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The ag ro -c lim a tio  co n d itio n s fo ra  a n a tu ra l  g i f t  
to  K erala S ta te  which i s  id e a l  fo r  Duck farm ing. Puck 

farming in  KoraIs ia  found to  be a rem unerative e n te rp r is e  

because ducks re q u ire  no e lab o ra te  housing, n e c e s s i ta te ^  

only  low c a p ita l  investm ent, b rin g ' quick re tu rn s  from out­

la y  and w ell d is t r ib u te d  tu rn  over throughout the f i r s t  

year o f production  as w ell as in  subsequent years*

According to  1972 liv e s to c k  census, 9*01 B ill io n  

ducks, about 6.5 p er cen t o f  th e  t o t a l  p o u ltry  population  

a re  concentrated  m ostly in  the E astern  end Southern S ta te s  

(Ind ian  P ou ltry  In d u s try  Year Book, 1986)* West Bengal ia  

having tho f i r s t  p lace in  duck farm ing followed by Assam, 

Samil Radu, Andhra Pradesh, B ih ar, K era la , O rissa , Jammu 

and Kashmir and f r ip u r a » Kora la  i s  having a duck population 

o f 3.6 m illio n s  and a t o t a l  egg production  o f 36*348 m illio n s . 

2he duck population  increased  to  5-3 m illio n s  in  1984*

The duck ia  tho  second c o n tr ib u to r  o f  eggs to  th e  

Ind ian  market next to  the chicken, thus c o n tr ib u tin g  a  major 

share to  th e  Gross n a tio n a l  P roduct. 2ha age old b e l ie f  

coupled w ith  tho gross anatomy o f  ducka s u i ta b le  fo r  

swimming, ho3 perhaps pushed the  Duck farmers to  lo c a te
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t  hemselvsa around c o a s ta l  a reas o f our country  so th a t 

they  could ex p lo it tho n a tu ra l surroundings of w ater and
Ymashy lands to  tho  advantage of duck farming*

3o fap w© havo put com paratively  leas importance in 

duck improvement programme in  an in te n s if ie d  sca le  as vg 

have done so f a r  the  chicken b reed ing  p ro je c t. 3o adequate 

re se a rc h  and a t te n t io n  la  needed to  improve t te  p resen t 

s i tu a t io n .

Study o f  body weight and i t s  growth ra te  under various 

tim e periods i s  an Im portant aspect in  the case o f b ird s  

e s p e c ia l ly  those having economic im portance such as chicken 

and ducks. Body w eight being one o f the most im portant 

economic c h a ra c te r  o f ducks„ i t s  s tudy  w ill  have s ig n if ic a n t  

im p lica tio n s  in  th e  case o f  re a r in g  o f ducks. I t  i s  th is  

c h a ra c te r  which i s  moat concerned to  the farmers po in t o f 

view a lso  to  get th e  maximum re tu r n .  In  order to  study  the 

in crease  in  body weight ond a lso  the  growth ra te s  in  ducks, 

m athem atical growth models are to  be f i t t e d .  To find the 

optimum economic body weight these  models can be made use o f. 

The various models p rev a len t in s tu d y in g  the  growth r a te s  

o f b ird s  are  ex p o n en tia l, modified exponenti& l^om pertz, 

l o g i s t i c ,  V on-B ertalanffy , second degree curve e t c .
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I f  a  fu n c tio n a l re la tio n s h ip  between body weight and 

age i s  a v a i la b le , then  i t  w i l l  be easy  to  find the  optimum 

age to  a t t a in  tho maximum body weight- By

doing a c , i t  w i l l  be always possib le  to  have a u s e fu l
,i

fu tu re  planning fo r  th e  in d u s try  o f  ro a rin g  ducks as e 

whole• ,
t

Bo fa r  very  l i t t l e  work has been done in  th e  s tu d y  o f 

growth p a tte rn  and to  find the  optimum body weight in  the 

case o f  dueka. She few re fe ren ces  a v a ila b le  a re  th a t  o fI
Kamar e t  £1.(1971 )• Majna £$ £1.(1973)* George £^,(1980) 
and(1931) ,  Baewaran aj,. (1934) and Hamid a l . (1988).

i !

George «jt a l , (1980) s tu d ied  only  Desi ducks whereas

Eaawaran e t  a l .  (1934) s tu d ied  bo th  Dooi and Khaki Campbell
■ . i

ducks. Both th e se  authors have no t made t h e i r  s tu d y

through fu n c tio n a l re la t io n s h ip .  No m athem atical r e la t io n -
VvtodcJ !’

sh ip  s u i ta b le  to Athe  in crease  in  body weight over a  ie r ic d  

o f  tim e in  th e  case o f  ducks hove been worked out so f a r .

No se rio u s  s t a t i s t i c a l  a n a ly s is  hen been done so fa r
ii

in  the case o f White Pekin ducks. Bence a s tu d y  on,;the
v ,

in c re ase  o f  body weight o f  Dosi as w ell as White Pekin ducks 

u s in g  m athem atical models' io  a n e c e s s ity  fo r  th e  p resen t 

tim e . Based on auoh a study  on ly , a s u i ta b le  m athem atical 

model can be id e n t i f ie d  fo r  p re d ic tin g  the optimum b.cdy 
w eight in  th e  growth span o f  ducks.



4

I t  la  a lso  v ery  e s s e n t ia l  to  have a com parative study 

i o f  th e  two prominant g en e tic  groups v iz .  Deal and White 

Pekin In the growth p a tte rn  by considering  the d iffe re n c e  

in  growth ra te s  a3 w ell as growth param eters. Mormally i t  

i s  believed  th a t  th e  growth p a tte rn  o f th®' d i f f e r e n t  

g e n e tic  groups a re  d if f e r in g  between groups. Sometimes the  

sex of tho b ird s  a ls o  w il l  have a s ig n if ic a n t  ro le  in  

decid ing  the growth p a t te rn . A ll these  points n e c e s s ita te a  

a d e ta ile d  study  o f the growth p a t te rn  of the  m ajor g en e tic  

groups o f ducks namely Desi and white Pekin.

With t h i s  in  view a s tu d y  has been in i t i a te d  U3ing day 

old s t r a ig h t  run ducklings o f D esi as w e ll as White Pekin 

reared  in  Kerala A g ric u ltu ra l U n iv e rs ity  Duck farm# Kannuthy. 

fhrough the d a ta  generated a comparative study o f growth 

p a tte rn  in  ducks are  done w ith the fo llow ing o b je c tiv e s .

i.) 2o examine th e  p a tte rn  o f growth in  two breeds o f 

ducks i e .  B osi and White Pekin in  U n iv e rsity  Buck 
Phrm, Mannuthy.

i i )  To compare them (a) between g e n e tic  group (b) between 
males and females In each g e n e tic  group (o) between 

males of the  g en e tic  group (d) between fem ales o f 

th e  g en e tic  group.



i i i )  So f i t  ap p ro p ria te  growth curves fo r  p re d ic tio n  

o f body weight a t  d i f f e r e n t  3 tages o f growth*

The da ta  a re  being ca teg o rised  in to  ©ix groups namely

Deal m ales, D©3i fem ales, VP m ales, fep fem ales, £e©i ducka 

ir re s p e c t iv e  o f sox and VP ducks i r re s p e c tiv e  o f  sex .

To meet the f i r s t  o b je c tiv e , th e  s ix  d i f f e r e n t  growth 

curves v iz .  ex p o n en tia l, m odified exponen tia l, Gomparts, 

lo g le tlC /V on-B erta lan ffy  and aooond degree a re  f i t t e d  and 

th e  d e ta ile d  in v e s tig a tio n  o f the curves are  made. To m#ot

tho second o b jec tiv e  tho growth r a te s  o f the  f i t t e d  curves

are  to  be analysed fo r  the s ix  g roups. The th ird  ob jec tive  

can be met by choosing the most s u i ta b le  growth curve on 

tho  b as is  o f  c o e f f ic ie n t  o f de term ination  ( r  ) and standard  

e r ro r  of the  e s tim ate  ( s ;  and basad on th e  moat ap p ro p ria te  

growth curve the p red ic tio n  o f th e  body weight can be done.

The ap p ro p ria te  growth curves can a lso  be ob tained  
through g ra p h ic a l approach, hence a study o f  th e  most 

prom ising growth curves along w ith th e  a c tu a l  d a ta  p lo tted  

in  the same graph paper fo r  each o f the s ix  groups can a lso  

be in v e s tig a te d .
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m^IEM OF TOMATOES

The l i t e r a tu r e  abounds w ith  the study  o f growth 
m ainly in  c a tt le *  sheeps p ig s , goats and poultry* 

Comparatively le s s  work was done on th is  aspect in  ducks*

In  g en era l growth i s  measured in  terms o f body weight*

Keeaona fo r  the examination o f growth in  terms o f body 

weight are many*

The body w eight, which i s  the  f i r s t  m easurable 

ch a rac te r o f  an anim al has an economic im portance, since 

i t  provides n b a s ic  background fo r  fu tu re  perform ance. I t  

qbu bo measured w ith reasonable accuracy and i t  in d ica te  

th e  duck1 a a b i l i t y  to grow and su rv iv e . Wide v a r ia t io n  in  

i t  may provide opportun ity  fo r  e a r ly  s e le c tio n  o f  duck© 

fo r b e t te r  performance a t  l a t e r  s ta g e s .

Growth models th a t  r e la te  animals weight as a function  

o f age ar© o f  value  not only to  n u t r i t i o n i s t s ,  b u t a lso  to  
g e n e t ic i s t s ,  p h y s io lo g is ts , econom ists, s t a t i s t i c i a n s  and 

managers* T yp ica lly , growth models r e la te  the average 

weight o f anim als o f on© breed o f  a spec ies aa a function  

o f  age . From such a  model, one oouM determ ine , the expected 

average weight o f a group o f animals o f tho same breed a t 

any given ago, w ith in  the l im its  o f  the  model.
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Wiohart ( 193G) while s tudy ing  the growth r a te  o f  bacon 

p ig , f i t t e d  a  second degree parabola fo r  tho f ig u re s  o f each 

pig* Tho nathod o f  orthogonal polynomial f i t t e d  was th a t  

o f  Aitken (1933)* She Aitken polynomial f i t t e d  was

V a  s G -)• (2x -  16) + a2 (6x (x -1 ) -  45* + 120
t *2

where *x* ia  th e  age in  weeks and *v* i s  tho  weight in  ( l b ) .

B rant (1931) s tud ied  the  e a r ly  growth o f  dom estic fowl 

and repo rted  th a t  th© equation  o f  the type^j

jjw
y  m a ©  + o  g a v e  e x c e l l e n t  fit 

w h e r e  y  »  b o d y  w e i g h t  i n  grams 

x  »  t h e  a g o  in w e e k s  

a, b , o a r e  c o n s t a n t s *

In  t h i s  equation  'h* deooribea the  r a te ,  o f  growth o f the
fow l f ro a  the and o f  f i r s t  week to  the end o f  12th week* Be/
a lso  repo rted  th a t  the  value o f  *b* ie  h igh ly  s ig n if ic a n t  

between hatches ond also  between sexes*

G ilb rea th  and Upp (1952) have s tu d ied  the  growth p a tte rn s  

o f  Cornish fowl end reported  th a t  the  body w eight and shank 

len g th  are  th© b ee t measurements fo r  maos and s k e le ta l  

development* He a ls o  obaiftred th a t  th e re  e x is t s  s ig n if ic a n t  

v a r ia b i l i t y  in  body weight w ith in  both  sexes a t  th e  th ird  

week o f  age and also  tho v a r ia t io n  due to  sox were apparent*



Ash and Mothers (1964) conducted s tu d ie s  In Whit© Pekin 

markot duck lings and observed th a t  males a re  heav ie r 

( 0.05 lb )  than females by the  end o f  9 weeks* She food 

conversion ra to  i s  leas  in  femalea than in  males* Shey a lso  

repo rted  th a t  the  femalea should be marketed e a r l i e r  than 

males ±e. a t the  ago o f seven weeks.

Roberts (1964) while study ing  tho r a te  o f  e a r ly  growth 

in  two l in e s  o f Mhit© Leghorn chicken observed th a t  tho 

graph fo r  the males and females of the  two l in e s  approaches 

to  l in e a r i ty  upto 7 to  8 weeks o f ago. he f i t t e d  a power 

function  o f the form

y a> a tb

whore ^

y ts body weight a t  time *t* 

a a  body w eight a t  ti© e ' o 1 

b at growth rat© o f tho in d iv id u a l

Knholka ( I 965) opined th a t  the growth rat© o f  tfhite Pekin 

duck lings i s  maximum a t  30-50 days o f age and the fa tte n in g  

f in i s h  a t  the  age o f 60-65 days*

Susaki and H&mak&wa, (1965J constructed  growth curves 

from d a ta  on body weight o f th re e  b ro i le r  breeds and th ree  

crosses upto ten  weeks o f age. Curves o f the type



where *¥' i s  the  weight a t  time ' ^ ‘t 1, *wo* i s  the i n i t i a l  

weight fo r  the period o f study  and Ao and ©core constants*

*At* i s  th e  i n i t i a l  s p e c if ic  growth r a te  and ̂ m easures the 

r a te  of ex p o n en tia l decay o f  'Ao'* They a ls o  opined th a t  

when animal* as d i s t a n t ly  re la te d  as cows, mice and;, chicken 

a re  compared w ith  re sp e c t to  t h e i r  growth cu rves, i t  become* 

ev id en t th a t  the  growth curves are  imposable* Species 

d if fe re n c e s  a re  apparent only in  tho  s c a le  d if fe re n c e s  in  

th e  time and weight axes*

T a ll is  (1966; suggested th a t  growth and development 

can be regarded as a s to c h a s tic  process in  continuous time*
J ;

Koroover in  some s i tu a t io n  o f  prlmory p roduction , c e rta in
i

growth p a tte rn s  may be more economical o r otherw iseim ore 
d e s ira b le  than  others*  '!

't
R icklefo ( 1968) while study ing  th© p a tte rn  of growth 

in  10p sp ec ie s  o f b ird s  opined th a t  growth param eters are

found to  e x h ib it  as much as SO percentage v a r ia t io n Lw ith in  a
!

specie*  w ith re sp e c t to  geographic lo c a l i ty  and time of 

n e s tin g  s e a so n .;  Growth patterns a re  co rre la te d  w ith ,o th e r  

param eters o f  l i f e  h is to ry  to  ev a lu a te  the ex te n t o f d iv e r -  

a i ty  in  th e  course o f  growth, low r a te  of. growth and 

prolonged growth periods occur p rim arily  in  sp e c l* s i la rg e  fo r
1 1

t h e i r  fa m ilie s  and on oceanic species*  The shape o f  the



grow th curv® la  not re la te d  to  the  mode o f developm ent. Ho 

a lso  observed th a t  th e  weight s p e c if ic  growth r a te  as

measured by the  constan ts  o f  f i t t e d  growth curVeu a re  most
!

h ig h ly  co rre la te d  w ith the a d u lt body a iz e  o f  tho a pociea 

end the  brood s i z e .  ile f i t t e d  the  growth curves such as 

l o g i s t i c ,  Qomperta and V on-B ertalanffy .

P i l l o i  e t  a l .  (1969) w hile study ing  th e  growth rat© o f 

chickens from s ix  d i f f e r e n t  crosses found th a t  the  simple 
exponen tia l fu n c tio n .

!
kfcV n A e yielded a very  good f i t .  Zelenka (1970) 

w hile studying growth o f chicken du ring  tho e a r ly  period o f
i

post .embryonal l i f e  used ex p o n en tia l func tion  
letW * a a and the power function  

T * a tb

to  c a lc u la te  growth from 2 to  22 days o f age in  40 Cockerala 

and 90 chicks o f both  sex e s . Growth was d iv ided  in to  2 

p e rio d s . The f i r s t  period ended a t  14 days o f  age . : I t  was
i

markedly d i f f e r e n t  from period two re g a rd le ss  o f  the  func tion
i

used . In the f i r s t  experim ents and in  the  second period o f 

th e  second experim ent, no s ig n i f ic a n t  d iffe re n c e  was found 

in  th e  accuracy o f  the c a lc u la tio n  between two fu n c tio n s .

In  th e  second period o f the experiment the  power function  
was more a c c u ra te .



L ll^odhl (1970) used a m athem atical fun c tio n
A x  ,„ A x . .y r o A + B e  ( W e e  )

to  give in form ation  about the  growth o f  b r o i l e r  chicken*

Whore 'y 1 i s  the  body weight and 4x* i s  ago* A ll tho four
param eters A, B, C and A a re  s ig n i f ic a n t ly  d i f f e r e n t  fro*

s e ro . For one o f the forms in  which tho tim e d iffe re n c e

between the e a r ly  and la te  hatch  o f chicken te s te d  was so

la rg e  th a t  they  rep resen ted  two d if f e r e n t  s ta g e s  o f  g en e tic

improvement* S t a t i s t i c a l l y  s ig n i f ic a n t  d if fe re n c e s  between

two hatches were found in  a l l  fou r param eters • By making

second d e r iv a tiv e  o f  tho body weight func tion  equal to  sere*

GSbse im portant growth c h a ra c te r is t ic s  ouch as 'so-ordinateaiiWvaHJryiuvn _ . 1
o f  growthAr&te the  corresponding in f le x io n  weight

and proportion  o f  body weight a t  s la u g h te r  (56 days) a tta in e d  

a t  the po in t o f in fle x io n  (growth r a te  maxlmunj were1 derived* 

Among o th e r th in g s  i t  was found th a t  growth r a te  Increased 

upto a maximum o f 29 g to  45 g per day more in  males, than in
i

female end i t  decreased subsequently* The maximum occured 

between 36 and 43 days; l a t e r  in  males than in  fezaalea •

Kanar # t a l*  (1971) s tu d ied  th e  e f f e c t  o f c ro ss in g  in  
th e  growth o f ducks o f Pekin, Khaki Campbell, Pekin x Khaki

•I
Campbell, Khaki Campbell x Pekin found th a t  fo r  the four

I
groups body w eight averaged 45*8, 35*8, 37*5 and 45*4 g a t  

h a tch in g , 462*3* 266*5* 326*4 end 425*7 g a t  4 tb  week 1935* 

1366, 1771 and 1971 a t  12th week and 2205, 1591* 1855 and
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1954 8 24th week o f ago* She d iffe re n c e s  between pur* 
b reds c ro ss  brads and between tho two cross breda war* not 

a ig n if lc a n t  except th a t  botwoon crossbreds a t  4 week* In  a l l  

group maximum weight gain ocoured between 4 and 8 week*

R lcklefsQ  (1973) analysed the  growth curves o f 01 specie#  

o f  b ird s  and found th a t  th e  Goes per t s  equation  gave e x c e lle n t 

f i t  to  moat o f  th e  sp e c ie s . Also among sp ec ie s  with s im ila r  

modes o f  development growth r a te  docreases w ith  in c re as in g  

body weight in  an a l lo a e t r i c  manner, w ith sloped o f  -0 .26  

to  -0*42 depending on the group* Among those sp ec ie  a th a t  

can walk a t  an e a r ly  age but acqu ire  f l ig h t  r e la t iv e ly  l a t e ,  

th e  ro te  of growth depends on p rim arily  the r e la t iv e  s iz e  o f 

th e  m usculature o f  the lower ex trem ities*

Majna « t  a l . ( 1973V compared the  growth in te n s i ty  in  

th re e  type o f  m eat-type ducks ie* Pekin, Pekin x Aylesbury 

and Pekin x White Campbell x Wild ducks and observed th a t  the 

body weight averaged 60*3, 47*2 ana 39-9 g a t  h a tch ing , 1041, 

817 and 577 g (0*7* 13*s4» 26*9 and 25*8 per cen t re sp e c tiv e ly )  

a t  28 days and 2512, 2254 and 1654 g (C.V. 6 .0 ,  13*1 and 

11*1 per cent re sp e c tiv e ly )  a t  53 days .,.of age .

A thorough review o f  Gomperta equation  and o th e r  model# 

was presented by B uffington (1973)* Ihe Comports growth model 

was f i t t e d  to  d a ta  o f  moon weight as w ell as the  d a ta  fo r  th e  

curve forming 95 par cent confidence l im it  o f  th e  mean weight*
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She Gompftrts equa tion  provided an e x c e lle n t f i t  In  

Buffington*o experim ent. She fo ra  considered was

where

V m Weight in  kg a t  tim e ' t '

t  a  age in  days

Paramotera A, B, 0 were in te rp re te d  aa

A a  asym pto tic weight approached i e .  weight in  
kg a t  tim e t  a  oo 

A e~S m Weight in  kg a t  t in e  t  » 0

G m) f e te  o f  exponen tia l decoy o f s p e c if ic  growth 

r a te  per days.

The v a lu es  o f  A, B and C in  th e  Gomperta equation  

which gave boot f i t ,  were found out by the  au th o r fo r  moan

w eights o f e n t i r e  flo ck , weight o f  a l l  males and fo r  the

weights o f ■:fem ales, She Gomporte equation was a ls o  f i t t e d  

to  the  two curves forming confidence l im its  to  tho mean 
weights*

Gibes (1975J compared tho growth r a te s  o f  Pekin 

dom estic ducklings end wild ta ll lard  a and observed th a t  in  

the  Pekin, w eight gain  end in c re a se s  in  l in e a r  moasuremente 

were more rap id  than in  the n tillarda*  In  both  weight gain were
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f a s t e s t  a t, 4 week of 030* A fter 5 weeks of age growth 

r a te  dec lined  in  both wild and dom estic ducks.

A fu n c tio n a l re la tio n  between body weight and age 

i f  i t  could be e s tab lish ed  w ith  the  d es ired  closeness 

i s  u se fu l fo r  p lanning and fu tu re  a n a ly s is  (durendran and 

£ia j  ago pa la n , 1975 i • She growth in  body weight o f  dom estic 

fowl has two phases, v i s .  s e l f  a c c e le ra tin g  phase and s e l f  

l im it in g  phase and the  ra te  o f  growth in  th ese  phases need 

n o t be s im ila r •

Hus 3 a in  (1976) s tud ied  th e  growth ra te  o f  White .Leghorn 

Light Sussex and th e i r  r e c ip ro c a l  crosses under two environ­

ments and measured the  r a te  o f  growth by means o f l in e a r  

and q u ad ra tic  re g re ss io n  c o e ff ic ie n ts  ca lc u la te d  by th© 

method o f orthogonal polynom ials.

George g t  n l . (1980) have stud ied  the  growth p a tte rn  of 

d e s i  ducka and have observed th a t  the  body weight a t  7th ,  

8t h ,  9 th  and 10th weeks o f age were 1033* 1139» 12C1 and 

1254 g re sp e c tiv e ly , ihe overage d a i ly  gains a re  20. 2 ,

19*6* 18*4 and 17..3 g re sp e c tiv e ly . Tho average hatch  

weight was 42 g . Also they  have opined th a t  even though 
they  a t t a in  s a t is f a c to r y  m arket weight a t  7 weeke o f age, 

i t  i s  uneconomical to  r a is e  them fo r  meat p roduc tion .
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Kan-yu-Tseng and Beckor, ( 1981j have s tu d ie d  the growth, 

p a tte rn s  - o f  body weight end abdominal f a t  weights in  male 

b r o i le r  chickona and found th a t  the Gosport® curve gave 

e x c e lle n t f i t  to  tho l iv e  weight d a ta  as a lso  the abdominal 

f a t  weight* The equation considered was o f the Laird (1967) 

from which a p p lie s  the  b i r th  weight r a th e r  than mature 

weight*

W t  -  V O  .  ^  -  • ' M )

where 'Wt* i s  the weight o f  the  b ro i le r  o r i t s  p a rt a t  

t i n s  ' t * .  The ab so lu te  growth ra te

f |  » L* tf t .  e~k t

The co -o rd in a tes  (w±, t i )  o f  the  po in t o f in f le x io n  end the 

asymptote A a re

t i o f  1 / k  log
wl -  Wo # A B Wo e lV K )

A * Upper asym ptotic weight as age 't*  approaches in f in ity *  
I t  i s  an estim ate  o f mature weight* Wo * Lower asym ptotic 

w eight &e age *t* tends to  sero* I t  ia  the  estim ate  o f 

ha tch  weight o r  I n i t i a l  weight o f  animals* L v the slope 

o f  tho growth curve when t  ® 0 o r the  i n i t i a l  s p e c if ic  

growth r a t e .
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K « the rat© o f  exponen tia l decay o f  the i n i t i a l  

s p e c if ic  growth rat© h, which njeaeurea tho r a te  o f d ec lin e  

in  the g ro w th .ra te . Wi * Weight a t  ago ' i '  tho ago a t  

which th© growth r a te  i s  maximum. This occurs when the 

growth rat© per day changes an in c reas in g  to  a decreasing  

func tion  o f  ag e . The i n i t i a l  weight s p e c if ic  parameter (Vo; 

uaed in  Qonporte equation  ia  beat su ited  to  the  s p e c ia l  

case o f b ro i le r  chicken which have a sh o r t growth period 

and a re  marketed before m a tu rity . Hence only Gosportc 

nodel won used to  m athem atically  d esc rib e  the  l iv e  w eight« 

carcase weight and abdominal f a t  weight percentage measured 

on ft weekly basis*

The o th e r forms o f the non l in e a r  curves considered 1 
was tho L o g is tic  curve

- k t  r KTaft a  A(1+e 1SX)

and Von B e rta la n ffy

'  tft AC 1 -  

where A, B» K and M are  parameters*

Henchi o_t a l*  (1981; hav© stud ied  tho growth p a tte rn  

o f  D©ai ducks tc  12 weeks o f  age w ith  an o b je c tiv e  to  assess  

t h e i r  meat production  p o te n tia l*  They observed th a t  i r r e s ­

p ec tiv e  o f  age and housing system , male duck lings had 

s ig n i f ic a n t ly  h ig h er body weight than fem ales• Th© p a tte rn
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o f  growth o f  Deal ducklings t i l l  12 weeks o f  ege showed 

th a t  th e  gain  in  weight was uniform ly fa s t  t i l l  around 1 1 th  

week o f  age and th e re a f to r  the d e c lin e  phaae s ta r t e d .  She 

aeon body w eight a t  12th week o f age was 1443 S*

Jacob Thomas and Surendran (1983) have s tud ied  the
i

f 1

growth p a tte rn  o f  dom estic fowls upto 12 weeks o f  age and 

observed th a t  the  co d ified  ex p o n en tia l and ex p o n en tia l 

curves a re  b e s t su ite d  to  p re d ic t the body weight fo r  12 

weeks d a ta .

Shares a t  a l .( l9 8 4 )  conducted s tu d ie s  on phenotypio 

c o r re la t io n  o f  e x te rn a l  body measurements w ith  egg production 

and body weight in  White Pekin ducklings end repo rted  th a t 

body ['.'weight i s  s ig n if ic a n t ly  co rre la ted  w ith  a l l  body 

measurements (0 .27 -0 .99 ) and egg weight (0 .3 9 -0 .6 7 ) moat 

ages. G enerally  egg production wao e ig n if le a n t ly  co rre la te d  

w ith body measurement from 40 -  48 weeks of ago and w ith egg 

weight from 22 to  30 ( 0.48 -  0. 88) and 40 -  48 weeks o f 

age (0.66 t  0. 79)

Eaawaran o t e l .  (1984) repo rted  th a t  i r re s p e c t iv e  o f  sex , 

tho  p a tte rn  o f  growth both in  Khaki Campbell and Desi 

ducklings showed a lin e a r  in c re a se  from day old to  the age 

o f  18th week. The increased  r a te  o f growth in  both  g en e tic  

group was observed upto 11th week o f age and th e r e a f te r  the 

r a te  o f  growth was com paratively le a s ,  s t a t i s t i c a l  an a ly s is
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o f  the d a ta  in d ica ted  th a t  tho  r a te  o f  growth o f  Desi 

males* Desi femalea* Khaki Campbell females and malea were 

in  descending o rder o f m agnitude. There were no s ig n if ic a n t  

c o r re la tio n s  between hatch weight and weight o f  8th  and 18th 

week on both g e n e tic  groups. She a n a ly s is  o f body weight 

between the  two groups and between the two sexes ind icated  

th a t  th e re  was s ig n if ic a n t  d if fe re n c e  between gen e tic  

group and between sexes in  re sp e c t o f body w eigh t.

Kanoun (1984) repo rted  th a t  the  e a r ly  body, weight i s  

always b e t te r  than  shank len g th  a t  the  same ages as a 

p re d ic to r  o f f i n a l  weight in  b r o i le r  ch ickens.

Jacob Thomas and Sure nd ran  (1984) s tud ied  the  growth 

p a tte rn  o f  dom estic fowls o f two g en e tic  groups.and observed 

th a t  males’ in  each g ene tic  groups hEd a h ig h er mean body 

weight than fem ales. Also 24 weeks com pletely covers the 

growth period o f  both groups. Th© ex ponen tia l and Qomperts 

curve were found s u ita b le  fo r  f i t t i n g  24 weeks body weight 

d a t a . .

Tierce and liordskog ( 1985) analysed the  body weight 
and shank len g th  a t  20 weeks o f  age and f i t t e d  on 
exponen tia l aquation  o f  the type

y a  £<x

where y * shank leng th  and *x* ia  the  body weight a t  20 

weeks o f ag e . <*- and a re  growth constan ts  ■
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Sahoo £ t  a l .  C19B5) have conducted experim ents in  

Kheki Campbell ducklings rep o rted  th a t  th e re  ia  a s ig n if ic a n t  

d iffe re n c e  (F 0 , 01) in  th e  mean weekly body weight as w ell 

as l iv e  weight gain  between weeks o f age* Females were 

haying h igher growth r a te  than m ales. F u rther tho  weekly 

average l iv e  weight appeared to be more then double th a t of 

th e  proceeding week upto 3rd week and more than one h a l f  in  

th e  4th  week o f  age. The In crease  was moderate from 3th 

to  12 th  week and low from 13th  to  16th week.

In d ira b a i e£  a l . (1965) repo rted  th a t  in  b ro l lo r  

chickens, the p a tte rn  o f growth was w ell e s ta b lish e d  by 

u sin g  a l in e a r  func tion  o f  age and body w eight.

Grossman e t  a l.(1 9 6 5 j used lo g i s t i c  growth curve to

ex p la in  the p a tte rn  o f growth in  chicken* The lo g is t ic

curve used was chosen from among growth form ulae th a t  express

r a te  of gain  as a func tions o f  i n i t i a l  body w eight, f in a l

body weight and growth ra te  c o n s ta n t. The lo g i s t i c  function

exp resses r a te  of gain  ( j J ;  p ro p o rtio n a l to  growth ra te

* co n stan t k weight a t  a  given tim e (x ) , tfx and r e la t iv e
. Woo — tfx )weight yet to  bo gained (■ ■ ■ 'n PO

This can be w ritte n  as

* KWx (Woo.- Wx)/W°o 

. fo r  which we ob ta in  upon in te g ra tio n  from 0 to  t
Woo«t ■ ■ ■■ 1 ...... ......

1 + (W°Q -  1) e 
Wo
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vhero  . Wo and Woo a re  I n i t i a l  and maximum weights • Weight 

. a t  the  in f le x io n  poin t I s

Wt* a  Woo/2  where 1t** i s  the tim e to  the point o f  

in flex ion*  She age a t  tho p o in t o f in fle x io n

t * ,  X* (W00 -  Woj -  In CW(i)

Grossnan and Bohran (19S5> s tud ied  the in h e ritan ce  o f  
param eters o f  the L o g is tic  curve and observed th a t  growth 

r a te  constan t and ago a t  in f le x io n  po in t a re  having low 

h e r l t a b l l i t y  in  each sex and line*

Campbell fit a ^ . (1985) reported  th a t  tho body weight 

averaged 2*55 and 2*14 kg in  the case o f males and females 

o f  White Pekin ducks a t  8th  week o f age* She d a l ly  gain was 

41*9 and 40*7 g re sp ec tiv e ly *

Sharma a t  a j., (1986) repo rted  th a t  the body weight a t  

10, 12 and 14 weeks o f age averaged 1106*0^23*0, 1376*04^22*0

and 1514±18*0 g re sp e c tiv e ly  in  the  case o f  Khaki Campbell

ducks* Also the optimum m arketing age ia  ca lc u la te d  os 10 

weeks o f age*

Anthony a l* (1986; have otudied tho growth curves o f

Japanese q u a ils  as modified by d ivergen t s e le c tio n  of 4 waek 

body weight o f two weight se le c te d  l in e s  and repo rted  th a t
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th e  Oompertz curve io  boot fo r  d e sc r ib in g  the growth o f  

bo th  the lin es*  $h© lo g i s t i c  curve best f i t  th e  growth 

p a tte rn  of. th e  low weight ca tego ry . Also ho observed th a t  
the  p a tte rn  o f growth o f  both  the sexes a ro  id e n tic a l*

Simmons e t  a l .  (1987) f i t t e d  a  reg ress io n  equation 

o f  the  form

W * 49*69+ 7*89 D + 0*81 J? to  ©aplain tho body weight 

a t  a p a r t ic u la r  time in  th e  brooding period where 

W * In d iv id u a l b r o i le r  weight in  grams and 'D « day o f  the 

brooding p e rio d .

Ibo and Wo Ira lo r  (1987) f i t t e d  an a llo m e tr ic  growth 
curve o f the fo ra

, *y m oC v in  b r o i le r  chickens ̂ i
where

« » Body weight

y « l in e a r  s t r u c tu r a l  body param eters

ousaard ejfc a l.* ( 1988j have s tud ied  tho  growth p a tte rn  

o f  D esi and Khaki Campbell ducks under r u r a l  cond ition  and
i

observed th a t  there i s  no s ig n if ic a n t  d if fe re n c e  between 

growth ra te  o f Doai and Khaki Campbell ducks* Iho d iffe ren ce  
i f  any i s  due to  non g en e tic  in flu en ces  l ik e  poor n u t r i t io n ,  
management e t c .  '
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H arpal Singh a l . ( 1988) w hile s tu d y in g  the in h e r i­
tance of body weight in  guinea fowl observed th a t  phenotypic 

c o r re la tio n s  o f  th e  body weight w ith  shank le n g th , keel 

len g th  and b re a s t angle a t  v arious ages were a l l  positive  

and observed high values excep ting  w ith  weight a t  hatching* 

This in d ic a te s  th a t  the  body weight a t  any age (except day 

o ld ) may be considered fo r  ev a lu a tin g  growth upto 20 weeks 

o f  age*
•  i  *

Hamid o t e l * ( 1988) have compared the performance of 

growing duck lings o f Ehaki Campbell, Indian  Kunnor and 

Indigoneous under farm conditions*  The average f in a l  body 

weight and body weight gain  were found h ig h est in ducklings 

o f  Khaki Campbell (1788*44 g and 1744*11 g) followed by 

Ind ian  Banner (1743*28 and 1702*47 g) and Indigeneouo ducks 

(170^*69 and 1666 g) re sp e c tiv e ly *  The growth r a te  was 
s ig n i f ic a n t ly  b e t t e r  in  Khaki Campbell ducklings (82#218j 

a s  compared to  th a t o f Indian  Banner (65.130) and 

Indigeneoua ducklings (83*48) were s ig n if ic a n t  (P<CG*01) 

d if fe re n c e  was found 'between them*



At&tezl&tl and M.e.tlod.6



This study  was in i t i a te d  using  day-old s t r a ig h t  runI
ducklings of D.e3i,e ig h ty  one in  number and th a t  of White 

Fokin ,seventy  two in  numbers, from Kerala A g ric u ltu ra l 

U n iv ersity  Duck Farm, Kannuthy. The ducklings were hatched 

on May 31t 1988 and June 6 , 1988. 2hey wore s e r i a l l y  numbered 

end wing banded fo r id e n t i f ic a t io n .

On the day o f  hatch ing  the  ducklings were placed in 

e l e c t r i c a l ly  o p era ted , th e rm o s ta tic a lly  co n tro lled  b a tte ry  

typo brooders. They were a llo c a te d  to  d i f f e r e n t  compartments 

o f  the brooder a t  random. A commercial all-m aah s t a r t e r  

rationw as fed ad l ib itu m , while the ducklings were brooded
i

in  the  b a t t e r i e s .  Fresh water was made a v a ila b le  a t  a l l  

tim e s .

A fter a few weeks, tho ducklings wore moved to  deep 

l i t t e r  houses/pens, fhey wore housed in  two ad jacen t 

s e c tio n s  o f a brooder house d iv ided  in to  s e c tio n s . Adequate 

f lo o r  area  and water space woro made a v a ila b le . Hecesoary 

warmth wao provided by In fra -re d  bulbs fo r  four weeks. At 

t h i s  stage the  ducklings were f a i r l y  w ell fea th ered  and due 

to  tem perate w eather only moderate brooder heat wao req u ired .

MA2£RIAX£3 AMD MEfHOBB



A ll the  ducklings wore fed on the  same feed formula and 

the management p ra c tic e s  were id e n tic a l*

The weight o f  each duck ling  was recorded on a l l  days 

du rin g  the f i r s t  seven days* T hereafter i t  was taken a t  

weekly in te r v a ls .  The weighing was continued u n t i l  the ducks 

a tta in e d  an age o f 12 weeks* At the  end o f th e  experiment 

weights were a v a ila b le  on 14 s a le s  and 25 fem ales o f d e s i  

group and 26 s a le s  and 26 females o f white pekin group* The 

rem aining duck lings e i th e r  d ied during  tho course o f the 

experim ent or the  d a ta  on thorn were no t a v a ila b le  fo r  re co r­

d ing  body weight*

The d a ta  so gathered  were used fo r  th e  comparison o f  

th e  r a te s  o f growth ofs

i )  between g en e tic  groups 

i i )  between males and fem ales of each g e n e tic  groupi
i l l )  between s a le s  o f the  g e n e tic  groups

iv  > between females o f the  g en e tic  groups 

v ) to  f i t  ap p ro p ria te  fu n c tio n s  o f  growth to  

p re d ic t body weight a t  d i f f e r e n t  age3*
(

The d a ta  corresponding to  each duckling was p lo tte d  on 

a graph paper to  a s c e r ta in  th e  p a tte rn  o f  growth a t d i f f e re n t  

tim e points*

Measuring body weights along y -ax ls  and ago along  the 

x -a x la , the  graph o f  growth o f each duckling  was drawn
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s e p a ra te ly . She graph in d ica ted  a sigmoid curve in  

g e n e ra l . She choice o f an ap p ro p ria te  curve to  d e p ic t the 

growth p a tte rn  in  any s i tu a t io n  i s  not ©cay. As the 

p a tte rn  o f  growth approximated a sigmoid curve th e  follow ing 

m athem atical models were t r i e d .

3*1* Growth Curve Models

Six m athem atical models v iz .  the  ex p o n e n tia l, the 

m odified ex p o n en tia l, the Gomperts, the L o g is tic , the 

V on-B ertalcnffy and second degree curve were examined to  

find  out tho heat f i t  fo r  a re p re se n ta tiv e  curve fo r  both 

t h e ■g en e tic  groups •

3 .1 .1 .  E xponential function

She form o f  the  function  considered was

y * a where‘y ia  the body weight a t  ag© Ax  and *a*
and *b* a re  c o n s ta n ts . Xhe co n stan ts  'a '  and *b' a re

ca lc u la te d  using  the  p r in c ip le  o f  le a s t  sq u ares .

When the growth curve i s  f i t t e d  the rat© o f  growth a t

a p a r t ic u la r  period can be v e r if ie d  ae the  r a t i o  o f the

w eight during  the period to  th e  weight du ring  the  previous 

period minus one. In  the case o f  ex p o n en tia l, tho r a te  o f 

growth i s  given as
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3 .1 .2 .  Hodifled Exponential function

She form of the  modified exponen tia l func tion  

considered la

y * k + Gbx
L > C > L >

where k , a and b a re  co n s ta n ts .
I'or f i t t i n g  th is  ©quation f the  observed s e r ie s  i s  

d iv ided  in to  th re e  equal p a r ts . SheLy values fo r each part
t M l c 1a re  summed» She constan ts a ,  b and k a re  determ ined as

whore a-j, 3g and are  th e  sum o f  the y va lues o f  the 

th re e  equal p a r ts .

where n is  the  number o f observations in each p a r t .
/OX| mcffe Ly

The growth ra to  a t  a p a r t ic u la r  period i a Agiven by

( a b U + 1 '  -  ab*) i-(k  + « 0

ie » a b a (b-1 j / ( k  + aba >



and the growth ra te s  are  not s ig n if ic a n t ly  d i f f e r e n t  
provided th a tb 's  do not d i f f e r  s ig n if ic a n t ly .

3 • 1 o «  Gomrartg Curve

‘ih© Goinperts curve was f i t t e d  in  the fo ra  

cx y a ah 

which take th e  logarithm ic  form

L o g  y  a  l o g  a  +  ( l o g  b j  c a  o  A +  HZ'?

i'or f i t t i n g  th i s  curve the d a ta  io  d iv ided  in to  th ree  

eq u a l parts  and th© sum o f the log&rlthisa o f  tho y values 

are ' found out fo r  each p a r t .  Let *n' be tho number o f 
observa tions in  each p a r t ,  th en ,

0 •  t  5*T b  >2 S1
where auta of logarithm s o f  each p a rt

B o (s2 -  V ( o “-  1 )2

Qn ,
A ■ « Kn (8 ̂  log b )

2he r a te  o f growth a t  a p a r tic u la r  period can be 
ca lc u la te d  as

ab°< x+1 ^  ab°X -  1 
*

eb°X (bc -  1 ) -  1

and the  growth r a te s  tho values o f b5 T-T"*
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2 .1 .4 .  lo g i s t i c  curve

Tho fo ra  o f tho curve considered

y -  i + iob+cz
where k , b and o a re  constant© .

She curve i s  f i t t e d  by tak ing  th ree  po in ts  a t eq u a l 

I n te r v a ls .  I f  yg, y  ̂ and y*, a re  th e  th ree  p o in ts  a t  the 

bo ginning 9 D iddle and end o f the  d a ta  and 'n* i s  the nuisbor 

o f  observations between th e se .p o in ts  then

and the  growth r a te  a t  a p a r t ic u la r  period was given by

The growth r a te  a t  a p a r t ic u la r  period depends upon 
th e  value of b and o.

3 .1 .5 *  V on-B ertalanffy  Curve

The fo ra  o f the curve considered os given by 

Hen-yu-Issng ( 19S1 )•

k 2 yp yj y2 "  y\  ^yo * y2  ̂

y0 y2 "  y1^
k "  yn 

* log  C ’■ y ' ^ ) 
y0

i + io  b+°* 
1 + 10
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Wt a  A ( 1 -  bo“k t j
3

 ̂ » < > I >
whore A ic  the mature weight* which i s  known and b and k 

a re  c o n s tan ts .

Tho curve take the  lo g a r lth o ic  form

log ^  1 -  (w t/A )y3 )  «» l ° s j ?  ' “ k t

y ~ J3 4” Gt

The le a s t  square estim ate  o f J3 and C a re  obtained ao

o .  K£ ty  -  sLt £ y
* £ .t^  -  ( ^ _ t r

£ * y -  ot

The growth ra te  a t  a p a r tic u la r  po in t ia  given by

tee" 0 - 3  i 
1 -  b e "k t

' _fc ’ - - ‘which depends in  the  value o f be • ^  'L,_ ' ~ ~ *

3 • 1 *b.• dttCond Degree .Equatiop

The second degree equation  considered waa o f the fo r*
p ■y a a + bs t  ox

t \ 1 1 [ 1vnore a ,  b and a are  co n s tan ts .



2She polynom ial i s  f i t t e d  by tak in g  z  as Xg an^ proceedin 
as  in  the  case o f  m u ltip le  reg ression*  She constan ts  arc 

evaluated  as

a m (x -  x) (y -  y) HzL (x2 -  x2)2 -

b a (x-x}2 (x2-x 2 ) (y-y) —

■gu ( x-x J (x2-x 2 ) ^  ( x -7 ) ( y-y)

■ S ( a - a ) 2  ^ U 2 - a ? ) 2  U 2 - ! 2 ) ]  2

end the  growth r a te  a t  a p a r t ic u la r  period io  given by

, + b .1-. 0,S .̂ 2x )
a + bx + cx

She growth ra te  a t  a p a r t ic u la r  period i s  dependent on 

1 b* and 'o '  values*

3*2* Commriaor? o f  Growth Curves

In o rder to  compare the r e la t iv e  e f f ic ie n c y  o f various 

growth curves and to  s e le c t  the one which best f i t  th e  

observed d a ta ,  two c r i t e r i a  used , v i s .
p

( i )  C o effic ien t o f determ ination  ( r  ) and 

( i i j  standard  e r ro r  o f  th e  ©estimate ( a ) .
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3 .2 ,1 .  C o effic ien t of determ ination

I t  is  c a lc u la te d  ao the  square o f the c o r re la t io n  coe­

f f i c i e n t  between the  observed and p red ic ted  v a lu e s . A

J .2 .2 .  Standard K rror of th e  e s tim ate

The standard  e r ro r  o f the  estim ate  rseasur&s the 

inadequacy o f f i t  o f  tho CTZ~H1 equation o r o f the  e r ro r  

which i s  made in  the e s tim a tio n  or p red ic tio n  o f  y from 

given values of x . She standard  e r ro r  o f the e s tim a te  i s  

ca lcu la ted  as

where y^ is  the p red ic ted  valuea and 'n* i s  the number o f  

o b se rv a tio n s» A sm all value o f ' s '  in d ic a te s  goodness o f 

f i t  o f tho curve.

Kao (1958) suggested u procedure fo r  the comparison o f  

ra te s  o f growth between d if f e r e n t  groups.

l e t  y^ denote the increase in  body weight a t  time 1 i* 

and 'Vgi' i s  the mean o f a l l  y ^ 's  i a  the  experim ent. Then 

*gl® i s  the time octam eter. The d iffe ren ce  in  th e  valuea 

o f  y^ are due to  the  time fa c to r  1 g i '  • lienee we may writ©

la rg e  value o f  r  in d ic a te s  b e s t f i t  o f the curve.

A

y => bgi



and th e  method o f le a s t  squares leads to

p
b =

Shis comparison of d iffe re n c e  in  ra te s  o f growth, 
between groups w il l  obviously bo a ooapariaon of *b'a.

Tho value o f ®b® may be a ffe c te d  by i n i t i a l  body weight* 

Uenco a  covariance an a ly s is  o f tho  b values tak in g  i n i t i a l  

v a lu es  as concom itant v a r ia b le  oan be adopted fo r  comparing 

th e  growth ra te s  o f  tho group3*
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The p resen t s tudy  was in i t i a t e d  to  asses® the  growth 

p a tto rn  o f two breeds o f ducks i e . Deal and White Pekin 

and to  compare the  ra te o  o f growth a t d i f f e r e n t  ages by 

f i t t i n g  m athem atical models. The study was a lso  aimed to  

find  out the  b e s t su ita b le  curve fo r  the p re d ic tio n  o f body 

w eight a t  d i f f e r e n t  ages.

4 .1 . Average body weights

4 . 1 . 1 .  Average body weight upto seven days

The average body weights o f  the  Desi males during  th© 

f i r s t  seven days were 36.6428 g , 38.3571 g# 41.2143 g*

42.5 St  47*2143 St  51.7143 g and 58.5 g re sp e c tiv e ly  
(Table 1j • The corresponding fig u re s  fo r  Desi females were 
38.16 g , 40.12 g t 42.2 g , 45*32 g ,  50.28 g , 55.52 g and 

63*28 g re sp e c tiv e ly . Both the groups were having a con- 

a i s t a n t  in crease  in  body weight du ring  th e  f i r s t  seven days. 

The Desi females hod a h igher mean body weight on a l l  th© 

seven days. Tho average bGdy weight o f the White Pekin (WP) 

malas du ring  the f i r 3 t  seven days wera 38.6538 g» 34.3462 g , 

40.0769 g 9 41*1923 St  42.4615 g» 43.5769 3 and 49.1153 g 
re sp e c tiv e ly  (Table 1 ) . The average body w eights o f White



Pekin (WP) females du ring  the  f i r s t  seven days were!

38.3846 g ,  37.6154 g . 41.3462 g ,45 .8846 g , 46.0769 3 ,i
47*1923 g and 55*3462 g re s p e c tiv e ly .

\t
On th e  seventh day the  females in  each genetic;'group

had a h igher average body weight than  ^m ales*  Considering
■ 1

the two g en e tic  groups i r re s p e c tiv e  of sex , the Deal
• *1

ducklings have an average body weight of 61*5641 g,!: on th e  

seven th  day whereas th e  average body weight o f Whitb Pekin 

ducklings was 52.2308 g . j
,i> ‘1

. ,4*1.2. Average body weight up to  tw elve weeks
**' 1 j>

The average body weights o f  Deal m ales, Desi fem ales,
WP males and WP females fo r the  f i r s t  twelve weeks are

<:
shown in  Table 2 .

i;I
In  twelve weeks, Desi males a tta in e d  a body weight of

1;
1291.7857 g , w ith  a  standard  e r ro r  o f 59*7857 g . Steady 

in c rease  was noted du ring  the  f i r s t  twelve weeks. The Deal

femalea had an average body weight o f  1239.4 £» by the end
i

o f  12 weeks ( fa b le  2 ) .  This was le s s  by 52 g th an  th e  co rre s­

ponding average body weight o f D esi maleo. Also the;body 

weight showed a s tead y  increase  du ring  the  12 w eeks. Vhile

considering  th e  Desi ducklings ir re s p e c tiv e  of aex , ' the  body
* - . ,■ 

weight averaged 1256 g a t  the end o f  the 12th week with

a standard  e r ro r  o f 35.6814 g .
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I n  t h e  c a s e  o f  WP g r o u p  t h o  WP f e m a le s  w a re  * o n  a n  

a v e r a g e  h e a v i e r  t h a n  WP m a le s *  $h© a v e r a g o  b o d y  w e ig h t  

a t t a i n e d  a t  t h e  e n d  o f  t w e l f t h  w e e k  w a s  1 0 2 1 * 7 3 0 8  g »  w i t h  

a  s t a n d a r d  e r r o r  o f  7 9 * 5 3 8 5  g  i n  t h e  c a s e  o f  WP m a le s  a n d  

1 4 0 1 * 6 1 5 4  g  w i t h  a  s t a n d a r d  e r r o r  o f  7 3 * 0 1 0 9  g  f o r  WP 

fe m a le a  ( S a b le  2 ) *  2 h u s  a  WP fe m a le  w e ig h e d  a b o u t  3 8 °  & 

m o re  t h a n  WP m a le  a t  t h e  e n d  o f  t w e l f t h  w e e k *  C o n s id e r i n g  

t h e  WP g r o u p  I r r e s p e c t i v e  o f  a e x ,  th ®  a v e r a g e  b o d y  w e ig h t  

a t t a i n e d  a t  t h e  e n d  o f  1 2 t h  w e e k  w a s  1 2 1 4 * 6 1 5 4  g  w i t h  a  

s t a n d a r d  e r r o r  o f  5 8 * 5 7 8 8  g .

4 * 2 #  C o m p a r is o n  o f  b o d y  w e ig h t  a t  d i f f e r e n t  a g e s  

4 * 2 * 1 .  I n i t i a l  b o d y  w e ig h t

The  a n a l y s i s  o f  v a r i a n c e  o f  i n i t i a l  b o d y  w e ig h t s  o f  

t h e  f o u r  c a t e g o r i e s  o f  b i r d s  w o re  g i v e n  i n  t a b l e  3 *  I t  w a s  

fo u n d  t h a t  t h e  f o u r  g r o u p s  v i s .  D e s i  m a le s ,  D e s i  f e m a le s ,  

WP e g l o o ,  WP f e m a le s  w e r e  h o m o g e n e o u s •

4 * 2 . 2 *  F o u r t h  w e e k  b o d y  w e ig h t

The i n i t i a l  h o m o g e n e i t y  i n  b o d y  w e ig h t s  o f  t h e  g r o u p s  

w e r e  n o t  m a in t a in e d  a t  l a t e r  s t a g e s .  T h e  a n a l y s i s  o f  

v a r i a n c e  o f  f o u r t h  w e e k  b o d y  w e i g h t s  w a re  s h o w n  i n  t a b l e  4 *  

F ro m  t h e  a n a l y s i s  o f  v a r i a n c e ,  i t  w aa  fo u n d  t h a t  t h e  t h r e e  

g r o u p s  v i s *  D e a l  m a le s  a n d  WP m a le s ,  D e a l  f e m a le a  a n d  WP 

m a le s  a n d  WP m a le s  a n d  WP fe m a le s  w e re  n o t  h o m o g e n e o u s .



T h e  a v e r a g e  b o d y  w e i g h t  o f  the four g r o u p s  vie. D o s l  

m a l e s ,  D e a l  f e males W P  m a l a  a and W P  femalea a t  the [Uend 

o f  f o u r t h  week w e r e  289*4 2 6 6  g» 3 4 5 * 7 2  g, 190,3486 ;g and 

2 6 6 * 5 3 3 5  g  r e s p e c t i v e l y *

4 .2.3* E i g h t h  w e e k  b o d y  w e i g h t !
s

Tho d i f f e r e n c e  b o t v e e n  the g r o u p s  was s i g n i f i c a n t  in’1
1

t h e  e i g h t h  w e e k ,  B a r i n g  this w e e k  the D e a l  n a l o o , Deal
i

f e m a l e s , W P  s a l e s  and W P  femalea h a d  an average b o d y  w e i g h t  

o f  6 3 3 * 9 2 6 6  g f 7 0 9 * 2  g, 5 3 7 * 8 8 4 6  g  a n d  8 1 1 . 7 3 0 8  g  r e s p e c t i -  

v e l y  (table 5J* T h e  a n a l y s i s  o f  v a r i a n c e  o f  b o d y  W e i g h t  

i n d i c a t e d  t h a t  t h e  t h r e e  g r o u p s  v i s *  D e s i  m a l e s  and, W P  

f e m a l e s v D e a l  f e m a l e s  and W P  f e m a l e3 end W P  m a l e s  and. W P
I

f e m a l e s  were h e t e r o g e n e o u s .  j

4 .2,4, T w e lfth w e e k  b o d y  w e i g h t  j

T h e  d i f f e r e n c e  b e t w e e n  the g r o u p s  existed in t h e  

t w e l f t h  w e e k  also* The b o d y  w e i g h t  o f  the four g r o u p s  vis* 

D e a l  m a l e s , D e a l  females, W P  m a l e s  and W P  females a v e r a g e d  

1 2 9 1 * 7 8 6 0  g, 1 2 3 9 * 4  g» 1023*269 g  a n d  1 4 0 1 * 5 3 9  g  r e s p ectively. 

T h e  W P  femalea had the h i g h e s t  m e a n  b o d y  w e i g h t *  F r o m  the 

a n a l y s i s  o f  v a r i a n c e  it was found that the five g r o u p s  v i s *  

D e a l  m a l e  a end W P  m a l e s ,  D e s i  m a l e s  end W P  females,! D e s i
1

f e m a l e a  a n d  W P  m a l e s ,  D e s i  f e m a l e s  and W P  f e m ales, W P  m aloa
r

a n d  W P  femalea w o r e  n o t  h o m o g e n e o u a  (Tabic .6)*
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t ,

j i11 '

P r o m  f a b l e  2 it c o u l d  b e  o b s e r v e d  t h a t  t h e  p l a t e a u
J i

in tho b o d y  w e i g h t s  w a s  not a t t a i n e d  f i l l  1 2 t h  w e e k  o f
i

age* This i n d i c a t e s  that 12 w e e k s  d o  n o t  c o v e r  the g r o w t h
]'

period o f  b e d  as w e l l  aa White P e k i n  d u c k l i n g s *
r

4 *3» Study t h r o u g h  G rowth Curves ;
|

2o ^ d e p i c t  t h e  p a ttern o f  g r o w t h  e x p o n e n t i a l ,  m o d ified
i

e x p o n e n t i a l *  C o m p a r t s ,  logistic, V o n - B e r t a l a n f f y  a n d  S e cond
r

d e g r e e  curves w e r e  fitted*

4 *3>1* E x p o n e n t i a l  curve "
i  '

S h e  e x p o n e n t i a l  curve was f i t t e d  f o r  e a c h  o f  the 91
c

b i r d s  u s i n g  t h e i r  b o d y  w e i g h t s  for 12 weeks at w e e k l y
i

i n t e r v a l s .  Ihe e x p o n e n t i a l  curve c o n s i d e r e d  was o f  t h e  

b x
f o r m  y  »  a e

j'
ie* L o g  y  *  log a  +  b x  i

i"
ii

fhe v a l u e s  o f  'a* and fb* w h e n  the exponential; was
i  *

f i t t e d  was s h o w n  i n  tables 7  a n d  8* Ihe 'b' values! w h e n
r

e x p o n e n t i a l  w a s  fitted t o  Deal m a l e s  and D e a l  f e m a l e a  w e r e  

i n  tho range 0 * 2 1 7 3  to 0*2916 a n d  0 * 2 3 1 8  t o  0 . 2 9 7 0  j 

r e s p e c t i v e l y  (Sable 7)« She s q u a r e  o f  the. c o r r e l a t i o n  

c o e f f i c i e n t  ( c o e f f i c i e n t  o f  d e t e r m i n a t i o n )  b e t w e e n  the
i

o b s e r v e d  and e x p e c t e d  b o d y  w e i g h t s  for D e s i  m a l e s  and B e d
i

f e m a l e s  w e r e  s h o w n  i n  table 1 3 « The v a l u e s  o f  *a* and 'b'
i1

w h e n  the e x p o n e n t i a l  curve was f i t t e d  t o  WP m a l e s  and WP
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f e n s l e s  wore s h o w n  i n  table 8* The * b ’ v a l u e s  r a n g e  

f r o m  0.2121 t o  0 . 3 1 7 4  for s a l e s  and 0 . 2 2 1 3  t o  0 * 3 2 6 4  f o r  

f a s alea. The s q u a r e  of. tho c o r r e l a t i o n  c oefficient 

( c o e f f i c i e n t  o f  d e t e r m i n a t i o n  J b e t w e e n  o b s e r v e d  and e x p e ­

cted b o d y  w e i g h t s  were s h o w n  i n  table 1 3 .

Tho s t a n d a r d  e r r o r  of tho e s t t a s t e  w h i n  tho e x p o n e n t i a l  

c u r v e  was f i tted w a s  s h o w n  in t a b l e  15. F r o m  the table it 

w o o  c l e a r  t h a t  the e t a n d a r d  e r r o r  of t h e  e s t i m a t e  wee 

h a v i n g  a  v e r y  h i g h  v a l u e  for a l m o s t  a l l  d u c k l i n g s  and thus 

i n d i c a t i n g  l a c k  o f  fit f o r  tho o b s erved d a t a .

The a n a l y s i s  o f  v a r i a n c e  o f  t h e  ,b* v a l u e s  for the 

f o u r  g r o u p s  o b t a i n e d  b y  f i t t i n g  the e x p o n e n t  la 1 lav f o r  

t h e  12 w e e k s  b o d y  w o i g h t e  was g i v e n  in table 17* There was 

s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  f o u r  g r o u p e .  T h e  

a v e r a g e  v a l u e  o f  'to' wae h i g h e s t  f o r  V P  females f o l l o w e d  

b y  W F  a a lee. The rate o f  g r o w t h  was t h e r e f o r e  h i g h e s t  f o r  

V F  females, n e x t  h i g h e r  f o r  the WF m ale3, t h i r d  h i g h e r  f o r  

t h e  F e e l  m a l e s  and least f o r  S e a l  f e m a l e s .

4 * 3.2. M o d i f i e d  E x p o n e n t i a l  Curve

The form o f  the m o d i f i e d  e x p o n e n t i a l  f u n c t i o n  fitted 

to tho w e e k l y  b o d y  w e i g h t s  of f o u r  g r o u p s  o f  d u o k l i n g o  worn
1

y  m k  +  a b x
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The v a l u e s  o f  the c o n s t a n t s  * k ! , 'a' and *b* f o r  

S e a l  s a l e  a , D e a l  fenalso, W P  m a l e s  end VIP females v a r a  

a h  o w n  i n  t a b l e s  9* 10, 11 and 12* The *b* v a l u t a  f o r  h e a l  

c m  lee and D e a l  f e m a l e s  r anged f r o a  0 * 1 0 0 9  to 1 * 1 0 8 4  a n d  

0 * 8 4 9 9  to 1 * 1 6 9 8  r e s p e c t i v e l y  w h e r e a s  for U P  M a l e  a and W P  

f e m a l e s  the *b' v a l u t a  r a nged froa 1 * 0 6 4 6  to 1*2994 a n d  

0 * 9 2 6 9  t o  1 * 4 9 1 7  r e s p e c t i v e l y *

She s quare o f  the c o r r e l a t i o n  c o e f f i c i e n t  ( c o e f f i c i e n t  

o f  d e t e x a i n a t i o n }  b e t w e e n  o b s e r v e d  and e x p ected v o l u t e  w e r e  

s h o w n  in t a b l e  14* Tho coeffi c i e n t  of d e t e r m i n a t i o n  in 

a l m o s t  a l l  c o t e s  w a s  g r e a t e r  t h a n  0*99 thus I n d i c a t i n g  a  

good fit* Alflo the s t a n d a r d  e r r o r  o f  t h e  e s t i m a t e  w a e  c o m ­

p a r a t i v e l y  s m a l l  (Table 16)* The a n a l y s i s  o f  v a r i a n c e  o f  'b' 

v o l u t e  for the f o u r  g roups o b t a i n e d  b y  f i t t i n g  the a o d i f i e d  

e x p o n e n t i a l  and f o r  the 12 w e e k s  b o d y  w o i g h t  woe g i v e n  in 

t a b l e  18* There v a a  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  f o u r  

g r o u p s *  The o v e r a g e  v a l u e  o f  'b* w a s  h i g h e r  f o r  V P  femalea 

f o l l o w e d  b y  W P  m a l e s *  Tho rate of g r o w t h  was t h e r e f o r e  

h i g h e s t  for V P  femal e s ,  n e x t  h i g h e r  f o r  UP m a l e s  t h i r d  

h i g h e r  f o r  p e a l  f e m a l o s  a n d  least for S e e l  m a l e s *

4 * 3*3* Q o m p e r t s  C u r v e

The Q o m p e r t s  curve w e s  a l e o  f i t t e d  u s i n g  12 w e e k  b o d y

w e i g h t s  o f  e a c h  b i r d  i n  the e x p o r i m e n t :. The c u r v e  w a o  of
ex

t he f o r a  y  *  a b

i t .  Log y  m log a  +  o* ( l o g  b)



T h #  v a l u t a  o f  ' a * , 'b* and 'o' for the four g r o u p s

w e r e  g i v e n  i n  t a b l e s  19§ 20, 21 and 22. She s q u a r e  o f  t h #

c o r r e l a t i o n  c o e f f i c i e n t  (coef f i c i e n t  o f  d e t e r m i n a t i o n )

b e t w e e n  the o b s e r v e d  and e x p e c t e d  v a l u e a  were s h o w n  In
2

t a b l e  27* I n  a l l  the cases the v a l u e  o f  r  w a s  g r e a t e r  t h a n  

0.92. Also t h e  s t a n d a r d  e r r o r  o f  t h e  e s t imate w h e n  the 

c urve was fitted to the f o u r  g r o u p s  vaa s h o w n  In t a b l e  29*

She r a t e  o f  g r o w t h  when the O o a p e r t s  c u r v e  vas fitted 

w a s  d e p e n d i n g  u p o n  t h e  v a l u e s  o f  'b0 > . ao a n a l y s i s  o f  

▼ a r l o n o a  o f  'b0> w a s  carried out a n d  was s h o w n  In table 3 1 . 

F r o a  t h e  analysis o f  v a r i a n c e  It was found that the f o u r  

g r o u p s  w e r e  s i g n i f i c a n t l y  d i f f e r e n t  In r e s p a o t  o f  rate o f  

g r o w t h .  The r a t e  o f  g r o w t h  was a a x i a u n  for D e o  1 females

f o l lowed b y  P e a l  B a l e s  and least for W P  s a l e s .

4 *3.4. L o g i s t i c  c u r v e

The L o g i s t i c  c u r v e  w e e  also f i tted to the d a t a  on b o d y  

w e i g h t  u p t o  12 w e e k s  f o r  e a c h  b i r d  o f  the four groups.

The c u r v e  f itted as o f  the f o r a

T h e  v a l u e a  o f  ' k ' , *b* end 'o' w h e n  the curve v a s  fitted 

t o  tho four g r c u p e  via- D e a l  m a l e s ,  p e a l  femal e a ,  W P  Bales 

a n d  V P  females w e r e  s h o w n  In t a b l e s  23, 24, 23 a n d  26. She 

c u r v e  f i t t i n g  w a s  a  f a i l u r e  f o r  two d u c k l i n g s  

o f  the VP f e a a l e  g r o u p .
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The s q u a r e  o f  the c o r r e l a t i o n  c o e f f i c i e n t  ( c oefficient 

o f  d e t e r m i n a t i o n )  b o t v o o n  t h e  o b s e r v e d  and e x p a o t e d  b o d y  

w e i g h t s  w e r e  s h o w n  in table 28* She s t a n d a r d  e r r o r  o f  t h e  

e s t i m a t e  w h e n  the curve w a s  f i t t e d  to the f o u r  g r o u p s  w e r e  

s h o w n  i n  t a b l e  30*

4 * 3 * 5 *  V o n - B e r t a l n n f f y  c u r v e

She form o f  the curve f itted ee g i v e n  b y  R e n - y u - T t e n g  

(1981) waa

- k t  3 
tft •  A(1 -  b e  ” )

w h o r e  A  la t h e  m a t u r e  w e i g h t ,  w h i c h  w a s  k n o w n  a n d  'b* a n d

'k* w e r e  c o n s t a n t s *
\

The v a l u e s  o f  A  w e r e  e s t i m a t e d  f r o m  the n a t u r e  birds o f  

tho K e r a l a  A g r i c u l t u r a l  U n i v e r s i t y  B u c k  Farm, H a n n u t h y  a n d  

w e r e  2 0 0 0  g, 1 7 3 0  g, 3 5 0 0  g  and 3 3 0 0  g  for D e a l  m ales, D e s i  

femal e s ,  V P  m a l e s  and H P  f e m a l e s  r e s p e c t i v e l y *  She v a l u e s  

o f  the c o n s tants 'b* and ' k 1 w h e n  the ourve v a e  fitted to 

B e d  m a l e s ,  B e a l  females, V P  m a l e s  end V P  females w e r e  

s h o w n  i n  t ablea 32 a n d  33* She c o e f f i o i e n t  o f  d e t e r m i n a t i o n  

o f  b o d y  w e i g h t s  w h e n  the curve wao fitted to t h e  f o u r  g r o u p s  

w o r e  ohoirn in t a b l e s  40 and 41 > I n  a l m o s t  a l l  tha oaoos t h e  

o o e f f i o i e n t  of d e t e r m i n a t i o n  was a r o u n d  0*93 a n d  in n o  oaae 

it w a s  leoa t h a n  0*88. The s t a n d a r d  e r r o r  o f  the e s t i m a t e  

w e e  a l s o  e m a i l  f o r  a l m o s t  a l l  b i r d s  (Table 38)*
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The g r o w t h  r a t a  o f  tho f itted Von-liertalanffy c u r v e
.Jr

w e  d o  pond i n s  u p o n  the v a l u e a  o f  h e  • Thug a n a l y s i s  o f
a v

v a r i a n c e  o f  h e  v a l n a a  was carried out to t o o t  the signi­

f i cance o f  the f o u r  groups* P r o a  t h e  a n a lysis o f  v a r i a n c e  

it w a s  found that the four g r oups w e r e  s i g n i f i c a n t l y  

d i f f e r e n t  i n  r o s p e o t  o f  growth* I h e  g r o w t h  r a t e  w a a  h i g h e s t  

for W P  males* n o x t  h i g h e r  for WP females* n e x t  h i g h e r  for 

D o s l  c c l o o  and l e a s t  for D e s i  fenales*

4*3*6* S 0aond D e g r e e  liquation

She second d e g r e e  e q u a t i o n  fitted was of the f o r m

2
y  k  a  +  b x  +  ox

S h e  v a l u e s  o f  'a*, *b' a n d  *o' w e r e  s h o w n  i n  tables 

34* 35* 36 and 3 7  for tho f o u r  g r o u p s .  The c o e f f i c i e n t  o f  

d e t e r m i n a t i o n  o f  b o d y  w e i g h t s  w e r e  s h o w n  i n  t a b l e  41* A l s o  

t h e  s t a ndard e r r o r  o f  the o a t  irate wao calcu l a t e d  for t h o  

f o u r  g r o u p s  end w e r e  s h o w n  i n  t a b l e  39*

4*4* C o n p a r i e o n  o f  G r o w t h  Curves

I n  o r d e r  to compare the e f f i o i e n o y  o f  tho v a r i o u s  

c u r v e o  fitted and t o  judge tho b e s t  s u i t a b l e  c urvo to d e p l o t  

t h e  p a t t e r n  o f  g r o w t h *  the g r o w t h  curves w o r e  f i t t e d  t o  t h o  

a v e r a g e  b o d y  w e i g h t s  o f  the f o u r  g r o u p s  o f  d u c k l i n g s  and 

a l s o  tho a v e r a g e  w e i g h t  o f  tho t w o  g r o u p s  i r r e s p e c t i v e  o f
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i p
s e x .  The c o e f f i c i e n t  o f  d e t e r m i n a t i o n  (r ) and the 

s t a n d a r d  e r r o r  o f  the e s t i m a t e  (e) m e r e  u s e d  as t h e  toolA 

to fled oat the a d e q u a c y  o f  fit o f  these curves*

The parame t e r s ,  coeffi c i e n t  of d e t e r m i n a t i o n  (r ) and 

s t a n d a r d  e r r o r  o f  the. e s t imate (ej o f  the s i x  g r o w t h  

curves vie* t h e  e x p o n e n t i a l ,  the m o d ified e x p o n e n t i a l ,  the 

C o m p o r t s ,  the L o g i s t i c ,  the V o n - B e r t a l a n f f y  a n d  s e c o n d  degree 

c u r v e s  f itted to t h e  a v e r a g e  b o d y  v o i g h t s  o f  e l *  g r o u p s  of
i

d u c k l i n g s  w e r o  s h o w n  in t a b l e s  4 3  t o  43.

4*4*1* C o m p a r i s o n  b a s e d  o n  c o e f f i c i e n t  o f  d e t e r m i n a t i o ni *
The c u r v e s  h a v i n g  h i g h e s t  v a l u e  o f  c o e f f i c i e n t  o f  

d e t e r m i n a t i o n  v e s  t a k e n  as the b e s t  curve to d e p i c t  the 

p a t t e r n  o f  g r o w t h *  The c o e f f i c i e n t  o f  d e t e r m i n a t i o n  w h e n  s i x
ii

c u r v e s  v i s .  the e x p o n e n t i a l ,  the a o d i f i e d  e x p o n e n t i a l ,  the 

G o a p crte, the L o g i s t i c ,  the V o n - B c r t a l a n f f y  and s e c o n d  

d e g r e e  fitted to the s i x  g r o u p s  of d u c k l i n g s  w e r e  0,9311* 

0*9931, 0.9934, 0,9433, 0 . 9 7 5 0  and 0,9668 r e s p e c t i v e l y  for 

S e e l  s ales, 0 , 8 7 5 2 ,  0,9844, 0 * 9933, 0.9470, 0 , 9 7 5 8  a n d  

0 . 9 3 5 7  r e s p e c t i v e l y  for S e a l  f e m a l e s ,  0,9426, 0.9934, 0.9924, 

0*9937, O .9924 and 0 . 9 9 2 7  r e s p e c t i v e l y  for WP m a l e s ,  0.6954, 

0 . 9 953* O .9953, 0 . 9922, 0 . 9 9 6 7  a n d  0.9025 r e s p e c t i v e l y  for 

U P  females, 0 . 8973, 0.9681, 0 . 9934, 0*9450, 0,9747 and 

0 . 9 2 5 8  r e s p e c t i v e l y  for D e s i  d u c k l i n g s  i r r e s p e c t i v e  o f  s e x  

a n d  0.9202, 0 . 9967, 0.9949, 0 . 9938, 0 . 9 9 6 2  and 0 . 9 8 9 5  

r e s p e c t i v e l y  for W P  d u c k l i n g s  I r r e s p e o t i v o  o f  sex.



45

F r c s  t h o  a b o v e  v a lu e a  I t  was fo u n d  t h a t  f o r  D e s i  

o f t l o s  c u d  D o o i  f e m a le s  t h o  G o s p o r t e  c u r v e  g a v e  b e s t  f i t  

w i t h  r 2  ■ 0 .9 9 5 4  a n d  0 . 9 9 5 5  r e s p e c t i v e l y .  2 n s  f i t t e d  

e q u a t io n s  w e re  w r i t t e n  a s

y  -  1 1 4 0 . 9 3 5 0  ( O . 0 2 5 6 ) 0 - 7 e 4 °X  f o r  P o o l  m a l e s

y  *  1 0 3 9 . 9 0 8 0  ( 0 . 0 2 5 6 J0 *7^ 0 *^ f o r  D e a l  f e m a l e s

For D e s i  d u o h l i n g s  i r r e s p e c t i v e  of aox, the O o n p s r t c

2
c u r v e  gave b e s t  fit w i t h  r  «  0 . 9 9 5 4 *  The f itted e q u a t i o n  

was w r i t  ton as

y  *  1 0 6 3 . 5 9 5 0  ( 0 . 0 2 5 9 )0*7555

I n  the case of V ?  K ilos a n d  WP d u c k l i n g s  i r r e a p e o t i v e  

o f  o e x  t tho a o d l f l o d  e x p o n e n t i a l  c u r v e  gave b e s t  fit w i t h  

r  «  0*9954 a n d  0 * 9 9 6 7  r e s p e c t i v e l y .  Tho f i tted e q u a t i o n s  

w o r e  w r i t t e n  a s

y  «  - 2 4 6 .7951 +  2 6 1 . 4 3 1 0  ( 1 . 1 4 7 3 ) *  for WP n a l e n  and

y  «  - 4 2 0 . 5 4 3 9  *  4 2 0 . 7 6 7 9  ( 1 . 1 259)* f o r  W P  d u c k l i n g s

i r r e s p e c t i v e  o f  sox.

The V o n - B e r t a l a n f f y  curve g a v e  b e s t  fit to tho W P
o

f e m a l e  d u c k l i n g s *  The v a l n o  o f  r  w a s  0 . 9 9 6 7  in t h a t  case. 

The fittod e q u a t i o n  was

y^ a  3 3 0 0  (1 -  0.8161 e x p  ( - 0 . 9 9 1 6  t) ^ f o r  W P  females



4 * 4 * 2 *  C o m p a r i s o n  b a e o d  on s t a n d a r d  e r r o r  o f  t h e  

e s t i m a t e  (o)

The s t a n d a r d  e r r o r  o f  t h e  e s t i m a t e  (w) w h e n  the s i x  

g r o w t h  c orves v i e *  the e x p o n e n t i a l ,  the a o d i f i e d  e x p o n e n t i a l ,  

t h e  Qomperts, t h e  logistic, t h e  V o n - B e r t a l a n f f y  e n d  t h e  

s e c o n d  d e g r e e  f i t t e d  to the a v e r a g e  b o d y  w e i g h t  o f  t h e  s i x  

g r o u p s  o f  d u c k l i n g s  v e r o  e h o w n  i n  t a b l e s  4 ?  t o  4 8 *

W h i l e  c o m p a r i n g  tho g r o w t h  c u r v o e  o f  tha s i x  g r o u p s

b a s e d  o n  s t a n d a r d  e r r o r  s o m e  r e s u l t  vae obtained ae in
2

t h e  o e o e  o f  c o m p a r i s o n  u s i n g  r  v a l u e s  * T h o o t a c d a r d  e r r o r  

o f  t h e  e s t i m a t e  w h a n  t h e  Q o m p e r t s  c u r v e  wee f i t t e d  t o  D e a l  

m a l e s ,  Deei f e m a l e s  and B e a l  d u c k l i n g s  i r r e s p e c t i v e  o f  aex 

w a r e  27*1346, 2 3 *1021 a n d  2 7 * 4 7 0 7  r e s p e o t l v e l y *  A l s o  the 

v a l u e s  of 's' w h e n  the a o d i f i e d  e x p o n e n t i a l  was f i t t e d  

t o  H P  sales and V P  d u c k l i n g s  i r r e s p e c t i v e  o f  a e x  w o r e  

2 1 * 8 0 3 3  and 2 2 * 2 6 5 2  r e s p e c t i v e l y *  In the case o f  V P  £ 1 ^ 0 *  

f e m a l e a  the Von**3ertalanffy c u r v e  h a d  a s t a n d a r d  e r r o r  o f  

2 8 . 9 7 5 8 *

4 * 5 *  Gao*a K e t h o d

B y  the m e t h o d  of ilao (1958) t h e  g r o w t h  p a r a m e t e r  *b* 

w a s  e o t 1 m m t e d  f o r  e a c h  bird* & a h  o f  these v a l u e s  w e e  

e n o r m o u s l y  largo, n u m b e r i n g  i n t o  t h o u s a n d s *  To r e d u c e  t h i s
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t o  a  a a n a g e a b l e  e l s e ,  e a c h  w a s  d i v i d e d  b y  1 0000. She 

r e s u l t i n g  v a l u e s  o f  *b' w e r e  p r e s e n t e d  i n  t a b l e  a 4 9  aid 90.

She g r o w t h  p o r a n o t e r  h a d  a  m e a n  v a l u e  o f  2 9 * 7 5 7 1  f o r  

D e » l  £ 3 l c a t 4 9 * 9 5 6 4  f o r  D e a l  f a n nies, 2 6 * 5 7 2 3  f o r  W P  males 

o n d  5 1 * 0 7 6 2  for W P  f e a a l s s *

S he a n a l y c i a  o f  c o v a r i a n c e  o f  'b* v a l u c o  t a k i n g  

I n i t i a l  b o d y  w e i g h t  ao c o n c o a i t a n t  v a r i a b l e  vas p r e s ented 

I n  t e b l e  5 1 * She I n i t i a l  body w e i g h t  h a d  s i g n i f i c a n t  r e l a ­

t i o n  w i t h  the *b* v a l u e s *  I t  was a l s o  found t h a t  t h e  rate 

o f  g r o w t h s  o f ' a l l  the f o u r  g r o u p s  w e r e  d i s t i n c t *  She g r o w t h  

r a t e  w a s  h i g h o o t  for W P  f e a a l e s  n e x t  h i g h e r  f o r  P e e l  fees lea,
i r

n e x t  h i g h e r  f o r  D e s i  m a l e s  a n d  least f o r  HP f e s a l e s .

S he g r a p h a  o f  the g r o w t h  c u r v e s  w h i c h  g a v e  b e e t  fit 

to t h e  s i x  g r o u p s  of d u c k lin g  w o r e  drawn and w e r e  g i v e n  i n
!  I

f i gures 1-6* She g r a p h 3 w e r e  d r a w n  b y  t a k i n g  t h e  n u m b e r  o f  

w e e k s  o n  x - a x l s  a n d  t h e  a e o n  w e e k l y  b o d y  w e i g h t  o n  y - a z i e  • 

l o r  D e s i  s ales, D e a l  fee&lce, D e a l  d u c k l i n g s  i r r e s p e c t i v e  

o f  e e z ,  V P  m a l e s ,  V P  d u c k l i n g s  i r r e s p e c t i v e  o f  s e x t ,

G o * p o r t s  and M o d i f i e d  e x p o n e n t i a l  c urves w e r e  d r a w n  w h e r e a s  

f o r  V P  females G o s p o r t  2 end V o n - B e r t & l o n f f y  c urve a w e r e  

d r a w n  a l o n g  w i t h  tho curves o f  tho o b s e r v e d  v a l u e s  f o r  t h e  

s a k e  o f  c o m p a r i s o n *
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■Pl£-1. GOMPERTZ'AND MODIFIED EXPONENTIAL
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Fig,2. GOMPERTZ AND MODIFIED EXPONENTIAL 
CURVES FITTED TO DESI FEMALES

£Nl X-AX1£ : O b i  6  (A)6 € K - l o m .

Obi Y-AXI5 * 5 0  <% = l o m .

O B S E R V E D  V A J.UES 

G 0 M P E R T 2

M O D IFIE D  E X P O N E N T IA L

a t  to ii
A G E  I N  W E E K S

\
J 2.
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H g -5  G O M P E R T Z  A N D  M O D IF IE D  E X P O M E N T IA L  CURVES 
FITTED TO DESI DUCKLINGS IRRESPECTIVE OF SEX

OKI X-AXlS: O M E  m e K = ' l G M .  

Y-AXI^ : “5 ° ^  =

O B S E R V E D  V A L U E S  

MODtPIBD FJtPOMENTJAL 

G O M P E R T 2  CURVE.
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VON_BERTALANFFY AND GOMPERTZ 
n&5. CURVES FITTED TO WP FEMALES

ONX.AXIS *. ONE WEEK = lC.m: 
ONY_A*lS’. 5 0 0  = 1 Cm:
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r"&.6.'0OMPCflZAND MODIFIED EXPONENTIAL CURVES
FITTED TO W P DUCKLINGS IRRESPECTIVE OF SEX

# ^M-X-AX1£ : ON<& UJ£€K=\ c m .  
s ^ a u e ,  Y-4X1.5 : 'SCXff =■ 'l&Wl.

O B S E R V E D  V/M-UES

mopipiep exponential

CaOTYlpE K T Z - C .U R V E

G  ?  9  9  t o  | |  j  a

ag e  thj iveiSKS ->



Table  1

Means and s t a n d a r d  e r r o r s  o f  body  w e ig h t  ( i n  g) o f  s i r  g ro u p s  o f  d u c k l i n g s  from t h e
f i r s t  seven  days

Days D eal males D ea i  f e m a le s WP m ales WP f e m a le s D ea i  d u c k l i n g s  
i r r e s p e c t i v e  
o f  s e x

VP d u c k l i n g s  
I r r e s p e c t i v e  
o f  s e x

1 . 36 .6428*0.5704 38 .16 * 0 .6 0 2 6 3 8 .6 5 3 8 + 0 .5 3 1 8 3 8 .384  £±0.6565 3 7 .6 1 5 3 * 0 .3 7 3 9 38-4423± 0 .230B

2- 38.5751+0.4873 4 0 .1 2 * 0 .5 2 0 6 3 4 .3462+ 0 .5112 37.6:15 4 ± ° .  7423 39 .4872*0 .3971 3 7 .4807± 0 .4466

3- 41 .2143+0.5155 42 .20+ 0 .9715 40 .07 6 9 + 0 .7 8 8 2 4 1 .3 4 6 2 * 0 .9 0 9 7 4 1 . 8462+0 .4 13 2 4 0 .7 1 1 5 * 0 .6 0 2 5

4 . 42 .5000*0 .6934 4 5 .3 2 * 0 .8 5 3 9 4 1 -1923+ 1 .7169 4 5 .8 8 4 6 ± 0 .9 9 2 8 4 4 .3077+ 0 .6343 4 4 .2 8 8 4 + 0 .6 8 6 7

5- 47.2143*0-7857 5 0 .2 8 * 1 .1 9 6 6 4 2 .4 6 1 5 * 0 .9 3 8 5 4 6 .0 7 6 9 ± 1 .0 8 4 0 49*1795*0 .8440 4 4 .2 6 9 2 + 0 .7 5 3 6

6 . 51■7143*1.0865 55-52*1 .5249 43*5769*1.1055 4 7 .1 9 2 3 * 1 .2000 54 .1 5 3 8 ± 1 .0 8 3 3 45*3846*0 .8465

7 . 58 .5000jt2 .3008 63-28*1.8371 49 .1153*1 .6261 5 5 -3 4 6 2 * 1 .8 2 4 5 61 *5641±1 -4679 5 2 .2 3 0 8 * 1 .2 8 6 2



Means and s ta n d a rd  e r r o r s  o f  body w e ig h ts  ( i n  g) o f  s i x  g ro u p s  o f  d u c k l i n g s  u p to  12 weeks o f  age
T a b le  2

Weeks D e a l  male D eal fem ale VP m ales
•“ D e a l  J u c E I In g s  

WP fe m a le s  i r r e s p e c t i v e  
o f  a e x

■ ^ ‘(T uakU S gs ' '  ~ 
i r r e s p e c t i v e  
o f  s e x

0. 36 .6428*0 .5704 3 8 .1 6 * 0 .6 0 2 6 3 8 .6 5 3 8 ± 0 .5 3 1 8 3 8 .3 8 4 6 * 0 .6 5 6 5 3 7 .6 1 5 3*0 .3739 3 8 .4 4 2 3 * 0 .2 3 0 0

1 . 58 .5 0 0 0 ^ 2 .3 0 0 8 63 .28*1 .0371 4.9-1153*1 .6261 5 5 -3 4 6 2 * 1 .8 2 4 5 6 1 .5 6 41*1 .4679 5 2 .2 3 0 8 * 1 .2 8 6 2

2 . 108.3591*5-7880 1 1 8 .0 8 *6 .4057 84-2692*4-2148 1 0 5 .0 7 6 9 * 5 .5 8 2 4 114-5897 .4 -6151 7 4 .6 7 3 1 * 3 .7 5 6 9

3 . 190.4785*12.2795 2 1 0 .8 0 * 1 5 .0 4 4 2 134-1538*9 .6694 1 8 8 .5 7 6 9 * 1 3 .8 5 3 8 203-4872*10 .6142 1 6 1 .3 6 5 4 * 9 .1 9 1 2

4 . 289-4285+21-1864 3 4 5 .6 0 * 2 6 .7 9 3 3 202 .6923*15-6217 2 9 3 -8 4 6 1 * 2 5 .4 4 5 4 325 .4359*19 .4049 2 4 5 -4 8 0 7 * 1 6 .6 8 2 5

5 . 412 .2142*30 .9867 4 9 5 -2 0*36 .8022 277 .8462*24 .3026 4 3 1 .0 3 8 5 * 3 8 .2 6 4 8 465-4103*26 .6075 354-4423*24-8731

6 . 491.07*35-2196 .5 7 3 -0 0 * 4 2 .6 9 4 7 3 0 9 . 1923±26 .8709 4 9 2 .3 0 7 7 * 4 0 .7 5 2 8 5 4 3 -5897*30 .5518 4 0 0 .7 5 0 0 * 2 7 .3 5 6 8

7 . 536 .0700*33 .2874 6 0 9 .80+ 39-1977 468 . 4651±31-0443 706 .153 0 * 5 8 .7 4 6 1 583-3333*28 .1254 5 6 8 .4 6 1 5 * 3 9 -8 5 0 7

8 . 633.8800*38.4135 7 0 9 .0 0 * 4 4 .4 7 0 0 537 .8846+ 44 .4047 8 1 1 .7 3 0 8 * 6 2 .4 1 7 3 682.0513*31-8745 6 7 4 -8 0 7 7 * 4 2 .4 9 4 3

9 . 757.8500*45-8085 813-00*44-4259 637-3076*52 .9834 9 3 5 .5 7 6 9 * 6 0 .8 9 0 4 793-2051*32 .7900 78 6 .4 4 2 2 * 4 5 -0 8 7 5

10 . 839 .2857 i56 .3175 892-40*44-0673 781 .7307*59 -1510 1145 .7692*63-7451 673-3333*34 .5368 9 6 3 -7 5 0 0 * 5 0 .0 3 1 3
1 1 . 931 .7857*48 .8623 9 2 8 .8 0 * 4 1 .2 6 6 7 964 .2307+ 71 .4727 1 3 0 9 .6 1 5 4 * 6 6 .9 8 2 2 929 .8718*31 -3482 1 1 3 6 .9 2 3 1 * 5 4 .1 8 9 2

1 2 .  1291.7857+59.7857 1239-40*45 .0836 1021 .7308*79.5385 1401 .6154*73 -0109 1 258 '2051*35 .6814 1 2 1 4 -6 1 5 4 * 5 8 .5 7 8 8



T a b  la 3

A n a l y s i s  o f  v a r i a n c e  o f  I n i t i a l  body w e i g h t  o f  fo u r groups o f
d u c k l i n g s

S o u r c e  d .f • H 3 3  F

B e t w e e n  g r o u p s  3  1 3 * 2 7 0 8  1 * 7 7 4 6  E . S

W i t h i n  g r o u p s  87 ‘ 7 . 4 7 8 3

K e a n  T a b l e

G r o u p s  S e a n  b o d y  w e i g h t s
(in g)

D e s i  s a l e s  3 6 * 6 4 2 9

D e a l  f o n a l o s  3 8 * 1 6 0 0

W F  s a l s a  3 6 . 6 3 3 9

W F  f e c a l e s  3 8 - 3 8 4 6



T a b l e  4

A n a l y s i s  o f  v a r i a n c e  o f  t h e  f o u r t h  w s e k  b o d y  w e i g h t  o f  four g r o u p s  o f  d u c k l i n g s

S o u r c e  d . f .  M 3 3  F

B e t w e e n  g r o u p s  3  

W i t h i n  g r o u p s  8 7

1 0 5 8 3 6 . 3

1 3 5 8 7 . 6 9

7 * 7 8 9 1 * *

• *  I n d i c a t e s  s i g n i f i c a n c e  a t  l e v e l

C B  for the c o n p a r l s o n  b o t w e e n

G r o u p s  D e a l  m a l e s  B e a l  f e m a l e s W F  m a l e s W F  f e a a l s a M e a n  b o d y  w e i g h t s

D e a l  m a l e s  7 7 . 3 1 5 9  

D e a l  f e m a l e s  

W F  m a l e s  

W F  f e m a l e a

7 6 . 7 8 0 3

6 4 * 8 7 8 3

7 6 . 7 8 0 3

6 4 * 8 7 8 3

6 4 . 2 3 9 0

2 6 9 * 4 2 6 6 *

3 4 5 . 7 2 0 C ^ b

1 9 0 . 3 8 4 6 °

2 8 6 - 5 3 8 5 a b



Table 5

A n a l y s i s  o f  v a r i a n c e  o f  e i g h t h  w e e k  b o d y  w e i g h t s  o f  f o u r  g r o u p s  o f  d u c k l i n g s

S o u r c e d . f . H 3 3 F

B o t w o e n  g r o u p s  

W i t h i n  g r o u p s

3

8 ?

3 4 2 3 1 7 * 4

6 0 5 5 5 * 6 3

5 * 6 5 2 9 * *

* *  I n d i c a t e s  s i g n i f i c a n c e  a t  tjfi l e v e l >

C D  f o r  t h e  c o m p a r i s o n  b e t w e e n

G r o u p s D e a l  s a l e s  D e s i  f e m a l e a W P  m a l e s U P  fesales K e a n  b o d y  w e i g h 1

D e a l  s a l e s  

D e a l  f m a l e s  

V P  s a l e s

W P  f e m a l e a

16 3 * 2 2 1 6 2 . 0 8 9 3

136.9631

1 6 2 . 0 8 9 3

136.9631

1 3 5 * 6 1 3 7

6 3 3 * 9 2 8 6 *  

7 0 9 . 2 0 0 0 P b  

5 3 7 - 8 8 4 6 *  

8 1 1 .7308b



i'able 6

A n a l y s i s  o f  v a r i a n c e  o f  T w e l f t h  w e e k  b o d y  w e ig h t  o f  f o u r  g r o u p s  o f  d u c k l i n g s  

S o u r c e  d . f .

B e t w e e n  g r oups 3 6 4 3 8 4 0  5 * 9 5 7 1 ® *

W i t h i n  g r o u p s  8 7  1 0 8 0 7 9 * 8

** I n d i c a t e s  s i g n i f i c a n c e  a t  \ %  l e v e l  

C D  f o r  tho c o m p a r i s o n  b e t w e e n

G r o u p s  Deal s a l e s  U e 3 i  f o m a l e s  W P  m a l e s  W P  f e m a l e a  ftean b o d y  w e i g h t

D e a l  a a l e o  2 1 8 . 0 5 6 2  2 1 6 . 5 4 5 7  2 1 6 . 5 4 5 7  1 2 9 1 * 7 8 6 0 ®

P o o l  f e m a l e s  1 8 2 * 9 7 7 9  1 8 2 , 9 7 7 9  1239*4O 0CP b

WP c a l o s  1 8 1 . 1 7 5 1  1 0 2 3 . 2 6 9 0

WP f e nalca I 4 0 1 * 5 3 9 0 o b



s o

P a r a m e te r s  o f  Growth c u rv e s  o f  I n d i v i d u a l  D e s i  m ales  and
V y

f e m a le s  i n  th o  e x p o n e n t i a l  form y = as f o r  \ %  w eeks.

Table  7

Ho. _ _ _ _ _ _ _ _ _ _ _ _ _ _ Degi. m a le s_____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Deei_ f e m a le s ____
a b a b

1 . 54.5931 0 .2688 48 .9232 0 .2 7 3 0

2 . 7 0 .3 6 1 3 0.2501 51*5375 0 .2 7 4 8

3- 9 0 .5 5 7 8 0 .2755 54.5565 0 .2699

4- 54-9537 0 .2 6 0 0 104.1730 0 .2779

5 . 6 8 .5717  ' 0 .2736 93.6811 0.2664

6 . 56 .5986 0 .2815 66.5596 0 .2699

7 . 59 .0975 0 .2 1 7 3 76 .2667 0 .2 8 3 0

8 . 67 .9917 0 .2642 5 9 .3 9 7 0  , . 0 .2549

9 . 6 3 .8 2 9 6 0 .2725 105.0115 0 .2565

10. 64 .1811 0.2916 88.2889 0.2517

11. 68 .3721 0 .2597 60 .4557 0 .2 4 8 4

12, 5 6 .6 5 2 4 0 .2 8 6 8 6 1 .8 5 9 8 0 .2 4 9 0

13. 62 .9901 0 .2 7 9 8 78 .6505 0 .2 5 2 8

M . 7 4 .4 0 9 7 0 .2 8 3 8 88.2764 0.2671

15. 74-8556 0 .2 6 6 9

16. 86 .9000 0.2651

17. 68 .4296 0 .2576

1 8 . 61 .8 5 9 8 0 .2 4 9 0

19 . 6 5 .9 3 2 8 0 .2 4 6 0

2 0 . 46.1975 0.2716

21 . 94 .1292 0 .2676

2 2 . 68 .8876 0 .2 7 8 3

23- 62 .1555 0 .2 3 1 0

2 4 . 1.0 1 .0 1 1 4 0 .2 6 8 7

25- 74 .3119 . 0 .2 9 7 0
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Table  8

P a r a m e te r s  o f  Growth cu rve  o f  I n d i v i d u a l  WP m ales  and 
f e m a le s  i n  th e  e x p o n e n t i a l  form y a  a e^ x f o r  1<0 wee lea

No. WP m a le s _____ ____ V P_fem aloa_____
a b a b

1 . 55 .2209 0 .2665 98.7715 0 .3 0 1 8

2. 57 .2555 0 ,2975 74 .0686 0 .2 6 6 7

3 . 39 .0279 0 .2 3 6 9 76 .6957 0 .3 0 6 4

4 . 58 .6062 0 .2 5 3 0 67 .5347 0 .2 9 1 3

5 • 44-9767 0.2395 68.8996 0 .2 9 3 3

6 . 37 .6153 0 .3055 56 .0609 0 .3182

7- 41 .0776 0 .2896 3 8 .8 5 5 6 0 .2 2 1 3

6 . 53.0551 0.2121 71 -6056 0 .3 0 9 0

9- 72 ,5166 0 .2985 33-0459 0 .2924

10. 53-2569 0 .3 1 7 4 55-2485 0 .3123

11. 7 5 .2 8 6 8 0 .3 1 2 8 52 .4013 0 .3137

12. 4 9 .8 2 5 0 0 .2 8 7 8 37.6661 0 .2917

1 3 . 5 0 .4 9 5 0 0 .2 9 8 3 74-9376 0 .2 8 8 2

14. 56 .2166 0 .2683 77.3631 0.3071

15. 62 .2426 0 .2 6 8 0 45-9631 0 .2823

16. 62.4041 0 .3157 58 .4116 0 ,3 0 1 8

17. 41 .4809 0 .2 8 6 4 66 .0550 0 .3065

18 . 39 .6485 0 .2 3 0 3 5 6 .6 1 8 3 0.3C75

19- 59 .9992 0 .2746 82.6316 0 .2 9 5 7

20 . 6 1.8 3 3 1 0 .2644 63*6944 0 .3239

21 . 53 .8412 0 .2 7 8 2 3 7 .5 2 1 8 0 .2 7 8 6

2 2 . 39 .2025 0 .2364 72.6669 0 .2826

2 3 . 43 .8582 0 .2476 51 .0082 0 .2593

2 4 . 45-5084 0 .2259 74.9715 0 .3 1 2 8

25- 51 -9175 0 .2786 40 .2124 0 .2899
2 6 . 44-4918 0 .2727 64 .6653 0 .3264
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T a b le  9

P a r a m e t e r s  o f  t h e  G ro w th  c u r v e  o f  i n d i v i d u a l  S e a l  m a le s  
f o r  t w e l v e  w o o k a  i n  t h e  M o d i f i e d  e x p o n e n t i a l  f o r a  y  *  E + a b *

U o . K a to

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

2. - 9 8 7 7 . 6 2 1 0 9 8 7 8 . 2 8 9 0 1.0071

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

4* 3 5 9 0 . 3 2 5 0 - 3 6 2 3 . 3 3 2 0 0.9801

5 . - 1 5 3 4 . 9 5 7 0 1 5 2 4 * 8 2 2 0 1.0466

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

7. -5727.OI4O 5 7 5 4 . 3 0 0 0 1.0069

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

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

10. - 1 0 3 6 6 . 0 3 0 0 1 0 3 1 6 . 9 4 0 0 0.1009

11. - 4 6 4 . 6 2 5 0 4 9 1 . 9 4 5 4 1.0995

12. - 8 8 7 . 0 5 0 8 8 7 4 . 5 1 5 3 1.0711

13- - 2 4 3 2 . 5 3 9 0 2 4 0 4 . 6 2 1 0 1 . 0 3 2 7

14. 2 3 4 4 . 4 6 6 0 - 2 4 4 0 . 0 2 9 0 0 . 9 4 0 8

CO



Table  10

P a ra m e te r s  o f  t h e  Growth c u rv e  f i t t e d  t o  i n d i v i d u a l  
D e a l  fem alea  f o r  Twelve weeks I n  th e  a o d i f i e d  
e x p o n e n t i a l  form y ■ K + ab1

No. E a b

1 . - 5 5 8 .5 5 9 8 553-6031 1 .0823

2 . -8 4 0 .6 4 5 3 829-3912 1 .0639

3 . -9 0 5 .2 7 1 2 89 1 .9 8 9 0 1 .0624

4 . 2132 .7340 -2 3 0 6 .9 8 2 0 0 .8 9 6 4

5'. 1637-6540 -1 7 6 4 .3 1 1 0 0 .8917

6 . 6110.8640 -6 1 5 0 .3 4 8 0 0 .9852

7 . 2636 .6980 -2 7 3 1 .3 1 9 0 0 .9 4 6 7

8 . -4 7 4 .7 2 5 6 4 8 3 .0 1 2 8 1 .0817

9 . 1535.5630 -1 6 4 8 .5 8 7 0 0 .8 8 0 2

1 0 . 1081 .3970 -1 1 9 9 .2 4 3 0 0 .8495
1 1 . ' -58 6 .5 2 1 1 603-0282 1 .0742

12 . 3311-5790 -3 3 6 2 .9 2 6 0 0 .9 6 6 9

13- 1300 .5010 ' -1 3 7 5 .2 6 6 0 0 .9035

14 . 1428.8160 -1 5 6 9 -8 7 1 0 0 .8 7 6 3

15- 2033-4950 -2 1 0 5 .7 7 7 0 0 .9 4 0 2

16. 1947 .5850 -2 0 3 3 -6 1 3 0 0 .9256

1 7 . -1 8 1 7 5 .0 0 0 0 18160 .3100 1.0042

1 8 . 2 10 4 5 .3 10 0 - 210 5 9 .0 10 0 0 .9 9 6 7

1 9 . -188 .7 0 2 5 234 .4906 1 .1435

2 0 . -1 4 5 .4 6 0 5 166.5296 1-1698

21 . 1 411 .9450 -1 5 8 5 .1 4 3 0 0 .8565

2 2 . 2280 .4340 -2 3 8 4 .3 6 0 0 0 .9 4 2 3

23- 3 0 1 7 .2980 -3 0 1 9 .4 3 0 0 0 .9 8 0 4

24- 1817 .6090 - 1 9 6 4 .6060 0 .8902

2 5 . 2436 .2780 - 2 5 8 3 .8 1 2 0 0 .9 3 0 9



6 z

T ab le  11

P a r a m e te r s  o f  Growth c u rv e s  o f  i n d i v i d u a l  WP m ales  f o r
Twelve weeks i n  th e  m o d if ie d  e x p o n e n t i a l  form y = K + ab1

t o . K a b

1 . -1 9 1 .2 5 0 3 216 .6875 1-1634

2 . -2 4 3 .3 2 4 4 256.7155 1.1766

3 . -4 .6 6 0 7 4 0 .2 9 5 8 1.2772

4 . -3 5 -5 5 1 0 64-3779 1.2347

5- ■ - 3 6 .1 5 1 0 7 2 .5 7 1 0 1 .2230

6 . -35  .7852 61 .9823 1 .2994

7 . - 6 8 .8 1 1 5 9 3 .0 5 3 0 1 .2444

8 . -1 9 8 .0 0 0 0 232.7391 1 .1018

9- - 7 9 7 .7 7 9 6 789 .9142 1.1021

10 . -7 3 7 .5 3 8 3 704 .1233 1 .1023

11 . -1 8 4 8 .6 2 5 0 1786 .5450 1 .0 6 4 8

12 . -117 .1 8 7 1 1 4 3 • 1 1 03 1 .2122

13. -8 8 .2 2 2 2 118.8996 1 .2463

H. -73*8608 93-9470 1 .2043

15. - 5 0 .8 7 6 3 103 .7014 1.2542

16 . -4 8 6 .7 5 1 5 475 .3693 1 .1 4 3 4

17- -5 3 .4 2 5 2 77 .9632 1 .2627

18 . -7 6 .5 9 9 2 102.0791 1 .1656

19 . -3 5 7 .5 3 3 2 372 .2158 1 .1265

2 0 . -5 8 9 .0 0 4 6 581 .2256 1 .1042

21 . -1 6 2 .4 0 0 9 188 .1907 1 .1815

2 2 . -5 1 .3 1 1 3 78.4831 1 .1999

23- - 1 1 1 .4810 136.9683 1 .1639

24- - 2 0 .1 2 4 8 6 2 .5 0 3 0 1 .2204

2 5 . —194-9116 216 .0299 1 .1645

2 6 . -135  .1566 151.8551 1 .1806
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T a b le  12

P a r a m e te r s  o f  Growth cu rve  o f  I n d i v i d u a l  UP fe m a le s  f o r
tw e lv e  weeks In  th e  m o d if ie d  e x p o n e n t i a l  form  y = K +■ abz

Ho. £ a b

1. 3 3 4 8 .6 3 2 0 - 3 5 6 7 .4 8 1 0 O.9269

2 . -519 .8471 5 2 6 .5 5 8 0 1 .1262

3 . -4 5 2 9 .5 7 9 0 4187 .4470 1.0309

4 . t -1 2 7 4 -8 5 8 0 1246 .3370 1.0675

5- -2 8 1 8 .8 0 2 0 277 4 .2 8 2 0 1 .0 3 5 8

6 . -3 0 8 .9 5 4 8 3 0 2 .4 1 6 0 1 .1829

7 . -7 0 8 9 .7 5 0 0 7093*2680 1 .0044

6 . -3 0 7 8 .2 4 9 0 3 00 7 .6 2 9 0 1.0403

9 . - 3 0 .2 0 0 8 54.7745 1 .2828

10. - 2 1 8 .0 4 3 4 228 .4734 1.2004

11 . 38 .6679 13 .7284 1 .4917
12. -1 7 2 1 .7 5 1 0 1692 .8840 1 .055 7

1 3 . 8904 2 .7 8 0 0 -8 9 1 5 2 .7 4 0 0 0 .9 9 8 3

H . -3 3 -7 8 0 2 72 .10839 1 .2740

1 5 . -5 8 2 .0 1 5 4 568.4683 1 .1137

1 6 . - 8 5 9 .5  871 830.0349 1 .0989

17 . - 5 7 5 .8 0 6 0 556 .9786 1 .1183

16 . -1 6 6 3 .3 7 9 0 1634 .1790 1 .0647

19 . -6 9 9 .2 3 7 6 6 6 2 .2 9 8 0 1 .1261

2 0 . 10 .4005 2 9 .4 6 7 3 1 .3608

2 1 . -5 2 8 .3 0 0 8 536 .1495 1 .1186

2 2 . -1 2 3 -7 9 3 5 152.1503 1 .1797

23- -2 8 2 9 .6 7 6 0 2758-6790 1 .0453

24 . -1 4 -2 6 7 3 48 .3706 1 .3231

2 5 . -8 7 3 -4 8 2 9 833 .9853 1.1105
2 6 . -1 5 4 .2 5 3 5 168.8789 1.2305



6

S q u are  o f  t h e  c o r r e l a t i o n  c o e f f i c i e n t  ( c o e f f i c i e n t  o f  
d e t e r m i n a t i o n )  be tw een  o b se rv e d  and e x p e c te d  v a l u e 9 o f  f o u r  
g ro u p s  o f  d u c k l i n g s  f o r  1& weeks when th e  e x p o n e n t i a l  
o u rv e  was f i t t e d

T a b le  13

No. D ea l  m ales D esi  f e m a le s UP m ales UP fem a les

1 . 0 .9234 0.9701 0 .9 4 7 8 0 .6 6 2 7

2 . 0.9232 0 .9 5 3 0 0 ,9323 0.9208

3. ' 0 .8643 0 .9279 O.9067 0 .8 2 3 8

4 . 0.9092 0.7429 0.9732 0 .8 4 6 3

5 . 0 .9 3 0 0 0.8325 0.9609 0 .8707

6 . O.96IO 0.9223 0 .9 6 2 4 0 .8 5 8 3

7 . 0 .9349 0.8236 0.9552 0 .9192

8 . 0 .6984 0.9555 0 .9699 0 .7 7 5 7

9 - 0.9030 0 .8447 0.8939 0 .9595

10. 0 .9025 0 .8 3 0 4 0 .9 0 2 8 0 .9 3 5 0

1 1. 0.9761 0 .9 4 1 0 0.8506 0.9195

12. 0 .9395 0.8779 0 .9588 0 .9 5 0 6

13 . 0 .9 1 4 0 0 .8397 0 .9423 O.8544

H . 0.8721 • 0 .8 2 2 7 0 .9 5 0 3 0 .7 7 9 4

15 . 0 .8308 0 .8642 0 .9 7 2 7

1 6 . 0 .8322 0 .9 3 6 8 0 .9 2 5 2

17 . 0 .9 2 2 4 0 .9 5 1 0 0 .8 9 9 8

1 8 . 0 .9 4 6 4 0 .9599 0 .8869

1 9 . 0 .9764 0 .9457 0 .8819

2 0 . 0.9711 0 .9 1 6 0 0 .8 8 5  8

21 . 0 .7881 0 .9 5 0 0 0.9701

2 2 . 0 .7216 0 .8988 0 .9 4 8 7

23 . 0 .9 2 11 0 .9539 0 .9 5 0 3

2 4 . 0 .7533 0.9854 0 .8 6 7 0

25 . 0 .7902 0 .9594 0.9319
2 6 . 0 .9 5 4 7 0 .8739

C
D



Table  14

S q u a re  o f  th e  c o r r e l a t i o n  c o e f f i c i e n t  ( c o e f f i c i e n t  o f  
d e t e r m i n a t i o n )  be tw een  o b s e rv e d  and e x p e c te d  v a lu e s  o f  
f o u r  g ro u p s  o f  d u c k l i n g s  f o r  12 weeks when th e  M o d if ied  
E x p o n e n t i a l  cu rve  was f i t t e d

No. D e s i  m ales D e s i  fe m a le s VP m ales WP fe m a le s

1 . 0 .9 9 5 7 0 .9869 0 .9 9 2 9 0 .9612

2 . 0 .9904 0 .9899 0.9945 0.9941
t

3 . 0.9041 0.9891 0 .9 5 2 4 0.9895

4 . 0 .9722 •0.9702 0 .9951 0 .9913

5 . 0 .9875 0.9682 0 .9 9 4 8 0.9901

6 . 0 .9865 0 .9 8 8 4 0 .9 9 4 3 0 .9456

7 . 0 .9759 0 .9 7 6 3 0 .9986 0 .9857

8 . 0 .9812 0.9866 0 .9 8 9 3 0 .9809

9 . 0 .9723 0 .9769 0 .9955 0 .9964

1 0 . 0 .9 9 0 4 0.9628 0 .9 9 3 8 0.9975
11 . 0.9905 0 .9735 0 .9826 0 .9 7 6 0

1 2 . 0 .9 6 9 8 0.9855 0 .9 9 7 9 0 .9 8 8 7

13 . 0 .9 8 9 6 O.9703 O.99O9 0 .9 7 8 3

14. 0 .9772 0 .9 6 0 4 0 .9 9 5 8 0 .9 9 7 8

15- 0.9761 0 .9 4 4 5 0 .9 7 6 4
16 . 0 .9 8 3 7 0 .9952 0 .9945

1 7 . 0 .9 9 1 8 0.9951 0.9951
1 8 . 0 .9845 0 .9 8 9 3 0 .9953

1 9 . 0 .9923 0 .9925 0 .9 8 8 0

2 0 . 0 .9 8 7 8 0 .9942 0 ,9 9 6 8

21 . 0 .9567 0 .9 9 8 4 0 .9 9 6 8

2 2 . 0 .9659 0 .9 5 8 3 0 .9906

2 3 . 0 .9 0 9 7 0 .9913 0 .9896

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

2 5 . 0 .9 6 7 8 0 .9956 0.9951
2 6 . 0 .9 9 5 0 0 .9924
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T ab le  15

S ta n d a rd  e r r o r  o f  th e  e s t i m a t e  o f  'f o u r  g roups  o f  d u c k l in g s
f o r  12 weeks when th e  e x p o n e n t i a l  cu rve  was f i t t e d

No. D es i  m ales D e s i  fem a le s VP m ales VP fem a le s

1 . 98 .5579 97-3482 128.1779 738 .2389

2 . 157.6555 126.7156 221.9775 268.0571

3 . 362 .4105 151.3184 67 .7167 491 .9807

4 . 144.2763 52 7 .6 9 1 7 46.3851 333.1532

5 . 20 7 .9 9 2 7 35 4 .6 5 3 6 5 2 .8 9 9 2 335.5516

6 . 142.3911 194.5812 107-4686 348.4846

7 . 6 6 .5 0 7 7 361 .7240 112.3169 56-4306

8 . 273 .6176 85 .6839 44 .5449 507 .5307

9 . 20 8 .7 4 7 7 337 .1795 351 .3475 80 .7107

10 . 279 .9694 265 .3236 321 .4297 249 .9536

1 1 . 111.8191 109 .1757 493-5063 250 .8320

12 . 183.9359 247 .3216 132 .9264 91 .9032

13. 2 2 1.3 5 0 0 2 3 8 .0 6 7 0 173.3942 350 .5814

14. 3 2 2 .8 6 8 4 338 .6707 75-9760 534-8020

15. 281 .5413 167 .6454 87-5657

■16. 32 2 .1 0 4 4 320 .1162 247 .9210

17. 171 .6540 10 1.7 5 2 5 345-1275

18 . 116.0585 45-0130 305 .8254

19. 85 .6030 ,162 .1071 408.2155

2 0 . 88 .2425 222 .6149 429 .9344

2 1 . 3 8 7 .8 0 6 8 142.1857 58 .6997

22 . 351.9081 6 9 .1 9 7 0 222.0333

23 . 105.3775 67,4551 97 .2 4 5 4

24 . 446 .3034 2 8 .2 9 8 4 ' 481 .6258

25- 447 .0422 130.3733 114.9141

2 6 .  ' 101 .7889 478 .3837
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s t a n d a r d  e r r o r  o f  th e  e s t i m a t e  o f  f o u r  g ro u p s  o f  d u c k ­
l i n g s  f o r  12 weeks when th e  m o d if ie d  e x p o n e n t i a l  ourvo 
was f i t t e d

T a b le  16

No. D e s i  m ales D es i  fem a les VP m ales VP fe m a le s

1 .  ' 18.2165 30 .4226 26.4551 136 .4647

2 . 27 .1256 28.0169 32 .6753 37 .7139

3- 58 .6002 3 0 .3 3 8 0 41 .3756 58.81 33

4 . 41 -3381 95 .8134 14 .0417 42 .2136

5 • 40 .2187 77.1836 1 5 . 1 1  05 44-9906

6 . 37.7551 34-5197 2 6 .5 7 1 3 128.6262

7 . 24 .7434 65 .2936 12 .0183 14.6216

8 . 51 .4266 26 .2863 15 .7923 77 .6459

9- 54 .1654 64 .7349 34-9470 16.2045

10. 58 .3060 65.9206 3 6 .6 9 7 4 25.1071

1 1. 30 .2779 4 0 .3 5 0 4 80.6435 56 .4476

12 . 34*6250 43.0165 16 .8720 5 0 .4 0 6 0

13- 36 .0982 54.6841 3 9 .4 0 7 0 85 .5196

1 4 . 61 .8967 81 .9154 14 .0496 ■15.3389

15- 5 5 .1 7 8 0 104 .4698 7 2 .9 4 7 7
16 . 51 .4836 38.0831 38 .4604

17 . 26 .8172 2 2 .2 5 8 4 3 2 .4 6 3 8

10 . 30 .8574 15 .8117 38 .0725
1 9 . 23 .9254 30 .2865 6 6 .8 3 1 3
20 . 29 .0205 30 .3503 15 .4287
21 . 92 .3186 14.0276 25 .5305
22. 72 .5760 3 5 .0 4 2 0 25-9756
23 . 20 .7367 19-5890 6 0 .6 8 9 4
24 .

f

82 .4109 1 3 .8 2 6 7 35 .0933
25 . 84 .1882 21 .6686 43 .2315
26. 19 .7193 44 .0663



Table 17

A n a l y s i s  o f  v a r i a n c e  o f  *b* v a l u e s  ( g r o w t h  rate) w h e n  the e x p o n e n t i a l  curve

w a s  f i t t e d  f o r  12 w e e k s

S ource d - f- £133

B e t w e e n  g r o u p s  3 0.00501 1 0 . 1 8 1 1 * ®

W i t h i n  g r o u p s  87. O . O O O49

*"* I n d i c a t e s  s i g n i f i c a n c e  at 1 $  l e v o l  

C D  f o r  the c o m p a r i s o n  b e t w e e n

G r o u p s  D e s i  m a l e s  Desi f e m a l e s  W P  m a l e s  W P  f e m a l e s  K e a n  ' b 1 v a l u e s

H o s i  m a l e s  0 . 0 1 4 7  0 . 0 1 4 6  0 . 0 1 4 6  0 . 2 7 0 4 s

D e a l  f e m a l e s  0 . 0 1 2 3  0 . 0 1 2 3  0 . 2 6 3 B a b

W P  m a l e s  0 . 0 1 2 2  0 . 2 7 2 6 a b

W P  f e m a l e s  0 . 2 9 6 2



A n a l y s i s  o f  v a r i a n c e  o f  * b ’ v a l u e s  ( g r o w t h  r a t ©  J w h e n  the m o d i f i e d  e x p o n e n t i a l

w a n  f i t t e d  f o r  t w e l v e  w e e k s

Sable 16

S o u r c e  d . f .  H S S  p

B e t w e e n  g r o u p s  3  0 . 2 6 9 6  1 6 . 4 4 7 4 * *

W i t h i n  g r o u p s  8 7  0 . 0 1 7 6

** I n d i c a t e s  s i g n i f i c a n c e  a t  1 #  l e v e l  

O B  f o r  t h e  c o m p a r i s o n  b e t w e e n

O r o u p o  D e n i  m a l e s  D e a l  f e m a l e s  W P  m a l e s  W F  f e m a l e s

B e a l  m a l e s  0 . 0 8 8 0  0 . 0 8 7 4  0 . 0 8 7 4  0.9581

D e s i  f e m a l e s  0 . 0 7 3 9  0 . 0 7 3 9  0 . 9 7 3 7 ®

W P  m a l e s  0 .0731 1 .1853b

W P  f e m a l e s  1 . l 3 8 8 b
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Scblo 19

P a r a m e t e r s  of G r o w t h  curve o f  i n d i v i d u a l  D o o i  m a l e c  f o r

t w e l v e weeks in the C o m p o r t s  f o r a  y  «  ob° '

11
•

!
0
 1

53 
1 0

► 
* 

1 
1 

1 
1

! 
! 

1 
1 

1 
1

1 
1 

1 
1 

1 
1

1 
& 

(

i 
i

! 
!

1 
1 

1 
1

0

1 . 1 5 8 3 * 3 9 7 0 0 , 0 2 1 9 0.8571

2 . 9 7 2 . 2 7 4 9 0.3502 0 . 7 8 5 6

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

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

5. 1 3 4 1 . 5 4 3 0 0.0242 0 .7995

6. 1 6 6 2 . 4 1 5 0 0.0199 0 , 8 4 3 7

7. 6 7 2 . 4 0 6 3 0.0596 0.8301

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

9. 1 0 2 5 . 7 7 4 0 0.0240 0 . 7 6 0 9

10. 1 2 8 0 . 3 6 6 0 0 . 0 1 8 7 0.7661'

11. 1495.871 0 . 0 2 7 6 0.8411

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

13- 1 2 5 3 . 1 4 4 0 0, 0 2 1 4 0.7880

14 • 1 1 6 7 . 7 3 7 0 0.0191 0. 7 2 0 9



Table  20

P a r a m e te r s  o f  Growth ourva  f i t t e d  t o  i n d i v i d u a l  D esi
fe m a le s  f o r  tw e lv e  weeks i n  t h e  Gompertz f o r a  y = a b °

No. a b c

1 . 1210 .3760 0 .0221 0 .8345

2 .  " 1220 .1700 0 .0 2 2 4 0.8261

3 . 1214.9390 0.0223 0 .8 1 9 2

4- 1484 .1600 0 .0165 0 .6869

5 . 1161 .4 1 1 0 0 .0212 0 .6872

6 . 1030 .9790 0 .0 2 6 2 0.7639

7 . 1230.7040 0 .0186 0 .7259

8 . 1245 .5170 0 .0 2 5 8 0 .8544

9 . 1164.7500 0 .0 2 6 7 0 .6 9 0 8

1 0 . ,8 99 .8826 0 ,0 2 6 8 0.6725

i i , 1237 .2890 0 .0296 0 .8445

1 2 . 1105 .8220 0 ,0264 0.7511

13 . 89 0 .9 3 0 8 0 .0 2 8 0 0.708B

14. 1088 .2020 0 .0 2 6 3 0 .6825

15 . 1032 .4900 0 .0 2 9 9 0.7251

1 6 . 1130 .4620 0 .0232 0 .7142

1 7 . 1030 .8240 0 .0 3 0 7 0.7842

18 . 857.9836 0 .0 3 5 6 0 .7895

1 9 . 2293 .2550 0 .0295 0 .8 8 8 0

2 0 . 2604 .9570 0 .0122 0 .8 9 0 8

21 . 1136 .2840 0 .0 1 8 4 0 .6 6 3 0

22 . 1128 .0780 0 .0 1 8 4 O .663O

2 3 . 708 .6017 0 .0 4 2 3 0 .7 8 4 8

24 . ' 1131 .1990 0 .0 1 9 4 0 .6879

2 5 . 1335.6380 0 ,0 1 3 4 0 .7 0 8 0



T ab le  21I
P a r a m e te r s  o f  Growth cu rve  o f  i n d i v i d u a l  WP m ales  f o r
t w e lv e  weeks in  the  Gompertz form y = a b ° x

No. a b c

1 . 2874 .3640 0.0131 0 .6 8 7 7

2 . ■3015.5480 0.0092 0.8781

3 . 1 .7 0 1 4E + 38 5 .8 7 7 5 0 .9982

4 . 34674-5800 9 .3 6 0 8 0 .9519

5- 15115 .1900 0 .0025 0 .9452

6 . 196535 .3000 0.00016 0 .9 5 4 3

7 . 17628 .2600 0 .0 0 1 8 0 .9327
8 . 1134.5520 0 .0347 0 .8 8 6 4

9 . 2290 .8860 0 .0 15 2 0 .8216

10. ■2013.6900 0 .0 1 1 4 0 .8159
11 . 2232 .5360 0 .0 1 2 4 0 .7079
12. ■5794.5990 0.0061 0 .9 0 6 8

13. 1.5311 .6600 0 .0 0 2 4 0 .9 2 4 3

14 . 4520 .3500 0 .0 0 5 9 0 .9 1 6 6

15. 14840 .3200 0 .0 0 3 4 0 .9 3 1 7
16. 2 69 0 .1 6 1 0 0 .0112 0 .8 3 3 0

1 7 . 32299 .7400 0 .0 0 1 0 0 .9 4 1 3

16 . 237 0 .8 3 7 0 0 .0 1 2 7 0 .9 1 4 9

19- 1921 .7020 0 .0182 0 .8 5 2 3
2 0 . 1922.0350 0 .0 1 6 4 0 .8 3 5 4
21  . 3406 .5630 0 .0106 0 .8 8 9 7
2 2 . (0 2 9 4 .6 9 0 0 0 .0 0 3 0 O.9409

2 3 . 2876 .5370 0 .0 115 0 .9099

2 4 . , 40991 .7400 0 .0 0 1 0 0 .9 5 9 3
25 . 2507 .4430 0 .0 13 4 0.8771
2 6 . 2940 .5840 0.0099 0.8931

N o te : E '+  38 o1058



Table 22

P a r a m e te r s  o f  Growth c u rv es  o f  I n d i v i d u a l  WP fe m a le s
f o r  Twelve weeks I n  the  Gompertz form y = a b c

No. a b c

1 . 1898.5290 0 .0 114 0 .7 0 2 2

2 , 2648 .7460 0 .0155 0*8475

3* 1945*6530 0 .0139 0 .7 7 3 2

4 . 1 7 6 1 .I8 6 0 0 .0 1 6 3 0 .8026

5* 1576*4220 0.0171 0 .7 8 2 4

6 . 6313*9900 0.0051 0 .8 8 4 8

7* 486*5866 0 .0459 0 .8186

6 . 1942.9730 0 .0 1 2 7 0 .7756

9 . 1513668.0000 1 .9 1 2 4  E-5 0 .9 6 7 2

10. 5 20 4 .5 9 3 0 0 .0 0 6 6 0 .6846

11 . 3 .  3*0162 14.8605 1 .0 7 4 8

12 . 1825 .0160 0 .0 1 7 8 0.8001

13 . 1839 .7160 0 .0131 .0 .7 5 5 6

14- 98469*3400 0 .00039 0.9531

15. 2098 .5060 0 .0 1 4 3 0 .8335

16 . 2258 .7680 0 .0132 0 .8186

17 . 2207*0180 0 .0119 0 .8333

18 . 206 0 .0 0 0 0 0 .0166 0 .7 9 3 0

19* 3073 .8210 0 .0095 O.B315

2 0 . 2 .3 5 6 3  B-9 1 .5 9 8 0  E+10 1.0115

2 1 . 2278 .5850 0 .0175 0 .8 4 1 8

2 2 . 3724 .4660 0 .0 0 9 9 O.9O63

23 ., 206 9 .5 6 5 0 0 .0 1 3 1 0 0 .7 7 9 0

2 4 . 1 .1 0 6 2  E+17 3*3487 0 .9 9 1 0

2 5- 265 9 .9 0 5 0 0.01009 0 .8 1 2 8

2 6 . 9 9 6 2 .4 4 9 0 0 .0035 0 .9066

N o te :  E±n » 10 ' n '  i s  any  number*
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Sable 2 3

P a r s & t t s r s  o f  G r o w t h  c urves for i n d i v i d u a l  D e o i  B a l e s  

f o r  12> w e e k s  i n  th« L o g istic f o r a

1 + 10’* T 5 ek

H o . ilr- b 0

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

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

3. 1 6 4 9 . 0 8 7 0 1 . 6 5 1 3 - O .2568

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

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

6. 1 2 2 4 . 1 4 1 0 1.6471 - 0 . 1 9 0 2

7. 9 3 8 . 4 9 7 6 1.4249 - 0 . 1 7 9 2

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

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

1 . 4 8 5 3 - O .2369

10. 1 5 8 2 . 8 1 0 0 1 .6456 - 0 . 2 3 3 6

11. 1 6 7 2 . 1 8 0 0 1 . 6 1 0 7 - 0 , 1 8 4 7

12. 1 6 6 0 . 7 0 4 0 1.6304 -0.2001

13. 1 4 1 7 . 2 S 6 0 1.5717 - 0 . 2 1 6 0

14. 1 5 4 7 . 9 4 5 0 1.6619 -0.2631

CO



P a r a m e te r s  o f  Growth c u rv e  f i t t e d  t o  i n d i v i d u a l  D e s i  
f e m a le s  f o r  1& weeks i n  th e  L o g i s t i c  form

T a b le  24-

y -
k.

1 + i o b+cx

N o. K b 0

1 . 1 3 8 4 .2 6 0 0 1 .5154 - 0 .1 7 6 9

2 . 1370.9850 1 .5692 -0 .1 8 9 5

3 . 1158.3830 1.4579 - 0 .1 9 5 3

4 . . 1669 .0620 1 .6098  ' -0 .2 9 5 6

5 . 1485 .6360 1 .5693 - 0 .2 6 4 9

6 . 1427.3560 1 .5997 • -0 .2 2 4 1

7- 1457.4760 1 .6351 - 0 .2 6 7 8

8 .  1 1355 .9290 1 .5172 - 0 .1 6 1 8

9* 1623.3650 1.5865 . - 0 .2 6 2 3

1 0 . '1 3 9 6 .8 3 7 0 1.5305 - 0 .2 4 9 2

11 . 1780 .4240 1 .6614 - 0 .1 4 7 4

12 . 1 3 H .9 4 4 0 1 .5034 - 0 .2 3 2 3

1 5 * 1189 .6490 1 .4815 -0 .2 4 0 9

14. 1475*5690 1 .5549 -0 .2 6 3 5

15 . 1214 .3670 1 .5276 - 0 .2 5 5 3

16 . 1378 .9740 1 .5476 -0 .2 5 6 9

17 . 1232 .9350 1.5095 -0 .2 1 6 5

18 . 1126 .1850 1 .4 3 3 8 - 0 .1 9 4 4

19 . 1535 .3300 1.5615 -0 .1 6 3 6

2 0 . 1342 .1040 1 .5852 -0 .1 7 0 9

2 1 . 1506 .1060 1 .5754 - 0 .2 7 7 4
2 2 . 1029.0600 1 -4533 - - 0.2921

23- 917 .5786 1 .3645 - 0 .1 9 0 7

2 4 . 1505 .5060 1 .5752 - 0 .2 8 6 3

2 5 . 1586 .7640 1 .6102 - 0 .2 6 9 6



P a r a m e te r s  o f  Growth cu rve  o f  I n d i v i d u a l  kP m ales  f o r  1& 
weeks in  the  L o g i s t i c  form

y =, k/1 + 10b+cx

T ab le  25

No. k b c

1 . , 115 5 .7 9 4 0 1 .4686 - 0 . 1 8 6 7

2 . 1813.2730 1 .6695 - 0 .1 8 2 2

3- 1642 .5570 1 .6496 -0 .1 0 7 6

4 . 3076 .1330 1 .8914 - 0 .1 1 0 7

5- 1437.7320 1 .5216 - 0 .1 1 7 8

6 . 2927 .4120 1 .8810 - 0 .1 3 9 9

7 . 1702 .1640 1 .6298 - O . I 486

8 . 940 .5587 1.3412 -0 .1 3 0 6

9 . 1743.7610 1 .6774 - 0 .2 2 3 2

10. 1655-2150 1.6784 - 0 .2 2 7 4

1 1 . 2075 .6280 1 .7066  . - 0 .2 2 8 4

12. 1750 .2090 1.6309 - O . I 6O4

13. 1916 .8840 1 .7059 - 0 .1 6 7 4

14. 1151*5800 1 .5302 - 0 .1 3 9 5

15- 1555.4450 1 .5359 - 0 .1 5 9 9

16. 21 5 2 .9 6 6 0 1 .7228 - 0.2050

1 7,. 2136 .6630 1 .7195 - 0 .1 3 6 7

1 8 . 3 5 9 .6 6 9 8 1 .3595 - 0 .1 2 5 2

19 . 1402 .6960 1 .5553 - 0 .1 8 3 6

2 0 . 149 4 . OHO 1.5179 - 0 .1 8 9 3

21 . 1476.0930 1.5664 -0 .1 6 8 1

2 2 . 8 2 4 .2 0 1 8 1.3279 - 0 .1 2 2 7

23- 1010.1100 1 .4079 - 0 .1 3 8 7

2 4 . 1527.0380 1 .5703 - 0 . 1 1 5 1

25. 1473 .8700 1 .6014 -0 .1 6 9 9
26 . 1452 .2910 1 .5261 - 0 .1 4 2 7



T ab le  26

P a r a m e te r s  o f  Growth c u rv e  o f  i n d i v i d u a l  
1£ weeks in  th e  L o g i s t i c  form

y = k /1  +

WP fe m a le s  f o r  

10b+cx

No. K. b c

1 . 1782.9670 1 .6620 - 0.2955

2 . 1706.0930 1 .5573 - 0 .2 0 5 8

3 . 1738 .9210 1 .6749 - 0 .2 5 2 3

4 . 1387 .3740 1 .5745 -0 .2 2 8 9

5 . 1522.9070 1.5919 - 0 .224 0

6 . 18736 .3300 2 .6 6 9 7 -0 .1 3 6 9

7 . 464 .2730 1 .1802 - 0 .1 6 6 3

8 . 1583-9770 1 .6 5 8 8 • - 0 .2 4 7 4

9 . 1594.8530 1 .6490 - 0 .1 4 2 2

10. 2034 .4260 1 .6978 - 0 .1 8 6 6

1 1. 2013 .5230 1 .6716 -0 .1 7 8 1

12. 1515.7660 1.6139 - 0 .2 2 8 2

13. 1699 .8540 1 .6 4 0 8 - 0 .2 5 9 8

14. 2239 .7310 1 .7630 - 0 .1 4 4 3

15. 1647*9280 1 .6 2 7 0 - 0 .2 0 7 7

16. 1824-0820 1 .6494 -0 .2 1 4 5

17 . 1526 .4940 1 .5930 - 0 .2 1 1 3

1 8 . 1841.8180 1 .6764 -0 .2 3 5 5

19- 2211 .1980 1 .7 4 5 8 - 0 .2 10 9

2 0 . 1829.6450 1 .5789 - 0 ,1 9 3 6
21 . 1277.7130 1 .4906 - 0 .1 5 0 3

2 2 . 1997 .2720 1 .7123 - 0.2431

2 3 . 1840.9670 1 .6762 - 0 .14 2 0

24- 203 9 .8 1 8 0 1 .7216 - 0 .2 3 0 3



Table 27

S q u a re  o f  th e  C o r r e l a t i o n  c o e f f i c i e n t  ( c o e f f i c i e n t  o f  
d e t e r m i n a t i o n )  be tw een  o b se rv e d  ahd e x p e c te d  v a l u e a  f o r  
t h e  f o u r  g roups  o f  d u c k l in g s  f o r  12 weeks when t h e  
Gom pertz  curve  was f i t t e d

N o . D esi  m ales D e s i  f e m a le s WF m ales WF fema:

1 . 0 .9950 0.9841 0 .9 8 7 8 0 ,9899

2 . 0 .9897 0 .9 9 4 8 0 .9967 O .98B4

3- 0 .9 8 5 5 0 .9942 0 .9483 0 .9 9 4 0

4 . 0 .9 8 2 4 0 .9 9 2 8 0.9941 0 .9 9 6 8

5* 0.9835 0 .9789 0-9899 0 .9 9 0 3

6 . 0 .9 6 5 8 0.9931 0.9932 0 .9515

7* 0.9755 0.9913 0.9991 0 .9 9 3 4

e. 0 .9 8 5 3 0 .9935 0.9899 0.9910

9- 0.9781 0.9935 0 .9907 0 .9 9 6 7

10 . 0.9961 0 .9933 0.9972 0 .9 9 6 4

1 1 . 0 .9 7 8 3 0 .9765 0 .9 9 1 4 0 .9 9 6 2

12. 0 .9955 0 .9926 0.9939 0 .9 7 0 8

13- 0 .9 9 3 4 '0 .9 8 6 6 0.9911 0 .9914

14 . 0 .9 8 7 0 0 .9844 0.9945 0 .9 9 3 2

15. 0 .9867 0.9205. 0 .9967

16 . 0 .9939 0 .9950 0 .9935

17 . 0 .9 9 3 6 0 .9 9 5 0 0 .9 9 3 5

1 8 . 0 .9865 0 .9895 0 .9 9 4 5

19 . 0 .9926 0 .9826 0 .9884

2 0 . 0 .9 9 0 0 0 .9972 0.9941

21 . 0 .9854 0 .9965 0 .9969
2 2 . 0 .9867 0.9602 0 .9 9 1 0

2 3 . 0 .9 9 4 4 0 .9 8 8 4 0 .9 9 0 4

24- 0.9941 0 .9 8 9 8 0 .9 9 1 0

25- 0 .9946 0 .9877 0 .9 8 8 0

2 6 . 0 .9 9 6 4 0 .9 9 5 4



81

S q u are  o f  t h e  C o r r e l a t i o n  c o e f f i c i e n t  ( c o e f f i c i e n t  o f  
d e t e r m i n a t i o n )  b e tw e en  obse rved  and e x p e c te d  v a l u e s  f o r  
t h e  f o u r  'g ro u p s  o f  d u c k l i n g s  f o r  12 weeks when th e  L o g i s t i c  
c u rv e  was f i t t e d

Table  28

No. D es i  m ales D esi  fem a les V? m ales VP fem al

1 . 0.9605 0 .9 5 4 0 0 .9787 0 .9 8 2 4

2 . 0 .9349 0 .9559 0 .9953 0 .9 8 4 0

? . 0 .9460 0 .9774 0 .9433 0 .9851

4- 0 .9 4 1 S 0 .9615 0.9862 O.9929

5 . 0 .9563 0 .9 3 1 8 0.9819 0 .9 8 1 4

6 . 0 .9455 0 .9 2 2 4 0 .9867 0 .8 7 4 7

7 . 0 ,8853 0 .9 5 1 S 0 .9 9 5 7 0 .9 8 6 8

6 . 0 .9 2 1 7 0.9541 0 .9832 0.9868

9 . 0 .9306 0 .9 1 5 0 0 .9867 0 .9 9 3 2

1 0 . 0 .9 4 6 7 0 .8 6 2 6 0.9833 0.9962

1 1 . 0 .9504 0 .9 5 3 6 0 .9815 0.9961

1 2 . 0 .9397 0.9565 0 .9949 -
13. 0 .9 5 6 4 0 .925  3' 0 ,9894 0 .9846

14 . 0 .9287 0 .9199 0.9911 0 .9 8 5 4

15 . 0 .9521 0.9055 0 .9 9 3 8

16 . 0.9500 0 .9865 0 .9 6 8 7

1 7 . 0.9451 0 .9854 0.9900

18 . 0 .9466 0 .9913 0 .9913

19- 0 .9746 0.9861 0 .9 8 1 3

2 0 . 0 .9810 0.9925 0 .9 8 9 7

21 . 0 .9 2 2 4 0.9971 -
2 2 . 0 .9826 0 .9 5 6 4 0 .9 8 6 3

23 . 0 .9 4 0 4 0.9889 0 .9 9 2 4

2 4 . * 0 .9592 0 .9919 0 .9 7 8 0

2 5 . 0 .9573 0.9925 0 .9786
2 6 . O.996O 0 .9 9 06
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T a b le  29

S ta n d a rd  e r r o r  o f  t h e  e s t im a te  o f  f o u r  g roups o f  d u c k lin g s
f o r  12 weeks when Gom pertz c u r ro  waa f i t t e d

Mo. h e e l  m ales D e s i  fem a le s WP m ales WP fem alt

1 . 2 0 .5 0 0 0

1

34.6566 35 .3088 6 9 .5 5 0 3

2 . 2 7 .7 8 2 3 21 .2251 24 .7033 54 .0075

3- 58 .9723 22 .2166 48.0421 45-6809

4 . 3 3 .2 1 8 7 46.2425 15.9761 25.1255

5- 46.5611 6 2 .1 1 8 8 22 .4342 45-2558

6 . 38 .9715 2 6 .8 5 5 7 29.0741 122.9137

7 . 2 5 .2 1 1 8 39 .1713 9 .4767 10 .4514
e . 4 5 .4 2 4 8 18.3067 15.1405 5 2 .9 0 7 0

9 . 48 .7904 34-1853 51 .4087 15.6391

10 . 2 4 .5 4 6 8 28 .1475 2 4 .8 1 5 4 32.8951

1 1. 46 .0422 37.7311 56 .0084 30 .8409

12 . 22 .6933 30 .5269 3 6 .3 0 9 0 63-1 022

13. 28 .2 3 2 8 36 .1564 39-0283 43 .9022

14. 47 .2123 50 .9 3 2 0 16.5612 46 .5945

15 . 40 .4789 131.7605 19 .9648

16 . 30 .8988 71 .5177 9 4 .3 6 9 2

17 . 2 3 .5 1 0 3 23.8405 43*9266

16 . 30 .1828 15 .6182 35 .5860

1 9 . 23 .2882 47 .1263 6 0 .5 2 4 8

2 0 . 25.8176 20.5742 4 6 .8 7 3 3
21 . 52 .7629 20.2515 16.1995
2 2 . 45 .1175 34 .3538 43•1089

2 3 . 1 5 .0310 23 .9 0 1 4 26 .6374

2 4 . 36 .8273 19.2303 57 .8975
2 5 . 36 .0143 37-3745 39*4397
2 6 . 16.3883 43 .4247
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T able  30

S ta n d a rd  e r r o r  o f  t h e  e s t im a te  o f  fo u r  g ro u p s o f  d u c k lin g s  ,
f o r  12 weeks when L o g i s t i c  cu rv e  was f i t t e d

No. Deal m ales Des i  fem ales 1*1 F m ales WF fe m a le s

1 . 111 .3193 123.9161 59 .4623 107.3325

2 . 136.1116 123-3398 4 4 .4 7 1 0 76 .7426

3 . 167.4925 . 84 .7647 65-7497 9 0 .9 4 4 0

4 . 111 .6436 173.7145 40 .0598 4 9 .0 5 0 2

5 . 146.7061 189.0500 43.1021 8 3 .7 8 6 4

6 . 159-2067 19 4 .0 10 7  ■ 63 .3964 30 4 .4 8 8 0

7 . 123.6882 173-5760 34 .8999 2 2 .5 4 6 8

B. 212 .1824 97 .1557 28 .9272 85.1701

9 . 185.4460 243 .6428 79 .0117 33-4726

1 0 . 187.1648 239 .1490 110.1262 38-5894

11 . 140.6159 8 0 .5 6 9 0 114.4779 49-8655

1 2 . 176.3228 138.5192 35*0269 -
13 . 144-8660 158.9094 62.5501 76 .8052

14 . 222 .8417 215 .0948 32.8021 8 8 .9 6 1 0

15. 137.2909 156.1724 .43-5170

1 6 . 158 .2458 87-9088 . 100 .0714

17 . 141 .1186 6 3 .6 3 9 8 70 .1682

IB. 120.6435 18.7446 48.8805

19- 70 .4596 51 .5083 105 .3158

2 0 . 66 .0029 48.2486 79 .9245
21 . ■ 216 .5470 26.2941 -
2 2 . 64-3456 48.5725 84.9031

2 3 . 98 .9025 28 .8092 32 .1123

2 4 . 1 5 9 .1 7 H 21 .4539 132.6992

2 5 . 182.1046 36 .0139 77 .8224

2 6 . 22 .2273 7 8 .8 1 1 3



T abla 31

A n a l y s i s  o f  v a r l a n c o  o f  r a t a a  o f  g r o w t h  b a s e d  on O o a p e r t s  Curve f o r  t w e l v e  w e e k s

Source d . f . H33 P

Between groups 3 0.0103 33.2234**
W ithin groups 83 0.000313

** In d ic a te s  s ig n if ic a n c e  a t  Ijt le v e l

CD fo r  the  Coaperioon between

Groups Deal male a Deal feu a lea VP s a le s UP feoa los Keen b° va lues

Deal a&les 0*0116 0.0117 0.0119 0 .(512°

D«sl fa& ales 0.0099 0.0101 0.0619*
WP s a le s 0.0099 0.0166

WP feu a lea 0.0270
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P a r a m e te r s  o f  th a  Growth curve  o f  I n d i v i d u a l  Deal m ales  and
-k t^D e s i  f e m a le s  In  th e  V o n - B e r ta l a n f f y  form  y^ = A ( l -b e  ) 

f o r  l£  weekB. A  = 2000 ( d e s i  m a le s )  and A = 1730 (D eal 

f e m a le s )

T ab le  32

No.
______D eal. m ales ____Des i_ f e m a le s ____

b k b k

1. 0 .8149 0 .1 1 0 7 0.8251 0 .1185

2 . 0 .7422 0 .1022 0 .8 2 0 4 0 .1 2 3 3

3- 0 .7836 0 .1 6 9 4 0 .7 9 1 8 0 .1 1 7 7

4- 0 .7653 0 .0932 0 .8457 0 .2549

5 . 0.7941 0 .1 3 1 4 0 .7 5 7 9 0 .1 8 0 0

6 . 0 .8414 0 .13 0 0 0 .7992 0 .1 4 2 4

7 . 0 .7372 0 .0 6 9 0 0 .7 9 3 4 0 .1 7 6 0

8 . 0 .7 9 8 0 0 .1 4 9 0 0 .7905 0.1021

9 . 0 .7 7 6 8 0 .1185 0 .7797 0 .1953

10. 0 .8228 0 .1 4 7 8 0 .7 3 2 4 0 .1423

1 1 . 0 .7995 0 .1217 0 .7 6 4 0 0 .1052

12. 0 .8 3 7 8 0 .1333 0 .7 5 6 6 0 .1439

13. 0 .7966 0 .1279 0.7161 0 .1246

14. 0 .7907 0 .1 5 1 3 0 .7567 0 .1705

15. 0 .7 3 6 7 0 .1 3 7 4

16. ■ 0 .7407 0 .1594

17. 0 .7 5 9 4 0 .1 2 3 4

18. 0 .7589 0 .1062

19 • _ 0 .7 7 5 6 0 .1147

2 0 . 0 .8 2 0 0 0 .1 1 0 8

21 . 0 .7 4 7 8 0.1812

22 . 0 .7336 0 .1 3 8 4

2 3 . 0 .7 2 5 4 0.0866

2 4 . 0 .7 4 3 0 0 .1962

25 . 0 .8 5 1 8 0 .2093



p a ra m e te r s  o f  th e  Growth ca rv e  o f  i n d i v i d u a l  VP m ales and“let 3f e m a le s  i n  t h e  Y o n - B e r ta l a n f f y  form yt  = A(1-be ) f o r  

1<3 weeks A = 3500 f o r  VP m ales  and A = 3300 f o r  WP fem a le s

T ab le  33

N o .
VP

b
m ales

k
________WP_

b
fem ales

k

1 . 0 .8076 0 .0 7 0 8 0 .7 4 4 5 0 .1 2 9 7

2 . 0 .0325 0 .0 9 1 9 0 .8102 0 .1039

3. 0 .8123 0 .0 4 6 7 0 .7 9 6 2 0 .1179

4- 0 .8252 0 .0 5 3 0 0 .7 9 0 8 0 .0947

.5- 0 .8085 0 .0515 0 .7926 0 .0 9 8 0

6 . 0 .8700 0 .0 7 9 6 0 .8576 0.1135

7 . 0 .8 4 4 3 0 .0 7 3 0 0 .7931 0 .0397
8 . 0 .7794 0 .0435 0 .7941 0.1125

9* 0 .8 6 9 8 0 .1046 0 . 85 75 0 .0685

10. 0 .8 4 0 0 0.0991 0.8641 0.1092

1 1 . 0 .8205 0 .1 2 0 7 0 .8 6 7 0 0 .1 0 6 8

1 2 . 0 .8356 0 .0796 0 .8786 0 .0803

13- 0 .8 4 5 7 0 .0 8 7 4 0 .7 0 4 4 0,0996

14 . 0.8301 0 .0 5 6 0 0 .7 6 9 4 0 .1 1 7 5

15. 0 .8195 0 .0 8 0 9 0 .8407 0.0774

16. 0 .8557 o i l  142 0 .8 3 5 9 0 .1 0 0 7

17 . 0.8471 0.0721 0 .8 2 9 8 0 .1 1 7 8

18 . 0 .8069 O.O437 0 .8293 0.0999

19 . 0 .8042 0 .0773 0 .7973 0 .1166

2 0 . 0 .8 0 6 8 0 .0 8 4 4 0 .8 6 6 3 0.1297

21 . 0.8171 0 .0755 0.8531 0 .0 6 9 0

22 . 0 .8082 0 .0 4 5 2 0 .8087 O.O997

23* 0 .8 0 9 3 0 .0 5 2 9  ■ 0 .8 0 5 0 0 .0 6 5 8

24 . 0 .8029 0 .0 4 6 8 0 .8232 0 .1 2 6 7

2 5 . 0 .8188 0 .0741 0 .8522 0.0761

26 . 0 .8 2 2 2 0 .0647 0 .8 6 7 0 0 .1068

CO
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Steblo 34

P a r a m e t e r s  of G r o w t h  c urve o f  i n d i v i d u a l  D e s i  m & l e s  for
2

1 &  weeks in the s e c o n d  D e g r e e  f o r a  y  m a  +  b x  +  ox

H o , a b 0

1 . 0.8686 7 . 0 1 0 5 7 . 4 8 4 4

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

3. 1 0 4 . 9 6 1 4 1 . 7 3 0 8 12 .0 14 6

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

5. 44.3701 4 . 8 0 5 7 9.2821

6 * 4.9795 7 . 8 3 3 7 8 . 5 9 5 8

7. 11.7808 3 . 2 1 9 3 5 . 2 1 3 5

8. 64.4771 3 . 6 1 0 9 9 . 9 3 5 6

9. 53.9251 3 . 1 8 4 8 8 . 4 7 7 8

1 0 , 5 9 . 5 8 1 9 4.3741 9 . 9 9 4 2

1 1 . 5 . 3 1 86 7 . 3 9 5 6 8 . 6 2 7 7

1 2 . 2 1 . 6 7 9 2 6 .6284 8 . 8 0 4 9

13. 4 9 . 9 7 0 9 4 . 0 9 4 9 8*9261

14. 86.0084 2.3871 1 0 . 6 6 4 2
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P a r a m e te r s  o f  Growth c u rv e  o f  i n d i v i d u a l  D e s i  fem ales o
f o r  1J3 weeks i n  th e  second  Degree form  y = a  + bx + cx

T ab le  35

h o . a b c

i . 3-4511 6.3621 6.9521

2 . 15-4356 5 .6523 7 .2 8 3 8

3- 34.6129 3 .8267 7 .1916

4 . 186.4061 -4 .0 4 5 4 13-6265

5- 119.6994 -0 .4 5 7 5 11 .3932

6 . 43*4650 4.2602 8 .7 4 1 0

7 . 109.0615 O.3636 10.6535
8 . 8 .7 4 4 0 5-0135 6 .2173
9 . 117.151S -5 .2 9 4 7 11.8495

1 0 . 92 .9246 0 .1194 9.6 4 10

11  . 22.5525 4.1179 6 .7763
1 2 . 78 .7073 1.5674 9 .3 3 0 0

13- 85 . 9695 -0 .0 3 5 5 8.6156

14 . 114-3776 -0 .3 9 9 6 10.8342

15* 94.6983 -0 .0 4 9 9 9 .1459
16. 110.6044 -0 .4 1 7 6 10 .4380

17. 47 .7033 3.0659 8.0334

18. 29 .1383 3 .6309 6 .8 8 7 7

19- 9 .3072 5.7917 7 .3773
2 0 . 1 .9904 ' 6 .0 7 5 4 6 .4 8 5 0
21 . , 136.9730 - 1 .9 0 7 0 11.4863
2 2 . 127.1529 -2 .6 5 8 3 9.0221

2 3 . 36 .6579 1.8147 5 .9 0 6 0

2 4 . 165.2602 -3 .6 1 1 9 12.2575

25- 132 .0714 - 0 .4 6 7 0 1 1 .6162



P a r a m e te r s  o f  Growth c u rv e s  o f  i n d i v i d u a l  WP m ales f o r  122
weeks i n  t h e  second Degree  form y = a  + bx + cx

T a b le  36

No. a b c

1 . 18.6544 5 .4 1 1 6 7 .3 5 6 0

2 . 25.3292 7 .6159 9 .7 3 1 8

3 . 15.1224 2.4491 4-0729

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

5 . 2 .0 2 6 0 4.2488 4-8558

6 . -2 0 .7 1 7 3 9 .5305 7.4076

7 . - 0 .7 3 5 8 7 .0 8 7 4 6 .9 2 2 7
8 . 14.7522 2 .3 4 6 7 4-4157

9 . 67-4316 5-8981 11 .9728

10. 48.5949 6 .4820 10.4672  '

11 . 103.5230 4.8506 13.8352
12 . 1 . 4.4OO 7^9226 8 .0466

13. 4-5655 8 .6763 8.8921

14. 6 .4271 4 .2103 4-9108

15. - 8 .0 8 9 8 9 .1119 8.7036
16. 25 .5354 10.4206 12 .4158

17. -7 .1 7 4 4 7 .5 2 6 0 6 .7927
18. 9 .9256 2 .5579 3 .8653
19. 25 .7084 5 .7313 8 .3427

•

OC
M 45-9426 4*9695 9 .1 7 1 0

21 . 16 .0964 6 .2223 7.8176
22 . 17.9471 2.0420 3-8176

2 3 . 10.6684 3 .6 5 0 4 4 .9517
2 4 . -2 .7 5 8 3 4 .1209 4-4391
25 . 11 .1539 6 .4176 7 .6 1 1 4
2 6 . 11 . 1 1 2 2 5 .0 1 9 0 6 .2099
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P a r a m e te r s  o f  Growth c u rv e s  o f  i n d i v i d u a l  WP fem a le s  f o r
2

12 weeks i n  th e  second D egree form y a  a  + bx + c i

T a b le  37

Ho. a b 0

1 . 243 .6704 -6 .4 1 7 6 15.5336

2 . 46.9421 6.9481 11 .2659

3 . 121.2518 2 .3526 13.1142

4 . 86.4097 2 .4556 10 .2448

5 . 81 .6292 3 .2 3 6 8 10,7089

6 . 48 .5370 7 .7 3 7 8 11 .4207

7 . 23 .7218 0 .7837 3-3638

6 . 132 .170^ 0 .7857 12.3915

9 . -1 0 .1 3 1 3 6 .8017 5 .7557
10 . 11 .4725 10.2967 10.8703

11 . 14 •0066 9 .7847 10.4596

12. -4 9 .7 2 3 3 11 .7562 7 .1622

13. 91 .5810 2 .7 0 4 8 11.0853

14* 146.3456 .0 .2146 13.1350

15- -1 3 .9 2 0 6 8.4920 7 .2 9 4 8

16. 26 .2637 ,8.0879 10 .3088

17 . 58 .8063 6 .7652 11.7889
10. 53 .4186 5 .7 0 2 3 10 .1874
1 9 . 90 .2777 4 .8432 13-1609
2 0 . 6 1 .2 6 7 8 8 .5235 13.2934
21 . - 2 6 .4 2 3 6 8 .3796 6 .0 4 1 4
2 2 . 32 .7223 7 .6 2 9 4 10 .8316

23 . 13.4395 • 4 .8462 6 .3481

24 . 98 .2732 5 .1 8 8 3  . 13-7935

25- - 6 .1 1 1 4 7 .5 6 1 9 6 .8 1 0 2

26 . 75*3681 7-4451 13.5869
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T able  38

S ta n d a rd  e r r o r  o f  th e  e s t im a te ,  o f  fo u r  g ro u p s  o f
d u c k l in g s  f o r  12 w eeks when V o n - B e r ta la a f fy  cu rve  was
f i t t e d

H o . D e s i  m ales D es i  fem a les VP m ales VP fe m a le s

1 . 54*3645 82 .4783 4 1 .5 5 3 4 151 .9284

2 . 81 .0735 76 .8700 46 .2 4 7 7 5 8 .7 3 1 3

5 . 34,1241 42,4986 3 4 ,1 7 7 4 4 6 .5413

4 . 41 .6917 7 1 .1 3 0 4 3 6 .2 3 1 3 38 .1277

5 . 43 .9294 7 7 .9678 39*5570 3 6 .7 0 1 4

6 . 99 .2769 9 2 .7 4 0 8 81.8121 112 .6618

7 . 6 2 .6 2 9 8 69 .3139 47 .8963 16 .7444

B. 2 4 .1 3 9 4 7 0 .6 1 8 0 2 1 .5 9 3 2 79 .0825

9 . 93 .5323 106 .3366 4 3 .5 0 0 4 50 .34*9

10 . 72 .6336 108.2121 32.8981 81 .0524

11 . 138.7769 6 7 .1 1 2 4 6 0 .8 2 7 3 7 5 .7 6 1 8

12 . 80 .7506 54-9543 59-8362 128 .2972

15- 92 .0996 7 3 .1 1 2 0 71-7822 4 5 .4 0 0 8

14 . 3 4 .4 6 0 8 92 .6436 2 9 .1 5 2 8 77 .6266

15. 57 -5570 156 .3444 71 .5681

16. 59 .6896 88 .4910 8 4 .1 4 5 9 '

17* 6 0 .7 3 6 0 62.2111 41 .6778

IB. 56.8521 18 .3462 37 .3695

19 . 7 6 .3 8 8 0 42 .0416 40 .7188

2 0 . 6 6 .3 7 8 8 2 1 .8 5 2 4 66.8421

21 . 94 .9525 3 7 .7 1 8 0 78 .1929

2 2 . 70 .3537 3 6 .0 7 4 3 5 9 .4 7 5 3

23- 45-4411 28 .7905 36.2975

2 4- 67 .6327 34i7701 49.1031

25 . 76 .0423 4 5 .4 3 3 3 69 .2226

2 6 . 26 .1862 5 0 .5 7 0 3



T ab le  39

S ta n d a rd  e r r o r  o f  th e  e s t im a te  o f  fo u r  g ro u re  o f  d u c k lin g s
f o r  12 weeks when seco n d  D egree E q u a tio n  was f i t t e d

Ho. D e s i  m ales D e s i  fem a le s WP m ales WP fem a le s

1 . 75-5315 65 -4986 59*0605 3 2 6 .4 5 6 0

2. 110.1429 69 .2575 60 .9739 88 .5094

3- 173.3137 67.8161 49-8949 16 3 .0 2 4 8

4. 87.3331 267 .6602 38.2391 121 .0899

5 • 95 .9545 195.7322 50 .3829 117.3133

6 . 89 .7634 111 .161A 5 6 .7 9 7 0 125-9985

7 . 9 0 .0 6 9 8 166.4069 35.1866 49-4475
e . 130 .3472 71 .0195 6 0 .9 8 5 4 182.2231

9- 107.1617 210 .7106 103.6819 35 .2626

10. 1 11 .2460 185.0927 65 .6569 46.8981

11. 95-6630 85 .2042 146.3636 54.4541
12. 94-5610 132.8923 45 .8542 102 .7817
13. 9 7 .0 8 9 0 153.3225 5 5 .6 5 4 2 133*3606

14. 148.0969 192.5473 35 .9254 196.4481

15- 150.1649 148 .8638 4 9 .9 1 3 0
1 6 . 175-2676 59-2823 8 0 .7242  .

17 . . 102 .8613 48.5230 ,83-9104
i s ; » 83 .4 2 6 0 41 .6548 7 9 .1 6 8 4

19- 79 .2926 66 .3074 132 .6140

2 0 .
f

5 0 .4 5 0 8 72 .6976 89 .1204
21 . 220 .8937 48 .7046 59-2064
2 2 . 177.0052 53-6709 73-6139
2 ? . ■ 9 0 .4 2 1 8 46 .5974 52 .3097
24- 243 .0420 48 .3253 134 .0320

25- 169.7166 49.9431 57 .1433

26 . 3 8 .1 0 4 3 9 9 .1 8 7 8



S q u are  o f  t h e  c o r r e l a t i o n  c o e f f i c i e n t  ( c o e f f i c i e n t  o f  
d e t e r m i n a t i o n )  be tw een  o b s e rv e d  and e z n e c te d  v a lu e s  o f  
f o u r  g ro u p s  o f  d u c k l i n s a  f o r  12 weeks when th e  
V o n - B e r t a l a n f f y  cu rve  wag f i t t e d

T able  40

No. D e a l  m ales D es i  fem a les Vf m ales UP fem a le s

1 . 0.9771 0-9427 0 .9 8 6 7 0 .9532

2 . 0 .9747 0 .9 5 3 3 0 .9 9 2 2 0 .9 8 8 8

3. 0.9680 0.9842 0 .9 6 7 4 0 .9943

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

5 . 0 .9647 0.9733 0 .9 7 1 8 0 .9946

6 . 0 .9459 0 .9466 0 .9 6 5 7 0.9659

7 . O.973O 0 .9 7 8 4 0 .9 8 5 4 0 .9 8 5 8

8 . 0.9820 0 .9 4 3 2 0 .9655 0.9818

9 . 0 .9753 0 .9 5 7 0 0 .9 9 4 3 0 .9787

1 0 . 0.9826 0 .9276 0 .9 9 6 3 O.9024

1 1 . ’ 0 .9672 0 .9 5 1 3 0 .9 9 1 7 0 .9843
1 2 . 0 .9639 0 .9813 0.9 8 13 0.9176

13. 0 .9 5 9 0 0 .9 5 8 0 0 .9 7 8 4 0.9921

14. 0 .9817 0 .9595 0.9868 0.9842

15 . 9780 0 .8 8 3 6 0 .9692

16 . 0 .9 8 1 3 0.9816 0 .9746

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

18 . 0 .9 6 5 0 0 .9 8 9 0 0 .9 9 4 8

1 9 . 0 .9 4 8 4 0 .9 8 8 6 0.9955

2 0 . 0 .9 5 8 4 0 .9976 0 .9 9 1 4

21 . O.96O8 0 .9 9 1 3 0 .9 5 2 0

2 2 . 0 .9686 0 .9 5 9 4 0 .9 8 7 4

2 3 . 0 .9 6 5 0 0 .9851 0.9866

2 4 . 0 .9820 0 .9 7 3 0 0 .9945

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

26 . 0 .9 9 3 7 0 .9 9 5 0



S q u are  o f  t h e  C o r r e l a t i o n  C o e f f i c i e n t  ( C o e f f i c i e n t  o f  
d e t e r m i n a t i o n )  be tw een  o b s e rv e d  and e x p e c te d  v a l u e s  o f  
f o u r  g ro u p s  o f  d u c k l i n g s  f o r  12 weeks when th e  second

T able  41

d e g re e cu rv e  was f i t t e d

No. D es i  m ales D e s 1 f e m a le s VP m ales WP fe m a le s

1 . 0 .9743 0 .9776 0 .9 8 9 0 0.8163

2 . 0 .9522 0 .9769 0 .9949 0 .9 8 6 0

3 . 0 .9375 0 .9805 0 .9 5 8 9 0 .9454

4 . 0 .9500 0 .8 4 8 2 0 .9896 0 .9536

5 . 0 .9 7 6 8 0 .9019 0 .9807 0.9635

6 . 0 .9 6 8 8 0 .9 5 4 9 0 .9 8 1 2 0 .9572

7 . 0 .9244 0.9141 0 .9 9 4 3 0 .9 5 6 8

e . 0 .9481 0 .9 6 6 2 0 .9 8 1 7 0 .9 1 7 8

9 . 0 .9536 0 .8 9 7 2 0 .9802 0 .9 8 8 8

10. 0 .9637 0 .8 7 1 3 0.9B89 0 .9 9 5 0

1 1. 0 .9739 0 .9629 0 .9 6 1 8 0 .9913
12. 0 .9654 0 .9 4 0 8 0.9935 0 .9382

13. 0 .9686 0 .8 9 4 0 0 .9 8 8 8 0 .9532

14- 0 .9389 0 .8889 0 .9899 0.9145

15 . 0 .9086 0 .9 0 2 4 0.9879

1 6 . O.9O63 0 .9955 0 .9819

17 . 0 .9 6 0 9 0 .9 8 4 8 0 .9863

18 . 0 .9 6 9 7 0 .9 8 7 8 0 .9814

19. 0 .9831 0 .9902 0 .9723

20 . 0 .9 8 8 2 „ 0 .9862 0 .9852

21 . 0 .9 6 2 9 0 .9 9 5 7 0 .9702

22 . 0 .8 4 4 0 0 .9 4 7 7 0 .9947

23- 0 .9 4 5 2 0 .9 8 6 4 0 .9894

24 . 0 .8476 0 .9 8 8 2 0 .9699

25 . 0 .8989 0 .9945 0.9771

26 . 0 .9965 0 .9829



Tablo 42

A n a l y s i s  o f  v a r i a n c e  o f  r a t e s  o f  g r o w t h  b a s e d  o n  V o n  b e r t l a n f f y  E q u a t i o n

fo r  'CtwelveT  weeks

3 o u r c e  d . f . H 3 3
% P

B e t w e e n  g r o u p s  3 0 . 0 4 7 8 5 0 . 9 1 7 1 * *

W i t h i n  g r o u p s  8 7 0 . 0 0 0 9 2
-

* *  I n d i c a t e s  s i g n i f i c a n c e  a t  1 #  l e v e l  

C D  f o r  the c o m p a r i s o n  b e t w e e n

G r o u p s  D e a l  m a l e s  D e s i  f e c a l ©  o W P  m a l e  a W P  f e m a l e a  K e a n  b e  v a l u e

D e a l  m a l e s  0*0201 0 . 0 1 9 9  0 . 0 199 0 . 6 9 9 7

D e s i  f e m a l e s  0 . 0 1 6 9  0 . 0 1 6 9  0 . 6 6 7 9

V P  m a l e s  0 . 0 1 6 7  0 . 7 6 4 7

V P  f e m a l e a  O .7459



T a b le  43
2

P a r a m e te r s ,  C o e f f i c i e n t  o f  d e te r m in a t io n  ( r  ) and s ta n d a r d  e r r o r  o f  th e
e s t im a te  ( a )  o f  th e  Growth cu rv e  f i t t e d  to  th e  a v e ra g e  body w e ig h t u p to

w eeks in  th e  e x p o n e n t i a l  form  y = a e ^1

N o. G e n e t ic  g ro u p a b r 2 s P i t t e d  E q u a t io n

1 . D e s i  m ales 65-81 89 0 .2713 0 .9311 192 .2346 y = 65 .8189  ex p <0.2713 x )

2 . D es i  f e m a le s 74-9940 0 .2 6 4 3 0 .8 7 5 2 244.8711 y = 7 4 .9940  exp (0 .2 6 4 3  x )

3 . VP maleB 51 -3660 0 .2 7 7 9 0r9426 142.0726 y = 51-3660 exp (0 .2 7 7 9  x)

4 - VP fe m a le s 62.7081 0 .2983 0 .8 9 5 4 29 5 .5 3 8 2 y => 62 .7081  exp (0 .2 9 8 3  x)

5 . D e s i  ducks 71 .6246 0 .2 6 6 8 0 .8 9 7 3 226 .4729 y a  71 .6246  ex p ( 0 .2 6 6 8  x )

6 . P e k in  ducks 57 .1734 0.2891 0-9202 213-8537 y = 5 7 .1 7 3 4  exp (0 .2891  x )

CO



T ab le  44.

P a r a m e te r s ,  C o e f f i c ie n t  o f  d e te r m in a t io n  ( r  ) and s ta n d a r d  e r r o r  o f  t h e  e s t im a te  ( s )
o f  th e  Growth c u rv e  f i t t e d  to  t h e  a v e ra g e  body  w e ig h t u p to  12 weeks in  th e  m o d if ie d
e x p o n e n t i a l  form y = k + abz

N o. G e n e t ic  g ro u p k a; b r 2 s P i t t e d  S q u a t io n

1 . D e s i  m ales -4 4 2 8 .3 0 8 0 4 4 0 6 .7 5 0 0 1 .0179 0.9931 2 7 .2 7 6 2 y 3 -4 4 2 8 .3 0 8 0 + 4 4 0 6 .7500( 1 .1 0 7 9 )X

2 . D e a l  fem a le s 2426 .4740 -2 4 8 5 .2 6 0 0 O.954O 0 .9 8 4 4 43*3115 y = 2426-4740 -2485 .2600  ( 0 .9 5 4 0 )x

3 . VP m ales -248 .7951 2 6 1 .4 3 1 0 1.1473 0 .9 9 5 4 2 1 .8 0 3 3 y = -2 4 8 .7 9 5 1 + 2 6 1 .4 3 1 0  (1 .1 4 7 3 )*

4 . VP fem a le s -695*5954 679*1788 1.1038 0 .9 9 5 3 31 *3015 y a .-695*5954+679*1778 ( 1 .1 0 3 8 ) 2

5- D e s i  ducks 4117 .8960 -4162*5340 0-9758 0 .9881 3 7 .0 0 1 3 y = 4 1 1 7 * 8 9 6 0 -4 1 6 2 .5 3 2 0 (0 .9 7 5 8 )x

6 . P e k in  ducks -42 0 .5 4 3 9 420 .7679 1.1259 0 .9 9 6 7 22 .2 8 5 2 y a -4 2 0 .5 4 3 9 + 4 2 0 .7 6 7 9  ( 1 .1 2 5 9 )1



2 ' P a r a m e te r s ,  C o e f f i c i e n t  o f  d e t e r m i n a t i o n  ( r  ) and s t a n d a r d  e r r o r  o f  e s t i m a t e  ( s j
o f  t h e  g ro w th  curve  f i t t e d  t o  a v e ra g e  body w e ig h t  u p to  12 weeks o f  f o u r  g ro u p s
o f  d u c k l i n g s  when Gompertz cu rve  was f i t t e d  y  = a b c

T able  45

No. G e n e t ic  g ro u p a b c s P i t t e d  e q u a t io n

1 . D es i  m ales 1140.9350 0.0256 0 .7 8 4 0 0 .9 9 3 4 27-1346 y = 1 1 4 0 .9 3 5 0 ( 0 .0 2 5 6 ) ° ’784oX

2 . D e s i  f e m a le s 1039 .9080 0.0256 0 .7407 0 .9 9 3 3 2 8 .1 0 2 4 y = 1 0 3 9 -9 0 8 0 (0 .0 2 5 6 )0 *74071

3- WP m ales 2307 .8780 0 .0138 0 .8719 0 .9 9 2 4 28.9761 y = 2 3 0 7 .8 7 5 0 ( 0 .0 1 3 8 )0 *87191

4- WP fem a le s 2114 .5660 0.0143 0 .8272 0 .9 9 5 3 32-4552 y = 2 1 1 4 * 5 6 6 0 (0 .0 1 4 3 )0 *82721

5 . D e s i  ducks 1063-5950 0 .0259 0.7555 0 .9 9 3 4 27-4707 y = 1 0 6 3 -5 9 5 0 (0 .0 2 5 9 )0 ' 755*

6 . Pek in  ducks 2131 .1280 0 .1459 0 .8476 0 .9 9 4 9 28-5039 y = 2 1 3 1 - 1 2 8 0 (0 . l 4 5 9 j ° * 8476X



Table 46
A

P a r a m e te r s ,  C o e f f i c i e n t  o f  d e te r m in a t io n  ( r  ) and s ta n d a r d  e r r o r  o f  t h e  e s t im a te  ( s )
o f  th e  g ro w th  c u rv e  f i t t e d  t o  a v e ra g e  body w e ig h t u p to  w eeks o f  fo u r  g ro u p s  o f
d u c k l in g s  i n  th e  L o g i s t i c  fo rm  y = ------- ^  .

N o . G e n e t ic  g roup k b c r 2 s P i t t e d  E q u a t io n

1 . D e s i  m ales 1412 .8690 1 .5 7 4 7 - 0 .2 1 6 9 0 .9435 162 .3944 1 4 1 2 .8 6 9 0 /1 + 1 0 1 *5747" 0 *21691

2 . D e s i  fem ales 1299-7010 1 .5 1 9 3 _ + 0 .2 5 6 0 0 -9 4 7 0 153-2978 1 299 .7010 /1  +101 *5193+0.236Cd

3 . VP m ales 1 5 7 1 .5 H O 1.5376 -0 .1 6 6 9 0-9937 32.2365 1 3 7 1 . 5140 / 1 +1 0 1 * 5 3 7 6 - 0 .1669x

4 . VP fem a le s 1569 .8190 1 .6 0 0 9 -0 .2101 0 .9 9 2 2 51.1721 1 5 6 9 .8 1 9 0 /1 + 1 0 1 -6009—0 .2 1 0 1 i

5 - Des i  ducks 133 5 .3 3 2 0 1 .5 3 9 0 -0 .2 2 9 5 0 .9 4 5 0 158.0741 1335 .3320 /1  +101 *5390 -0 .2293*
|

6 . P e k in  ducks 1438 .7870 1 .5 6 0 5 -0 .1 9 1 2 0 .9 9 3 8 37 .3429 1 4 3 8 .7 8 7 0 /1 + 1 0 1 * 5 6 0 5 - 0 .1912x



Table 47 
2

P a ra m e te r s ,  C o e f f i c i e n t  o f  d e te r m in a t io n  ( r  ) and s ta n d a r d  e r r o r  o f  th e  e s t im a te  ( e )
o f  th e  Growth c u rv e  f i t t e d  to  t h e  a v e ra g e  body  w e ig h t u p to  U? weeks in  t h e  Y o n - B e r ta la n f f y
form  yt  = A( 1 -b e - ^ ) ^

N o . G e n e t ic  g ro u p b k r 2 s P i t t e d  E q u a t io n  '

1 . D e s i  males 
(A = 2000)

0 .7 8 5 8 0 .12 2 9 0 .9 7 5 0 6 2 .6 3 0 4 =2 0 0 0 (1 1 0 . 7 ^ 8  e x p ( - 0 .1 2 2 9  t ) )  5

2 . D e a l  fem ales  
(A = 1750)

0 .7 5 4 8 0.14 0 0 0 .9758 6 1 .0 7 1 6 = 1 7 5 0 (  1 -0 .7 5 4 8  e x p ( - 0 . 1 4 0 0 t ) )

3- WP ipalea 
(A = 35OO)

0 .8166 0 .0 7 2 7 0 .9924 3 2 .7 3 1 8 *fc = 3500( 1- 0.8166  e x p ( - 0 .0 7 2 7  t ) )

4 . WP fem ales  
(A = 33OO)

0.8161 0 .9 9 1 6 0-9967 2 8 .9 7 5 6 *fc = 3300 ( t - 0 . 8161 e x p ( - 0 - 9 9 1 6 t ) )

5 . D e s i  ducks 
(A = 2000)

0 .7605 0 .1 2 1 8 0 .9 7 4 7 6 2 .5 4 8 0 = 2000 ( 1 - 0 .7 6 0 5  e x p ( - 0 . 1 2 1 8 t ) )

6 . P e k in  duck3 
( A  = 3 s a o )

0 .8 1 5 8 0 .0 8 3 7 0 .9962 27-7071 = 3500 ( 1 - 0 . 8 1 5 8  e x p ( l 0 . 0 8 3 7 t ) )



T ab le  48
p

P a r a m e te r s ,  C o e f f i c i e n t  o f  d e t e r m i n a t i o n  ( r  ) and s t a n d a r d  e r r o r  o f  t h e  e a t i m a t e ( s )  o f
t h e  g row th  c u rv e  f i t t e d  t o  t h e  a v e ra g e  body w e ig h t  u p to  12 weeks i n  t h e  se c o n d  d e g re e2 —'form y = a  + bx  + ox '2 ,

N o . G e n e t ic  g roup a b c. r 2 s F i t t e d  e q u a t i o n

1 . D e s i  m ales 4 2 .3 2 0 7 4-4099 8 .7 4 2 8 0 .9 6 8 8 99-1225 y 4 2 .3 2 0 7 + 4 .4099x+S .7428x2

2 . D e s i  fem a le s 7 7 .0 3 5 8 1 .4926 9 .1 0 5 6 0-9357 133.2131 y = 7 7 .0 3 5 8  + 1 .4926x + 9 -1 0 5 6 x2

3 . VP m ales 2 0 .4 0 6 2 5 .4 3 8 8 7 .3 9 2 7 0 .9927 5 0 .2 4 0 7 y = 2 0 .4 0 6 2 + 5 .4398x + 7 -3907x2

4 . VP f a m a le s 56 .7821 5 .4 1 7 2 10 .3907 0.9825 8 2 .9 9 4 9 y = 5 6 .7 8 2 1 + 5 .4172x + 10 .3907x2

5 - D ea l  ducks 6 4 .5 9 4 0 2 .5 3 8 6 8 .9749 0 .9 2 5 8 11 9 .8 4 5 4 y = 6 4 .5 9 4 0 + 2 .5 3 8 6 x  + S .9 7 4 9 * 2
6 . P e k in  ducks 37*2087 5-5456 8 .8 8 9 7 0.9895 62.6464 y = 3 7 .2 0 8 7 + 5 -5456x + 8 .8 8 9 7 x 2



102

I n i t i a l  body w e ig h ts  (y Q) and 1 b ' v a lu e s  o f  D e s i  
m ales and fe m a le s  by B a o 'a  Method

T able  49

N o .
*0

__P e s i  j a a l e B 1_____
b

_____ Desl_

*0

fe m a le s
b

1 . 37 28.6606 41 42 .5676

2. ■34 26.2629 36 4 4 .8 4 8 3

3. 36 32 .4553 39 36 .185 4

4 . 36 19.8882 40 5 7 .5 8 4 7

5- 37 28.6999 39 47 .6965

6 . 38 35*5934 35 5 2 .6 8 7 8

7 . 34 19.5195 33 54 .5785
0 . 38 33-3988 40 41 .6078

9- 40 26 .3333 41 59 .0866

10 . 35 34-5357 40 5 9 .1 5 9 6

11. 40 •31 .4726 38 38.8841

12 . 38 37.2155 40 4 3 .5 8 7 4

13 . 37 29-7353 38 44.1581

14 . 33 32 ,8098 40 55-3456

15- 35 4 4 .1 9 3 8

16 . 38 4 6 .2 3 0 8

1 7 . 37 41 .1020

1 8 . 40 34.9971

19- 41 3 9 .3 1 9 0

2 0 . 34 37 .1976

21. 39 5 8 .1 6 7 7

22.
1 35 29.1131

2 3 . . ' I 38 . 31 .4725

24 . , 39 52-5086

25 . 38 5 6 .4 3 7 7

I



V
103

I n i t i a l

T a b le  50

body w e ig h ts  (yp) and ' b '  
and fem a les  by Rao’ s

v a lu e s
Method

o f  WP m ales

N o .

y 0

WP m ales  

b

WP

*0

f e m a le s

b

1 . 38 2 7 .6 5 6 9 38 6 2 .0 8 4 4

2 . 38 37 .5028 46 52 .2269

3- 36 13.6291 36 6 0 .6 9 7 2

4 . 39 18 .6139 36 44.6451

5- 42 16.4368 38 50 .5135

6 . 38 35.7455 40 7 2 .2 0 3 4

7 . 39 28 .7355 30 12.9531
8 . 41 12 .5673 34 5 7 .3 1 7 3

9 . 36 42 .9014 35 3 0 .9 7 1 8

1 0 . 34 36 .9730 40 5 9 -6 7 1 0

1 1 . 40 4 2 .7 1 12 42 5 6 .5 2 5 8

1 2 . 40 33 .5953 37 43.82B6

13 . 37 38.9261 36 5 2 .1 4 4 5

14. 33 19.0586 38 59-4676

15 . 44 4 5 .1 9 2 0 38 4 0 .5 7 9 0

16. 40 50 .3719 38 57 .4716

17 . 40 26 .1126 40 59-1871

18. 36 12.0517 38 50.2868

19 . 38 32.224 0 38 61 .2953

2 0 . 44 31 .1623 39 7 1 .8 5 6 8

21 . 39 29.6141 40 3 4 .1 9 2 0

2 2 . 37 13 .9307 47 5 0 .6 5 0 4

2 3 . 38 18.5596 40 31 .3727

24- 40 16.1452 38 6 7 .5 6 6 2

25- 36 30.4285 38 37-1140

26 . 42 23.0309 38 6 7 .5 2 7 9



A n a l y s i s  o f  C o 7 o r l a n c d  o f  I n i t i a l  b o d y  w e i g h t  Cj q ) and *b* w a l n c a  b y  H a o * o  F o t h o d

Table 51

Soarc« d . f  53 (x ; dp(xy) aa(y j A djusted A djusted — 
d . f .  KS3 r

Between groups 5 39-8125 136.8125 9427.453 3 3C63. 43I
-

W ithin groups 67 650.6094 614.4375 10369.81 86 113.6318 26.912**
T o ta l 90 690.4219 751.25 19797.27 89

** In d ic a te s  s ig n if ic a n c e  a t  1£ le v e l -

CD fo r  th e  comparison between

Groups Deal s a le s  Deal fem ales VP stales wp fomalea »b*Qvaluco A djusted v a lu es  
yi 0 -  tx io "  Aoo^

Deal males 7.0776 7.0286 7 . 02es 29.7571 31.1634
Desi females 5 .9584 5.9304 45*9364 45-9098
WP males 5.8798 28-3723 27.8794

VP females 51.7062 51.4675

D e g r e s s i o n  e s t i m a t e  (b) *  6 1 4 . 4 5 7 5 / 6 5 0 , 6 0 9 4  a  0 . 9 4 4 4

To t o s t  ,b* 9
F<1„86) -  (614.^375r |6 5 0 .6 C 9 4  -  5.0977*
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V. DISCUSSION

The M o u lts  o f tho prooent In v e s tig a tio n  "Comparative 

study o f growth p a tte rn  In ducks -  A s t a t i s t i c a l  approach” 

were given in  Chapter IV* On the  b a s is  o f th ese  r e s u l ts  

tho follow ing d isc u s s io n s , conclusions and recommendations 

■ays-'made.

Based on th e  r e s u l ts  o f mean body weights and standard 

e r ro rs  of the s ix  groups o f  duck lings fo r  the f i r s t  seven 

days, i t  oould be observed th a t  th e  i n i t i a l  body weight wae 

s l i g h t ly  h igher fo r  Uhite Fakin (WP) males followed by 

Desi m ales. The standard e r ro r  was le a s t  fo r WP males 

followed by Desi m ales. The i n i t i a l  mean body weight o f 

Deal males and females wore 36.6428 g and 38.16 g which 

were le s s  than the 42.64 g and 43*33 g reported  by 

Eaawaran a t  a l .  ( 1984) .  The mean i n i t i a l  body weight o f 

Deal duckling  ir ro sp o o tiv e  o f sex was 37.6133 g which was

a ls o  loss than  the mean body weight o f  42 g repo rted  by
/

George « t  a l .  (1980). The mean i n i t i a l  body weight o f WP 

duokllng i r re s p e c t iv e  of sex was 38-4423 g which was a lso  

n o t in  agreement w ith tho find ings o f  Kamar s i  ill* ( 1971) 

and Majna a t  a^ . ( 1973)*

to



106

She I n i t i a l  In crease  In body weight o f the V P  malse 

were no t sa in ta in e d  on the 7 th  day . On the  sev en th  day, 

B eai^aales ohowcd th e  h ighest mean body weight (62*28 g ) . 

While considering  the ducklings i r re s p e c tiv e  o f so x , Deal 

ducklings were on an average h eav ie r then tho V P  duck lings, 

b u t the standard  e r r o r  was high fo r  Deal duck lings coapared 

to  V P  ducklings on th e  seventh day . While co n sid erin g  sex 

a ls o  Deal ax le s  and fen&lea wore on an average h eav ie r than 

U P  oaloo and fem ales.

I n  t h e  case o f  VP d u c k l i n g s ,  there w a s  a  d r o p  in the 

b o d y  w eight on tho s e c o n d  day. The d e c r e a s e  w a s  n o t i c e d  

i n  t h e  case o f  malos and females a l s o .

Based on the  moan and etanderd  e r ro rs  o f  body weight 

o f s ix  groups o f  ducklings on weekly b a s is  up to  12 weeks o f 

age , I t  oould be oboervcd th a t  on the 4th  week, the body 

weight averaged 289*4285 g w ith  a s tandard  e r ro r  o f  

21.1864 S in  the c&as o f  Deal males and 245*6 g w ith  a 

s tandard  e r ro r  o f  26.7935 g fo r  Deal fea& leo. These were 

no t in  agreoaent w ith  the fin d in g s o f  £asvaran £ i*  ( 1984) 

The 8th  end 12th week body weight vae a lso  leae than  th e  
body weight rep o rted  by Eaowaran £ t  n l , (1984;, While 

oonoldering tho B eal duckling ir re s p e c t iv e  of sox the  body 

weight averaged 1258.2051 g which vae leae  than  th e  mean
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body weight repo rted  by fienahl 11981 j* On the  12th

veok pea l maleo were h eav ie r than  the Beal females*

In  the case o f W P  males and females the  mean body 

weight a t  4th  week were leas then  th e  mean body weight o f 

th e  Beal Dale a and feca lea  o f the  same age* But on the 
8th  week W P  malao showed an average body weight which was 

le s s  than th a t  o f Bosi males whereae W P  females were heav ie r 

than  th a t  o f Beal females* Bane was th e  case on the 12th  

week* On the  12th waek W P  females were h eav ie r than  WP male a

While considering  the  V P  duck ling  ir re s p e c tiv e  o f  sox* 

the  4th  week body weight averaged 249*4807 g which was leaa 

than the mean body weight o f 325*4399 5 In the case o f 

Beal duokllngo and a lso  tho f in d in g s  o f  Kamar gtj, a l . (1971) 

and Majna £& «i* (1973)* On the  6th  waek Beoi ducklings 

were on an average h eav ie r than W P  d u ck lin g s . The 6th  week 

body weight was a ls o  no t in  agreement w ith the  fin d in g s o f  

Komar *1 e l*  (1971i-and Majna e£ «£• (1973) • On the  12th

week o f Beal ducklings were h e a v ie r  then tho WP ducklings*
\

The standard  e r ro r  was sm all fo r  B esi ducklings compared 
t o 1 WP ducklings*

The an a ly s is  o f  variance o f the  i n i t i a l  body w eight, 

body velgh tse  a t  4t h ,  6th  and 12 th  week revealed th a t  there  

was no s ig n if ic a n t  d iffe re n c e  in  i n i t i a l  body weight o f th e
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fo u r  groups'!vie* Desi m ales, D esi fem ales, WP males and
i t

yp fem ales. But th e  4 th , 8 th  and 12th woek body woighta 

were o ig n lf ic a n t ly  d i f f e r e n t  fo r  the  fou r g roups. She a lg -
,  i i

n ifio an ce  a t  th e  4 th  week vao duo to  tho b ighor average 

body weight o f Desi femalea whereas on the  8 th  and 12th 

week the s ig n if ic a n c e  was due to  th e  h igher average body
i i

weight o f WP females compared to  the  o th e r th ree  groups.

A p la teau  in  body weight vae not observed in  the case Of 

Dosi and White PSkin groups on tho 12th week o f ago* This 

In d ica te  th a t  th e  f i r s t  12 weeks do not cover the  e n t i r e
'I

growth' period o f  those two g onetic  groups.
f

Prom tho ex p o n en tia l growth curve f i t t e d  to  the four 

groups o f  ducklings v i s .  Deal m ales, Deal fem alea, WP males 

and WP femalea on in d iv id u a l b a s is  showed th a t  the c o e ff ic ie n t 

o f  determ ination  was f a i r l y  la rg e  whereas the  standard  e r ro r  

o f  th e  estim ate was higher fo r alm ost a l l  d u e k lin g s . This
il

in d ic a te s  tho  lack  o f  f i t  o f  tho curve to  the observed 

v a lu e s . Based on the f i t t i n g  o f the  sane curve on the 

average b a s is ,  UP males showed h ig h er value o f  r  (0*9426)
i i

and a high value  o f  *q* (142*0726;. From tho a n a ly s is  o f 

v ariance  o f  th e  growth ro te  o f the ex ponen tia l cu rv e . I t  

was found th a t  tho  fou r groups were o ig n if le a n t ly  d i f f e r e n t  

in  re sp e c t o f  growth* The growth ra te  was h ig h er fo r WP 

fomalea followed by WP males and le a s t  fo r  Pool females*
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ii
I I

She c o d i f i e d  e x p o n e n t i a l  f i t t e d  to the f o u r  g r o u p s  

o f  d u c k l i n g s  on the I n d i v i d u a l  b a s i s  ravoaled t h a t  the 

c o e f f i c i e n t  of d e t e r m i n a t i o n  was v e r y  h i g h  f o r  a l m o s t  a l l  

d u c k l i n g s  and t h e  standard e r r o r  o f  the e s t i m a t e  (s) w a s  

c o m p a r a t i v e l y  less a n d  thuo I n d i c a t i n g  goodness o f  fit to
t

t he o b s e r v e d  d a t e *  When the curve was fitted to the aix 

g r o u p s  vis* S e a l  m a l e s , D e a l  f e m a l e s ,  W P  m a l e s ,  W P  females, 

P o o l  d u c k l i n g s  i r r e s p e c t i v e  o f  c o x  a n d  W P  d u c k l i n g s  i r r e a -
i

peotive o f  s e x  on o n  a v e r a g e  basis o b s erved t h a t  the
i i

2
c o e f f i c i e n t  o f  d a t e r m i n a t i o n  (r ) w a s  h i ghest for U P  d u c k ­

l i n g s  i r r e s p e c t i v e  o f  s e x  (r2 »  0 * 9 9 6 7 )  f o l l o w e d  b y  W P  m a l e s
O

(r ■  0*9994) • lUo s t a ndard e r r o r  was least f o r  U P  m a l e s  

<a !■ 21*80 3 3 )  f o l l o w e d  b y  W P  d u c k l i n g s  i r r e s p e c t i v e  o f  

• e x  (o ■  2 2 . 2 8 5 2 ) *  Tho a n a l y s i s  o f  v a r i a n c e  o f  the g r o w t h  

rate revea l e d  t h a t  W P  m a l e s  had a  h i g h e r  g r o w t h  rate t h a n  

W P  f e m a l e a . This v a s  just r e v e r s e  o f  t h e  findings on t h e  

b e s i e  o f  tho e x p o n e n t i a l  curve* The rata o f  g r o w t h  was 

l east for C e e i  m a l e a *

The C o m p o r t s  c urve fitted to the f o u r  g r o u p s  o f  d u c k ­

l i n g s  o n  the i n d i v i d u a l  b a s i s  showed that f o r  a l m o s t  a l l  

d u c k l i n g s  o f  the four g r oups, t h e  c o e f f i c i e n t  o f  d e t e r m l -  

n a t i o n  (r ) w a s  o f  t h e  h i g h e s t  o r d e r  and the s t a n d a r d  e r r o r  

o f  t h e  e s t imate w a s  l east* Shle i n d i c a t e s  t h o  g o o d n e s s  of 

fit o f  tho^c u r v e *  O n  tho ^ a v e r a g e  b o o i a ,  t h e  curve oho wed
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a  h i g h  v a l u e  o f  r 2 (0*9953) for V P  females f o l lowed b y
p

V P  d u c k l i n g s  i r r e s p e c t i v e  o f  s e x  (r »  0*9949). She 

s t a n d a r d  e r r o r  o f  tho e o t lmato w a s  least for D e a l  c a l c a  

(a »  £ 7 * 1346) f o l lowed b y  D e a l  d u c k l i n g s  i r r e s p e c t i v e  o f  

s e x  (a <• 2 7 * 4 707)• She a n a l y s i s  o f  v a r l o n c o  o f  t h e  g r o w t h  

rato o n  t h e  b a s i s  o f  Q o a p e r t s  c u r v e  r e v e a l e d  that there 

w a s  s i g n i f i c a n t  d i f f e r e n c e  b e t w o e n  tho g r o w t h  rate o f  the 

f o u r  g r o u p s  o f  d u c k l i n g s *  The rato o f  g r o w t h  w a s  m a x i m u m  

f o r  D e a l  f e males and least for V P  m a l e s *

Based on tho l e g i s t l o  curvo fitted to the f o u r  g r o u p s  

o f  d u o k l l n g s  on the I n d i v i d u a l  b a s l e  s h o w e d  a largo v a l u e  

o f  cooffiolent o f  d e t e r m i n a t i o n  (r ) b u t  the s t a n d a r d  e r r o r  

o f  the e s t imate w a s  h i g h  for a l m o s t  a l l  d u c k l i n g s  • This 

i n d i c a t e s  that c u r v o  is a poor fit to the o b s e r v e d  data.

W h e n  the curve was f itted to tho s i x  g roups on the a v e r a g e  

b a s i s i  the c o e f f i c i e n t  o f  d e t e r m i n a t i o n  (r2 ) w a s  h i g h  f o r  

V P  m a l e s  end V P  d u o k l l n g a  I r r e s p e c t i v e  o f  sex* The standard 

e r r o r  was a l s o  l e a s t  for these two groups*

She V o n - B e r t a l a n f f y  curvo w a s  also fitted to tho b o d y  

w e i g h t  o f  the i n d i v i d u a l  d u c k l i n g s  o f  t h e  f o u r  g r o u p s *  The 

o o o f f l c l e n t  o f  d e t e r m i n a t i o n  i n  this case w a s  large for 

a l m o s t  a l l  d u c k l i n g s  and t h e  s t a n d a r d  e r r o r  o f  t h e  e s t i m a t e  

w a s  e l s e  s mall, and thus I n d i c a t i n g  g o o d n e s s  o f  fit to the 

o b s e r v e d  values. W h e n  the curve w e e  fitted to the a v e r a g e
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' b o d y  w e i g h t  of tbs six g r o u p s  o f  d u c k l i n g s ,  W P  femalea 

s h o v e d  a  large v a l u e  o f  c o e f f i c i e n t  o f  d e t e r m i n a t i o n  

(r2 *  0*9967) f o l l o w e d  b y  V F  d u c k l i n g s  i r r e s p e c t i v e  o f  sex
J

(r m 0*9962)• The stand a r d  e r r o r  o f  tho e s t i m a t e  was 

l east f o r . V P  d u c k l i n g  l r r e a p o o t l v e  o f  sox f o l l o w e d  b y  U P  

femal e s *  The a n a l y s i s  o f  v a r i a n c e  o f  t h e  g r o w t h  rate s h o v e d  

t h a t  the f o u r  g r o u p s  w a r e  s i g n i f i c a n t l y  d i f f e r e n t  in r e s p e c t  

o f  g r o wth* V P  m a l e s  had a h i g h e r  rate of g r o w t h  followed b y  

V P  f e m ales* The r a t o  o f  g r o w t h  was least in the case o f  

P o s l  fomalea*

B a s e d  on t h e  second d e g r e e  e q u a t i o n  f l t t o d  to the four 

g r o u p s  o f  d u c k l i n g s  on i n d i v i d u a l  b a o i e  t h e  c o e f f i c i e n t  o f  

d e t e r m i n a t i o n  was h i g h e r  for a l l  g r o u p s  w h o r a a s  the s t a n d a r d  

e r r o r  o f  tho e s t i m a t e  was v e r y  h i g h  for a lmost a l l  d u c k l i n g s *  

This l n d i catos l a c k  o f  fit o f  tho e q u a t i o n  to the observed

d a t a *  tffie*ff3'he/curve was fitted on t h e  a v e r a g e  b a s i s ,  V P
2

■ a l e s  s h o v e d  t h e  h i g h e s t  v a l u e  o f  r  (r »  0 * 9 9 2 7 )  w i t h  least 

s t a n d a r d  error (a ■  90*2407)*
i

B o o e d  o n  the a n a l y s i s  o f  t h e  g r o w t h  p a r a m e t e r  e s t i m a t e  

(b) as e x p l a i n e d  b y  H a o  (1958) and b y  i n i t i a l  b o d y  w e i g h t  

<ar0 > a s  c o n c o m i t a n t  v a r i a b l e  it w a s  found t h a t  there van 

s i g n i f i c a n t  r e l a t i o n s h i p  b e t  wo on i n i t i a l  b o d y  w e i g h t  end 

t h e  *b' v a l ues* Tho a n a l y s i s  o f  covari a n c e  was conducted
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a n d  w a o  g i v e n  In Sable 51• It w a s  found that t h o  four 

g r o u p s  w e r e  h i g h l y  s i g n i f i c a n t l y  d i f f e r e n t  end the V P  

females had t h o  m a x i m u m  'b* v a l u e  followed b y  B o o l  females*

F r o m  t h e  s i x  curvo a viz* the e x p o n e n t i a l ,  m o d i f i e d  

e x p o n e n t i a l ,  Q o n p e r t z ,  logistic, Von-flertsl&nffy a n d  s e c o n d  

d e g r e e  fitted to the s i x  g r o u p s  o f  d u c k l i n g s  o n  i n d i v i d u a l  

and a v e r a g e  b asis, It v a s  found t h a t  the G o a p erts, m o d i f i e d  

e x p o n e n t i a l  and V o n - 3 e r t a l a n f f y  c u r v e s  gave b e s t  fit to t h e  

s i x  g r oups* She O o n p o r t n  c u r v e  g a v o  b e s t  fit to D e a l  mains, 

D o o l  fe moles and D o a l  d u c k lings i r r e s p e o t i v o  o f  s e x  w h e r e a s  

the m o d i f i e d  e x p o n e n t i a l  g a v e  b e a t  fit to Q  V P  m a l e s  and 

V P  d u c k l i n g s  I r r e s p e o t i v o  o f  sex* The V o n - B e r t a l a n f f y  curve 

g a v e  b e s t  to V P  foasl e s *  Tho forms o f  t h e  b e s t  fitted e q u a ­

t i o n  w o r e  g i v e n  in T a b l e  44, 45 and 47 a l o n g  w i t h  tbs 

c o e f f i c i e n t  o f  d e t e r m i n a t i o n  and s t a n d a r d  e r r o r  o f  the 

e s tim a te •

Tho g r a p h  o f  the t w o  b e s t  f itted curves Q o s p e r t s  and 

m o d i f i e d  e x p o n e n t i a l  w o r e  p l o t t o d  a l o n g  w i t h  o b s e r v e d  

v a l u e s  for five g r o u p s  o f  d u c k l i n g s  e x c e p t  V P  f e males and 

w e r e  s h o w n  i n  F i g u r e s  1, 2, 3 $  5 a n d  6* F o r  V P  femalea 

Q o n p e r t z  and V o n - B e r t a l a n f f y  c urvo w e r e  p l otted a l o n g  w i t h  

o b s erved v a l u e s  and wore s h o w n  i n  P lg*4* Tho g r a p h i c a l  

r e p r e s e n t a t i o n  a l s o  confirms the a p p r o p r i a t e n e s s  o f  these 

c urves v i z *  G o n p e r t z , m o d  ifled e x p o n e n t i a l  a n d  V o n - B e r t a l a n ff y *

ro
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A m o n g  the t h r e e  curves vie. G o n p crts» m o d i f i e d  

e x p o n e n t i a l  and V o n - B e r t a l a n f f y ,  the C o m p o r t s  c u r v e  was 

c o n s i s t e n t l y  s u p e r i o r  when the s i x  g roups w e r e  c onsidered. 

H e n c e  the g e n e r a l  conclu s i o n  one can make is that the 

m o d ^ l  s u i t a b l e  for f i t t i n g  tho t rend o f  b o d y  w e i g h t  in 

tho case o f  d u c k l i n g s  i r r e s p e c t i v e  o f  breed and s o x D 

C o m p o r t s  is the b est. The s e cond best curve is the 

m o d i f i e d  e x p o n e n t i a l .

She m a i n  r e c o m m e n d a t i o n  o f  t h e  s t u d y  is that the 

G o a p e r t s  form is the best curve to fit the g r o w t h  o f  b o d y  

w e i g h t  i n  d u c k l i n g s  in g o n oral. This is in a g r e e m e n t  w i t h  

tho findings o f  Hiokl e f e  0 9 7 3 )  f o r  birds in general. 

B u f f i n g t o n  (1973) and R e n - y u - 2 s e n g  and B e c k e r  (1981; a l s o  

s u g g e s t e d  C o m p o r t s  curve for f i t t i n g  the b o d y  w e i g h t  d a t a  

in b r o i l e r  c h i c k e n *
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SUMMARY

W i t h  a  v i e w  t o  c o m p a r e  t h e  r a t e s  o f  g r o w t h  o f  two 

b r e e d s  o f  d u c k l i n g s  ie. D e s i  and White P e k i n  (WP) and 

to find out a s u i t a b l e  m a t h e m a t i c a l  m o d e l  to p r e d i c t  

t h e  b o d y  w e i g h t  at d l f f o r o n t  s t a g e s  o f  g r o w t h ,  a n  o x p o r i -  

m e n t  was I n i t iated o n  M a y  31st, 1968. Zt c o n s i s t e d  o f  

91 d a y  old d u c k l i n g s  of w h i c h  14 w e r e  Deal m a l e s ,  25 D e a l  

f e m ales, 26 W P  m a l e a  and 26 WP f e m alea. B o d y  w e i g h t s  o f  

those d u c k l i n g s  were r e c orded for 12 weeks at uoofcly
/

I n t e r v a l s  a l o n g  w i t h  d a i l y  w e i g h t a  for seven d a y s .  She 

d u c k l i n g s  w o r e  h a t c h e d  and r o a r e d  at Kora la A g r i c u l t u r a l  

U n i v e r s i t y  D u c k  Farm, M a n n u t h y  u n d e r  sane feed f o r m u l a  

and i d e n t i c a l  m a n a g e m e n t  p r a c t i c e s ,

Ike i n i t i a l  b o d y  w e i g h t s  w e r e  3 6 , 6 3 2 8  g, 3 8 , 1 6  g, 

3 8 , 6 5 3 8  S t  3 8 ,3846 g, 3 7 * 6 1 5 3  g  a n d  3 8 * 4 4 2 3  g  r e s p e c t i v e l y  

f o r  D e a l  m ales, D e a l  females, W P  m a l e s ,  W P  f e m ales, D e s i  

d u c k l i n g s  i r r e s p e c t i v e  o f  s e x  a n d  W P  d u c k l i n g s  i r r e s p e c t i v e  

o f  s e x ,  W P  m a l e s  s h o w e d  a  h i g h  i n i t i a l  b o d y  w e i g h t  f o l l o w e d  

b y  V P  females, D o o i  m a l e s  s h o w e d  t h e  least i n i t i a l  b o d y  

w e i g h t *  While c o n s i d e r i n g  t h o  two g r o u p s  I r r e s p e c t i v e  o f  

s o x ,  W P  d u c k l i n g s  s h o v e d  a  h i g h e r  m o a n  I n i t i a l  b o d y  w e i g h t  

t h a n  tho D e a l  d u c k l i n g s .
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S t e a d y  i n o r e a a o  in b o d y  w e i g h t  w o o  n o t l e a d  d u r i n g  

the fir at 12 w e e k s *  At the end of 1 2 t h  w e e k  the n o o n  b o d y  

w e i g h t s  o f  the s i x  groups vis* D e a l  m a l e s ,  D o a i  f e m a l e s ,

WP males, UP females, D e s i  d u c k l i n g s  I r r e s p e c t i v e  o f  s e x  

and V P  d u c k l i n g s  i r r e s p e c t i v e  o f  s o x  w e r e  1 2 9 1 * 7 6 5 7  g,

1 2 39*4 g, 1021.7300 g, 1 4 0 1 * 6 1 3 4  g, 125B.2C51 g  a n d  

1 2 1 4 * 6 1 5 4  g  r e s p e c t i v e l y *  I n  tho case o f  WP d u c k l i n g ,  
f e m a l e s  were o n  an a v erage h e a v i e r  t h a n  m a l e s  in a l l  t h e  

12 u o o k s  w h e r e a a  in the c a s e  o f  D e s i  d u c k l i n g s ,  f e m a l e s  

m a i n t a i n e d  t h e i r  h i g h  b o d y  w e i g h t  u p t o  10th w e e k  o f  age* 

W h i l o  c o n s i d e r i n g  i r r e s p e c t i v e  o f  sex, Desi d u c k l i n g s  w e r e  

on a n  a v e r a g e  h e a v i e r  t h a n  WP d u c k l i n g s  a t  1 2 t h  w e e k  o f  

a g o «

Tho a n a l y s i s  o f  v a r i a n c e  o f  the I n i t i a l  b o d y  w e i g h t  

end b o d y  w e i g h t  at 4th, 3th a n d  12th w e e k s  s h owed t h a t  

t h e r e  e x i s t  no s i g n i f i c a n t  d i f f e r e n c e  in i n i t i a l  b o d y  

w e i ght* Tho d i f f e r e n c e  in b o d y  w e i g h t  b o t v a e n  g r o u p s  s t a r t e d  

f r o m  4 t h  w e e k  o n w a r d s .  O n  the 4th, 8 t h  and 12th w o e k a  

n o n - s i g n i f i c a n t  d i f f e r e n c e  i n  b o d y  w e i g h t  w a s  o b t a i n e d  for 

m a l e s  and f e m a l e s  o f  D o s l  g r o u p  w h e r e a s  in W P  g r o u p  it was 

s i g n i f i c a n t .



I

l i b

&  d e p i c t  the pattern o f  g r o w t h  and to p r o d l o t  b o d y  

w e i g h t  at d i f f e r e n t  agoo, e x p o n e n t i a l ,  m o d i f i e d  e x p o n e n t i a l ,  

G o m p erta, L o g i s t i c ,  V o n - B e r t a l o n f f y  and second d e g r e e  

o u r v e o  w e r e  tried*

A m o n g  the a b o v e  six curves fitted, G o m p e r t a ,  m o d i f i e d  

e x p o n e n t i a l  a n d .V o n - L e r t n l a n f f y  g a v e  b o o t.fit to the d a t a  

o n  i n d i v i d u a l  a n d  on a v erage b a a i a . The g r a p h i c a l  r e p r e o e n -  

t a t i o n  o f  the fitted curvoo a l s o  » c o n f i r m s  the a p p r o p r i a t e ­

n e s s  of these c u r v e s *  The G o m p e r t a  curve gave b e s t  fit t o  

the D e s i  tsalos, D e s i  females and D e s i  d u c k l i n g s  I r r e s p e c t i v e  

o f  sex* Tho a n a l y s i s  o f  v a r i a n c e  o f  the g r o w t h  rate (bc j 

w h e n  tho G o a p o r t e  curve was f i t t e d  s h o w e d  s i g n i f i c a n t  

d i f f e r e n c e  bo t w e e n  groups. Tho m o d i f i e d  e x p o n e n t i a l  gave 

b e s t  fit to W P  m a l e s  and vP d u c k l i n g s  i r r e s p e c t i v e  o f  sox*

The a n a l y s i s  o f  v a r i a n c e  o f  t h e  g r o w t h  rate (b) s h o w e d  

s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  g r o u p s *  The V o n - B e r t a l a n f f y  

c urve gave b e s t  fit to WP females* T h e  analysis o f  v a r i a n c e

—It
o f  the g r o w t h  rate (be ) s h owed s i g n i f i c a n t  d i f f e r e n c e  

b e t w e e n  groups*

B y  the m e t h o d  o f  fiao (1958) t h o  g r o w t h  rate 

e s t i m a t e  (b) w o r e  c a l c u l a t e d  f o r  e a c h  g r o u p *  The *b* v a l u e s  

b a d  s i g n i f i c a n t  r e l a t i o n s h i p  w i t h  the i n i t i a l  b o d y  w e i g h t  (yQ )* 

H e n c e  the a n a l y s i s  o f  c o v a r i a n c e  o f  'b* v a l u e s  t a k i n g
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i n i t i a l  b o d y  w e i g h t  (jTq ) as c o n c o a l t a n t  v a r i a b l e  w a a
l

co n d u c t e d .  She f o u r  groupa w e r e  s i g n i f i c a n t l y  d i f f e r e n t  

e n d  the VP f e n a l e  s hoved the naxiicun g r o w t h  rate*
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AB3THAGS

An in v e s tig a tio n  based on 14 Besi m ales, 25 Seel 

fem alea, 26 White Pekin (WP) malse ond 26 WP femalea 

belonged to  the  K erala A g ric u ltu ra l U n iv e rsity  Sack 

f i r s ,  Hsnnuthy was undertaken ( ! )  to  examine th e  p a tte rn  

o f growth in  th e  two breeds o f  ducks (11) to  compare th e  

r a te s  o f  growth between and w ith in  each g en e tic  groups 

ond ( i l l )  to  f i t  ap p ro p ria te  growth curves fo r  p re d ic tio n  

o f  body weight a t  d if f e re n t  s tag es  o f  growth*

The ducklings were reared  under uniform  feed formula 

and Id e n tic a l  management p rac tic es*  Tho i n i t i a l  mean body 

w eights o f the s ix  groups o f duck lings v is*  Deal m ales,

Coal fem ales, WP m ales, WP fem alea, B eal ducklingo 

ir re s p e c t iv e  of sox and WP ducklings i r r e s p e c t iv e  o f  sex 

were 36.6420 g , 38*16 g , 30.6530 g , 38.3486 g , 37.6153 g 

and 38.4423 g re sp e c tiv e ly , females In  each g e n e tic  

groups had a h igher mean body w eigh t than  males ex cep t 11th 

and 12th week in  tho case o f  pee l d u ck lin g s . On th e  12th 

week the body weight avaraged 1291.7857 g» 1239.4 g» 

1021.7308 S t 1401.6154 g , 1258.2(61 g and 1214 g fo r  D esi 
m ales, Post fem ales, VP m ales, VP fem ales, Deal ducklings 

ir re s p e c tiv e  o f sex ond WP ducklings i r re s p e c t iv e  o f  aex 
re sp e c tiv e ly .



Zfre I n i t i a l  b o d y  w e i g h t  w a s  n o n  s i g n i f i c a n t  f o r  n i l  

t h e  f o u r  g r o u p s  w h e r e a s  t h e  4th, 8 t h  and 12th w e e k  b o d y  

w e i g h t s  s h o w e d  (significant d i f f e r e n c e  b e t w e e n  g r o u p s *
i

It could be o b s erved that a  p l a t e a u  in b o d y  w e i g h t  

w a s  n o t  a t t a i n e d  on the 1 2 t h  v e o k  o f  e g o  f o r  D e a l  a n d  

W h i t e  p e k i n  d u o k l l n g s *

G o s p o r t *  ( y  ■  e b °  ), a o d i f i e d  e x p o n e n t i a l  ( y  m k+ab*) 

a n d  V c n - H s r t s l a n f f y  (y^ *  A ( 1 - b e ” ^ ) ^  were found s u i t a b l e  

f o r  f i tting b o d y  w e i g h t s  for the f irst 12 w e e k s *  She 

first t w o  g a v e  g o o d  fit to a l s o e t  a l l  birds on i n d i v i d u a l  

e n d  a v e r a g e  b a s i s .

W h e n  the g r o w t h  r a t e s  o f  the fitted c u r v e s  w e r e  

c c a p * r e d ,  G o a p e r t e  c urve showed s i g n i f i c a n t  d l f f o r s n c e
i

b e t w e e n  g r o u p s *  She a a x l a u a  g r o w t h  r a t e  was n o t i c e d  i n  

B e a l  females* B a a e d  o n  a o d i f i e d  e x p o n e n t i a l  end 

V o n - B e r t o l a n f f y  the r a t s  o f  g r o w t h  w a s  s i g n i f i c a n t  and 

s s x l B U B  g r o w t h  was n o ticed for W P  a m i s s *  B y  t h e  m e t h o d  o f  

U a o  (1958) the i n i t i a l  b o d y  w e i g h t  h a d  s i g n i f i c a n t  r e l a t i o n  

w i t h  t h e  g r o w t h  rate (b). The r a t o  o f  g r o w t h  wae 

f o r  W P  femalea follo w e d  b y  D e s i  f e m ales* Xhe g r a p h s  1 o f  

the b e a t  fitted, c urves -  O o s p e r t s ,  m o d i f i e d  e x p o n e n t i a l  

a n d  V o n - B e r t a l a n f f y  w e r e  d r a w n  f o r  a l l  the s i x  g r o u p s  

a l o n g  w i t h  t h e  o b s e r v e d  v a l u e s  a n d  t h a t  a l s o  c o n f i r m s  thel

a b o v e  f i n d i n g s *


