
5.25 . 25.70 84.40
5.59 25.90 83.70
5.63 26.00 84.80
5.13 26.20 84.10
4.53 26.60 84.00
4 .56 26 .90 181.80
4.34 26.60 82.60

Table 26. ANOVA

Source DF M.S.S.
Regression 2 12.8714**
Error 23 0.3430



f i g .1 AGE v/e MEAN BODY WEIGHT OF QUAIL8
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f i g .  2 GOMPERTZ CURVE FITTED TO JAPANE8E QUAILS
(MALE) USING AVERAGE WEEKLY BODY WEIGHT

MEAN WEEKiy BODY WT.K2)

AGE IN WEEKS
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f i g . 3 QUADRATIC CURVE FITTED TO JAP.QUAIL8
(FEMALEHJS1NQ W.WEEKLY BODY WEIGHT

MEAN WEEKtY BODY WT.(O)

AGE IN WEEKS
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f i g . 4 GOMPERTZ CURVE FITTED TO JAPANESE QUAIL8
(FEMALEHJSINQ WEEKLY BODY WEIGHT

MEAN WEEKUT BOOT WT.(9J

AGE IN WEEKS
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f ig .5 GOMPERTZ CURVE FITTED TO JAPANESE QUAILS
USING AVERAGE WEEKLY BODY WEIGHT 

(IRRESPECTIVE OF SEX)

MEAN WEEKLY BODY W T,(«)

AGE IN WEEKS
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f i g . 6 WEEKLY EGG PRODUCTION OF JAPANESE QUAILS
(COTURNIX COTURN1X JAPONiCA)

WEEKS

 NUMBER OF EQS9



FIG. 7 FORTNIGHTLY EGG PRODUCTION OF JAPANESE QUAILS 
(COTURNIX COTURNIX JAPONICA)

FOR TNIG HTS

FORTNIGHTLY EGG PRODUCTION

CD
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F IG .8  HEN HOIKED a HEN DAY EGG PRODN.
JARQUAILS(COTURNIX COTURNIX JAPONICA)

J -------
) -..... «93g J 2 £ l  : 72.37

; 11^̂ , 67; 18 /'X "^x -X 57.u

-..... ,..47.68 / . L ! 6**9 63j44 . /

- .....

-... rfti .............

'r--:------------ -------1-------1-------i—  . i

MONTHS
SEP

HEN HOUSED EQQ PROD. 

COMBINED DATA FOR 1.2.’89 TO 30.9/89

HEN DAY EQQ PRODN.
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FIG. 9 EXPECTED WEEKLY EGG PRO DN.O STAINED FROM 
QUADRATIC-CUM-LOG & QUADRATIC FNJN LOG 
SCALE ALONG WITH OBSERVED EGG PRODN.

^Observed egg production
■^Expected egg production (Quadratic-cum-Jog)

Expected egg production (Quadratic function in logarithmic scale)
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FIG. 10 EXPECTED FORTNIGHTLY EGG PRODMOBTAINED 
FROM LINEAR HYPERBOLIC FNA QUADRATIC 

FN. IN LOG SCALE WITH OBSERVED EGG PRODN

400 FOflTHIGHTLY EGS PROON.

80
— •—  Observed egg production

Expected egg production (Linear hyperbolic)
~ Expected egg production (Quadratic function in logarithmic scale)

8 / 8
FORTNIGHTS

10 ti 11 18



FIG o i l  QUADRATIC FUNCTION IN LOG SCALE FITTED 
TO THE MONTHLY HEN HOUSED EGG PRODN. 

OF JAPANESE QUAILS

HEN HOUSED EQQ PHOOM.

MONTHS
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DISCUSSION

The results of the present investigations were already 
given in chapter 4. Most of the results obtained were having 
a reasonable comparison with the results obtained by other 
research workers in this field with few exception.

In the case of egg production in quails practically no 
work have been done. Hence could not have a comparative study 
of this aspect. The discussion of the result obtained were 
given in this chapter. , -

5.1 Growth study

The average hatching weight of one hundred and three 
(103) Japanese quails (58 males and 45 females) were found to 
be 7.1369 + 0.1698 g. This was slightly higher than the
average hatching weight (6.50 g) given by'Ricklefs (1979) but 
falls in the range of 5.12 - 8.05 g for Japanese quails as 
hatching weight given by Ricklefs (1979). The average 
hatching weight in the present study was also higher than the 
average hatching weight given by Sreenivasaiah ££ (1987 a)
who reported an average initial body weight as 5.74 g (Monsoon 
hatch - August) and 6.02 g (Winter hatch - November).

It was observed that the average hatching weight for 
males and females were found to be 7.1172 + 0.1591 g and
7.1622 + 0.1813 g respectively and females weighed more.
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The body weight steadily increased for malest females 
and birds irrespective of sex (Table 1) upto 12th week. In 
all the cases females exceeded males with respect to body 
weights. The same phenomenon was observed by Ino &£ af.(1985) 
for males and females eventhough the body weights were not in 

agreement with the present study.

The average body weight during the 12th weekJ were 
found to be 157.6552 + 14.5199 g and 179.2000 + 19.8055 g for 
males and females respectively. This was found to be in 
agreement with the results obtained by Kozaczynski (1985.).

Analysis of variance (Table 2) showed that there was 
no significant difference in body weights between males and 
females upto 8th week. But from 9th week to 12th week there 
was significant difference in body weights between male and 
female Japanese quails. Fig.l further substantiate the 

claim.

• • in order to study the trend in body weights further
■ body weights were taken at 27th and 35th week for males and 

females.

. During the 27th week the average body weights again
shown an increasing trend with females weighing more (194 g) 
than males (172.4310 g) and the analysis of variance have 
shown that there was significant difference in body weights 
between males and females.
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At the 35th week there was a slight decline in average 
body weights for females (192.4839 g) while the average body 
weights for males (179.4483 g) again shown an increasing trend 
and the analysis of variance again showed that there was
significant difference in body weights between males and 
females. The average body weights for birds irrespective of
sex were also worked out for 27th and 35th week and it was
found to be 181.8544 + 23.9376 g and 185.1456 ± 21.8023 g
respectively. In general it could be concluded that the body 
weights of quails showed an increasing trend even upto 35th 
week.

Various mathematical models were fitted and Gompertz 
curve [yas emerged as ' best one for ascertaining growth in

,  9' quails over twelve weeks having higher ' r ' values and lower 
's' values. This was found to be in agreement with the curve 

. suggested by Laird (1965) and Ricklefs (1985).

It was observed that for the development of suitable 
'models for ascertaining growth in quails using average body 
weights over twelve weeks, Gompertz curve emerged as the best 
one followed by quadratic and logistic in the case of males 
and birds irrespective of sex while quadratic curve (Fig.3)

r

emerged as best one followed by Gompertz and modified 
exponential in the case of females. ’
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In general Gompertz curve was found to be most
suitable for the development of models for ascertaining growth

2 Jtouje-rk
in Japanese quails having highest ' r 1 and^'s1 values. Fig.2, 
4, 5 showing observed and expected body weights over twelve
weeks further substantiate the claim.

The Gompertz form fitted to the average body weights 
over twelve weeks were of the form.

W = 158.6057 exp(-4.9667 exp(-0.4677 t)) (Male)

r2 = 0.9991, s = 1.6903

= 183.8152 exp(-4.5238 exp(-0.3846 t)) (Female) 

r2 = 0.9949, s’= 4.6230

Wt = 169.1025 exp(-4.7301 exp(-0.4267 t))
2 - r = 0.9982, s = 2.6054 (Birds irrespective of.sex)

t Rao1s method have shown that the initial body weight
had no significant effect on growth rate.of Japanese quails.

5.2 Egg production study

The average age at sexual maturity for 32 female 
Japanese quails was approximately 9 to 10 weeks or 69.41 + 
9.18 days. This was found to be higher than the reported age 
at sexual maturity by Ino at a l. (1985) as 35.9 days for males 
and 44.8 days for females. •
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. The average weight of egg was found to be 12. 20 + 1.05 g

which was also found to be higher than the reported egg weight 
by Sreenivasaiah e.t a t. (1987b) and Narayanankutty at. (1989).

With regard to egg production study scientists fitted 
a number of mathematical models in chicken, ducks, turkey, 
goose, turn, starling etc.

Still none of the^ scientists developed a suitable 
model for ascertaining the egg production in Japanese quails 
which was evident from the available literature.

I
In the present study a number of mathematical models 

tried in milk production in cattle were used to predict the 
production in quails. The comparisons were made on the 

value of Furnival index (I).

It was observed that for predicting weekly egg 
production quadratic-cum-log function and quadratic function 
in log scale emerged as first and second best having 
respective I values 19.3758, 19.4584 and r2 values 0.7602,
0.7471 ( Table 21). It is evident that there is not much
difference.between respective I values and r values. Figure 9 
further shows that there is not much variation between 
expected egg productions in comparison with observed egg 
production in the case of these two curves.
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With regard to prediction of fortnightly egg production 
linear hyperbolic function and quadratic function in logari
thmic scale emerged as first and second best having respective 
I values 34.7535 and 35.0586 and r2 values 0.8052 and 0 .8018 
(Table 22). ' Figure 10 further shows that there is not much 
variation between expected egg production in comparison with 
observed egg production of these two curves.

It was observed that hen housed and hen day egg
production were highest in the month of June (73.1073% and
73.6064% respectively) followed by August (Table 20).

In the case of prediction of hen housed and hen day
egg production, quadratic function in logarithmic scale has
emerged as best one having least I values and comparatively

2good r values (Tables 2-3 & 24 for hen housed and hen day egg
production respectively). Figure 11 and 12 (for hen housed
and hen day egg production respectively) between observed and
expected egg production . shows a good fit for quadratic 

♦

function in logarithmic scale. '

In general, quadratic function in logarithmic scale 
can be considered as suitable model for ascertaining ogg 
production in quails with regard to weekly, fortnightly, hen 
housed and hen day egg production. The form of the fitted 
quadratic function in logarithmic scale was '
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13.4228 + 124.6064(log t) -25 .60003(log t)2e J e
19.4584, r2 = 0.7471, s = 19.4584 (weekly)

97.1038 + 268.8874(log t) -75.5807(log t)20 0
35.0586, r2 = 0.8018, s = 35.0586 (Fortnightly)

1.2589 + 96.6707(loge t) -35.3734(loge t)2 

6.0220, r2 = 0.9571, s = 6.0220 (Hen housed)

1.2386 + 95.4551(loge t) -33.5394(logg t)2 

7.5873, r2 = 0.9382, s = 7.5873 (Hen day)

5.3 Climatological studies

The average weekly temperature and average weekly 
humidity under which the experiment was conducted were found 
to be 27.8 + 1.6°C and 79.4 + 5.7% respectively.

(i.e. 26.2°C to 29.4°C - temperature
73.7% to 85.1% - humidity) ‘

The multiple linear regression equation fitted by 
taking previous three weeks temperature (2̂ ) and previous 
three weeks average humidity and the present weekly
average egg production per bird (Table 25) showed an r2 value 
of 76.5% which gives good fit. The analysis of variance of 
this regression equation (Table 26) showed a highly signifi
cant value for regression equation. Further analysis of the 
coefficients of equation showed highly significant values of

Y =

I =

Y = 

I =

Y = 

I =

Y = 

I =
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coefficients of Z^ and Z2 which indicated that the average 
temperature and humidity were contributing factors for the egg 
production in quails.

It was evident from the study of previous workers 
(Wilson <Lt aZ., 1971; Sreenivasaiah and Joshi, 1987 a,b) that 
temperature was having significant effect on production. 
Accordingly multiple regression equation was fitted by taking 
average temperature and humidity of the previous three weeks 
as explanatory variable and the present weekly average egg 
production per bird as dependent variable.
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SUMMARY

With a view to develop suitable models for ascertaining
growth and egg production in quails an experiment was>
initiated on first February, 1989 at the Kerala Agricultural 
University Poultry Farm, Mannuthy. One hundred and fifty 
(150) day old quails have been used in this experiment. Forty
seven (47) birds died during the period of twelve weeks due to
some reason or other. The data on the remaining birds
consisting of 58 males and 45 females were considered for the 
present study.

The body weights of these birds were recorded conti
nuously upto 12 weeks. The initial average body weights were 
7.1172 + 0.1591 g, 7.1622 + 0.1813 g and 7.1369 + 0.1698'g for 
males, females and birds irrespective of sex respectively.

At the 12th week the average body weights of males and 
females were 157.6552 + 14.5199 g and 179.2500 + 19 .8055 g 
'respectively.

Since the body weights have shown an increasing trend
(Fig.l) for . males and females and females had begun egg 
production (females started egg production from around 10th 
week onwards and they have to be kept undisturbed for uninter
rupted egg production) body weights were not taken upto 26th
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week. Further body weights were taken only at 27th and 35th 
week to ascertain the trend by which time the males and 
females had reached an average body weights of

172.43 g; 19.4.00 g (27th week)
179.45 g; 192.00 g (35th week) respectively which 

again showed an increasing trend with a slight decline in the 
case of average body weights of females.

Analysis of variance was conducted for the body 
weights of 58 males and 45 females birds which showed that 
there was significant difference in body weights between males 
and females from 9 to 12 weeks as well as on 27th and 35th 
weeks.

Mathematical models such as linear, quadratic,
exponential, Von-Bertalanffy, modified exponential, logistic
and Gompertz were fitted and were compared using coefficient 

» . 2of determination (r ) and standard error of estimate(s) 
values. By comparison Gompertz curve W = a exp[-b exp(-kt)] 
was chosen as the best one for ascertaining growth in Japanese 
quails from 1 to 12 week. It was also concluded that Gompertz 
curve of the- following forms were most suitable for ascertain
ing growth in Japanese quails using average body weights over 
12 weeks. The forms were
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Wt = 158.6057 exp[-4.9667 exp(-0.4677 t)] (Male)
Wt = 183.8152 exp[-4.5238 exp(-0.3846 t)] (Female)-
Wt = 169.1025 exp[-4.7301 exp(-0.4267 t)]

(Birds irrespective of sex)

Figures of Gompertz curves showing observed and expected body 
weights were also drawn to support the claim.

Rao's method was tried and it was observed that 
initial body weight had no significant effect on growth rate 
of Japanese quails.

Mathematical models such as linear, exponential,
parabolic exponential, inverse polynomial, Gamma function,
Gamma type function, quadratic function, quadratic function in *
logarithmic scale, quadratic-cum-log function, emperical and
linear hyperbolic functions were tried for predicting £gg
production. The fitted models were compared using Furnival 
■ 2 -index (I). The r and s values were used only as a second 
criteria for comparison. Before fitting, the egg production 
-data was converted to weekly and fortnightly basis. Hen
housed and hen day egg production were also computed. The
models were fitted to weekly, fortnightly, hen housed and hen 
day production data. It was concluded that quadratic
function in logarithmic scale was mot suitable for ascertain
ing egg production in quails. The forms of the models were
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Y = 13.4228 + 124.6064 (log t) -25.6003 (log t)2 (weekly)6 6
Y = 97.1038 + 268.8874 (log t) -75.5807 (log t)2 'e 3e

(fortnight)
Y = 1.2589 + 96.6707 (loge t) -35.3734 (log t)2

(hen housed)
Y = 1.2386 + 95.4551 (loge t) -35.5394 (log t)2 (hen.day)

Figures of quadratic function in logarithmic scale showing
observed and expected egg production were also drawn to 
support the claim.

Climatological parameters (temperature and humidity)
recorded daily from the beginning of the experiment till the 
end, was utilised to study the impact of these parameters on 
egg production. The parameters were converted to weekly 
basis. As the present average weekly egg production per bird 
is correlated with the previous three weeks ‘climatological 
parameters, a multiple linear regression equation of the form

Y = -41.7275 + 0.7687** + 0.3150** Z2 with r2 = 0.7654
was fitted with average weekly egg production per bird (Y) as
dependent variable and weekly average temperature (Ẑ ) and 
weekly average humidity (Z2) as explanatory variable. It was 
found that the weekly average temperature and weekly average 
humidity have significant effect on the average egg production.
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ABSTRACT

An investigation was carried out into the growth and 
egg production aspect of Japanese quails at the Kerala
Agricultural University Poultry Farm, Mannuthy on 1st February, 
1989 with the following objectives.

i
i

1. t.o find a suitable relationship between age and body
‘ 'i

weight.
i

i

2. to investigate the frend of egg production i n quails 
through suitable mathematical models.

3. to study the impact of climate parameters (temperature, 
humidity) on egg production in quails.

The birds were reared under uniform feed formula and
I

identical management practices (recommended by Kerala Agricul
tural University Package ;of Practices). The investigation 
mainly depended on data consisting of weekly body weights of
.individual birds, daily e'gg production of birds (beginning

1 !

from age at sexual maturity) and daily climatological para
meters (temperature and humidity) from beginning till the end 
of experiment of 30th September, 1989.

Mathematical■ models such as linear, quadratic, 
exponential, Von-Bertalanffy, modified exponential, logistic

■ i 1

and Gompertz were fitted for the purpose using body weights of



individual birds as well las average body weights over twelve 
weeks and the fitted models were compared using coefficient of 
determination (r̂ ) and standard error of estimate(s).

Mathematical models such as linear, exponential, 
parabolic exponential, inverse polynomial, Gamma function, 
Gamma-type functicn, quadratic function, quadratic function in 
logarithmic scale, quadratic-cum-log, emperical and linear 
hyperbolic functions were fitted for the development of 
suitable models for ascertaining egg production using total 
weekly, fortnightly egg production, hen housed and hen day egg
production and fitted models were compared using Furnival
. 2 index, r and s.

Multiple linear regression equation was fitted using 
average weekly egg production per bird as dependent variable 
and weekly temperature andfhumidity as explanatory variable to
study the impact of diimatological parameters on egg
production in quails.

4

The investigation has the following, salient features. 

(1) The hatching weight of Japanese quails were 7.1369 g.

(n) The females weighed more than the males during the 
entire period of experiment and the body weights have 
shown an increasing trend. At the end of 12th week 
the average body weights of males and females were 
157.6552 g and 179.|2500 g respectively.



(iii) Rao's method justified that initial body weights
i

had no significant effect on growth rate.
i

(iv) Gompertz curve = a exp [-b exp(-kt)] was most
!suitable for ascertaining growth in quails on

individual basis as well as on the basis ofi
average body weights over twelve weeks.

(v) Average age at sexual maturity (females) was found
i

to be approximately 10 weeks and on an average the 
eggs weighed 12.20 g.

! - 

(vi) Quadratic function in logarithmic scale
•f- +-2W. = a + b(logi ) + c (log ̂ ) was most suitablet e e .

for ascertaining egg production in quails (weekly,
i

fortnightly, he'n housed and hen day, production 
basis). ,

(vii) Climatic parameters had significant impact on egg 
. |

production in quails.




