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ISTRDDUCSIGH

fbe agr ..-c lim a tic  environment fo ra  a n a tu ra l 

g i f t  to  k e r r l i  o ta te  vh ien  is  id e a l  f o r  duck farm ing.

Buck farm ing in  E ero is  is  found to  be a y r o f i t r l i l e  en ter

p r is e  as i t  requ ires  no e la b o ra te  housing, n o ce so ita t  j j  

on ly  low c a p ita l investm ent and b r in gs  quick re tu rns fr e t  

the o u t la y . In  In d ia  ducks occupy second plaoo to  chicken 

so fa r  as egg production  is  concerned. About f i v e  per e^nt 

o f  the egg production is  fro®  iu ck s . A ccora in j to  1972 

l iv e s to c k  census duck popu lation  in  In d ia  i s  about 9 m illions 

and t o t a l  ogg production  Is  400 m ill io n s  (In d ian  IG u itry  

In du stry  tear siook, 1986y. West uecg&l i s  sav in g  f i r s t  

li pxsse in  duck f& ra in g  fo llow ed  by Assam, T a a il and a,

Andhra Pradesh, S ihar, K era la , o r i8 3 a , Jaaau u hashnir 

ard X ripura. Burt popu lation  In  £er&Xa is  about 3*6 m illio n  

and t o t a l  egg production  ia  about 36*348 m il l io n .

Evonthough lucks occupy second p lace to  chicKen, s t i l l  

now i t  ia  a n eg lec ted  area among the farm ers o f  dovo lo r in ^  

cou n tries  l ik e  In d ia ,  atck o f research  work and adaquste 

a tte n t io n  ia  on., o f  the reasons f o r  th is .  la  cent stu d ies  

snow tha t duck farm ing i s  more econom ical than ch icken .



d e je c t io n  o f  b ird s  tu-vinr v re  pin growth ra te  is  o f  

g r e e t  p ra c t ic a l importance in  l iv e s to c k  industry e s p e e is l ly  

in  p ou ltry  f£ ris ing. Xnia is  an im portant fa c to r  in d ic a t in g  

the fe ed  conversion  e f f i c ie n c y  o f  the b i r d s ./) usual measure 

o f  growth employed to  atsdy the pattern  o f  growth is  toe 

boay w eigh t aa i t  ia  convenient to s isssu r.. d y a tea s t ic  

changes in  s k e le t a l  dimensions b .y o rin g  ©bout ascuciat^ci 

change in  body wei ;n t . £ho r e la t iv e  magnitudes o f d i f f e r e n c e !  

in  oody .e ig h t  and t r a i t s  o f  conform ation vjuggeated tha t the 

ra te  o f  growth o f  s k e le ta l  measuresent* was com parative ly  

s low er than that o f  body weigut and couM be viewed to  oe 

under the c o n tro l o f  d i f f e r e n t  g e n e t ic  aecn '-n iess. dence i t  

s a y  be supposed th a t p red ic tion  o f  body v c ig n t  could be dene 

baaed on aomo s k e le ta l dimensions o f  a rea s t, k e e l and aa&nk 

bones•

.Blank length is  alwnys a good index fo r  pred i e t in ; the 

body weight for oirds especia lly in poultry. Various woncers 

u t i l is e  d ifferen t body parts to find out their correlations 

with body ternor ( 1939J tried  to predict body wei0at

from the liv e  ahsmk length and reported tb it  la  early  btn jau, 

the body wei ;ht cad shenk length are son* closely related 

tossn in mature oirda. Ghfeobrs e t a l . tl97«£;, Uirni a l . 

(1977/ veree g t  s i . (1977/ reported that body weight and
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shank len gth  a re  h igh ly  c o rre la ted  t r a i t s  in p o u ltry , 

f-.enchi e t  a l .  ( 1 9 7 9 J Studied the re la t io n s h ip  between shenk 

len gth  end booy wei^nt in  Deal dusks. In d ira b a i and 

.jurendran ( 1 9 8 3 ; a lso  coaerved a h ijh  c o r r e la t io n  between 

ahank length  and body weight in  ch ick s . cu t not much study 

h&a been conducted to  in v e s t ig a te  the pattern  o f develoj.ent 

o f  shenk len gth  in  ducks. Ibe work done by Konchi e£ a,L.

(1979) i s  m erely cased on the data  but not on the 

rigorou s s t a t i s t i c a l  models f o r  p red ic t in g  the r e i 't i o o o h i r  

o f  growth pattern  o f  shank le n g th , hence i t  i s  high t i s  

to  in v e s t ig a te  the growth pattern  o f  soank len gth  over t in e  

through the d i f f e r e n t  s t a t i s t i c a l  modela and to  j exact the 

Boat appropria te  Bodel to p red ic t  the nature c>f growth o f  

shanx len g th .

o i s i l a r l y  no study has cecn done so compere the r t t e  o f 

growth o f  d i f f e r e n t  g e n e t ic  groups v ia .  l e ^ i  ^ni Vfiitu le k ir  . 

I t  Is  g e n e ra lly  b e lie ved  that the growth ra te 3  o f  d i f f e r e n t  

g e n e t ic  groups d i f f e r  s ig n i f ic a n t ly  as fa r  as anank length  

ife concerned, uence a ,d e ta i le d  study to  in v e s t ig a te  tn ia  

aspect is  e js e n t ia l .

i>s i t  i s  g e n e ra lly  o e lieved  th a t there  is  high co rre 

la t io n  between ahaik len gth  end body weight a t i l f f e r e n t  

periods o f  grow tn, the p red ic tio n  o f  body w eight through 

shank length  and v ic e -v e ra s  is  o lao  ia p o r tc n t. I f  one con



p r e d ic t  the nody w eigh t p re c is e ly  through the dctfc o f  

shank length  i t  w i l l  ba v e ry  u s e fu l to  the research  workers 

to  recoistcnd the op tiau * a t ta in a b le  body weight through 

the knowledge o f  shrnk length  and to  rscocnend the a fcaj« o f  

c u l l in g  o f  the b lrd o . Hot much work hoc been undertaken 

in  th is  aspect a ls o .

2 he present In v e s t ig a t io n  ia  aimed a t to study a l l  

the poin ts mentioned above. Under th is  in v e s t ig t  t io n  two 

groups ~ Deal ana B ilte  fek in  duck lings were reared  art1* the 

shank lengths and body weight were noted fo r  a tim e pcricd 

upto tw e lve  weeks.

through the data generated, a comparative study o f  

pattern  o f  development o f  shank len gth  in  ducks are done 

w ith  the fo llo w in g  o b je c t iv e s .

1. So examine the pattern  o f  development o f  shank 

length  in  two breeds o f  ducks ia  U n ive rs ity  Buck 

Farm, Kannuthy.

2 . 2 o compare them (a ;  between g e n e t ic  group {h )  between 

males and fem ales w ith in  each g e n e tic  group (c,< 

between bplea o f  gen e tic  group (d ) between fen a lec  o f  

g en e tic  group.

3 . To f i t  ap p rop ria te  growth curves fo r  jre d a c t ion  o f  

body weight trroagu  shank, len g tn  o t d i f f e r e n t  stages  

o f  growth.



First objective ears be met by f it t in g  the d ifter'-n t

m athematical growth, cu rves . fha second o b je c t iv e  w i l i lb e

met ky perform ing an a lys is  o f  variance o f  growta rates 0 1

the va riou s mathematical modeIs f i t t e d .  She tn lrd  ob js- 
be

c t iv e  v i l l Amet by f i t t i n g  the m athematical ro la t io n a h lp  

between abash length  and body w eigh t fo r  the same xoriod 

o f  time by tak ing in to  cons idera tion  the high c c r r e l* t io n  

p rev rl^ n t oofeweon theae two cn a^acters . lr~  pn ioa l study 

crn k I so be in i t ia t e d  to fin d  the g u itro lo  is-itacnotic ' i  

model fo r  f i t t i n ; the aht.ak length  data over a period 

o f  t im e .
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kS'OMM u f H lfca ilU hh

She body w e igh t, which ia  tno f i r s t  sec *a rab le  

ea a rse te r  o f  an anisssi. has an economic import .n ee, s ince 

i t  provides a baa ic  background fo r  fu tu re perform ance, *,oc*y 

w eigh t 1 8  the usual measure o f  growth that we o ® r lo rf to  

study the growth p a ttern , uyatem atic change* in  s k e le t a l  

dimensions say b r in g  about a ssoc ia ted  changes in  oody w e iga t, 

s Lao lead in g  to  the conclusion o f  g e n e t ic  c o n tro l on these 

tr?  i t s .

since v a r i a b i l i t y  in  s k e le t a l  growth ia  ouch lea s  thi>n 

the v a r ia b i l i t y  in  body weight during grow ing p ^ r io 1, a e le 

c t io n  fo r  fa s t e r  ra te  o f  growth would be acre  accurate i f  

i t  la  oajsd on sea.® f  the a k e le tf 1 measurements in  r iv e  

b ir d s ,  rfucb work has been done by variou s workcr3 oaaed on 

s k e le t a l  dimenoieno o f  b reast, k e e l,  shank and tn igh  bcnea. 

Here shank le n jth  has been used to  atuay tbs pattern  o f  

develojacent o f grow ta in  ducka. But not Euoa wore baa been 

dene to  in v e s t ig a te  pattern  o f d eve lop ien t c f  aha lit length  

in  d sicks.

W hile determ in ing growth ra te  ia  n u tr it io n  s tu d ies  w itn 

bacon p ig , Winbort ( 1 9 3 0 / founa th a t the w eigh t curve was



very  regular and shoved an upward curvature. So found that 

i t  was aeut to  do curve f i t t in g  on the actual weight. Xhe

where ' x ’ is  the number o f  weeks Dn l 1 w’ ia the body weight.

I s  e r r l y  as 1 9 3 9 » le m e r  t r ia d  to  p red ic t  the h o ly  

w eigh t fro®  the l i v e  shank len g th  and rep orted  a c o r r e la t io n  

e a t lE a te  a f  G.659,±h»C32 and a ls o  found tb£ t in  e r l y  a t ;ca , 

th e  body w a iga t end shnaJc lon g tn  were *o re  c lo s e ly  re i& teo  

than in  a s tu re  b ir d s .

She r e s u l t *  o f  t i e  experim ent conducted by o o ll in a  a l,  

( 1 9 5 shewed a h ijh  c o r r e la t io n  oatween tae  b reast angle  

and l i v e  w eigh t and e la c  ahowed th a t nreaat widen wua r « l a  ted 

p o s i t i v e ly  t o  body w e igh t.

nrant £1951i conducted en experiment on 395 oirda to 

define rate o f  growth in doeeatic fow l, ,-arly rate o f growth 

io  defined 03 the progressive cagu-entetion uf o .iy  cs 

■assured by the change in weight per unit o f timo. fat Kcthc 

used waa f i r s t ,  repr cent graphically the vo r ia o loa , ,>s,com, 

s e le c t fora  o f  equation which w i l l  best describe the jrcoth 

curve drawn ard transform equation to  linear for® by

next stage was to f i t  a parabola < <

orthogonal polynomial which yiela~ to  Aitken (19f3

pC IjH O K iftl.

uaing



8

s u b s t itu t io n  o f  v a r ia b le s ,  th ir d ,  eva lu ate the constants

a d eq u a tio n  by the nethod of le a s t  squares, fo u rth , submit
■the,

th «  constants o fAequatlon  to  method o f  an a ly s is  o f  va r ia n ce • 

fne equation y *  &*ax + c gsve e x c e l len t  r83u lta  fo r  the 

eva lu a tion  o f  constant 'h ' ,  tbs ra te  o f  growth '

In  the between sex a n a ly s is , h a l f  o f  the in d iv id u a l 

an a ly s is  and a l l  o f  the combined an a lys is  jhoved h igh ly  

s ig n i f ic a n t  d if fe r e n c e s  in  tae  ra te  o f  e a r ly  grovtn  between 

sexes as w e l l  as in  oraed group.

Srcwth pattern  o f  the worniah fo w l was reported  oy 

O ilbre& th  and Upp ( 1 9 5 2 /. (Throughout the a n a ly s is  the 

d if fe r e n c e s  due to  sex were apparent. Ihe re s u lts  snowed 

th a t  weight and shank length  were best measurements uaed fo r 

maas and s k e le t a l  developm ents.

Cock ( 1 9 6 4 i reported  that grow In in  shank length  

r e la t i v e  to  body weight between two and ten weeks o f  t. i n  

fo w l conforms c lo s e ly  to  simple a llo sse try . So ap p rec iab le  

c o r r e la t io n  was found between shank length  and shank width 

a t  a g iven  body w e igh t.

•iobertd ( 1 9 6 4 ) estim ated the e a r ly  growth ra te  in  chicken 

u sing two leghorn  l i n o j .  fho graphs fo r  males and fem ales 

Showed th a t an approach to l in e a r i t y  was measurable unto 7  

to  8  weeks o f  age. He found th a t i t  was p ass ib le  to  measure
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the ra te  o f  change in  body weight using the power function
•W

y m &t where "y* is  the body weight a t tine ' t '  , ^ a 'ia  tae 

body weight a t time ‘ O’ , *b* is  the rate o f  growth.

Kafaelka ( 1 9 6 5 )  conducted an experiment w itn  1 9  whit© 

pekin duck lings to  fin d  out the p o e t-n a ta l grow th, ue found 

that growth ra te  was maxiau* in  the f i r s t  < : 0  days and abso lu te  

w eigh t ga ins were g rea tes t a t  50-50 days. I t  ia  concluded 

th a t the fa t te n in g  o f  cemis ducks should f in is h  a t  6 0 - 6 5  daya.

Roberta (1965) a ls o  conducted d i f f e r e n t  experim ent on 

ch icks to  fin d  out growth r a te s .

¥ h ile  studying the r e la t io n  between growth r^ te  and 

fea th e r in g  in  ducks, dtasko ( i 9 6 0 ) showed th a t n ver.ge  body 

w e igh t, length  o f  b reast cone end cheat breadth were prester 

f o r  25 duck lings w ith  rap id  fe a th e r in g  Barents then fo r  the 

3 1  progeny to  show fea th e r in g  parents.

She study f o r  f in d in 4 the du ration  o f  re a r in g  ducklings 

f o r  meat, conducted by Bosko and Ream ( 1 966/ snowed tha t the 

d ress in g  percentage was s l ig h t ly  g r e a te r  a t  5 0  and 5 4  days 

than a t  45 days . But the percentage o f  e d ib le  carcaaaes was 

2 per cen t le s s  a t  54 than a t  45 days . She c a lo r ic  va lue o f  

the sea t was h igh est a t  5 2  days and low est a t  5 4  days on 

account o f  the reduced percentage o f  fa t ,  oat the protein  

con ten t o f  the meat increased p ro g re s s iv e ly .
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dusaki U 966 ) cons tracked growth curves froia dc.t« on 

bod* weight o f  th ree crosoe3 o f  o r o i l^ r  breeds upto 10 

weeks o f  age. Carres o f  the type

y  m ax13

y  = a + bx + cx^

y *  a + bx + o  ( lo g  x )

gave s a t is fa c to r y  f i t  to the d a ta .

la ird  and Howard (1967) ou tlin ed  a new aetfaod o f  snalya ic 

c f  inheritance o f  growth baaed on the observation  that the 

s p e c i f ic  growth ra te  terna to  undergo an exponentif 1 dec°y

w ith  in creasin g age. foun , a le e  o f  e igh t inbrod lin e s  were

weighed at b ir th  and weekly th e re a fte r  fo r  10 weeks. Use 

data 3 0  ootained was analysed by using \Gobpertz equation

H *  m'0 |exp [ t o  (1 -exp  ( - i t [ j  where" V is  the wei ;nt at t i i  ...

t ,  ¥q ia  the i n i t i a l  weight fo r  the period o f  study and and
i > i )
x are constants. A is  the i n i t i a l  s p e c if ic  growth ra te  and
t J *• *x aeaaurea ra te  o f  exponen tia l decay o f

S ick le  fa  0 9 6 8 ; on nia experiment fo r  studying the pattern  

O f growth in  b ird s  w ith 105 species  reported that growth 

patterns were h igh ly  correla ted  w ith  jjaraaeters o f  l i f e  h is to ry , 

geograph ic lo c a l i t y  and time o f  n estin g  season. i>ceordin~ to 

h ia  op in ion ,the shape o f  the growth curve wa3  not re la ted  to  

the aode o f  developsent end growtn ra tes  were most h igh ly  

re la ted  w ith  brood s ic e .  The ana lys is  o f  growth patterns in
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b ird s  feuggested that part o f  the d iv e r s ity  was re la ted  to 

en erge tic  aspects o f  growth and development. ?or analysing 

growth pattern , he used lo g is t ic  equation o f  the fo r *  

a
y  *  1  * be” * *  * ecLu ’t ion  o f  the fora

y *  a t”  and Von Y e rta la n ffy  equation o f

—lrf" ^
the fo ra  y  *  a ( 1  -be 5)

f i l i a l  ®t a l . ( 1 9 6 9 ; found that the simple regression
kt 1 > 1 ’W *  Am where X m  body w eigh t, t  *  time over which weight

gain  is  measured and '■>'' and 'k* were constants, yie lded  e

ve ry  good f i t .

Zelanka (1970) studied tha growth o f  chickens durio , 

the e a r ly  period o f  the post eebryonel l i f e .  He used tne 

exponentia l function  W m me and tho power function  y *  a t1" 

(H oberts, 1964) to  ca lcu late growth froa  2 to  2k days o f  sgc 

in  40 cockerals (ex.p®Eiment-1) and 90 cbicka o f  both sexes 

( experisen t- 2 ; .  Growth was d iv id ed  in to two periods.

Period 1 which ended a t 14 days o f  age, waa d if fe r e n t  from 

period 2  regard less o f  tho function  used. In period one o f  

both the experiments and In period two o f  second experiment 

no s ig n if ic a n t  d iffe ren ce  in  tho accuracy o f  ca leu la t ic ro  waa 

Observed between the two functions. In period 2 o f  tne 

second experiment, the power function .was more accurate.



12

loLl^edehl (1970/ conducted a study on tho coarse o f

growth in  b r o i l e r  ch ickens. A x a th e »a t le & l fu n ction  o f  the 
A *  Be xxl o g i s t i c  type y *  — ™ - r  proved to  f i t  the observed se t
1 + ce

o f  body weight means ve ry  c lo s e ly .  A l l  the fou r parameters

,xi* , 1C  and ' x  ' are s ig n i f i c a n t ly  d i f f e r e n t  from zero . 

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 hatchCo 

u e ;e  found i s  fo u r parameters.

Xaaar e t  a l.(1 9 ?1 /  studied the e f f e c t  o f  c r o w in g  on the 

p ro d u c t iv ity  o f  dueks and th e ir  growth. For th is  a tu iy  ne 

used pekin, Ahaki Campbell, Pekin x K .C . and h .C . x Pekin group* 

fhe study revea led  th a t the d if fe re n c e a  between pure bred-) 

and crossbreds wore not s ig n i f ic a n t .  But the d if fe r e n c " ’ !  

between two cross breda were s ig n i f ic a n t  a t fou rth  week o f  

a g e . In a l l  groups wnxxJBua ra te  o f  weight ga in  occured 

between 4 and 8 weeks o f  age w ith  average gain 3*36, ^.66,

3.55 end 4 . 0 3  g  r e s p e c t iv e ly .

Chhabra a t  a l .  (1972 v r . i le  conducting experim ents on 

6 0 3  ch icks a t 10 weeks c f  age in v o lv in g  white plyeouth nock, 

White Corniah and hew uaupshire oreeds and th e ir  crosses, 

observed that b ird  a v i t a  lon ger l i v e  anarica y ie ld  h o rv ie r  

l i v e  bodj weighi.. Xhe c o r r e la t io n  o f  l i v e  shank len gth  w ith 

l i v e  body w eigh t ^nd e v is c e ra te d  vexgut ware c.3064 to  0.9^82 

and 0.28C6 to  0.8614 r e s p e c t iv e ly .  Sues a esv in o taa  were found 

to  be h igh ly  s ig n i f ic a n t  in  the ca3e o f  a l l  g e n e tic  groups.



duffle, f ton ot. a i . 0373 ; uoed d i f fe re u i  j f e n - 1 « i j a l

KOdela fo r  fee gro# >\ at t i is ,1s »>ca fee le wrui>te>d

W hite tu rk e y s . ..«  fo u ii i  to  - i  tii^ /GnrertK ey atxoei f  Cr„

r s i ajcp ex "> C-ot7] provided an os fj.t

the dote <. f  " s v e i .to we_± 3 tat, at t 1 j i  .vc iop i 

w e ije fc  1 1  i t o  »

icV le fa  (13 73 fta d ie " tns pattern „ f  ^rowtt h  i ” , 

-rewt} carvej i f  xost 3*^ecios v . ’ e f i t t e d  wxt . 'o ^ je r t z  

e^aatiC ’ and r«"to ccn3*'ot3 c f  the e ^-tit r..> c u^e-t ■> ■'r

Iik ias o f  jrowtxi r ^ t s .  a t  for-E o f  kasnertz , <rve v . i j  oi_noi* 

wtnei SA^ffioia curved deed we.e the lo  curvw ond

toEc-aertalanff j  ~arve. xUt oo xv ore Ion ft o to r j a ,v.1 

convert lo~ I.< tlc  n i ton--. e r ta ia o fly  ccnat^nt^ to oxoertx 

conet Tita were

A. , S» V. . 6 8  Jt ii Jj

K, *  Ki  *j

Kasja « t  a l . ( 13?^/ oon-pGrftu t o  jrow<»n x: fceo,»*ty Jr. 

p s k io ,  pe 'ixr t  I  $ le o b iir r .   ̂j  Pc *m  y a h it*  v j p - o l l  a 

w i ld  ducks .

W hile a tu d y lr  ' th e  ' '■I t iu o c L ip  cexwe c.n£,nji x* t yfch 

and body v e i  .h t o f  ^ r -s a fa  ita t  typ e  oread  j o f  fo w l .



14

lo sovsk y  e t  found tb  s the l i v e  ai.a> k le n j t b  n^s

hajfcly d o rro l'-tad  w ith ecdy w e igh t.

Jexu e l d lisorch iJa  in  ahenk 1 - r jth  is  b r o i le r  i_

p o u ltr y  b J3 be o f  r  J sorted b w l %<. nathan rd Ku36l>> .rcaa 

I1 rj7 5 ;, who found tn o t raslcs bnd L w jc r  arsnk Ion  jt> 

body veirTttt a t It- v»ek3 o f  a c .

Comparative s tu d ies on the -rost/i 0 1  i .V in  d o a t j t ic  

d ockw and w ild  s . I i la r d »  upto i t i  weeka o f  b^o b j  Pibfta 1 1 j l 5  > 

r e v e a le d  thus, w »i~h t ,jains and in creaara  in  lin r  or r e - a ^ t i  p, „ •• 

were aore rap id  in  pekin than in  . - i l lh r d . in  ca tn , w oi „ t

jt t ia a  wero fa s  toi>t a t fou rth  o f  r j t  nd lo ^ r e - ie o  m

o 'd y  len g th  a t  5 w ests . A ft e r  3  wewi.a o f  ,ro#tn  rr te

d e c lin e d  in  tsosn w ild  ana d ca u s tic  dttcsu.

^.injh e t  a l .  (1976j stu d ied  the jro v tn  ra ts  in  u lac* 

^ u a tro lep  end w hite Legnora c h i l i s .  u6 found that body woi0_> 

o f  ul&wfc «u j t r o lo p  *aa always hiphur than th o jo  c f  the *nit<. 

_ * 5 h om . auaasjD ( 1 9 7 * }  i- l-o  con^ u c te i an oxpuriuont tc 

o t ^ iy  the g r e w w  ra te  c f  w h ite l o ^ u r n , l i j n t  sassesi, t ^ c ir  

r e c ip r o c a l  cro  „■£>„->, 1^, Pg and Back o r o ja ia .

- tn l le a  on the aexu s l d itaorphiUK. in  ahunk Isnyth  <-nd 

i t ;  r e la t io n s h ip  w ith  body v e id r s  in  b r o i le r  breeds o f  n o i i t r  

sc e cone acted by dnni e t  t-1. 0 9  77 ;. aPank Io n „tn  tnt!
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b od y  w e igh t o f  489 b r o i l e r  eh ieka  b e lo n g in g  to  White 

Corn ish  and w h ite Plymouth dock b reeds were reco in ed  a t 

10 weaks o f  a g e .  D if fe r e n c e  between tee sexes v&a h ig n l j  

s i g n i f i c a n t  f o r  b e ta  the t r a i t s  s tu d ieu . ih e  p n en ^ ijm e  

c o r r e la t io n  c o e f f i c ie n t s  o .tw aen  shank len ^ tu  ^nn L. 1/ , c i  ’ t 

a t  1C we&Ka » ° r «  0 .9 1 , 0 ,86 ,  €.51 ana 0.93 f o r  w h ite  co rn ia ' 

m a le , w h ite  co rn iah  fem a le , ah ise  Plymouth .vcci a,c.le ad 

W hite Ilym ou th  Rock f  ecwxe r e s ^ e c t i v e l j . ^11 tncae c o r r e la 

t io n  c o e f f io x e n ta  were h x jn ly  jx g n x iie a n c . ia e  ra-jre jd lcn  

ecu a tion a  f i t t e d  f o r  p roa xc tx ru zbt> body w a igL t fro®  shook 

len g th  were

/ »  2C5.3 x -762.1 

y a  130.39 s -9 6 . £ . 1  

y  a 2 3 . 5 *  X +824.69 

y  »  75.89 x + 068.77

A a tn ly  w«3 conduct*"5 to -ind oat toe rels-ti cochin 

batweer shank len jth  end Dcdy wei’ bt ~ 3*5 o l.  4 t i , 8th 

Mid 12th wseku in 3r>a .>.1. . rroa  tnid at idy ,’ercr .m; < 1. 

(1377,) revealed ;m t o t.y  weifn t wsa h igl t/ co r re 1. ted wl ,b 

shank lengtn. The re 'ran axon epapticn O f the ty^o y m a t- D 

were obtaii ad by lo e _ t eouire bechrxq_e aru the c i jx x i  j y+,et 

o f ouot regre ^xoa eduction  weie tested c/y y t o o t .
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durendran sad /iiwanatr -r ( 1 j l< i.  3 bo wed ih> t  ocdy 

v e l  >i% o f calves coaid be saturated by body ^ef aur.'wni. . 

They found tn -t body «3x;h* w i l l  in, ^ivtn by the co rre i bio

11 k 1 C“ 4  x t .43 -5  wnere as ta e  cheat j jx r ta .

uenchi ejt r l .  ( 1979/ studied this ro la tlonsn ip  Lut«e*n 

shank len g th  and ocay woi lit  a t  1 <; weoka o f  °_,e in  ju > i  

ducKa. She aeoaa o f  j s j b  . le n jv n  waa 6 .4 4xw (-4  cm, o . 1 ?x  .<•

Cd and 6.2wo«05 cn r e o pectiYe ly  in fe-aalea end a i l

dus/ca. Ine bcay wei^rfc was 166Q.9d'x1o.995 r, i- ji^ rin  » i e , .  

Ihe body v e i jb i  was 1665.90+10.995 1 fo r  t s " iw , I4^b«4xt^ -• 

fo r  fc®6lea end 1567*65±1 1.12 3  fo r  a l l  nucks i^norir j  <„«, . 

n i j h l y  - i {n if ic o n t  d ifferen ces  between sex f o r  body e l ,ht 

and shank len  -tk a t 12 weeks in d ic a te d  s ex u a l d iaorfh i. a 

f o r  theGs t r a i t s .

Ihe phenotyp ic  c o r r e lr  t io n a  oe fcwe^n anenk le n  th r-n„

vOdy w si iH t w ere faijO .ly s ig n i f i c a n t  and p o n t i v  . . .o ^ r ta -

s io n  equ ation s  wort f i t t e d  f o r  i r e d i c t i n j  boa y w e iv t  a t

1 2  Wi.eka fro t i /hank len  m d e . . » i  duck.;.

enchi e t a l .  ( 1'ySl/ conducted cr e ircriaa/ 't to  study 

3t>*e economic tr a its  o f  deni ducks, fhey found shot 

irre sp ec t iv e  o f  a ;e and cousin- uyctum asals d u ck lin g  n+d 

s i  un ifies n t l j  hxjfai-r body wei t a n  fo&elcs. Ihe natters 

o . growth ot o3 i  ducklin ja t i l l  12 weeks o f <._o sho*ed that



th<» i c  w.-1!  h t w*-a u n ifo rm ly  fu s t  t i l l  £ r ,u n l H t h

week c f  v-7 ® end t t ^ e  f t - r   ̂ d e c la n -  t- ■ ''to l.

w m lo  o tadyxti the. -ruw lL  .ttorm > o f  bod j ’sn i ,  c r i i  

f a t  w«,i_,ht-3 n  a 1 g c i o i i  r  o h l c * j ,  ^ e r - ja - lz e n ^  1 J te i

u ook er  (1931^ "'can th  t  tba uon-ertss c iu a ticn  w" ' t  , j *  

f i t  t o  the a a t '  o f  l i v e  w e i jn t ,  c rcaaa  w oi^fcu , abccoin.. 1  

f a t  w a l^ l t ,  ra ro cn ta  ab l» a x n a l f a t  i f  l i v e  w e igh t >  ̂ per 

c e n ta je  abctcsin ',l  f a t  o f  - s r e a ja  w e ijn fc . ib “ lo isp s r ts  o -^ a -

txen  f o r  fm a  a ta d r  v« a in  to e  form  * ,  «  * .  ( ^  k ; ( 1 - »  } .t  o e .

thu e th e r  eq a / tlon a  u „ e l  n f r e  l o - l a t t e  ox the rorm 

-Jet ~my a A ( 1  re j and von o e r t a l  n x fy  o f  fo r a  

**kt ^y  a A ( 1 -d e  )  re a  p e c t i v e ly .

iP r^ a  «st ajL.t tga? ; foun~ th a t th ir fa  lm - t h  cou ld  t e

used sb an  in d ic a to r  o f  ban b c ^ j  j« 1  ,e t  a t  4 th , 5 tn au3

1 2 th  weejio o f  a_,< ir> d X L  the /caes ana i t  u .y oe e „ t a  i l t d  

as per pre i i a t i e r  e ^ - t i o n .

hi j i ^ a i jn x f l c a n t  a m a t iv e  c o r r e la t io n  fc/tween t i e  

p e rc e n t  c f  c r t~ . i t  wer^afc ar 1 t n i  a wei_,nt f  can 1 by

d ec ree  e t  a l . { 1 9 *-!/ .

ftifhou^h l i r i e t r  re-^raoaio*- v/s u de iaa te  t o r  r r y  

3 i  to  < tion 3 , n ore  o o ' ; l e x  fu n c t io n a l T l ’ t+^riu v r '  «a ? r  j -e~ 

by  o t b s f j .  J -cob  2 noa a &r« i o a rea d rtn  (1904/ found t •' t 

c u r v i l in e a r  r e la t io n s . tik** c.».pon ,r.fcral sr.d '’ jn 'p t r t i  n a  tic*-
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were Oood f i t  to tne data o f o wti ,o.t o f  'one-.tie ■?>.» L

u jto  -ii, hci to o f s. ;o. ooae - I  the kc i t  co>iueqe J.y u»cd n 

lin ea r re l- t lo n s  were

v» j f
f  sp on cn s l'- l ;rowth curve -  jr *  a r

r o d l f i e d  e x c o n o n t is i jru v tn  curve -  y  *  t. e abA
x

jOTfcrtz cu rve -  y  *  abc and
. i
- u o j l j t ie  cu rve -  /  »  — ~— -r

a + bo

~ ia  jh  £ t  j i . fou n t tn a t  m  b e t ,  w i l t e  r .  c*

*jefc, Luafih ire  oreed 3, tee cajiaiua rat o f  l^x* wuo uri; ; 

6-8  week o f r ^ l « jtbeuutyplc cor ’e la t io n  oetvron o-Jy 

ufci"kt was a i ja if le c o li,,  „o r re lt tod v ith  8 wo wei^at 

( -«72  i r  WSo an3 G.46 in  Slid /

la d l r a t a i  and ^arendrcn ( 1 9  z )  reveuxea t i r t  l , j  ,t  

3 a i t  b le  patt-»rnw, f o r  e ^ r r e - s in j  Jnark c.a fu n c tio n  o.t 

in  weeKJ were l in e a r  ~nx o i oner t i c  1. - The « o j i d l e  

ex  o n e r t io l ,  X a i je r t s  and ic  in  d o  curveu ware found 

u n s u ita b le .

haraa ex  a l . { 1 9 C4 ; f^ u n i th a t  body wee j o t  waa ax 

" i f i c a n t l y  c o r r e la te s  w i6! a l l  bcd> measure cn ta .

uisjJiro rjt ( 1T01 / foua I t r’ot xetxe cor "c t_^r

between 8* weeks bodj <#5i~ t it  c n i oa_h o f  o rb ' a t a n ^ le , oha r  

lfcijutb  and ke* x ivti Jin w„rc p oo itx  j& in  &ed Corni3h u ro i_€ »



c n ic k e r .  The ">henotyric ->rd environm ent c c '’r e la t io n s  

vex e a ls o  p„s i t i v e  amdhi~ti Shank lcn  'Va waa p c a i t i v c l y  

c a r r e lc te d  w ith  each o f  u reac t o.n,jle and r e e l  le n g th . r 

a n g le  has a n e g a t iv e  c o r r e la t io n  » i t h  K e e l  le a  ;ta  a t 

^ e n e t ic , ph en otyp ic  and a t  tne e n v iro n u e n t i l  l e v e l .

Kanoun {1 9Q4/ p red ic ted  grow th  ra te  ia  ch icken  taa-J. or 

body measurements. he found t- <-t e. r l y  body w eigh t was 

a lw ays b e t t e r  than shank le n g th  a t  the same a ,c.; as a 

p r e d ic to r  o f  f i n a l  w e ign t.

Growth r a t e  on 1 5  s o ls  and 9  le g a le  upto  ku weekso*. age 

was analysed  u j  A ra l  ut a l .  v 1 9 0 4  j . Ihe gruwtn p a t te r s  

corresponded b e t t e r  to  »  io r p e r t z  than so l v  i a t i c  c u r v t .

Com parative 'lerfcrm aiice o f  ducks reared  unoor in ts r^ x ve  

and semi in te n s iv e  a ya ti— showed th a t tne b ird s  usv^-r 

in te n s iv e  ayato® have h ig a e r  hen day e -g p rod u ction .

Andrews « t  a l . {1904 ; under t h is  study stowed tn a t  the pat 

o f  oody w e igh t maintenance o f  b ird s  in  b o t ‘-> tne systems w,_s 

the same.

jSawaran * t  a l .  { 1984/ found thes irresp ective  o f sex , 

the pattern o f ^rowsh both in khaki Campbell £ nd dea l duck

lin gs  shewed a lin ea r increase from day old to tho age of 

housing at 18th week. J ta v is t ic a l analysis o f  the rote 

indicated th.tt tne rate o f  growth o f d es i males, deci f t  nr le
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hfenki C°rspb” 11 fe a s le o  end n a leo  w ar; in  d e a e e n l in ; o i'C er• 

A n a ly s is  o f  body v e i  gbt oc tween two groups and oo ta e tn  w o  

sex es  in d ic a te d  th n t tn ere  waa a xgn ifxoan t d x f fe r e c c e  in s. 

g e n e t ic  group* and between acj.es in  res  je c t  o f  occ y « t i

Canpbe 11 a t  a l *  <13t'5) found bhet fo r  s a le  and fem-j Le 

pok in  dacts  r e s p e c t iv e ly  5o aa^ oody wei ,ht s v e m g t  - . 1 5 > 

and 2.14 kg d a i l y  pain 4 1  *9 and J o .7 i »  food  oonsu- t ion  

f o r  kg ga in  5*^3 and S.31 t ;  ar.d ca rca }3  w eigh * 1.y4 ar i  

t.3 1  k j *

In d ir a b e i  e t  a l .  (150 5 ) f i t t e d  re g re s s io n  e-jun tior.j, 

s x p o r e n t ia l,a o n ifx e d  w > ’«nenwj.ax ana ^uaferts; carve fo r  

p r e d ic t in g  bedy w o i ’ hfc f t v s  a j e . X nd iraba i end 1 ’ i r  ( 1 9 ' 5 / 

re v e a le d  th a t  cnere is  h iga  c o r r e la t io n  between 0 0 J j  t t a j i  t  

and 3 hank len  g t l  o f  ch xc lu . f a i o  iso  i ia a  th a t  3  a tk  I c r j t L  

can be ®f-de a c r i t e r io n  fa r  a e l e e t i c "  f~>r h i  ,ner bed^ ~ v

2r e y  a ls o  found th . t  ananV ln a jt L  h.aa _ {.Q w itive ex r r o l  t i o  i 

w i t r  a ge .

f i e r c e  o t  a l . (1905 s conducted a s t a t i c  a n a i^ i a  oi 

sflanK len g th  and body f ej. -ut a t  cC weeks o f  t  e j f  J-yc r 

« y p »  ch ick en s . he e ^ r s  isea the ;rov  fch o f  ->r m l i - i l  ps r t  { j  > 

(jj'iank  le n g th , r e l a t i v -  to  buay w eigh t x ir. v e n a  c f
p

exponentia l ©qastioc y *  <x. x • Ihe derived veJueo c f  ’ <x 1 

and ’ p 1 vera estimated by leas t squares * f  tne lo r
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transformed exponen tia l equation . Shese par&ceteru descrioe  

phenotypic and not genotypic d if fe re n c e s  in  r e la t iv e  growth.

dingh o t a l . ( 1 9 8 5 ) stud ied  the re la t io n s h ip  Between 

body weight and some other physica l parsmaters l ik e  ahank 

len gth  ia  b r o i le r ,  tshark length  '’ ccounted fo r  1  -.55 and 4.C 

per cent o f  t o ta l  v a r ia t io n  in  body weight on s a le  and 

fe r a le  r e s p e c t iv e ly .

aahtso et a l .  (1985) studied the growth in  Ehaki Campbell 

ducks and found that moat rap id  growth ra te  waa observed upto 

4  weeks o f  a ge , alow ra te  fro®  1 3  to  1 4  weeka.

Prat hap e t  a l .  (1 9 © ) gave pred iction  e l a t i o n  by takin 

e ig h t  week body w eight In white plyeouth Hook as dependant 

t r e i t  while the Independent t r a i t s  were fou r week body 

w e igh t,b reast a n g le , shank length  and k e a l len gth .

droagaan and Boheren ( 1 9 8 5 ; conducted as experiment to 

determ ine whether the two peraneters o f  l o g is t i c  growth
-the. _

fu n ction , growth ra te  constant and age &iApoint o f  in f l e x io n  

were in h er ited  t r a i t s  in  ch ickens, fieeulfce showed tn&t growt.' 

ra te  constant has low h e r i t a b i l i t y  In each sex and l in e ,  wo 

gen e tic  c o r r e l- t io n a  were ev id en t among growth ra te  constant, 

age e t  the point o f  In f le c t io n  and i n i t i a l  o r maxi*am weight. 

These resu lts  showed that s e le c t io n  on growth ra te  constant 

o r age e t  tho point o f  in fleO C lon  should not change tho shape 

o f  growth curve.
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/ lle n c  ioodcrd  e t  ^3 . ( 1 9  CS > found th  £ sbs-'k lcn^ta 

Measurements o? g r e a te r  than o r  c u ja l  to  60 ® t g a le s  and 

la s s  then 61* mm f o r  fesnlaa was a ^ d  to  p red ic t  sexea i r  

*ole and feaade chukars.

Anthony e£  a l .  {\9C6j sued two w ei ^ht s e le c te d  l i r e s  ui 

q u a i l  (it* l in e s  s e le c te d  fo r  h igh er 4  wetk body wo i  _ ’ fc ocd .» 

l in t s  lo r  low er 4  weeks body w o i~ h tt to  coapere the a i ie c ta  

c f  d iv e rg e n t s e le c t io n  "for fou r week, to d j -e igat., on 

c u rv e - . Irow to  carves o f  nh l in e s  beat d esc r ib e  ..sing 

a -tu rerIs e i^ e t io n .  She l o g i s t i c  equ ation  ae^c f i t  tno 3r  * i 1- 

curve c f  the i*> l in e .

h ic n a lik  and scchoo ( tS87 i  found cnat c o r r e l a t i ma xv 

t/.e Lcc.y v e j - .t  w lt s w ei ;hi o f  lean  ana weight  ̂f  f^ t ar tne 

ca r can ̂  »- .r e  ..64  and 4 .84 rea  c e c t iv e ly  vs  t .4 4 -  ').t33 and 

.1C -0.78 fo r  body Measurements. tu index btseu on cody 

w e i 'h i ,  c re sa t au sc l*  th ickness ard k e e l  len g th  was a 

r e l i a b l e  p red ic t io n  o f  carcass cos. p o s it io n .

Ibe e t  a l . (1987) f i t t e d  as a H o m etr ie  growth curve to

t to  c t f  1 1 ) body »<>j ’ ht { * )  and the l in e a r  s tru c tu r f 1  b e iy

p r r 'icier... vy )  l ik e  S re-* 3 t w id ta , kee l1 len g th , th i jb  len  j t _
"  P

u d ohank le n g th . I t  was o f  tho fc r a  y  *c<w

oassaa ( 1 S8 8 J In n is  experim ent to  f in d  out jrcw tn 

patters) o r sea i  duck- end ahrkx Jagpuaxl auaks unaer rur<. 1
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c o n d it io n  showed th a t ther». wns nr s ig n i f i c a n t  d i f f t r s ^ c e  

between tne grow th  r » t e  o f  d e a l  duckj w ith  iu.troved  dac^u 

under scaven g in g  sya tss  o f  r e r r in

In h e r its n 'C  o f  body w e ig ^ t j  from oay e ld  t o  2 ». w«> ag 

o f  age a t  b iw eek ly  in t e r v a l  was s tu d ied  oy u a rp re «t  o in  

a t  s_l» {1 y 8 6 /« La ta  f o r  tnJLs study con ta in  a bed/ w eigh ts „.fc 

f c r t r i g c t l y  in t e r v a ls  fr^ai 0 t o  2 o we ks o f  j r a * k

and k a e l len jfcas a t  4 weeks i r  t e r v ^ i  f r o r  4 to  12 w ee -j 

and k r e a jt  a n g le  a t 1 5 to  wees, o f  >_e. j n en e typ ie  c o r r e la 

t io n s  o f  th e  b od j > e i  ;kt w ith  on«nk le n g th , k e e l idi j t n  n .  

b re a s t  ang le  a t  vt.ra.cuj a^ea w eis a l l  p o s i t iv e  ura ehowta 

h igh  va lu es  e x p e c t in g  thoa=_ w itu  the T .e i^ tt a t  h a tc b ir  3. 

.jb a ervp tion a  o f  h i ;b nheaotyn ic and genutypi c c e r r  e l  tiers'? 

in d ic a te d  th * t  body w i  'ht ^ t f*ny e,~e ex^e t  i r  o lJ  jrr , o r 

GOiVsitlerea f c r  <~v* .rovt'-’ upto 2  ̂ weekj o '  __,c.

Hawid e t  a l .  (1S & i) conducted a comparative study or 

performance o f  grew lug duculin^s c f  khaki cac»rb®H» Ifiuieu 

runner ana mo.igenacao oat.ro under f t  re condition,?. i.eJ -1; 

an wed vr.nt prowtc ra t«  was j x g . i i i i n t i y  natter in khaici 

toapoe il UacLllnja as compared to th t o f  Ind _an runner 

anc, Indegenecuj .ucklm al^m i'ist-nt di fference w*-3

e laO fount ue *«.< an <*hr„»

drchss.an e t  aj..t 19Jb, 3u^geoted a aiu ltiph 'oe function  

.v  d e s c r ib e  grew th  curves i c v  dhole Is ln rd  t&u end white
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leghorn settle a end fessaies frcsu hatching to 45 weeks of 

age. Ihe multiphase function used here was derived from 

a due o f lo g is t ic  functions

aean weight at age * t ' and ’ y^' is the cean weight gala at 

age ' t ' ,  *n> is  the number o f growth phase, ’ tan h' i 3  the 

hyperbolic tangent for each (has®, *1 ’ parameter, *a i 1 iu 

h a lf asymptotic weight, ’ b i ' ia the growth rate relative 

to 'a l ' and ’ e l ’ iu age at sjaiimum gain.

She advantage in describing growth in terra o f curve 

io  that i t  helps prediction. Jurther the inherent property 

o f  the curve would give a neaaure o f rate c f growth which 

eventually helps comparison o f the rsteo o f growth between 

groups.

derive

l* s i
where 'yt ' io



M .c L t e .t i< iL 6  a n d  A ie t k e d l
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H«sT :4.UJ^ .* .JnvD..

2hi3 stu dy v<*s lu a i is t e f i  a a i r ; d ay-o ld  a trc i'd ifc  ran 

d u o k lln , 3  o f  ^ e s i  e i  ’ bey on- in  nurb<_r _-.d to  t  o f  -hate 

Pek in  { % i j  s e v en ty  two in  nussbora f r - a  . 'n e u J  tu 1

u n iv e r s i t y  buck larsr, liannatiiy . _ho au ck lln ^s  were h ̂ tcnec 

on ..sy 3 1 s 1986 and 4, I 9 6 0 . Ib ey  were s e ra  l l y

numbered end » i t i j  b-ndea fo r  i d e r t i f i e e t i o n .

tn  t r e  day o f  h H cn in y  the du ck lin gs  we e p lccca  xr  

e l a e t r i o a l i y  o p e r a t e ! ,  th o r s o a ta t io u l ly  c o n tro lle d  o t - t t .r y  

type  b roo a e rd . I’hey ware i l lo e a te d  to  d i f f e r e n t  co^-c-t>w 3tu  

o f  tne b reed er  a t  r a r d c ... /. c e n s e r o ia l  t i l  cu .h . t a r t e r

r a t io n  .-.as fed  cd l ib ita r ?  w c ile  the iu c k l in  _u ►ore orccuea 

an the cac fcerieu . Preen w ater wea a »at a v a i l  m l ,  a t  a l l  

t i i c S

A f t e r  a few weeku, the du ck lin gs  were hoy ad to  deep 

l i t t e r  house0 / 35633.3 . In ey  wore boused in  v »o  a d je e e r t  

s e c t io n s  o f  a b rood er boust , d iv id e d  in to  two s e c t io n . .

de lu n te f l o o r  ** *-ei and w ater a p e s  vev? * .  de f v  l l^ b V  . 

n e ca ^ s try  wersith v< a p r o v i i e i  by m o ra red  bu lbs f o r  fo u r  

w eeks, . t  tm a  s ta y e  th e  o i r d i  were t a i r l j  w e l l  fa - the re 1 

f » a  d_e tc  tctipk.r''t.e *e a u .e r  o n ly  srodera-te ursodcr ae t  w - 3  

r e q u ir e d .  -11 th*- du ck lin  ys wore fed  or> a-.ee feeo  fcr-su lo 

and fcbe nan ;eaent p r 'c t ie e s  were id e n t i c a l .
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The shank le n g th  in  c en tim etres  were record ed  on a l l  

days d u rin g  f i r s t  week, th e r e a f t e r  i t  was measured efc 

w eek ly  in t e r v a ls ,  the measurements were taken  u n t i l  the 

ducks a t ta in e d  an age o f  12 w eeks. Shank le n g th  measure

ments were taken  from the r ig h t  shank o f  the ducks, the 

measurements were taken  from  the e x t e r io r  o f  the hook jo in t  

t o  a p o in t between the s o le  pad and the ou ter to e  o f  the

ducks. These measurements were taken  by  the same person

d u rin g  th e  e n t i r e  p er iod  o f  the exp er im en t. Body w e igh t in

grams were a ls o  measured on a l l  days d u rin g  f i r s t  week and

th e r e a f t e r  a t  w eek ly  in t e r v a ls .

At th e  end o f  the experim en t, th e  above measurements 

p e r ta in in g  to  26 fem a les  and 26 males o f  w h ite  pek in  group 

and 14 males and 25 fem ales o f  D es i ducks were a v a i la b le .

The rem ain ing b ird s  have lo s t  t h e i r  w ing bands and some d ied  

d u r in g  th e  course o f  the exp erim en t.

The o b je c t iv e s  o f  th is  s tu d y  were

i )  To examine th e  p a tte rn  o f  developm ent o f  shank 

len g th  in  two breeds o f  ducks in  U n iv e r s i t y  Duck 

Barm, Kannuthy. 

i i j  To compare them (a )  between g e n e t ic  group (b )  

between males and fem a les  w ith in  each g e n e t ic  

group ( c )  between males o f  g e n e t ic  group (d )  

between fem ales o f  g e n e t ic  grou p , 

i i i y  To f i t  a p p ro p r ia te  grow th  curves f o r  p r e d ic t io n
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o f  body w eighs fchrou gh an-ok len g th  n  i f  f e n  nt 

s ta g es  o f  grow th .

3 . 1 . Jrowth Uunfg m odels.

/m organ ists fo llo w s  i t s  ow’'  grows? r ^ t t e n ^ . j t ' - t i s -

Sxctil ssodelj e r e  th e  t o o ls  in  a n a ly s in g  r <nl  ondors tc i l i e  3

such grow th  pa ttern s

niae&r regression o f  Iĥ , typo

y w s t  bx where 1 y ' i s  tns shame length. a t  age ’ ,

wsj used to  e ia n in s  the r e la t io n  between a&e and ox*<_nk le u&s . 

iu r  f i t t i n g  th^a c a rv e , methao o f  lea  ) t  square^ w e  .

In  o rd er  to  t e s t  the a ig n if ic n n e e  o f  tne r e g re s s io n  

c o e f f i c i e n t s ,  l in e a r  re g re s s io n  equ a tion s  « vr c  faSteel fo r  

e c e h  b i r d .  0  the re  gre-juloa c o e f f i c i e n t  i s  s m s j u o  o f  

r a t e  o f  g row th , the o v e r a l l  d i f f e r e n c e  in  she r e t s  o i  ;rowt; 

o f  Jb&eK len g th  can be e s c e r t  ined by an a l/ em  tat, Oj

the r e g re s s io n  c o e f f ic io n ta  o f  d i f f e r e n t  groups os a one w_„ 

c l a s s i f i c a t i o n .

1 oat o f  the l iv in g  orgnnoan have a sigmoid growth 

curvo. I t  is  therefore desiracle- tc  try  carves w ile  con ft n  

to  th is pattern to describe the pattern o f dovelo-nant of 

shank len ith . The simplest o f  Ih .3© curves we  ̂ ^rv an tn th~ 

exponential curve whxco is  sym bolically represented as

y  = abx
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where 1 y ' ia  tho abank len g tn  a t  eg© 1*  rand 'a *  v-nt 'u ' are 

the c cn s tc rcs  to  ha J e ta r s m e d . Tor f i t t i n g  fcbia carve  ̂ I j c  

the netaod  o f  l e a i t  squares wau u je a .

keen jrow.h curves are f i t t e d  the re t uf  jrew- >.t ^

unxt ô - cm tc token as the r e t ie  o f  the Bu iBituie

o f  uhank length at that pence to tne magnitude -£  Jio*nk 

len atn on th© previous tvrrod minus ono. In the cu„e o f 

©spent,ntisl, tho rate o f  growth tnerefore la

a b * ^  ” 1 *  c — 1  ̂ o r i ^ j ? o V  <̂ :5 ,

ab*

This 3 howa th a t  the ra te  o f ^rowfcu depend i o n ly  on the v a lu e j  

o f  'b ’ and the grow th  r a t e j  w i l l  oo equ ? 1  i f  ' b 1 v a lu e r  are 

©i u a l .  Th is j i v e s  a measure f o r  e x a iin in p  th© e q u a l i t y  o f  

tr.c r f i t o j  of *ro«rth of th© b ird s  o f  the fo u r  jr a u r j . I t  a •■ 

en ou j*  t o  an a ly se  th© 'b '  va lu es  o f  t n ■’ fo u r grouoa e, j  one 

way e la u ^ i f i c a t io n .

^ed ified  exponential which nso 4ot the functioned fur*

y s i- + abv can a lso oe used to represent tne growtn o f  rn

organiota. The c^nuic-its to  bs determined in t a i l  eâ t. are 

*Jc‘ , '?* an’ 'b 1 . To det„roin-s these constant.*, tne ’ y ’ value, 

ara f i r s t  d ivided  into tnrce mutually e-ncluofve ^rou * e tm  

containing 'n ! conaecutive va lues. I f  ih~ parti.' 1. cum c f  ' y ' 

velu<is o l the three groupa arc and re sp ec t ive ly , the >

th© cJtisuteo o f  'S.*, ' V  and ’ a ' are ootained no
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a

a ,  -  s „  /a 
b *  t ~ — -— and 

* 1  ~ 2

( 1  -b / (, a . -  j

d ( 1 - b  i

live r a te  o f  grow tn  in  t iu a  cade 1 3

k + ab* " 1  -  t

k t  ab*

which id  the saire ad Srh ..(,p~?J.
k + ata

ih u r e fc r e  'row th  r a te s  w i l l  not d i f f e r  j i j n i f i c - n t l y  «u r 

th e  'b* va lu es  ao r e t  d i f f e r  a i g n i f  ic a n tl./ .

another curve uiea to  re jr., sen t ta e  do ta on dr« 1
. A

le n  jth  (,yj io  (ioE rer ts  ca rve b t i c t  has g e t  t i e  fo r a  / »  ka 

w h«re x i© p resen t the a - e . _  —

Xeking lo g n r it tu i on b rth  a id es  o f  th is  equ a tion  we Ooi,

Xlo g  y «  lo g  k + < lo~  a ,b

y = + AB* —  ( 0 }

where y ^ lo g  y ana A *  lo g  a and 2 .̂  *  lo g  k . The e u tiwn

( a ;  is  s im i la r  to n u d if ie a  e x p o n e n t ia l.  fne lo g '- r ith n o  0 1

the va lu e?  were computed f i r ^ t  «nd aa in  , t i e  u v -L a e - ,

the V a laen  o f  ’ A ’ , ' b '  and 1 were c a lc u la te d  u  i r  the 

ease o f  rod i f  led  ezpon -nb it 1 . T .e v l n e i  o f  'c  ' ,  ’ c ' <,ai ' <„* 

in  the fo r®  cona idered  * e te  g iv en  by

a
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a *  Anti log h 

K *  Anti log

b *  saae ass in the sodiflad exponential.

fcx+1
£a. «  iThe rate o f growth in this cane ia (—  ■ •••■ ' )  which ia

bx + 1  b*a -  1 which depends on the values o f ’ a . fts,e

» bX ,1 b*growth rates are equal i f  the values o f a are not s ig 

n ifican tly  d iffe ren t. Shis gives a method for examining 

the equality of rate of growth o f the birds o f the four
* fa*groups, i t  ia enough to analyse the s values of the four 

groups ae one way c lassifica tion .

lo g is t ic  curve which also describes growth in its  

simplest for»  is

7  "  1  + "

Fitting o f this curve is dcno by the Method of three 

selected points, le t  'y g ' , 'y^ ' and •yg* be the 'y* v&lu< 3
egujuctu -ta/rlt

at three seleetedApoints. The origin on the x-asis u  f t  

the point Xq to x  ̂ or from to Xg. The three constants 

are obtained as

a -  2 yO yt yr ~ V  ^ 0^ '

*o ^  -  *1

b «  log ta~y0 )
y0
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e - 4 -  log ----------  -------
y , Q*

She ra te  o f  growth in  th is  ease i 3 

1+ icbtfX - i
1 + iob+6uVi;

fh e re fo r e  ra te s  o f  growth depend on the va lu es o f  *6 * an3 ' c.' 

She V cR -B erts len ffy  curve considered was o f  tne fo ra
—»k”fc

y x L ( 1 -be j where ’ y* i s  the shank length  ago 1 1 ’ , *fc’

and 'b* ere the constants to be determined and 'A* is  the 

mature shank len g th .

Ihe above curve Is  f i t t e d  as fo llow ss

y  m A ( t-b e ” ^ ;

,  1 -  be~kt 

-k t  1 -y/A
9  a  in 1111 mi■■

b

® *‘ ~ y 1 where v. m- ff-  - g ~  A

fa k in g  logarithm  we g e t

-k t an lo g  e ( 1  ~y.j; -  Icg^b which is  o f  the fo ra  

y  *  h + Ct where y  *  lo g  U -y^  ^ d *  lo g  e o end G *  -k

b *  e® and k = ~C 

5 «  y  -  Ct “

c *  s ^ t y  - s t  g-_y
HJtt* -  (S-tJ2



xhe jro w tn  ra te  in  t .  l i  case la

A -  1

A O b « - K tJ

w h ich  3a e a u s l t o  —----------
1 -h e _jrc

Ih e r a t e  o i  growth on tho v a l^ o a  o f  ' b ’ e ’ d 'tc' .
- k 'a n ily a x e  o * v a r ia n c e  o f  'b e  v a lu e s  w ert o cn eacted  t o  

con p ar* the g row th  r a te s  o f  th e  fo u r  grcu pa .

second d agre ., pi. ly y x m in a l woe t L o  t r ie d  t j  f i t  tho
■>1

d a t r . Tht fo r a  < f  tne po lyn osslna l con a ia erea  wau y *a + b i*cx *  , 

wncre y  the sha> k len 0 ta  e t  a -e  J. n . ' a * ,  ' b ' acu * c ‘ . : s

th e  con., U n to  to  be d e tu r x m td . fJue^o oono i»entu a r .  o t ' i n  d 

o y  con a l - e r t n g  &s and rsrccred in 0  aa the r e unod o f  m u lt i

p le  r e j r e - a i o r . fh «  con s tan ts  e r e  ob ta in ed  ao

U x y - £ i J j [ ,  K s .x A- K £ . x i ? f * t ~ f k  x 2 j - .C.g.»^J2g  . / j [ € x3- Z . £ .  
a  *  n _______________   L n J L________

| V x 2  -  (S lx ^ / n ]  |kx4  “ ( £ x 2 )y 4 tj - ^ x ^ -  j 2 L z ) { £ x 2 , J

[ ( £ , 2 -  ( £ ; x$2/ a j  H S y / / n ] - jjtx -* -  f j . . £ .x J

( £ x ;  -  £xs.2.y 
fe =  ____________________  n_____

I jz 'x * - - ( z . x ) j / n ) J  \ Z z A~ (  s : x2 j / n j  - \ §  xV(.g J
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Ike tji owtb r o te  in  t  i j  c-oe 13

a » bia+IJ.-t- p . -  1

a i j* ♦- ex.'"

2 i\iw w i l l  d a*.end a-on she va lu es  o i b k i  c .

fo r  ex-tannin j  thy rt l^ s i-n c n i p s c w c tn  o c l j  woi at a 

a r v ■ 1 length  cut, o i  tin t i  chni^ue used v o j  c c e i f i c l  r t  c 

c o r r e la t io n ,  xor p r e a ic t ir  , E>Qa„. v f i y h «  fru a  ah n*. l^n ,zu 

l i r t & r  equation  o f  ih>- fc r s  j  a a *  bx and exp on en tia l
V

« qaation  o f  <,he fo r r  y *  ae were f i t t e d  with y s j b . i y  

w eigh t and x as ahanle len g th .

Cosinerisen of ^rowtb curveo

In  order to '•ompt.rc the r e la t i v e  e f f i c i e n c y  - i V T it in 1* 

" r e w tr  curve ic a e la  and to o e lc c t  .h i  * o g t  s u ite ! Ln ’ irvf* 

tne fo l lo w in  i  two Bie th o le  were uaad.

j j . c . 1 . ^ e f f i c i e n t  o r d eterm in a tion  t /  /

It i j  calcjl'j-t^d aa tr.c aquarc o f zh cerrelu\,j a 

c - e ff ic ie n t  between tee obseived and predi ted valne.-t. .

lary  value o f indicates o .^ i f i t  o i tti- cu rve.

3  .£ . 1 , -/t-ndard e r ro r  o f  tuc e - jt jF -S - 1 3 /

ine -standard e r r o r  c f  the e a t i t L c e  i j  wot sod *.y 

the l’oraulf.
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5 a*
w hore ' y ^ ’ i s  the cb Jc,rved

44— 1-»

a m  ’ y^ '  i d  the e d u c a t e d  Vn-ias. m ii ’ n ' io  th e  b c r  o f

obde*v'>tio*ia. A a t - i l l  v<. lu t ox ‘ a* inaiu/te^ ui)o d a . 3 , 0 1  

f i t  o f  t.iS c a r v e ,

-ao td .jp .v eu  < a. . tii j. io r  co-^p rii> ; rat - o i

"row th. *l i ;  is  ib o t io  a m v  ri~uee an 1/aio. curisuti-

t r i  v a r ie d ?  3a the i n i t i  1 ah~rt xjn ;t i i f  w .  t i n  . r 

juccooaivp periods wc c l i a l d e  the incram e in j 4 .o'" t .

e t  1 y ^ ' be th in c r e a s e  In  sha^b lersptb  ̂ a f  t fc  b ir d s  l> 

a ^ r u ir  a t  t i r e  * I 1 and 1 14 tne ESt n v> d e  o r 1 y ^ 1 f ' - t  n

^ r c u j . Cotc'-jte the re  j r e  o i tn  o f  ’ y ^ ' on ’ £ ’ f ~ i  f i

c f  toe  fo u r  jro u p a  in  the fo r®

i c  i i  evident th t  x t  ih-nc ooef.xcit.n t4  c-ie equal t. e 

r a t e ,  o f  tr->wta o f  to e  d i f f e r e n t  jro u fJ  i u j  w n . 1  oc n t w i .

* uf thco® 1c, ‘ vaxuso cay Oe inf liencad by the ir ix t ld  vu], . 

fL-.rf.ioTc, «?o perform f covari nee analysis xn »' im  the 

ii itii-1 Ion <th &u th eonec"xt jnt vari. o Le.

ihs. <ac thed c f  1 * a o t  squares th e r  ^ iv c o  o at
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L nu'aaer o f  seshod? have been aauaer®ted f o r  r e t ie -  

serslir™  the p a t t e r "  on provth o f  dhnnk l e ”  ;tn  rc r  j i r . i n ,  

cu t the r® lex ica l between body w eigh t <- fil nh 'nk le i ; ih  end 

a 1*40 fo r  t e s t x n "  „be o i f f e r e r c o a  in  the ra ted  o f  .ros^h o + 

the j o i e . IS r U  o f  lean to aas'e r e j x i t  any one oi

the »  t f.o i j s i l l  os a p p ro p r ia te  f c r  the fu 'surt i n n l/ j i j  

o f  th e  a v a i la b le  d a ta . I f  fcnere i s  a d ia c r g p a ic . , , the 

methods a re  to  he xu ru tin iaec  f* ,r  tn u ir  ap p rop r ia ten ess  

f o r  any ^.Iyou s i tu a t io n .



?̂ £du[t5
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11 ,/ • T , . ,1
£v'iw '  J  <1

•Iho jtsB e n t  I n v e - o t i u n  was to ay3 0 0 a the growth 
pattern of ahnnli length in two oraeda of duck lingo in • I eci 
and white potein and to coapare the. rate of jrowtn of chunk 
length at different age jroupa ox thoae duellings by fitting 

suitable aathojsatic&I sodeXo. It w&a alao ai^od to fihi o 

prediction equation for predicting tho body wei ; h v  through 
nhfc'Dk length of the six - : r oupo of ducklings vi®. booi s iso, 
loci fiusbles » Seal ducklings without conclderir 7 hex, bhite 
pekir v-sldf, ¥hit© pefcin fancies oni ihite pskin iuckliags 

without conoideriog cex on the hnsia of data taken unto \2 

weeks of a.gs*

4 *1 . Jhrnk length.

The a v e r o T . o  shank lengthy of the fcur groups of duokiin 

end that of 01 duckling end .peci duckling without eonsidcrin ; 
c ex during the first seven days from day o l d , along with ihei. 

standard errors were worked out m u  given -in table 1 .

It day old ago* B&ui fesalea had the bigheut average 

shank length of 13.11 mm with a standard error oi l • 1893 sv.. 
It waa followed by Besi aalcs with an average ahank length 

of kj.04. »r with a. standard error of 0.1774 am. The overage 
3 ,i.‘.a25fi. J.crgu;i of v; 1 fofuHifcU *» ay eg? • ( j  ay. wit a a j toricisrci. firroi' 

0.1940 mm. The least average shank length of 2 1 . 0 9  mm was
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observed fo r  «?• salon with, a at?-■ndard error 0.1 523 SD*

t h i s  analyaia o f v e. r i  c n o e a f the i n i t i a l  a h z n k  1 of

four groups war;: worked ou t and given .in tab le J  ■

iliero was only a a l igh t  increase in a hank length. Pres 

day old to ? dayas o f  ega. ihe average increase in aka-ir 

length t i l l  the end o f  seven d t i y s  was 1*57 fo r  i.esi 

as lea , 1*68 sea fo r  Deal fe sa leo ,  1.46 as fo r  i f  let-nlo... , : r r .  

1.08 se fo r  'J? sa le s .

a.rq average sasnk length in ’ sis’ o f  the four jrouy-i uy.ao 

twelve weeks alon.-j with tn e ir  otondari error *eve given in 

tab le 2. 1’he a r d o r  in seas chunk length as observed at day 

iilti waa not disturbed during f i r s t  week. At the one c f  the

f i r s t  woek th© ma^isum shank length waa 2 •1 «, ti '*'• rr f' r'’ .

feDales which was followed b y  J>eai i p o las with an cvaro ; e  

shank length, o f  24.61 ja .  liie average shank lengths i^r toe 

other two groupu vane 24«k1 sra fo r  IP  foaaloo and 2% 73 for 

WP tu ilec .

At the end of second weak, foci ferries ottainc-d the
highest Gvoro ~e shank length o f  3“5 *13 isit. She .-aecon-J h.i ;'ac .r 

average a hank length o f  gu .ly  tara was tor ceo i aalco which 

waa followed by IP f  ©-tea leu with a c;ean shank length o f  lo.Cy 

tna. fbo lonut average shank length o f 17*16 as woo for 

¥1 males.
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'f* far 1 il. ’• o f
rr .;i . the

» ®tr: for

for .5»• i,

four groups **?.□ the-? sor?e at the end o f  o&oond 

average shank length in t h e  th ird week was 37.^  

lies i f e s z v - l s a , 35*96 hu f-y  nesi sa lea , >5*68 m r j  for '.•'? 

fesjolea and 31.62 aia fo r  VjP csss leu . ihe average. incro&se ir. 

the ahaai* langth fre-m day old to the end o f th ird vonk vas 

14 • ?8 ®m fo r  S>s:i.i female s., 11*95 a© fo r  fiesi a a le o , 12*33 s-ki 

f o r  'WE' teas lea and. 8.97 a® fo r  »P males.

./■r.Llyuls o f  variance o f  ccan ahank lon^thu o f  :.Jie- four

groups at the fourth v e o k  o f  age waa given in oaclo d. the 

riean ahenk length fo r  t h e  four .groups were 45*82 so fo r  Pool 

fej2o les » 43*68 isia .for Deal m a l e  8 , 41.82 ato fo r  WP idra ios rjid 

36.58 sat! fo r  tfj? males. T h e  order o f  sagQitude o f  these 

averages were the aame as ia  th ird  week. I t  is  in teres t ing  

to note that this order way za&ict&inea t i l l  the end o f ninth 

week exee pt at I I f  tb *?eek.

dust as in the previous weoko* the ahank length o f  eacu 

duckling continued 'to increase during f i f t h  wsefc. Phe i c . & v  

shank length at tho f i f t h  w ek  a c r e  52*36 sa fo r  Beni foe; i V -  i t 

53*18 m \  fo r  Bo s i  males, 45.94 ®8> for  WP females and 4P.P3- r."- 

fo r  WP males •
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dixth. week onwards, the pattern o f  d ifference observed 

in  the average shank length was s im ilar to the3e cosorved in 

fourth week. Ihe highest we&n shenh length o f  55.3 »=  waa 

observed fo r  Besi females followed by 5406 ®a fo r  Sesi malts.,, 

lu rin  j th is  period also the least shank len jth  was observed 

fo r  VI males, ffae average ohank length fo r  *JP males waa 44.67 mm 

and that fo r  VP females waa 49*92 mm*

She mean 3haafc length during seventh week were 57.46 an 

i o r  Besi females, 56*39 a® fo r  heal males, 46.46 be for *1 

soles end 54*52 sa fo r  tsP females. At the seventh week lao 

the b ignest ahank length waa ooserved fo r  Besi E’slos end 

leas t ahank length was observed fo r  «ti as le a .

At the end o f 6th weak, the average 3hank length fo r fouj" 

groups in the order o f  magnitude were 52.22 mm fa r  -Ks.i 

56.18 mm fo r  Beai moles, 56.11 bc fo r  tfP females and 51*^1 mm 

fo r  *P males, fhe analysis o f  variance o f  shank length at the 

end o f 6th week was given in table 5*

She mean ahank length at the end o f  ninth week were 

52*7c Eia fo r  Besi females, 58.68 b i s  fo r  besi males, 5?«*-1 b o  ior 

1fP females and 53*96 mm fo r  sa les . She order o f magnitude 

wcs not changed during th is  week. She higheat .hank length 

waa observed fo r  taa i dacKlings than wp ducklings. ihe order 

o f  magnitude o f Kean shank length observed at 9th we«u waa



disturbed during 1ufeh weei onwards. At ta ia  period tee 

maximum average shank length o f  53 *61 saia was observed for 

Deal males which was c lo se ly  followed by Beal females «ifch 

an average shank length o i 59*58 am. She least average 

shank length o f  55*25 am waa observed f o r  kr sa les , Ihe 

average shank length for WP ferns'lea waa 58.oQ m® during 

th is  period.

Burins the eleventn weak end tw elfth  week also the orJer
'the,

o f  Bagnitade wPSA3sse. Ath the eleventh week, maximum Bean 

shark length waa 59*89 sm fo r  le a l males followed by n aecn 

shank length o f  59*68 mm fo r  Besi females. She seen shank 

length fo r  other two groups wore 56*65 ®* fo r  %? males and 

59*08 am fo r  wP females.

At the tw elfth  week the saxiauas average shank length 

was observed sa an fo r  fis&i smlea. *he average ahnnt

length fo r  the otner groups were 6C.C6 am fo r  twai vfemales, 

58.29 mm fo r  VP males and 59*93 ®? fo r  «<P female3. She 

analysis o f  variance o f  ahanfe length at th© 12th week o f 

&3<* was given in taolo 6.

She o ve ra ll ineromenta in  shank length during 12th week 

o f  age were 37*57 mm fo r  Beoi males, 36*96 ms fo r Boai 

females, 35*64 mm fo r  VP eelea pad 36*98 mx fo r  «, P fomalee. 

She increase in shank langta from 8th weak ownards wea ver>
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4 » 2« The fu n c tion a l R ela tiona

ihank length was found to lncreeae with age cmi th re 

fore linear prediction equation o f  the fora y *  a + bx was 

f it te d  fo r predicting shank length (y> fro *  age {x }  tor each 

b ird. The valuej o f  the par^aetera *a* and *b* for each 

duckling in Besi steles end .hoai females were given in tf ble ' . 

the va lu es  o f the parameters ’ a* rna 1b ’ for each duckling 

in  »'j? sales and *"F fcaales ware given its table 0.

The an a lys is  o f  va rian ce  o f  l in e a r  growth ra te  was as 

g iv^n  in  fa b le  9 .  s ig n i f ic a n t  d i f fe r e n c e  waa observed 

between the ra tes  o f  growth, o f  the fou r groups i e «  jX s i ssalc , 

jjeui. te e n ie s , VI? males and V? fem ales.

l in e a r  p red ic tion  equation  was a ls o  f i t t e d  to  the 

average shank length  o f  each group. The- va lu s o f  paramotera 

•a* ana 'b* o f  each group, 3quare o f th© c o r re la t io n  c o e f f i 

c ie n t  ( r 2 / ( c o e f f i c ie n t  o f  determination; between the observ 'd  

??nd the expected shank length  and standard e r ro r  o f  the 

estim ate o f each group were presented in  tab le 10. The 

va lu es  o f  r 2 were 0.8782 fo r  B e j i  s a le s ,  0.8522 fo r  ^ e a i fea  le ,

0.9729 fo r  VP males and C.9 24O fo r  VP fem a les . The va lu e  o f  

standard e r r o r  o f  estim ate ranged between 2.2155 and 5 . 6C77, 

the the le a a t  standard e r ro r  fo r  VS Males and the h ighest 

f o r  S ea l s a le s .
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lbs bird wise square o f coe ffic ien t o f correlation 

j <coe ffic ien t o f determinations between the observel end 

tbs expected ahank lengths at d ifferen t tje s  were high. 

C oeffic ien t o f determination calculated fo r  each bird in the 

four groups were given in table I t .  the sasiEU® value o f 

observed m a  0.9944 sad the least value was 0.7553* ihe 

standard error o f  the eatiiaate %a) were e lse calculated for 

each duckling in each group and i t  wea precentM in table 1*-. 

She value o f V v a r ie s  between 0.8383 and 7.603$.

the second equation fit te d  with *y' as shank length *.nu 

*x* as age, was the exponential curve which is  o f  the fo r*

y a abx

The values o f  the parameters *&* and *b* calculated for 

Dosi males and Desi female ducklings were given in table 13 

and that calculated fo r  ¥J? males and ¥P females were given 

in table 14. She values o f 'b* ranged between 1.078 to 

1 .093? fo r  Deal sales, 1.0772 to 1.0975 fo r 3oci females, 

1.0666 to 1.0991 for k males end 1.0758 to 1.1 Gv9 for ’■»? 

females, Exponential curve waa f it te d  fo r  the avers1 go ahank 

lengths and the parameters were presented in table 15* £he 

values o f *b’ , the growth rate, for D«3i  males, fiesi fesa loa , 

Deal ducklings irrespective o f  ssx, kr males, ¥1* female a
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and WP du ck lin ja  ir r e s p e c t iv e  o f  sex  wore r e s p e c t iv e ly

1.C864, 1.0835, 1.0846, 1.0878, 1.0876 and 1.0878. ate 

ant ly s is  o f  va rian ce -of the *b* va lu es  were g iven  in  

ta b le  16.

fhc square o f the correlation coe ffic ien ts  ( r  )

(c o e ffic ien t o f detvrainationi between the objervea and

the expected shank len g th  were ca lcu la ted  fo r  each d u ck lln  - 3

in  the fou r groups and was pre-ented in  cable 17. ataaoard

erro r o f  the estimate were also calculated for each duckling

in each group and was presented in tao le  18. The c o e ff io i at

o f  d etorssination  and standard s rro r  o f  the estim ate were a lso

ca lcu la ted  fo r  the average shank lengthJ o f  each group and
2

was pre„ented in  ta o le  1 5 * She va lu es  o f  r  f o r  P va i sa le  , 

o e a i fo s s le s ,  VS s a le s  and VP fe s a le s  sore r e s p e c t iv e ly  

0.884E, 0.6679, 0.9581 and 0.9169 (T< o le  15) and the va lu er 

o f  standard e r r o r s  wore 7.3981, 7*7599, 4*1229 snd 6.1615 

r e a p e c t lv e ly .

Xhe third equation f itted  to ahsnx lea gta was modified 

exjwnei'tia l, o f  the for®, y ® iJtmb*. fhe values o f the 

parameters f it te d  for each duckling o f besi sales, A'esl 

fessales, «V sales and «P females sere presented in tables 

19, 20, 21 end 22 respective ly . The data obtained fro * one 

duckling each in WP sales and »P females were not suitable
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for fitting thia curve beetle 'b* va las3  oecome equal to om . 
The ease curve waa fitted to the average shank length of eaci 

group and the values of the parameters obtains^ were gives ir 
table 23. the 'to* va lues for Eosi sa lea  /was" CT.7612, for Deax 
feaalea waa 0.7260, for «fP xalao was 0.9179 and that of 4i 

females was 0.8343*

As the growth rate o f thia curve depends on the ’ b' 

values, the analysis o f variance o f ’ b* values of the four 

groups va3 performed and was given in table ?4.

Using modified ex ponential curv'd. expected shank

lengths o f each duckling in each group at d ifferen t ages were
p

computed and the square o f the coeffic ien t o£ correlrtion (r  ) 

(c o e ffic ien t o f determination; o f  each duckling la the four 

groups were also computed and was presented in table 25. She 

standard error of the estimate computed for each duckling 

were given in table 26. Coefficient o f determination and 

standard error o f the estimate were also computed for the 

averages o f each group and were presented in table 33. I t  V3.

acted that for each duckling expected and observed shank

lengths were highly correlated. Ihe coeffic ien t of c eterninJtion 

computed for heal males waa l  .9432, for Ex1 s i females was 

0.9344* for tfJ? males was 0,9364 and fo r  tlT females waa 0.9712. 

Ihe standard error o f estimate were highest for Desi females 

( 4 . 0 9 5 9 ; and least for 'jP sales ( 1 . 5 6 6 7 J.
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the fourth curve f it te d  to the abask longta «as
b*(Job perts curve o f  the for® y as ka * The values o f the 

parameters ‘ a * , *b* and rk* fo r  each duckling o f  Deal males, 

f e s l  fe aa lea , '«P males and WP females were given in  tub lee 

27, 26, 29 and 3&* fo r  each duckling o f the four groups 

the ’b* values ana ‘a* values were 1«3S than one* As the
h*

growth rat© of \K»£ert& curve £ependo ©b the volua© o f ’ a , 

the analysis o f variance o f 's b values were performed and was 

presented In  tab le  31* Phis carve was also fit ted  fo r  tne 

averages o f uaank length o f each group and the pareaetera,

'k * , ’ a* and *b’ sere given in table 32.

the square o f  the corre lation  coe ffic ien t ( r  }

(c o e ff ic ie n t  o f  determ ination} fo r  each duckling was computed
2

and were presented in table 23* Iha values o f r  ranged 

between 0*9403 to 0*9324 fo r  Besi B a les , O.9OO3 to 0*9651 

fo r  Besi females, 0*9397 to 0*9972 fo r  WP males and 0*9465 

to 0*9944 fo r -?P females. Standard e rro r  o f th® eotimate of 

each b ird  were computed fo r  each group end were presented in 

tab le  34. She co e ffic ien t  o f  defcernln.? tion ond standard 

e rro r  o f  the estimate were also commuted fo r  the average 

ahank length o f the four groups and were given in t rb le  32.

f i f t h  curve f it te d  waa lo g is t ic  curve o f  rhe fo ra

+ 1Gb+c5L fhe values o f  the parameters 1 a * , 'b 1 <.i[\.. 

•o ' computed fo r  the four g rou js , v ia .  Deal males, h eal 

female &, vP oalea and, up females were given in  teb lee , 35,
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36, 3? and 38 r e jp e d t i v e l „ . fhc squars o f c o rre la tio n  

c o e f f i c ie n t  ( r  ) ( c o e f f i c ie n t  o f  determ inations n a  computed 

f o r  eaen duckling and waa presented in  ta b le  39. ihe value..
p

o f  r  ranged between 0.9385 to  0.9880 fo r  Deal males, u.&01y 

to  C.986*. fo r  D a ji fem a les , 0.9676 to  o»9374 fo r  >1? a ilea  

and 0.9637 to  0 .5 9 lt f o r  tfP fem ales. Ihe standard e r ro r  o f  

the estim ate were a lso  computed and g iven  in  ta b le  40. f h i ,  

curve waa again  f i t t e d  fo r  the average o f  ahank l e n j t t  fo r  

each group and the parameters were g iven  in  ts c l*  41 a long 

w ith c o e f f ic ie n t  o f  determ ination  and standard e r r o r  o f  the 

e s t im a te .

Ih e s ix th  curve f i s t e d  waa V on -h erta lan ffy  equation  o f  
—kfc

the form y *  >4 t-b e  i where *t* i s  the ago and *b’  and ' k r

a re  the parsuaetera to  be determ ined. A, the* mature jhand

len g th  was ootclned from the iCarala A g r ic u ltu ra l O r .iv e ra it j 

Duck farm , Mamuthy as & »  66 mm fo r  B ea i ducks and 67 mm 

fo r  ¥1 ducks, fise va lu es  o f  th® oarameters 'b ' ana 11c’ fo r  

Deal males and Desi fem ales were computed fo r  each duek lin  

and were g iv en  in  tab le  42 and th a t o f  *£ ft ale., and wr 

fem ales were g iv e n  in  ta b le  43. 5hls curve wa^ Iso  f i t t e

f o r  the average shank length  o f  each ,yroup and th© ja rc& e tira

were g iv en  in  t-able ~ "S44 a long w ith  the square o f  the e o r r r -
o

la  t io n  c o e f f ic ie n t  ( r  ) ( c o e f f i c ie n t  o f  determ in a tion ; end 

standard e r ro r  o f  the e s t im a te .
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u i i s e e  f c L e  3 r u  r « - 1 -  d o  e n d  _» o r  Z u  v ~ l u t u t  < - f  b *  

a r a l j ,  J i 3  o f  Y & r i f _ n o e  t i i ' u l c  4 5 > .  w c . <  ^ r f o r a u u  fc/ .e

v e l u a a  o f  b o  f c r  ©<r e h  j r o u r .  I t .  v a l a ^ - s  o f  r  w a . »  d »  t  r ~  

K i t v e d  f o r  o a ; > >  l u c k l l r ^  r r  v  ^  ^ I v e s  i n  t a i l  4 6  • r r

e r r o r  o f  t h e  s a t i n , ' t i  f ^ r  e - . n f  d u c k l i n g  i n  e <  < j r c u o  * * - r s  

r 3 , , e  c a l c u l a t e  j  r e v e r t e d  i n  t e b l e  4 7 *

- n o  j < s e o n d  d e c r e e  e  . a a t i o a  o f  t h e  f o r a  y  «  a  s o ,  ^  "

o s b  a  l o o  f i t t e d  f o r  t h e .  f e a r  ; r a a p - . .  x h e  w '  l u e .  . . f  t b < .

p f  r a i r e t o r J  ' a * ,  ' b *  a n i  ‘  c ’  c u  , a s t i  d  i j t i i n t  i r  i  r  l ,

; 6 j i  f e a a j . # j ,  m  e j L j  - n i  Yf f t  I t  wv. r e  , i >  a ?  i  t  o  v, j  }  

4 8 , 4 5 » 5 i and 7 I r o a t e u t iv e l j .  • Ih -  uari. o f  tut ;j>i ru a t iS
,  2

e „ c f f i c i o B t  ( r  > t C o ® ' f t o i ^ n t  o t  d o t  r t i n n  C i o n ,  ,»  c  a  .  t 4 

f w i  c  e n  . u C i l i a ;  o f  t i . « ,  f o u r  p r o u . ,  .» m  r *  . ; i »  o n  a ’  t  l  

« * ;  o' t h e  u t o a i ' r Q  © “ ’■ o r  o f  t h ^  e o t i c - t u  o u o . a t e a  f ,  r  

d O ) k l i r > 3  a t  t h e  f o u r  J r o a  w e  e  / i v - n  i n  - - t x e  * j j .  x  x a  

e q u a t i o n  w „  ^ f x t t e u  f ^ r  t m  a v ? r .  ^  J "  ; t  ^

3 r v . u p  a r ’s t h e  1 o e f r i ^ i ^ n t  o f  d e r t i r e a r  t i t ?  ( ^ ,  o " i  ' v  1 

e r r i  r  o f  t h e  a r t i s t e f e e  » e r v  C u t  u t e d .  x o e  v - I j i  *, _

' a * ,  * b '  n n i  ' c ' ,  t o i a c ^  o f V *  ’  n a ' o ’ o f  t r ~  c u r v e  f i t t  .

t h e  s v y r u i C a  w e r  p i v c n  i s  t ^ s L o  5 4 *

4 » 3 »  i s c i y  w e  i  » h t

f h e  d r . f c e  f o r  t b s ,  b a d j  w e i g h t  £ t h e  f o u r  3 0  i j \ ?  < ?  

d u c J t l i n p  v i z .  s a l o j ,  x X  i  f e s s i e s ,  * t  c a  i e s ' n d  \  t v ^



w ere a ls o  c o lle c te d . Th® Bean body ve i^ h t a long w ith  

standard e rro r  o f  these fou r grcutw ware g iven  m  ta b le  5 5 . 

The c o r r e la t io n  between the shank le n jt o  and body se i^ n t* 

o f  th ese fou r groups c f  b ird s  were worked out fo r  euch 

o u ck lin g  over a period o f  Ik weeks and were g iven  in  

ta b le  5 6 .  from th i*  ta b le  i t  could be in fe r re d  that th ere  

waa high  c o r r e la t io n  *etwreen the shank len gth  m l the body 

w exght. The c o r r e la t io n  c o e f f ic ie n t  rented froa  t.S375 to  

h.9112 fo r  3es± m ale, 0.8533 to  O.96 I 5  f o r  Xla-ii f e t A le ,

0 .8467  t o  0 .9 8 0 8  f o r  s a l e  a n d  0 .6 7 9 3  t o  0 . 9 9 4 0  f o r  '»* 

fem a le . s i m i l a r l y  the c o r r e l a t i o n  c o e f f i c i e n t  b e t w e e n  the 

m e a n  b o d y  w e i g h t  a n d  B e a n  a h a n k  length  o v e r  a  r c r i o d  o f  12 

w e e k s  w e r e  w o rk e d  o u t  f o r  e a c h  g r o u p  and w as p r e s e n t e d  in  

t a b l e  5 7 .  T h i s  ta b le  a l s o  s h o w e d  high o r d e r  c o r r e l a t i o n  

between s h a n k  l e n g t h  a n d  b o d y  w e i g h t  w i t n  a v ? lac O. & 7 7 5  

f o r  D e a l  s a l e 3 &.9072  f o r  D u e l  f e m a l e s ,  C .8973  f o r  3e u i  

d u c k l i n g  w i t h o u t  c o n s i d e r i n g  sex , 0 .9 3 6 7  f o r  i  B a l e s ,  

C.g166 f o r  ¥£ fem ales e n d  0.3269 f o r  W  d u c k l i n g  without 

c o n s i d e r i n g  sex .

4.4* fu n c tion a l r e la t io n s  to  p red ic t bouy weight from
ahank length

She lin e a r  equation  o f  the form y  *  a + bx was used to  

p re d ic t  the body weight ; fr o c  ahank len g th  i i i  o f  each 

d u ck lin g . The values o f  the c o e f f ic ie n t s  end 'b '  o f  yea
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* a l * a  and Deal fe a a le s  were presented In  t s o le  58 and tha t 

o f  e,3? s a le s  and fcj fe *a ls 3  wore presented i s  ta b le  59•

Shis equation  waa a lao  f i t t e d  to  p red ic t  average body jseigntc 

( y j  o f  each group f r o *  average shank len g th  ( s ,  and the 

va lu es  o f  the parameters *a* £sd ’ o ' were g iv en  xn tab lo  60.

ftae expected tody weight fo r  ea a ; du ck lin g  o f  tne fou r 

groups were computed teroagh  th ia l in e a r  r e la t io n s h ip  and 

square o f  th e  c o r r e la t io n  c o e f f ic ie n t  tr^> (c o e f f i c ie n t  c f  

d e te ra in a t ic n ; between observed aid expected bod/ w e ijs to  weie 

computed fo r  eacn du ck lin g  and were g iv en  in  t a i l #  61. Ihe 

standard e r ro r  o f  the estim ate wore ilc o  worked out fo r  e r ch

du ck lln  i s  each group end were presented in  tab le 52.  Ihe
\ *

va lu es  o f  r  and 's  ’were a lao computed fo r  the averages c f  

each group and presented in  ta b le  SO.

Ihe exponen tia l equation  waa a ls o  f i t t e d  fo r  p r e d ic t in ; 

the oody w eigh ts oy using shank len gth  over a period o f  

12 weeks f o r  each duck ling o f  the fou r grouc3. Ihe p&rcEotera 

'a *  end *b* o f  th is  equation  fo r  each d u ek lin  ; o f  bas i asa.Lo:? 

and f c s i  XeBalea were g iv en  in  ta b le  65 ana that o f  t f  Halos 

end irk fo a a le s  were g iv en  i s  t s » l e  64. Ib is  equation  was uxeo 

us*S f o r  p red ic t in g  average bsdy w eigh t o f  eaoa group from 

average ahank length  and the square o f  the c o rr e la t io n  

c o e f f i c i e n t  ( r  )  ( c o e f f i c ie n t  o f  d eterm in a tion ; end otandsrd 

e r ro r  o f  the estim ate were worked out fo r  e^ch group. ln «



50

i , i
Tuluea o f  folS U-"-' tv ■*’ j  j ,4  ’ u' rd to<- v . L  j  f  r

tne estiva*, ts. j  wr * a _rr _,ea »t re  u >ed f_ r  r-j.* 1

ct .y weight were t.;ivea i  tftuc ! 1.  ̂ h i jt c . f  e l i t i  .n

■ t-erv*& ~Lt»*e*n th «■ s/ij sc t v  i n r i  the v s t.w ^  , i  . <, 

a -  valie,* ax' ' r * '  rfhtf *-^r^ue^t-a „ a r ? w ^ j  x i JVr rt _vt 

i r  bo<y we 1 *• t o f  o * :1* * ukx:?! ^  f; ur -r^ups re jv- j

tab le £7. The r *■ c t i v - ot nd^rd t .  ^ur o *■ tc eo C l,.’ ti. :

e - e'i duct-lin j ver„, or1 ed out t ~ \re ont^d i f  t u f ‘ j .

4 .5 .  ,a&{. *  ̂ ■•-(’■ th '- i

Tiis, jr jt t ta  jk r a s t e r  'o ' as rx s-fire* u j  Ai. O.,- t

>ti &nk lffrjjte voj u t i , teJ fur ere.i ucklin j over a erl< ol 

12 weeks fo r  fci.o four groups v i^ . .e^ i sa les , xu 2f ,

scales, it*. feai.ie-J ana we^e ie jected  in t~oie U j. ike ar ] „ j i  

iu  covan  tf.oe c f  thuSf. * b* values uj  t klr ir.Ifci 1 * "n 

lun^ta «jf tee rorrespundlnj duokim a us concuaxt nt \r u  u t  

* i «  attempted f i r s t .  j J  i t  was i f  us' that tn/> re »•« J i n 

c o e ff ic ie n t  was net cer.t. senc.- tV  an , i  j

v*ri< ic e  o f  *b’ values to find out tee uafcvet.r. -r^ui < < t f

were worked Out n tne oask  uf tnfeuc 1 b 1 Jt-ut * ** «t. <

- lv -r  in  , ru ’ tl by.

4 .6 .  J y  rhoct ' R a sr^ ic .rtn ti.r ,

a th e  k/r p e r t  z  and 1c ; ia t x c  ,;ro *  "ti. f* e f o.iE t*

b e  the ce tjt  f i t  tc t*~e 1 a ,  t *  o*-rv c s „r*e m *n  fu t 

a ve  e je  J t < 1’ 3h<jal 1 ’D jth  f  i  ’ r c a i e  j ,  v in  tne
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expected  ys lu e  on the y -fix la  and age on x -a x is .  Ih* 

observed vo la es  were a la o  p lo tted  a ga in s t age ’on x -ax ia  

f o r  each group, fo r  the sake o f  comparison the two carve* 

i e .  l o g i s t i c  and dospartz o f  each group were drawn on the 

same graph a lon g  w ith  the observed v a lu e , fhe curvea drawn 

f o r  the s ix  groups v i z .  2e3i n a le o , Desi fem alea, Wi males,

VI fe * a le a »  Desi du ck lin g  ir r e s p e c t iv e -  o f  oes and t., d u c k lin g  

ir r e s p e c t iv e  o f  sex were presented in  f i g . 1 ,  2 ,  3* t ,  5 

and 6 r e s p e c t iv e ly .
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Fig.2 GOMPERTZ. &  LOGISTIC CURVES FITTED TO DESI FEMALES
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Tab le  1. Mean and standard e r r o r o f  shank len g th  ( in mm) upto th e  f i r s t  seven days

Groups

WP male WP fem ale D es i male Deal fem ale WP ducks 
w ith ou t 
co n s id e 
r in g  sex

D es i ducks 
w ithou t 
c o n s id e r in g  
sex

22.65+0.1323 22.75±0.1946 23.04+0.1774 23.10+0.1893 22.70± 0 .1 167 23 .08 i0 .1356

22.85±0.1202 22.83^0.1624 22.89±0.1672 23.26^0.1531 22 . 86j;0.1001 2 3 .1 3 i0 .1 172

23.08±0.1292 23.27+0.1865 23-25±0.1636 23.52+0.1719 23.17i0 .1131 23.42iO .1253

2 3 . 2 1 ± 0 . 1 1 1 5 23.44^0.1867 2 3 .2 9 ± 0 .18 6 9 23-64±0.1595 23 *3 3 iO .1089 23 .51 i0 .1239

23.25± 0.1233 23.75±0.2005 23.75±0.2013 23*98^0.1645 2 3 *5 5 i0 .1 199 23.90iC .1275

23.69+0.1470 24.02^0.2084 2 4 .1 1 ± 0 .1829 24.48^0.1791 23 .86 i0 .1283 24.35iO .1339

23-73±0.1499 24*21^0.2256 24.61±0.2295 24.90+0.2255 23.97iO .1382 24.79 i0 .1630

0 1
QO
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Table 2. Mean and standard e r ro r  o f  shank length  ( in  mm) a t weekly in te r v a ls

Groups
VC male WP fem ale D esi male D esi female

22.65±0.1323 22.75±0.1946 23.04+0.1774 23.10iO.1893

23.73±0.1499 24-21^0.2256 2 4 .61+0.2295 24.90i0.2255

27.10±0.3552 28.69±0.5936 30.43i0.6064 31.18i0.4949

31.62± 0.6929 35-08,±0.8388 35.96iO.7290 37.88iO.77lO

36.58± 1.0083 41.02^1.2492 43-68i 1 .2004 45.02± 1 .1148

40.83±1.1780 45.94±1.4492 53.18± 1.2275 52 .3 6 i1 .0895

44.67±1 .2378 49.92^1.4068 54.36± 1.2699 55.30+0.9802

48.46+1.3728 54.52^1.3169 56 .3 9 i1 .1532 57.46i0.7847

51.21+1.2941 56.11± 1.1729 58.1 &fc1 .0581 58.22± 0.6947

53.90^1.0806 57.21±0.9508 58.68+0.9252 58.72iO.5531

55-25±1.0289 58.08^0.9920 59.61i0.8819 59.38i0.5592

56.65±1-0014 59-08^0.7374 59.89i0.7917 59.68i0.5211

58.29±0.9592 59.73±0.9815 60.61i0.6249 6O.O6iO .5052

c_n
OD



Table 3. Analysis o f  va rian ce  t o r  i n i t i a l  shank length  between the fou r groups

Gourde BP J i  K3 J?

Be twee 31 jrrupa 3 3*2930 1*0977 1.51 SG

within group* 87 63.2422 0.7269 '

iso in d ica te s  Uon a ign ifica n a e

iY V

CO
o



fa b le  4 . A n a ly jl3  o f  va r ia n ce  fo r  the fou rth  week shank len g th  between 
the fou r groups

.Source D¥ OB tu JP

Between jroups 3 1007.063 

W ithin groups 87 2683*125

355.6875

30,8405

10.88 * *

* *  In d ica tes  s ig n if ic a n c e  a t  1,. l e v e l

oB m atrix fo r  cospariaon between group means

B es i male Beal fem ale \ f  sn&te t l fem ale Keuna

De3i au la 

D®iii fem ale 

» male 

VV fem ale

5.6835 3.6580 3.6580 43.6786

3.0909 3.0909 45-0200

3.0605 36.5769

41.0192



Table 5• Analysis o f variance o f eighth weak shan . length

Oouro© DC Id Xo S

between group* 3 7 7 2 . 3 1 2 5  

Within group* 87 2476.0940

257.4375

28.4609

9. 04 * *

* *  In d ica tes  s ig n if ic a n c e  a t 1j» l e v e l

CD m atrix fo r  comparison between group reane

B es i s a le  Ee^i fo ira le VI male »P  Xesaale Means

Deni male 3.5385 

Desi fem ale 

WP r a le  

8P fem ale

3.5140

2.9693

3.5140

2.9693

2 . 9 4 0 0

58.1786

58.2200

51.2115

56.1154



2&bl« 6. A n a lg ia  o f variance o f tw elfth  voelr shank length

Source m S3 MS P

Batween groups 3 64.2427 21.4479 1.52 BJ

Within /jroupa 37 1226.3690 14.1031

JU Indicated Hon *3 a^nific&ne#

CO
C O
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Table 7. Parameters o f the linear equation y = a + bx

fit te d  to the shank length data o f the individual
Besi ducklings

B ird s ___________ Des i
a

_male______
b

_______Des i_
a

fem ale_____
b

1 . 24.8791 3.2829 22.8022 3.4945

2. 28.6813 3.2582 23.1209 3.8132

3- 29.5165 3-7857 26.3626 3.0549

4. 24.7582 3.1236 33.1923 3.2692

5. 29.5824 3.4286 30.7033 3-3764

6. 25-3352 3.4313 28.0329 3.3791

7. 24.6264 2.8764 27.8956 3.4341
8. 27.2143 3.5027 23.7308 3-1538

9. 26.9341 3.4725 32.0989 3.3489
10. 27.3187 3.7418 29.8407 3.2445
11. 27.0824 3.3709 26.2582 3-0659

12. 25.4341 3.4725 28.6868 3.3407

13- 27.5769 3.5000 29.8517 3-1786

14. 28.5165 3-5165 30.6264 3.2995

15. 28.6648 3-4533
16. 30.3242 3-2857

17. 27.6374 3.1566

18. 27.0934 2.9973

19. 26.8846 3.0192

20. 25.8022 3.0907
21 . 31 -5934 3.3626
22. 26.1374 3.6^74

23. 26.2312 3.1374

24. 30.5275 3-4698

25. 27.8681 3-6951
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Table 8. Parameters o f the lin ear equation y = a+bi

f it te d  to the shank length data o f the individual
WP ducklings

B irds
WP

a
male

b
_____________WP

a
_f emale_________

b

1 . 25.0550 2.9203 29.0440 3.3324

2 . 24.9451 3.6758 27.1484 3.5907

3. 22.1539 2.1538 26.9780 3-4780

4. 21 .0275 2.8929 27.4945 3-3791

5 . 22.1264 2.8571 23.9120 5.9121

6 . 21.2088 3.5934 20.9561 2.5522

7. 21.9890 3.4121 26.9835 3.5412

8 . 22.4286 3.0055 19.4725 3.2225

9. 27.2088 3.6511 23.9670 3.6401

1 0 . 23.9451 3.9066 23.1868 3.7060

11 . 25 .2563 3-9286 22.0769 2.5962

1 2 . 22.2528 3.2335 28.1374 3.1951

13. 23.6648 3-9148 27.9835 3.4451

14. 19.6044 3.0852 21.9890 3.1236

15. 24.8956 3.2995 24.45 06 3.7005

16. 25-5879 3.7610 25.6099 3.7060

17. 19-7692 3.4038 24-4396 3.6896

18. 20.5549 2.6896 28.6868 3.4176

19. 24.0330 3.3984 24.7253 3.8022

20 . 24.1264 3-5687 20.6044 3.0852

21 . 23.3517 3-7363 28.3022 3.3214

2 2 . 20.9066 2.7143 23.1593 3.0632

23. 20.3187 2.9918 27.5109 3.5110

24. 22.0550 2.4973 19.6484 3-3984

25. 23.0275 3.4313 26.3022 3-6676

26. 20.5769 3.2500 31.3297 3.3681



Table 9* Analysis of  variance o f  tho l in e a r  growth rat® (b v a lu e )

jouroe EP 63 KB S

Batween group 3 0.5421 0.114 1.07 K3

fclthin group 87 9.2240 0.1 Ob

JL> Indicates non significance

c n
CD
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T a b le  10. The p a ra m e te rs , c o e f f i c i e n t  o f  d e te rm in a t io n  ( r  ) and stan d ard  e r r o r  o f  th e

e s t im a t e (s )  o f  

f i t t e d  f o r  th e

th e  shank le n g th  when 

a verage  shank le n g th

th e  l in e a r e q u a tio n  y = a1 + bx was

Groups a b 2r 3 P i t t e d  eq u a tion

D es i male 26 .9628 3.4116 0.8782 5.1678 y = 26.9628 + 3-4116 x

D es i fem a le 28.0811 3.3103 0.8522 5-6077 y = 28.0811 + 3.3103 x

Des 1  ducks 27.6782 3.3471 0.8621 5-4457 y = 27-6782 + 3-3471 z

WP male 22.7722 3.2680 0.9729 2.2155 y = 22.7722 + 3.2680 x

WP fem ale 25.1600 3.4008 0.9240 3.9666 y = 25.1600 + 3 .4008 X

WP ducks 23.9867 3.3286 0.9504 3.0930 y  = 23.9867 + 3.3286 x

C D
-o
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Table 11. Square o f  the c o e f f i c ie n t  o f  c o r r e la t io n  ( r  ) 

between the observed and the expected shank 
lengths o f  the fou r groups o f  b ird s  when l in e a r  
equation  was f i t t e d .

B ird s
Groups

D esi male D esi fem ale WP male WP fem ale

1 . 0.9253 0.9240 0.9502 0.9014

2 . 0 . 8 6 9 8 O. 9 4 0 9 0.9292 0.8404

3. 0.8124 0.8729 0.9589 0.8643

4- 0.8987 0.7553 0.9909 0.8546

5. 0 . 8 3 6 0 0.7939 0.9889 0.9049

6 . 0.9255 0.8563 0.9738 0.9856

7. 0.9434 0.8225 0.9650 0 . 8 4 8 8

8 . 0.8416 0.9326 0.9944 0.9716

9. 0.8749 0.7718 0.8995 O. 9 2 2 5

1 0 . 0 . 8 3 6 2 0.7874 0.9167 0.9192

1 1 0 . 9 0 0 8 0.8854 0.8742 0.9773

1 2 . 0.9015 0.8259 0.9644 0.8477

13- 0 . 8 4 6 0 0.8164 0 . 9 5 1 6 0.8086

14. 0.81C9 0.7842 0.9798 0.9655

15. 0.8506 0.9737 0,9452

16. 0.7555 0.9148 0.9060

17. 0.8562 0.9825 0.8972

18. 0.8769 0.9871 0.8604

19- 0.9237 0.9447 0.8958

20. 0.9399 0.9116 0.9873

21 . 0.7785 0.9506 0.9121

22. 0.8338 0.9721 0.9677

23. 0.8864 0.9868 O. 8 5 0 3

24. 0.7849 0.9932 0.9791

25 • 0.8355 0.9568 0.8834

26. 0.9682 O .8 OO3
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Table 12. Standard error of the estimate (a; of the 

shank length when the linear equation was 
fitted.

Birds
Groups

Besi male Des i  f  ema le WP male WP female

1 . 3.7941 4.0766 2.7181 4-4835
2. 5.1272 3.8864 4.1272 6.3659

3. 7.4006 4.7407 1 .8120 5.6052

4. 4.266? 7.5683 1 .1276 5.6700

5. 6.1774 6.9964 1.2282 5.1581

6. 3.9608 5.6295 2.3973 1.2545

7. 2.8651 6.4892 2.6427 6.0790

8. 6.1814 3.4494 0.9158 2.2413

9. 5.3399 7.4077 4.9628 4.2927
10. 6.7364 6.8582 4.7909 4.4690

11. 4-5501 4.4864 6.0629 1 .6099
12 . 4.6678 6.2391 2.5274 5.5090

13- 6.9054 6.1320 3.5913 6.8167

14. 7.0395 1.8029 2.4031

15. 6.3438 2.2043 3.6228

16. 7.6031 4.6690 4.8567

17. 5.2610 1 .8485 5.0801

18. 4.5669 1.2515 5.6006

19. 3.5282 3.3445 5.2752
20. 3.1794 4.5214 1 .4224
21 . 7.2949 3.4660 4.1942
22. 6.6044 1.8687 2.2764

23. 4-5691 1.4076 5.9917
24- 7.3887 0.8383 2.0192

25. 6 .6695 2.9652 5.4201

26. 2.3941 6.8428
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Table 13* Parameters o f  the Exponential curve y = ah2
f i t t e d  to the shank length  data o f the in d i
v id u a l d es i ducklings

B ird s
____L eg i_

a
male_

b

_____Besi_

a
fem ale__

b

1 . 25.8636 1 .0860 24.0931 1.0940

2 . 28.8594 1.0810 24.7672 1.0975

3- 29.3121 1.0902 26.8148 1.0806

4- 25.6076 1.0836 32.1809 1.0775

5- 29.4732 1.0835 30.1613 1.0821

6. 26.3847 1.0875 28.2664 1.0843

7. 25.6240 1.0780 27.7366 1 .0875

8. 27.2597 1.0894 24.7073 1.0863

9 . 27.5154 1 .0868 31 .2725 1.0801

10. 27.3330 1.0937 29.2618 1 .0817

11 . 27.6524 1.0847 26.7283 1.0810

12. 26.2864 1.0890 28.6227 1.0835

13- 27.6927 1 .0881 29.6444 1 .0788

14. 28.1437 1 .0886 30.1633 1.0805

15. 28.5328 1.0860

16. 29.5258 1.0823

17. 27.8226 1.0812

18. 27.5061 1.0781

19. 27.6668 1.0772

20. 26.8288 1.0797

21 . 30.7763 1 .0813

22 . 26.1817 1.0946

23- 26.9356 1 .0814
24. 29.8597 1.0847

25. 27.7739 1 . 0 9 2 0
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Tab le  14* Param eters o f  the E xponen tia l curve y = ab

f i t t e d  tc  the shank len g th  data o f  the in d iv id u a l 

V/P duck lings

71

B ird s a
_WP_male__ __

b a
_WP‘_ f  ©ma l e _______________

b

1 . 25.9642 1.0785 29.4158 1.0807

2. 26.1052 1.0927 26.9885 1.0923

3. 23.1270 1.0666 27.3034 1.0881

4. 22.8924 1.0822 27.6315 1.0860

5. 23.8219 1.0796 24.8911 1.1009

6. 23.3401 1.0956 22.3689 1.0770

7. 23.7835 1.0916 27.1121 1.0903

8. 24-1983 1 .0818 21.8636 1o0907

9. 27.8363 1.0894 2 5  .2001 1.0941

10. 25.2138 1.0990 24.6865 1.0959

11 . 2 5 . 9 0 1 3 1.0991 23.4064 1 .0758

12. 23.7945 1.0886 28.2343 1.0812

13. 25-5833 1.0964 27.8062 1.0875

14. 21 .6571 1.0895 23.5912 1.0865

15. 26.3640 1.0836 25-9577 1.0925

16. 26.5622 1.0936 26.5877 1.0924

17- 22.2477 1 .0935 25.4021 1.0952

18. 22.3963 1 - 0786 28.9364 1.0835

19. 25 .3029 1.0889 25.5807 1.0972

20. 25.1353 1.0935 22.8844 1.0851

2 1  . 24.9335 1.0957 28.9582 1 .0307

22. 22.8384 1.0776 24.6976 1.0825

23. 22.2901 1.0858 27.6605 1.0883

24. 23.5512 1.0723 22.1460 1 .0936

25. 24.4252 1.0916 26.8232 1.0924

26. 22.3768 1 . 0 9 2 1 30.7995 1,0807
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Table 15. The param eters , c o e f f i c ie n t  o f  d e te rm in a tio n  ( r  ) and standard e r r o r  o f

th e  es t im a te  ( s )  o f  the shank le n g th  when the e x p o n e n t ia l equ ation  y  = abx 

was f i t t e d  f o r  the average shank len g th

Groups a b r 2 s P i t t e a  equ ation

D e s i male 27.5986 1 .0864 0 . 8 8 4 8 7.3981 y = 27.3986 x (1 .0864 >X

D esi fem ale 28.1867 1 .0835 0.8679 7.7599 y = 28.1867 x (1 .0835 )X

D esi ducks 27.9025 1.0846 0.8743 7.6276 y = 27.9025 x ( 1 . 0 8 4 6 ; x

WP male 24.3492 1 . 0 8 7 8 0.9581 4 . 1 2 2 9 y = 24.3492 x ( 1 . 0 8 7 8 ) x

WP fem ale 26.1035 1.0876 0.9169 6  . 1 6 1 5 y = 26.1035 x ( 1 . 0 8 7 6 ) x

WP ducks 2 5 . 2 4 2 3 1.0878 0.9380 5.1559 y = 25.2423 x ( 1  . 0 8 7 8 ; x



Table 16. Ana l^Dia o f  variance fo r  'b ' v e lu e j (.growth ra te  J o f  the fou r 
groups when exponen tic l equation wao f i t t e d

Jcurce BF 3a W  F

Between group 3 . 00029 . 000097 2.24 S3

Within group 8? .0037 .000043

S3 Indieutea bon s ign ific an ce



Tab le 17- The square o f  the c o e f f i c i e n t  o f  c o r r e la t io n  ( r  j 
between the observed and th e  expected shank 
len g th  when the E x p on en tia l equ ation  was f i t t e d .

742

B ird s
Groups

D esi male D esi fem ale WP male WP fem ale

1 . 0 . 8 5 1 2 0.8425 0 . 8 9 2 2 0.8192

2  . 0.7782 0.8617 0.8429 0.7289

3- 0.7010 0.7855 0.9241 0.7621

4. 0.8202 0.6509 0.9753 0.7550

5 . 0.7328 0.6844 0.9649 0 . 8 0 5 6

6 . 0.8459 0.7582 0.9276 0.9565

7 . 0.8828 0.7129 0 . 9 0 8 8 0.7424

8 . 0.7340 0.8564 0.9684 0.9564

9. 0.7809 0 . 6 6 5 8 0.8080 0.8548

1 0 . 0.7214 0.6808 0 . 8 2 4 0 0 . 8 3 6 1

1 1 . 0 . 8 1 5 1 0.7972 0.7717 0.9415

1 2 . 0.8155 0.7222 0.9054 0.7501

13. 0.7415 0.7177 0.8829 0 . 6 9 8 6

14. 0.6999 0.6808 0.9536 G.9161

15. 0.7261 0.9258 0.8711

16. 0 . 6 4 6  4 0.8265 0.8179

17. 0.7642 0 . 9 6 1 0 0.7996

18. 0.7905 0.9853 0.7683

19- 0 .85 1 5 0 . 8 7 1 6 0.7966

2 0 . 0.8768 0.8205 0.9852

2 1  . 0.6728 0.8755 0.8323

2 2 . 0.7192 0.9778 0 . 9 2 0 2

23. 0.8018 0.9658 0.7455

24. 0.6757 0.9857 0.9577
25. 0.7258 0 . 8 8 8 5 0.7843
26 . 0 . 9 1 5 8 0.6952



/o
T ab le  18. Standard e rro r  o f  the estim ate  (s )  o f  th e  shank 

len g th  when the Exponentia l equation  was f i t t e d

B i r d 8  -------------------------------------------
D esi male Desi fem ale WP male WP fem ale

1 . 5.7066 6.2681 4.2586 6.5227

2. 7.1629 6.3841 6.6304 9.0394

3 . 10.0645 6.5231 2.5241 7.9744

4- 5.9944 9.6755 2.0117 7.9394

5. 8.4620 9.2921 2.2827 8.0431

6. 6.0835 7.8069 4.2325 2.2765

7. 4-3455 8.8823 4.5223 8.5630

8. 8.6377 5.3819 2.3109 2.8297

9. 7.5344 9.6440 7.4082 6.7246

10. 9.5266 9.0065 7.5270 6.7675

11 . 6.7031 6.3456 8.8535 2.6864

12. 6.8700 8.4219 4-3796 7.5237

13- 8.4618 8.0909 5.9610 9.1732

14. 9.4027 9.1191 2.8375 3-9428

15- 8.6763 3.9484 5.9532

16. 9.7844 7.2020 7.2554

17. 7.1767 £•8599 7.6286

18. 6.3066 1.4487 7.7001

19- 5.2049 5-4526 7.9862

20. 4 .8104 6.9295 1.5730

21. 9.5338 5.9307 6.1819

22. 9.3044 1.6711 3.7497

23- 6.3772 2.3583 8.4084

24- 9.7656 1.3463 2.9638

25. 9.3385 5.1385 7.9752

26. 4.1238 9.0659



Sable 19• 3Kib jmrayetera o f the Modified exponential.
*F

c u rr *  y «  k f  8b f i t t e d  to  the da ta  o f  shsr.k 
len g th  o f  the ind Svxdanl ^©31 d u ck lin  ti

Bird 3 k a b

1 62.6320 -4 7 .-5 1 ? 0.8146

2 62.8750 -47.0122 0.7598

3 66.8162 -5 S .5770 0.6bb2

4 5 9 .4 ^ 7 -45.2424 t .7921

5 64.0651 -51.7338 0.7159

6 07.4122 -51.8285 - . 8 3 4 4

7 65*4694 -45.5626 -.8795

a 6?.3566 -52.7750 0.7157

9 64.9828 -30.9965 0.7797

10 65.1784 -56.3087 0.720?

11 65*2500 -46.5251 -.3034

12 64.3762 - 5 O.IOO9 0.7969

13 63.4009 -51.9926 '••7354

14 61.764' -56 .0377 C.6476
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Table 20. The parameters of the Modified Exponential

curve y = k + abx fitted to the data of shank
length of the individual Desi female ducklings

Birds k a b

1 . 68.1039 -53.3894 0.8511

2. 82.0565 -65.6425 0.8897

3- 58.5339 -43-9432 0.7633

4. 63.3318 -55.9274 0.5925

5. 63.8521 -52.5828 0.6862

6. 62.1009 -49.4627 0.7287

7. 62.2269 -51.4140 0.7133

8. 61.2813 -45-7426 0.8265

9. 63.1933 -56.3064 0.6067

10. 60.6669 -52.4327 0.6452

11 . 61.4286 -45.0590 0.8034

12. 62.1853 -50.3728 0.7134

13. 60.4927 -49.6868 0.6713

14. 61.7691 -54.7441 0.6296

15. 62.0125 -52.8143 0.6815

16. 60.4306 -59-4351 0.5623

17. 58.9990 -46.2603 0.7178

18. 59-7908 -43-3116 0.7809

19. 65.8172 -45.9173 0.8498

20. 81 .1960 -59.0388 0.9152

21 . 62.8614 -56.1727 0.6119

22. 62.1258 -54.8862 0.7046

23. 60.5601 -45.3426 0.7821

24. 62.9273 -57.8864 0.6169

25. 63*4898 -56.4385 0.6814



Table 21. Parameters of the Modified exponential curve
y = k + ab fitted  to the data o f shank length
of the individual WP male ducklings

Birds k a b

1. 66.8560 -45.7918 0.8850

2 . 75.8402 -58.4709 0.8675

5. 271.7917 -250.7355 0.9901

4. 410.1250 -388.5805 0.9921

5. 145.1513 -126.8053 0.9628

6. 117.7228 -98.6589 0.9525

7. 247.5208 -226.0196 0.9851

8. 65.8403 -51.1861 0.7747

9. 71 .7969 -57.9418 0.8340

10. 65.0350 -57-9885 0.7315

11 . 92.7258 -74.1660 0.9336

12. 94-4167 -75.8300 0 .9 H 7

13- 304.6500 -286.0099 0.9880

14. 76.2944 -55.4345 0 . 9 0 0 1

15. 68.6574 -54.7831 0.8077

16. -50.2361 70.6764 1.0407 |

17. -53.7841 74.6693 1.0317

18. 73-1066 -55.4835 0.8777

19. 68.1605 -53.3723 0.8347

20. 87.2892 -69.5821 0.9065

21 . 9.8428 13.6004 1.1108

22. -163.2708 183-7256 1.0154
23. -169.2813 191.4348 1 . 0 1 2 4

24- 71.3938 -54.2203 0.8771

25. 123.7829 -105.8806 0.9589
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Table 22. Parameters of the Modified exponential curve

y = k + abx fitted  to the data of shank length
of the Individual VP female ducklings

B irds k a b

1 . 70.7516 -49-5398 0.8422

2. 62.1495 -53.7359 0.6975

3. 64.6250 -51.1909 0.7708

4. 62.3983 -49.4901 0.7440

5. 66.4803 -55.5130 0.7871

6. 949-0000 -928.5561 0.9971

7. 62.9349 -53-0483 0.7256

8. -16.4074 37.1193 1 .0652

9- 78.5556 -61.3620 0.8833

10. 82.9354 -66.2775 0.8951

11. 60.6454 -47.3852 0.7296

12. 62.1989 -52.7459 0.7009

13. 140.0089 -119.7247 0.9657

14- 79.1806 -61.3620 0.8833

15- 65.0884 -52.8046 0.7743

16. 69.6077 -55.1331 0.8301

17- 64.1060 -49.3370 0.7525

18. 66.7959 -54.5751 0.7922

19- -4.3542 26.7823 1.0785

20. 66.5785 -48.3166 0.8099

21. 96.2450 -75.9535 0.9422

22. 63.9832 -51-6944 0.7457

23. -18.2285 39.0783 1.0657

24. 64*4084 -52.5198 0.7569

25. 63.2626 -53.4095 0.6510



2
Sable 23* She parameters, coefficient of determination (r  ) and standard er 

of estimate (s ) of the shank length when the Modified exponential 
y =* k + abx was fitted  to the average shank length

roups k a b r2 3 Fitted equa

esi male 6 2 . 9 7 6 7 - 4 9 - 5 5 9 2 0 . 7 6 1 2 0 . 9 4 3 2 3 . 8 0 3 7 y  = 6 2 . 9 7 6 7 - 4 9 .
esi female 61 .4871 - 4 8 . 8 9 9 6 0 . 7 2 6 0 0 . 9 3 4 4 4-0959 y  = 6 1 . 4 8 7 1 - 4 8 .
esi ducks 6 1 . 9 7 2 3 - 4 9 - 0 5 5 7 0 . 739 1 0 . 938 1 3-9761 y * 6 1 . 9 7 2 3 - 4 9 .
P male 8 2 .7 1 1 4 - 6 3 . 8 7 4 1 0 . 9 1 7 9 0 . 9 8 6 4 1 .5 66 7 y  = 8 2 . 7 1 1 4 - 6 3 .
F female 6 6 . 8 0 0 4 - 5 0 . 2 9 6 7 0 . 8 3 4 5 0 . 9 7 1 2 2 . 5 1 9 0 y  = 6 6 . 8 0 0 4 - 5 0 .
F ducks 71 .0621 - 5 3 . 2 8 0 8 0 . 8 7 4 8 0 .9801 1 .9855 y  = 71 . 0 6 2 1 - 5 3 .



Sabi® 24. Analysis o f variance o f ’ to’ vaiuoo (jro w th  paynmetera j o f the four 
grcupa wnen the oca i f l e d  e ip e r te n t ia l cu rve we j  f i t t e d

oource DP P

Between group 3 

w ith in  ~roup 85

0.5647

0.8373

C.1949

0.0099

19.78**

* * In d ic a te s  a i  rr u f ic f  rsce at 1/J l e v e l

CD n a t r ix  f o r  ooapariaon between group means

D esi scale ueoi festal® >1*P male #fi feisn I t Reans

Desi ciale 0 . 

Dc3i fem ale 

VP scale 

ki fe:.:r» ie

065 03 0.06p83 0.06583 

0.U5578 0.C5578 

0.05578

0.7629

0 . 7 2 1 0

0.9274

3.0355



Table 25. Square of the correlation coefficient (r  ) 
between the observed and the expected shank 
length when the modified exponential curve 
was fit ted .

Birds
Desi male

_______ Groups___________
Desi female VP male VP female

1. 0.9507 0.9527 0.9820 0.9808

2. 0.9603 0.9701 0.9785 0.9268

3. 0.8908 0.9297 0.9706 0.9474

4- 0.9200 0.8814 0.9904 0.9423

5. 0.9370 0.9294 0.9809 0.9419

6. 0.9632 0.9269 0.9808 0.9921

7. 0.9730 0.9217 0.9686 0.9221

8. 0.9 2 10 0.9649 0.9538 0.9753

9. 0.9334 0.8884 0.9525 0.9727

10. 0.9204 0.8980 0.8954 0.9572

11. 0.9691 0.9618 0.9854 0.9336

12. 0.9411 0.9193 0.9727 0.8989

13. 0.9272 0.9030 0.9807 0.9864

14. 0.8849 0.8554 0.9867 0.9722

15. 0.9063 0.9544 0.9268

16. 0.8117 0.9819 0.9553

17. 0.9212 0.9875 0.9305

18. 0.9510 0.9772 0.9434

19. 0.9760 0.9600 0.9943
20. 0 9747 0.9791 0.9709
21 . 0.8904 0.9660 0.9793
22. 0.9031 0.9857 0.9359

23. 0.9324 0.9919 0.9852

24. 0.8711 0.9787 0.9382

25. 0.8926 0.9816 0.9125



Table 26. Standard error of the estimate of the shank
length when the modified exponential curve vas
fitted

Birds ----------------------------2S2SK
Desi male Desi female WP male WP female

1. 3.1874 3.2884 1 .5857 1 .5857

2. 3.0283 2.8125 2.3209 2.3209

3. 6.4780 3.7221 1.5294 1.5294

4. 3*9953 6.3460 1.0942 4.2103

5. 4.2864 4.6152 2 .0703 0.8996

6. 2.8682 4-3526 1.9471 4.8443

7. 1.9404 4.6883 0.6739 2.0138

8. 4.8704 2.5603 3.4942 2.5834

9. 4.1660 6.2227 3.7125 3.3087
10. 5.1881 5.53H 4.1046 3.9842

11. 2.6424 2.7260 1-6399 5.4726

12. 3.7894 4.6731 2.6891 1.7819

15. 4.5627 5.1098 1.7012 2.6083

14- 6.2653 6.8274 1.5027 4.5417

15. 5.3232 3.6316 3.4511
16. 8.3977 1.8013 4.1836

17- 4.2394 1.1835 4.0546

18. 3.0250 2.1906 0.8983

19. 2.0433 3.1358 2.5522

20. 6.1652 2.2835 1.8047
21. 5-5846 1,8816 4.2311
22. 3.7154 1.3877 1.6559
23. 6.8489 0.8602 4.2047
24- 5.9130 2.0661 5.2368

25 1.8252
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b** a b l«  27. I arametarJ s f  the Jcmpertie curva y •  ka
fitted  bo the dfit^ o f jhark length o f tin* 

iadividaai Oesi max* ducklings.

Bird a k a b

1 60.3832 0.3049 0.7488

2 61.79^4 0.3130 0.6994

3 66.2974 0.2375 vj. 6 f 81

4 58.0318 C.3C56 ^.7530

5 63.3917 0.2611 3.6573

6 64.3347 0.2991 0.7675

7 6 1.2 4 0 1 C.3446 0.8202

8 61.6601 0.2564 0.6551

9 63.5007 0.2859 0.7168

10 64.3827 O.2 4 I 9 0.6581

11 63.2389 0.3005 0.7382

12 62.5802 C.2L61 0.7335

13 62.5640 0 . 2 6 8 9 C.673Q

U 61.4708 O.2366 *-’•594'-'
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Table 28. Parameters of the Gomperta curve y = ka
fitted to the data of shank length ofthe
individual Deal female ducklings

Birds k a b

1 . 64.2417 0.2732 0.7824
2. 73.1318 0.2561 0.8122

3. 57.6650 0.3162 0.7092

4. 63.2104 0.2604 0.5461

5. 63.3779 0.2749 0.6298

6. 61.4438 0.2891 0.6741
7. 61.6339 0.2675 0.6562
8. 58.7454 0.3066 0.7607

9. 63*0538 0.2557 0.5608

10. 60.4303 0.2626 0.5956
11. 59.6986 0.3187 0.7417
12. 61.6314 0.2822 0.6592

13. 60.1719 0.2864 0.6208

14. 61.5758 0.2573 0.5815
15. 61.5961 0.2620 0.6267
16. 60.3565 0.2215 0.5193
17. 58.4600 0.3007 0.6656
1 8. 58.7046 0.3317 0.7262

19- 62.6300 0.3440 0.7875
20. 70.6059 0.3224 0.8474
21 . 62.6740 0.2505 0.5612
22, 51.5686 0.2367 0.6469
23- 59.4091 0.3151 0.7267
24. 62.7340 0.2373 0.5664
25. 63.0085 0.2374 0.6225
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Table 29. The parameters o f the Gompertz curve y = ka
fitted  to the data o f shank length of
the individual WP male ducklings.

Birds k a b

1. 61.1972 0.3527 0.8168

2. 69.9264 0.2788 0.7925

3. 85.7565 0.2487 0.9265

4. 106.1308 0.1986 0.9254

5. 97.0098 0.2257 0.9189

6. 85.0881 0.2272 0.8721

7. 81.6768 0.2452 0.8720

8. 90.1140 0.2425 0.9066

9. 64*4007 0.2879 0.7110

10. 68.1106 0.2551 0.7606

11. 63.9939 0.2253 0.6642

12. 72.5606 0.2705 0.8531

13. 80.0478 0.2549 0.8381

14. 93.0005 0.2075 0.9078

15. 67.81105 0.3223 0.8296

16. 65.9237 0.2676 0.7335

17- 317.9074 0.0657 0.9567

18. 192.0440 0.1100 0.9543

19. 66.7848 0.2913 ’ 0.8046

20. 64.8324 0.2700 0.7640
21 . 74.3159 0.2601 0.8237
22. 4.7715 4.9054 1.0383
23. 143.2568 0.1453 0.9396

24. 114-6839 0.1942 0.8033
25. 65.1767 0.2898 0.7442
26. 80.0722 0.2356 0.8771



toTable 30. The parameters of the Gompertz curve y = ka
fitted  to the shank length data of the individual
WP female ducklings

B ird s k a b

1 . 67.1462 0.3337 0.7723

2. 61.5631 0.2445 0.6357

3. 63.2266 0.2788 0.7059

4. 61.4728 0.2835 0.6831

5. 64.4307 0.2435 0.7156

6. 98.0009 0 . 2 1 1 5 0.9272

7. 62.0988 0.2552 0.6624

8. 21479.64 0.00098 0.9856

9. 71.0567 0.2697 0.8079

10. 73.7797 0.2559 0.8204

11. 103.48 0.2084 0.9280

12. 59-9613 0.2981 0.6734

13. 61.6777 0.2590 0.6451

14. 85.2252 0.2447 0.8933

15. 71.6340 0.2776 0.8086

16. 63.6272 9.2695 0.7106

17. 66.5336 0.2670 0.7612

18. 63.0561 0.2980 0.6960

19. 64.8522 0.2565 0.7241

20. 335212.3 0.000067 0.9907

21 . 64.3143 0.3234 0.7439

22. 75 • 1125 0.2823 0.8723

23. 63-0028 0.2732 0.6842

24. 2230.698 0 . 0 0 9 5 0.9769

25. 63.1913 0.2654 0.6920

26. 62.9954 0.2723 0.6002
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Sable 51. Aaaljrula o f variance o f  'a  * ra lu ea  (growth r a te ;  c f  the four 

groups «hcn the GQEjwrt* equation was f i t t e d

Source 2F HJ hJ F

He tween group 5 0.2154 0.105 1 0.38

Within group 87 2 3 . 9 4 1 3  0.2752

Hv Ind ioa tea  Hon s ig n ific a n ce

00
00
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Table 32. The parameters, coefficient of determination (r  ) standard error of the 

estimate (s )  of shank length when the Gompertz curve y = RabX was 
fitted to the average shank length

ips k a b r2 s Fitted equations

L male 61 .8298 0.2871 0.6997 0.9711 2.5663 y = 61.8298 x (0.2871)(°'6997l

L female 60.8011 0.2887 0.6690 0.9680 2.6772 y = 60.8011 x (0.2887)^0"6690^

I ducks 61.1420 0.2885 0.6805 0.9694 2.6261 y = 61.1420 x (0.2885)(0 ' 6605^

Dale 69.6167 0.2872 0.8427 0.9918 1.1947 y = 69.6167 x (0.2872)( 0,e427)

female 63.6909 0.2981 0.7656 0.9850 1.7671 y = 63.6909 x (0.2981 ) ( ° -7656)'

lucks 65.2615 0.2991 0.8029 0.9891 1.4412 y = 65*2615 x (0.2991)(°>8029)

c»
a
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Table 3 3 . Square of the correlation coefficient (r  ) 
between the observed and the expected shank 
length of the four groups when the Gompertz 
curve was fitted.

Birds Desi male Desi female VP male VP female

1 . 0 . 9 6 9 7 0 . 9 7 0 4 0 . 9 8 3 7 0 . 9 8 3 0
2 . 0 . 9 7 9 6 0 . 9 8 2 0 0 . 9 8 8 3 0 . 9 6 8 4
3 . 0 . 9 4 0 3 0 . 9 5 9 5 0 . 9 7 2 3 0 . 9 7 3 9
4 . 0 . 9 4 9 2 0 . 9 4 3 8 0.9910 0 . 9 7 1 6
5 . 0 . 9 7 0 0 0 . 9 6 6 4 0 . 9 9 1 8 0 . 9 7 0 3
6 . 0 . 9 7 8 9 0 .9 62 2 0 . 9 84 2 0 . 9 9 3 2
7 . 0 . 9 7 9 2 0 . 9 6 1 4 0 . 9 85 7 0 . 9 6 1 6
8 . 0 . 9 6 1 6 0 . 9 7 9 6 0 . 9 9 7 2 0 .9741
9 . 0 . 9 6 1 8 0 . 9 4 7 6 0 .9771 0 . 9 8 2 4

1C. 0 . 9 62 5 0 .9501 0 . 9 7 3 7 0 . 9 7 0 2
11. 0 . 9 8 3 4 0 . 9 7 8 7 0 . 9 3 9 7 0 .9881
12 . 0 . 9 6 6 8 0 . 9 5 9 0 0 . 9 8 9 8 O.9666

13- 0 . 9 6 3 4 0 . 9 49 6 0 . 9 81 6 0 . 9 4 6 5
14 . 0 .9451 0 . 9 2 2 8 0 .9841 0 . 9 8 2 2
15- 0 . 9 5 4 4 0 .9911 0 . 9 8 2 8
16 . 0 . 9 0 0 3 0 . 9 7 4 3 0 . 9 5 8 4
1 7 . 0 . 9 5 6 7 0 . 9 8 2 3 0 . 9 7 5 0
18 . 0 .9 72 6 0 . 9 8 8 4 0 . 9 5 7 3
19 . 0 .9851 0 . 9 86 6 0 . 9 6 9 3
2 0 . 0 .9771 0 . 9 7 7 4 0 . 9 9 4 4
21 . 0 . 9 4 7 7 0 . 986 2 0 . 9 8 4 0
22 . 0 . 9 5 2 8 0 . 9 6 2 8 O.9846

23 . 0 . 9 6 0 3 0 . 9 8 6 8 0 . 9 6 7 8
2 4 . 0 .9365 0.9921 0 . 9 8 4 8
2 5 . 0 . 9 5 1 8 0 . 9 8 7 3 0 . 9 6 9 3
26 . 0 . 9 8 6 3 0 . 9 5 9 9
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Table 34. Standard error of the estimate (s ) o f the
shank length of the four groups when the
gompertz curve was f itted .

Birds Desi male Desi female WP male WP female

1 . 2 . 4 0 4 7 2 . 5 4 0 5 1 . 511 9 1 .8689
2 . 2 . 0 6 3 7 2 .1441 1 .6 8 2 0 2 .9061
3- 4 . 3 5 0 9 2 . 7 0 2 8 1 . 4 82 4 2 . 5 2 0 9
4- 3 . 0 5 2 9 3 . 8 3 4 6 1 .0 5 77 2 . 5 5 9 9
5 . 2 . 7 3 9 6 2 . 9 3 2 6 1 .0 12 8 2 . 8 75 6
6 . 2 . 1 1 2 5 2 . 9 4 0 0 1 . 856 9 0 . 8 3 8 7
7 . 1 .6963 3 . 1 0 2 9 1 .667 6 3 . 1 6 2 7
8 . 3 . 1 4 2 3 2 . 1 1 3 6 0 . 6 23 7 2 . 0 6 8 9
9 . 3 . 0 0 7 6 3 -7 3 84 2 . 366 5 2 . 0 5 1 4

10 . 3 . 3 2 1 3 3 . 4 7 5 8 2 . 6 9 1 3 2 .7261
11. 1 . 8 7 5 9 1 .9 68 6 4 .2885 1 . 1 49 0
12 . 2 . 7 3 4 9 3 .1161 1 .3521 . 2 . 6 5 4 9
13 . 3 . 0 3 8 8 3 . 3 5 0 9 2 . 1 9 7 3 3 . 7 1 4 3
14 . 3 . 8 7 2 7 4 .4351 1 .5 4 28 1 . 700 3
15 . 3 -3 9 73 1 . 2 1 5 8 2 . 0 1 0 9
16. 5 . 1 7 7 3 2 . 6 0 0 2 3 .2441
17 . 2 . 9 4 6 7 1 . 7 77 7 2 . 5 3 7 4
18 . 2.18 8 4 1 . 134 3 3 . 1 37 9
19 . 1 .5652 1.6441 2 . 8 7 7 3
2 0 . 1 .9471 2 . 2 9 7 7 0 . 8 9 6 8
21 . 3 - 7 4 40 1 .8269 1 . 8 2 1 8
2 2 . 3 . 6 0 7 2 1.9861 1.5451
2 3 . 2 . 7 3 6 5 1 .3365 2 . 842 5
2 4 . 4 .2261 0 . 8 5 0 7 1 . 6 86 8
2 5 . 3 -7 1 7 7 1 .5761 2 .8095
2 6 . 1.5611 3 . 1 9 8 2
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35. Ihs param eters o f  the B o g ia t ic  curve y *  «/ jtt-10b'*"cx3 

fitted to  the data  of shank, len g th  o f  the in,’ iviuu&_ 
i / e a i  male d a c k lin ja

a o c

6 2 .1 5 6 0 0 .2161 - 0.1304

6 1 .5 5 1 6 J.^091 -0 .1 8 9 1

65 .1 6 5 3 1 .2 6 3 2 -0 .2 3 8 2

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

6<cl .2 5 7 3 173 - 16j

6 1 .3 6 6 7 0 .8 0 7 2 - 0.1541

5 9 .5 5 8 8 0 .2 1 6 7 - 0.1178

6 1 .3 8 c 9 0.2529 -0 .2 0 4 6

6 2 .1 4 2 0 0 .2 0 1 2 - 0 .1 6 0 ?

6 2 .6 7 1 9 0 .2 6 6 9 -O .2356

61 t 0 B 6 ‘i C .s281

r^•*-«01

6 0 .8 2 3 1 U.2O03 -0 .1 720

6 1 .1 4 8 0 e.2197 - 0 .2 3 6 ^

6 2 .0 3 9 4

OKG»O

- 0 .2 8 8 1
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Table 36. Parameters of Logistic curve y = a/|+10 J
fitted to the data of shank length of the
individual desi female ducklings

Bird s a b C

1 . 59.7505 0.2502 - 0 . 1 6 0 0
2 . 64.9321 0 .2755 - 0 . 1 3 3 4
3 . 57.6706 0.1626 - 0 . 1 7 4 3
4. 63-5707 0 .202 7 - 0.2630

5 . 62 .0423 0.2298 - 0.2830

6 . 61 .2603 0 .2210 - 0 . 2 1 5 9
7 . 60 .0447 0 . 2 22 4 - 0 . 2 7 9 2
8 . 57-4762 0.2236 - 0.1502

9 . 63 .0023 0 . 2 40 4 - 0.3892

10 . 6 0 .0 4 4 7 0.2224 - 0 . 2 7 9 2
1 1 . 56 . 5512 0.1640 - 0 . 1 8 0 9
1 2 . 60.11501 0.1926 - 0 . 2 4 2 5
13. 60 .2 9 6 3 0 .1796 - 0 . 2 0 7 2
14. 6 1 .5273 0 .1647 - 0 . 2 9 3 2
15 . 6 2 .2 4 7 7 0.2321 - 0.2192

16. 61.0105 0 .2182 - 0 . 3 3 2 0
17. 58 .7966 0.1921 - 0 . 2 0 7 3

18. 5 6 . 4 5 2 7 0 .1469 - 0 . 1 8 6 2
19- 58 .7629 0 . 145 7 - 0 . 1 5 0 3
20 . 65-4356 0 .2372 -0 .0 941
21 . 6 3 . 065 0 0.2410 - 0 . 2 6 8 9
2 2 . 61 .1 2 7 0 0 .2812 - 0 . 2 4 6 9
23 . 57 .5653 0 .1457 -0 .1 791
24- 63.0962 O.24I 4 - 0 . 2 5 4 8
2 5 . 64*3434 0 . 269 4 - 0 . 2 1 1 7



Tab le 37 • Param eters o f  th e  L o g is t ic  carve  y=a/(1+10^+o^ ) 
f i t t e d  to  th e  data o f  shank len g th  o f  the 
in d iv id u a l VP male d u ck lin gs

a 1*

B ird s  a b c

1 . 6 3 . 0 3 9 0 0 . 2 5 5 7 - 0 . 1 0 6 0
2 . 6 3 . 9 7 3 0 0.2656 - 0 . 1 4 6 9
3 . 5 1 . 4 2 8 6 0 .1091 - 0 . 0 7 9 5
4 . 1 0 4 . 8 6 7 3 0 . 5 5 H - 0 . 0 4 9 5
5 . 6 9 -9 76 5 0.2962 - 0 . 0 7 0 2
6. 73 . 0311 0 . 3 5 1 4 - 0 . 0 8 4 5
7 . 63.6252 0 .2471 - 0.10 50

8 . 7 7 . 3 3 7 8 0 . 3 7 3 4 - 0.0672

9 . 6 6 . 7 9 5 8 0 . 2 6 5 4 - 0 .15 2 0

10 . 6 5 . 7 4 4 2 0 . 2 8 3 7 - O . 15 4 O
1 1 . 66 .1531 0 . 3 1 7 4 - 0 . 1 7 2 4
1 2 . 6 1 . 2 0 6 4 0 . 2 5 0 9 - 0 . 1 0 6 8
13 . 6 8 . 8 7 9 7 0 . 2 7 1 8 - 0 .115 8

14 . 7 1 .9626 0 . 3 5 6 2 - 0 . 0 6 9 5
15 . 7 3 . 0 3 8 7 0 . 3 1 0 3 - 0 . 0 9 4 5
16. 6 7 . 2 2 4 7 0 . 2 8 3 9 - 0 . 1 4 5 8
17. 8 1 . 0 0 0 0 0 . 4 2 8 4 - 0 . 7 1 4 0
18 . 1 0 8 . 2 9 1 4 0 . 5 6 9 2 - 0 . 0 4 5 9
1 9 . 6 2 . 3 8 2 5 0 . 2 3 3 6 - 0 . 1 2 2 9
2 0 . 6 0 . 7 2 3 9 0 . 2 4 5 6 - 0 .180 3

21 . 6 8 . 4 5 5 9 0 .3 10 2 - 0 . 1 1 0 9
2 2 . 12 6 .6 5 3 9 0 . 6 5 3 9 - 0 . 0 4 4 9
2 3 . 6 5 . 7 5 0 7 0.2986 - 0 . 0 8 3 9
2 4 . 8 1 . 9133 0 . 4 0 8 5 -0 . 0 5 4 1
2 5 . 6 3 . 2 1 9 5 0 . 2 7 2 7 - 0 . 1 2 8 6
2 6 . 6 4 . 8 7 5 2 0.3048 - 0 . 0 8 7 6



kJ ^

Tab le  38. Param eters o f  the L o g is t i c  curve y  = a/fl+10b+cx]  
f i t t e d  to  the d a ta  o f  shank le n g th  o f  th e  
in d iv id u a l  WP fem ale du ck lin gs

B ird s a b c

1 . 64.0285 0.2373 -0 .1528

2. 62.9866 0.3009 -0 .2008

3. 60.4375 0.2116 -0.1957

4- 60.4201 0.2267 -0.1985

5- 66.4423 0.3352 -0 .1658

6 . 63.9835 0.2958 -0.0675

7. 61.4902 0.238S -0.1945

8. 84.5272 0.4273 -0 .0600

9 . 61.6139 0.2554 -0.1521

10. 62.0536 0.2299 -0.1413

11. 62.5000 0.2499 -0.0709

12. 58.8088 0.1768 -0.2045

13- 60.3496 0.2106 -0 .2 038

14- 61.2485 0.2669 -0 .1010

15- 67.2538 0.2699 -0.1249

16. 65 - 3854 0.2655 -0 .1608

17. 60.6027 0.2442 -0.1869

1 8. 64.2407 0.2101 -0.1596

19. 65.1910 0.3080 -0.1472

20. 511.8588 1.3275 -0.0355

21 . 63-6084 0.1887 -0.1479

22. 64-03169 0.2222 -0.0888

23. 61.6206 0.2251 -0 .1848

24. 91.3861 0.4859 -0.0596

25. 64.3719 0.2697 -0 .1777

26 . 63.0674 0.2263 - 0 . 2 6 6 4
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Square o f  the c o r r e la t io n  c o e f f i c i e n t  ( r  J 
between th e  observed and the expected  shank 
len g th  o f  the fou r groups when the L o g is t ic  
curve was f i t t e d .

2

D esi male D esi fem ale VP male VP fem ale

0.9807 0.9702 0.9813 0.9843

0.9865 0.9844 0.9910 0.9868

0.9515 0.9715 0.9748 0.9758

0.9531 0.9723 0-9896 0.9809

0.9788 0.9500 0.9924 0.9831

0.9821 0.9676 0.9838 0.9911

O . 9 8 4 6 0.9268 0.9860 0.9776

0.9777 0.9862 0.9962 0.9770

0.9743 0.8813 0.9869 0.9817

0.9618 0.9503 0.9814 0.9687

0.9880 0.9772 0.9676 0.9871

0.9715 0.9505 0.9898 0.9746

0.9540 0.9749 0.9829 0.9637

0.9385 0.9086 0.9844 0.9824

0.9744 0.9882 0.9883

0.8994 0.9838 0.9772

0.9682 0.9974 0.9648

0.9721 0.9907 0.9710

0.9854 0.9900 0.9791

0.9739 0.9719 0.9881

0.9695 0.9874 0.9905

0.9508 0.9798 0.9863

0.9619 0.9871 0.9794

0.9643 0.9938 0.9827

0.9762 0.9916

O. 9 8 4 8

0.9835

0.9667
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Table 40. Standard error of the estimate (a ) of shank
length of the four groups when the logistic
curve was fitted

B irds Besi males Besi females W? males WP fema]

1 2.9585 3.6042 1 .6855 1.8477

2 2.4241 2.8042 2.0980 2.4779

3 4.6559 3.2741 1.7551 3-3719

4 4.1294 3.4747 1.4805 2.8453

5 3.0599 4.5536 1.4029 3.2448

6 2.8891 3.8015 2.5183 1 . 4 6 8 6

7 1.6780 5-6541 2.9473 3-2448

8 3.1742 2.1989 1.9434 2.7171

9 3.1486 6.8669 2.2273 2.8094

10 4.4575 4.4090 3-3469 3.7931

11 2.3044 2.8633 2.6343 1.7803

12 3.7519 4.5259 1 .9103 3.1735

13 4.7660 2.9622 2.9639 3.8404

14 5.6334 6.2187 2.1827 2.0295

15 3.5624 1.8378 2.2672

16 6.4348 2.6059 3.3496

17 3.4804 1 .9105 4.0421

18 2.9634 1.3482 2.9114

19 2.3092 2.0417 2.7152

20 2.6802 3.9096 2.1982

21 3-6546 2.2434 1.8925

22 5.0084 1.7244 2.0549

23 2.3812 2.1677 3.0022

24 4-0165 0.8446 2.6574

25 3.7122 2.1288 3.0691

26 2.3779 3.9262
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Table 41* The parameters, coefficient of determination (r^), standard error of eatlmate (a) 
of shank length when the logistic curve y m a / f f +10was  fitted to the average 
shank length.

l u p s a b c r 2 s F i t t e d  e q u a t i o n s

i l  m a l e 6 1 . 1 8 7 5 0 . 2 1 8 9 - 0 . 1 8 6 7 0 . 9 8 0 4 3 . 0 7 1 5 y *  6 1 . 1 8 7 5 /
1 + 1 0 ( 0 . 2 1 8 9 - 0 . 1 8 6 7 x )

i l  f e m a l e 6 0 . 3 7 3 3 0 . 2 0 7 8 - 0 . 2 0 7 5 0 . 9 7 7 6 3 . 1 8 7 2 y =  6 0 . 3 7 3 3 /
1 + 1 0 ( 0 . 2 0 7 8 - 0 . 2 0 7 5 x )

i i  d u c k s 6 0 . 6 5 7 8 0 . 2 1 1 7 - 0 . 1 9 9 3 0 . 9 7 8 9 3 . 1 2 4 5 y =  6 0 . 6 5 7 8 /  1 + 1 0 ^ 0 . 2 6 6 8 - 0  • 1 9 9 3 * )

m a l e 6 4 . 5 1 3 4 0 . 2 6 6 8 - 0.1032 0 . 9 9 4 8 1 . 4 4 4 1 y ,  6 4 . 5 1 3 4 /  1 + 1 O ( O . 2 6 6 8 - O . 1 ( 0 2 * )

f e m a l e 6 1  . 6 6 2 1 0 . 2 3 3 1 - 0 . 1 4 3 6 0 . 9 9 1 0 1 . 9 5 7 6 y = 6 1  . 6 6 2 1 / 1 + 1 0 ( 0 . 2 3 3 1 - 0 . 1 4 3 6 x )

d u c k s 6 2 . 1 5 9 5 0 . 2 4 0 1 - 0 . 1 2 3 8 0 . 9 9 3 3 1 . 5 7 5 5 y = 6 2 . 1 5 9 5 /  1 + 1 0 < ° - 2 4 ° 1 - ° - 1 2 3 8 * )

C OOO



Bi]

1
2

3

4

5

6

7

8

9

10

11
12
13

14

15

16

17

18

19

20

21
22
23

24

25

26

Parameters o f  V on -B erta lan ffy  equation  

y = A (1-be-lc* )  f i t t e d  to  the data o f  shank 
len g th  o f  in d iv id u a l WP ducklings

where A = 67 mm

100

_WP_male_
k

_VP_female___
b k

0.6944 0.1256 0.6973 0.2078

0.7868 0.2109 0.6829 0.2058

0.6943 0.0684 0.6800 0.1899

0.7644 0.1107 0.6575 0.1794

0.7446 0.1119 0.8618 0.2432

0.8486 0.1751 0.7319 0.0865

0.7886 0.1546 0.6793 0.1966

0.7590 0.1259 0.8162 0.1291

0.7954 0.2468 0.7704 0.1906

0.8518 0.2402 0.7904 0.1930

0.8476 0.2658 0.7167 0.0919

0.7580 0.1374 0.6291 0.1613

0.9583 0.2660 0.6258 0.1896

0.7931 0.1171 0.7548 0.1280

0.7914 0.1778 0.8307 0.2184

0.8452 0.2467 0.7971 0.2272

0.8423 0.1479 0.7545 0.1981

0.7583 0.0967 0.6775 0.2082

0.7496 0.1637 0.7892 0.2238

0.7473 0.1790 0.8052 0.1281

0.8361 0.2083 0.6975 0.1951

0.7627 0.1017 0.7354 0.1290

0.7797 0.1143 0.6714 0.1999

0.7237 0.0893 0.8398 0 . 1  4 6 1

0.7746 0.1620 0.7500 0.2206

0.7815 0 . 1 3 0 2 0.5949 0.2259

b
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Table 44* The parameters, coefficient of determination ( r  ; and standard error 
of estimate ( s )  of shank length when Von-Bertalanffy equation was 
fitted for the averages.

Groups b k r2 s Fitted equation

Desi male (A = 66) 0.6906 0.1959 0.9668 2.8496 y = 66(1-0.6906 x e-0 *1959 t \

Desi female (A = 66) 0.6475 0.1888 0.9654 3.1867 y = 66(1-0.6475 x e-0,1888 t )

Desi ducks (A s  66) 0.6629 0.1914 0.9667 3.0219 y s 66(1-0.6629 x e“° * 19U t \

WP male (A * 67) 0.7632 0.1453 0.9732 2.3746 y = 67(1-0.7632 x e-0 ’ 1453 t )

WP female (A = 67) 0.7249 0.1698 0.9760 2.2351 y »  67(1-0.7249 x e-0 *1698 t )

WP ducks (A *  67) 0.7426 0.1559 0.9774 2.1234 y = 67(1-0.7426 x e-0 *1559 t .
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Parameters of Von-Bertalanffy equation 
y = A(1-be ) fitted to the data of shank 
length of the individual desi ducklings

where A = 66 mm

b
Desi_male_____

k
_____ gesi_

b
female_____

k

0,7278 0.1661 0.7655 0.1706

0.6562 0.1938 0.8713 0.2338

0.8261 0.3910 0.6510 0.1435
0.6898 0.1426 0.5481 0.2630

0.6518 0.2350 0.5970 0.2398

0.7452 0.1903 0.6606 0.2013
0.6896 0.1240 0.6376 0.2011

0.6714 0.2068 0.7161 0.1409

0.7004 0.2072 0.5635 0.2567

0.7113 0.2632 0.5806 0.1905

0.7065 0.1971 0.6568 0.1445
0.7298 0.1919 0.6252 0.1976

0.6759 0.2141 0.5953 0.1861

0.6457 0.2260 0.5786 0.2143
0.6566 0.2215

0.5544 0.1991
0.6396 0.1640
0.6388 0.1431
0.6666 0.1500

0.7003 0.1535
0.6015 0.2554

0.6845 0.2120

0.6653 0.1536

0.6179 0.2570

0.7421 0.2709



2aule 45. iSnalyai3 o f  va r ia n ce  o f  be ( growth r a t e )  va lu es o f  taa fou r grcrupa 
when V on -B erta lan ffy  equation  vac f i t t e d

Sonroe OF 13 Kti

B e t w e e n  jroap  

W i t h i n  group

I1Ii1» 
CD

[[liiit[

0,2574

0.2560

0.0858

0.0029

29.1511 ‘

* *  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

CD s a t r ls  fo r  the coape r i d o n  b e t w e e n .group iseuna

b@3i a*ale 0831 fe e a le i*P jBdle wi feu a lo  i.eas-w

Doul Bale 

De-si fem ale 

Wi s a le  

wP fem ale

0.05596 0.0357

w,u302

0.3357 0.5o85 

0 . 0 3 0 2  u.53w7

0.0299 0.6698 

0.6115

lO
i



Table 46. Square of the correlation coefficient (r  ) 
between the observed and the expected shank 
length of the four groups when Von-Bertalanffy 
equation was fitted.

2

Birds Besi male Besi female VP male VP female

1 0.9659 0.9543 0.9839 0.9791
2 0.9750 0.9241 0.9616 0.9663

3 0.8892 0.9555 0.9681 0.9631

4 0.9516 0.9536 0.9552 0.9643

5 0.9655 0.9597 0.9632 0.9441

6 0.9637 0.9621 0.9267 0.9787

7 0.9769 0.9532 0.9531 0.9581

8 0.9587 0.9783 0.9648 0.9096

9 0.9508 0.9589 0.9596 0.9575

10 0.9479 0.9436 0.9330 0.9330

11 0.9760 0.9675 0.9244 0.9771
12 0.9572 0.9530 0.9712 0.9586

13 0.9568 0.9519 0.8868 0.9387

14 0.9541 0.9362 0.9450 0.9636

15 0.9588 0.9602 0.9414

16 0.9242 0.9449 0.9447

17 0.9583 0.9157 0.9529
18 0.9631 0.9444 0.9545

19 0.9787 0.9712 0.9515
20 0.9707 0.9635 0.9178
21 0.9571 0.9477 0.9771
22 0.9505 0.9164 O.9646

23 0.9577 0.9510 0.9598

24 0.9496 0.9668 0.9122

25 0.9486 0.9735 0.9614
26 0.9608 0.9625
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Standard error o f the estimate (s )  of shank
length o f the four groups when Von-Bertalanffy
equation was f it t e d .

Deal male Deal female VP male VP female

2.5767 3-1789 1 .5472 2.0696

2.4909 5.0867 3.1816 3.4723

5.9077 3.0638 1 .5975 3-2577
5.0120 5.1112 2.7501 3.2896

3-3567 4-4526 2.4372 4-3566

2.8101 3.2618 4.6149 1.5675

1.8330 4.1840 3.2730 3.6352

3.6736 1.9693 2.6422 4.3887

3-4507 5.0018 3.4364 3-2136

4.2267 4.7650 4.6591 4.1448

2.2565 2.6376 4.9374 1.6389

3.0917 4.0026 2.3498 3.4187

3-6115 3-9696 7.4042 4.8175
4.2640 5.0242 3.2011 2.5556

3.6629 3-5698 4.3157

5.8689 4.3646 3.9056

3.2145 4.8985 3.4725

2.7885 2.8110 3.3298

1.8978 2.4568 3.6369

2.2395 2.9209 4.2154
4-3640 4.0630 2.1457

4.2395 3.5396 2.4601

2.9492 2.9600 3.5594
4.6875 2.0003 4.7269
3.8123 2.4654

2.7633

3.1314

4.1674



iJ ± 3

1
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'2hi, f  ri.ssstera of zYe second de « iufctivn
j » a  + tax «• cx^ fit - te J  t o  the data o f  shark 

l*n  jth  o f  the in tiIv idu -.il iiStei male d u ck lin g *

a fe c

6.0372 -D.2295 0.7903

7.520*. -0.3551 0.8568

S'.677o - 0 .2.910 0.9U99

6 . 1k36 - 0.-500 0.7775

8 .6-54 - 0.4331 0.8£25

6.4733 -0.25 .>5 -.9194

4.9533 - /'.1731 0.7594

8.5707 - f  .4223 -.9439

7.6264 —0.3462 C.3444

9.28o2 -0.4620 0.8651

7.1141 - c . i i 19 1.8413

7.0270 - 1.2962 • s.. 04

fa.43^1 - 1 .4111 -.8522

9.1628 -w.4705 0.8655
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y = a + bx + cx fitted to the data of shank 
length of the individual Desi female ducklings

Parameters of the second degree equation2

a b c

6.5297 -0.2363 0.7771

6.5165 -0.2253 0.8167

6.7772 -0.3102 0.7955

9.5629 -0.5244 0.9278

9.3494 -0.4978 0.8919

7.9825 -0.3836 0.8525

8.7987 -0.4471 0.8477

5.8392 -0.2238 0.7631

9.6036 - 0 . 5 2 1 2 0.9430

8.9238 -0.4733 0.8645

6.7403 -0.3062 0.7950

8.4835 -0.4286 0.8564

8.2405 -0 .4218 0.8643

8.9728 -0.4728 0.8857

8.6411 -0.4323 0.8667

9.4416 -0.5130 0.8735

7.3614 -0.3504 0.8264

6.7285 -0.3109 0.8043

5.8694 -0.2375 0.8111

5.3714 - 0 . 1 9 0 1 0.8023

9.3566 -0.4995 0.9082

8.9780 -0.4451 0.8331

6.6499 -0.2927 0.8044

9.4968 -0.5022 0.8973

9.0627 -0.4473 0.8732
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y = a + bx + cx fitted to the data of shank 
length of the individual V? male ducklings

Table 50. Parameters of the second degree equation2

B irds a b c

1 4.9253 -0.1671 0.7730

2 6.9785 -0.2752 0.8335

3 3.0110 -0.0714 0.6499

4 2.8719 -0.0017 0.7100

5 3.1508 -0.0245 0.7253

6 4.5884 -0.0829 0.7736

7 4.9286 -0.1264 0.7658

8 3.3771 - 0 . 0 3 1 0 0.7454

9 7.6461 -0.3329 0.8693

10 7.4490 -0.2952 0.8341

11 8.3581 -0.3691 0.8533

12 4.9268 -0.1411 0.7515

13 6.1476 -0.1861 0.8425

14 3.2560 -0.0142 0.6989

15 4.7710 -0.1226 0.8181

16 7.3304 -0.2975 0.8522

17 3.2870 -0.0097 0.7369

18 2.1771 -0.0427 0.6852

19 5.9308 -0.2110 0.7952

20 7.0542 -0.2904 0.8045

21 6.2597 -0.2103 O .8 I 5 4

22 1.8392 -0.0729 0.6983

23 3.0427 -0.0042 0.7050

24 2.3444 -0.0127 0.6924

25 5.6461 -0.1846 0.7815

26 4-5057 -0.1046 0.7240



y  = a  +  b x  +  e x  f i t t e d  t o  t h e  s h a n k  l e n g t h  

d a t a  o f  t h e  i n d i v i d u a l  WP f e m a l e  d u c k l i n g s .

108
T a b le  5 1 .  P a r a m e te r s  o f  th e  se c o n d  d e g re e  e q u a t io n2

B i r d s a b c

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

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

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

4 8 . 0 7 8 4 - 0 . 3 9 1 6 O .84O8

5 7 . 8 4 4 2 - 0 . 3 2 7 7 0.8301

6 3 . 0 5 8 7 - 0.0422 0 . 6 6 9 3

7 8 . 4 7 7 3 - 0 . 4 1 1 3 0 . 8 4 4 4

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

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

10 6 . 6 4 6 1 - 0 . 2 4 5 0 0 . 8 0 4 9

11 3 . 4 0 2 3 - 0 . 0 6 7 2 0 . 6 9 3 1

12 7 . 7 7 7 5 - 0.3818 0 . 8 3 6 4

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

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

1 5 6 . 3 2 2 9 - 0 . 2 1 8 5 0.8328

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

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

1 8 7 . 7 6 9 2 - 0.3626 0 . 8 7 2 0

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

20 2 . 3 6 8 9 - 0 . 0 5 9 7 0 . 7 2 7 8

21 6 . 7 6 5 0 - 0 . 2 8 7 0 0.8638

22 4 . 3 4 8 9 - 0 . 1 0 7 1 0 . 7 5 6 6

2 3 8 . 4 2 6 1 - 0 . 4 0 9 6 0.8522

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

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

2 6 9 . 1 4 6 4 - O . 48I 5 0 . 9 0 5 6
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Square of the coefficient of correlation (r  ) 
between the observed and the expected shank 
length of the four groups when the second 
degree equation was fitted .

2

Desi male Desi female WP male WP female

0.7478 0.7499 0.7889 0.6958

0.6461 0.7773 0.7427 0.6043

0.5746 0.6593 0.8360 0.6389

0.7109 0.4983 0.9216 0.6245

0.5968 0.5395 0.9040 0.7090

0,7416 0.6293 0.8654 0.8873

0.7785 0.5814 0.8342 0.6195

0.6081 0.7520 0.9059 0.9184

0.6629 0.5146 0.6943 0.7379

0.5996 0.5371 0.7312 0.7483

0.6936 0.6711 0.6699 0.8640

0.7048 0.5868 0.8227 0.6148

0.6158 0.5747 0.805 2 0.5677

0.5684 0.5384 0.9023 0.8393

0.5952 0.8417 0.0806

0.5028 0.7246 0.7149

0.6332 0.9177 0.6967

0.6593 0.9445 0.6430

0.7334 0.7759 0.6843

0.7734 0.7184 0.9508

0.5279 0.7899 0.7920

0.5994 0.9489 0.8402

0.6815 0.9143 0.6200

0.5365 0.9316 0.9156

0.6028 0.7994

0.8451

0.6710

0.5499



B i

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16
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11 U

Standard error o f estimate (s ) o f shank length
of the four groups when the second degree
equation was fitted

D esi male Desi fem ale WF male VF female

28.3939 

31.7247

33-1401 

28.0367 

3 2 .6 8 2 8  
28.9640 

27.7358 

30.5591 

30.4023 

30.9593 

30.4215 

29.0438 

30.9275 

31.7771

26.6702

27.4369

29.3194

35.8128

33-5721 

31.2272 

31.0746 

27.0710

34-8562 

32.6334 

29.2102 

31 .7270 

32.6308 

33.5057 

31.8704 

33-1481 

30.6110 

29.9222 

29.9389 

29.1423 

34*4613 

29.7266 

29.4131 

33.6021 

31.4583

28.2320

28.8557

24.7184

24.8377

25.7787

25.6529

26.0268

26.2289

30.9101

28.2367

29.4627

25.9738

28.2216

23.6287

28.7338

29.5904

24.3091

24.3035

27.7432

27.9107

27.5582

24.8703

2 4 . 2 4 0 4

25.4142

26.8678

24.4805

32.3054 

30.5892 

30.3404 

30.6810 

28.1553 

24.1343 

30.4172 

23.8989 

27.8978 

27-3642 

25 .2160 

31.0557 

31.1969 

25.7003 

28.5699 

29.5571 

28.3421 

31-9988 

28.7579 

24.9325 

31.6059 

26.7709 

30.8697 

24.2033 

30.0229 

34.2007



Table 54* The param eters, c o e f f i c i e n t  o f  d e term in a tion  ( r  ) ,  standard e r ro r  o f  
es tim a te  ( b )  when th e  second degree  equation  y  =* a + bx + cx was 
f i t t e d  to  th e  a verage  shank len gth

2

roups a b c r 2 8 F it t e d  equ ation

s i  male 7.6156 -0.3503 0.8384 0.6611 30.2973 y  = 7 .6156-0.3503* + 0.8384x2

s i  female 7.9631 -0.3877 0.8461 0.6213 31.1555 y *  7.9631-0.3877x + 0.8461x2

s i  ducks 7.8392 -0.3743 0.8434 0.6359 30.8458 y = 7 .8392 -0 .3743x + 0.8434x2

male 4.8389 -0.1309 0.7665 0.8361 26.5493 y  *  4 .8 3 8 9 -0 .1309x + 0.7665x2

female 6.5975 -0.2664 0.8113 0.7334 28.6971 y *  6 .5 9 7 5 -0 .2664x + 0 .8 1 13x2

ducks 5.7368 -0.2006 0.7885 0.7836 27-6172 y = 5 .7 368 -0 .2006x + 0.7885x2
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T ab le  55• Mean and s t a n d a rd  e r r o r  o f  the

D e a l  m a le

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

58.5000*2.3008 

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

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

2 8 9 . 4 2 8 5 * 2 1 . 1 8 6 4  

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

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

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

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

7 5 7 . 8 5 0 0 * 4 5 . 8 0 8 5  

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

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

1 2 9 1 . 7 8 5 7 * 5 9 . 7 8 5 7

D e a l  f e m a l e

38 . 16*0.6026 
6 3 . 2 8 * 1 . 8 3 7 1  

1 1 8 . 0 8 * 6 . 4 0 5 7  

2 1 0 . 8 0 * 1 5 . 0 4 4 2  

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

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

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

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

7 0 9 . 0 0 * 4 4 . 4 7 0 0  

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

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

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

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



b o d y  w e ig h t  ( I n  g )

G ro u p s

VP m a le WP f e m a l e

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

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

84. 269244.2148 1 0 5 . 0 7 6 9 4 5 . 5 8 2 4

1 3 4 . 1 5 3 8 j ; 9 . 6 6 9 4 1 8 8 . 5 7 6 9 4 1 3 . 8 5 3 9

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

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

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

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

537 . 8846444.4047 8 1 1 . 7 3 0 8 4 6 2 . 8 9 0 4

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

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

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

1 0 2 1 . 7 3 0 8 4 7 9 . 5 3 8 5 1 4 0 1 . 6 1 5 4 4 7 3 . 0 1 0 9
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Correlation coefficient between the body weight 
and the shank length of each individual in the 
four groups.
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Desi male Deal female VP male VP female

0.8619 0 • 8 6 6 4 0.9065 0.9652

0.8816 0.8948 0.8917 0.8557

0.8893 0.8791 0.9430 0.9152

0.9112 0.9119 0.9517 0.8972

0.8440 0.9005 0.9457 0.9273

0.8531 0.9619 0.9058 0.9612

0.8911 0.9040 0.9117 0.8961

0.8750 0.8720 0.9673 0.9940

0.8926 0.8856 0.8981 0.8405

0.8599 0.8820 0.9093 0.8761

0.8575 0.8553 0.9034 0.9405

0.8585 0.8932 0.9062 0.6793

0.8657 0.9048 0.9014 0.8755

0.8793 0.9041 0.9555 0.9848

0.9150 0.8467 0.8567

0.8892 0.8754 0.8720

0.8810 0.9447 0.8956

0.8680 0.9808 0.8655

O. 8 6 4 6 0.9115 0.9145

0.8749 0.9061 0.9908

0.9126 0.9087 0.7876

0.9481 0.9706 0.9422

0.8990 0.9622 0.8158

0.9299 0.9571 0.9867

0.9273 0.9055

0.9572

0.7961

0.8198



114

la b le  57. C o rre la t ic n  a o s f f ic iv r i t  Datnsca the sacan 
2cdy woi ana th e  ®ef>n ~>hank len g th

>roup vo rre la t; ion

D e a l  m a l e  J . & 7 7 5

D # s i  f e a a l o  - ' * 9 0 7 -

Desi duck* (wivhoub eonaiderin-j
s e x )  0.3973

Kt * * ! «  0.9367

*1 f e m a l e  v i . 9 1 6 6

rfi ducke (x ith  Jt conaldarir ,
s e x i 0.9269
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Table 58. Parameters of the linear equation y = a + bx
used for predicting the body weight from shank
length of the individual Desi ducklings

Birds ________ 2e£i.
a

jmale_______
b

____ Desi_
a

fem ale_______
b

1 -587.7736 22.5437 -481.5416 19-8946

2 -538.9933 20.5294 -490.1224 19.6448

3 -686.4343 26.8521 -567.0116 22.02091

4 -485.1330 20.0154 -949.5496 33-9536

5 -635-9355 23.3929 -711.3549 27.4319

6 -660.2126 24.8673 -602.9895 22.9584

7 -382.9356 16.1087 —6 8 4 . 2 4 6 4 27-3849

8 -634.3079 25.2376 -471.4747 19.2519

9 -581.9571 22.5853 -727.5906 27.5308

10 -608.0450 23.9823 -584.5361 23.5304

11 -617.7463 23.2272 -484.7677 19.5021

12 -642.2920 24.7245 -610.6583 23.9125

13 -593.8965 22.9480 -580.2999 22.4197

14 -666.2716 26.1977 -712.1968 27.0886

15 -582.4013 22.9645

16 -623.4576 25.0499

17 -566.1029 22.1971

18 -515.5205 20.2061

19 -600.2158 22.5142

20 -586.7941 21.4108

21 -743.4040 27.8785

22 -546.6430 23.1217

23 -383.1297 16.0915

24 -753.7070 29.4115

25 -758.0690 29.3403



B l
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l i t )  I

Parameters of the linear equation y = a + bi used
for predicting the body weight (y ) from shank
length of the individual WP ducklings

WP males WP females

a b a b

-687.4404 25.9851 -1317.3140 46.8848

-757.1681 27.9710 -727.9434 28.3385

-459.3548 19.7513 -969-7925 36.8027

-445.6050 18.4286 -756.0325 28.6690

-445.6189 18.2312 -661.8882 27.4051

-648.9308 24.6854 -1320.1260 54.7606

-590.1265 23.0338 -178.7497 7.7827

- 3 2 0 . 2 0 1 0 14-0829 -933.7267 43.5529

-902.6520 32.6601 - 4 4 5 . 8 4 1 1 16.6850

-744.9805 28.6132 -820.7296 31.6469

-891.4648 35-1553 -1237.7420 48.6918

-698.9986 27.6159 -599.6129 24.4744

-696.1432 25.3929 -640.8301 26.7480

-411.3311 18.0652 -943.3346 33.2451

-776.0737 28.1445 -641.3356 27.4368

-950.6079 34.4615 -773.4103 28.5005

-588.6386 2 4 .O4 O8 -832.4501 32.6620

-335.7833 15.1073 -830.2178 29.0130

-642.6035 25.2084 -841.3098 34.0502

-647.1465 25.9441 -1302.5220 53.1657

-567.5840 22.1086 -546.0802 18.0798

-347.7150 15.4898 -973.1062 38.4285

-406.3027 15.9376 -407.4172 15.7964

-448.0470 18.6825 -1043.9980 46.5321

-593-6128 23.4744 -499.5846 18.2032

-489.1850 20.9989 -1074.6400 36.3617



Table 60. The parameters, coefficient of determination (r  ) and standard error 
o f estimate (s ) of body weight when the linear equation y = a + bx was 
was used for predicting the average body weight (y) from average 
shank length (z)

2

Groups a b r2 s fitted equation

Desi male -606.9035 23.46135 0.76999 189.8795 y = -606.9035 + 23.46135*

Desi female -623-5968 24.2969 0.8229 164.3872 y = -623.5968 + 24.2969 *

Desi ducks -617.1625 23.9889 0.8051 173.0666 y = -617.1625 + 23.9889 *

VP male -629.0318 24.81603 0.8775 124.9796 y = -629.0318 + 24.81603x

WP female -848.0834 51.9745 0.8402 200.6862 y = -848.0834 + 31.9745 *

WP ducks -744-8615 28.6596 0.8591 161.2091 y = -744.8615 + 28.6596 x
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p
Square of the coefficient of correlation (r  ) between 
the observed and the expected body weight when the 
linear equation was used for predicting body weight

l i o

Desi male Desi female VP male WP female

0.7430 0.7507 0.8214 0.9277

0.7773 0.8006 0.7952 0.6983

0.7907 0.7729 0 . 8 8 9 2 0.8375

0 . 8 3 0 2 0.8317 0.9057 0 . 8 0 5 0

0.7124 0.8105 0.8943 0.8599

0.7278 0.7429 0.8169 O.9 2 4 O

0.7941 0.8172 0.8311 0.8031

0.7657 0.7607 0.9397 0.9880

0.7966 0.7842 0.8065 0.7061

0.7396 0.7779 0.8267 0.7675

0.7014 0.7281 0.8160 0.8021

0.7369 0.7978 0.8212 0.8211

0.7495 0.8187 0.8125 0 . 8 3 1 0

0.7732 0.8174 0.9130 0.8265

0.8372 0.7170 0 . 8 1 6 3

0.7906 0.7664 0.7604

0.7762 0 . 8 9 2 5 0.8021

0.7534 0.9619 0.7457

0.7475 0 . 8 3 0 8 0.8363

0.7655 0.8209 0.9817

0 . 8 3 2 8 0.8257 0.6203

0.8989 0.9420 0.8878

0.8082 0.9258 0.6655

0.8648 0.9160 0.9734

0.8573 0.8260 0.6338

0.8784 0.6721
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Standard e rro r  o f  estim ate (a )  o f  body weight 
pred icted from shank length  o f  the fou r groups 
using l in e a r  equation .

li y

Desi male D esi female WP male WP female

184.0525 169.5548 147.6379 186.8484

156.1726 156.7634 220.2200 296.7370

235.9844 158.7783 6 2 . 3 6 4 4 246.6724

1 2 1 . 3 2 1 1 233.7113 70.2964 209.7836

226.7249 204.4148 73.2312 185.0488

220.6382 20C.6063 173.1267 164.2458

98.8131 199.5025 146.7025 60.2565

216.8151 143.5551 45.2672 63-7938

172.3102 223.9170 250.4714 165.9602

236.8767 187.0217 217.3981 273.8383

218.9266 157.9404 285.2776 257.0668

219.7351 179.9894 172.5696 162.9256

205.3368 150.9701 199.1336 145.9340

225.3326 194-0298 70.7159 175.8431

156.0698 240.4947 192.5643

198.2345 304-3087 253-3808

165-3747 116.5319 257.0668

150.4899 33-1201 253.9262

167.1842 161.7704 246.1828

153.6758 184.1844 91 .6111

193.6684 158.3327 200.1219

125.6346 43.0239 173.0761

106.2420 62.2315 173-4467

185.2311 67.6763 107.2426

196.8633 156.9257

104.9809

219.6352

388.9637
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Parameters of the Exponential curve y = abx Used
fo r predicting the body weight (y ; from the shank
length (x ) of the individual Desi ducklings

_D esi_m ale____________   Dea i_ fem a le__
b a ba

8 . 1 5 3 0 1.0821 9-2443 1.0784

8.6372 1.0775 10.4310 1.0731

12.9944 1.0712 6.4761 1.0875

7.7071 1.0844 7.4100 1.0851

8.3098 1 . 0 1 1 1 9.6881 1.0788

7.9432 1.0827 8.4607 1.0792

9.5377 1.0775 8.8560 1.0826

8.5457 1.0815 8.2955 1.0818

8.7318 1.0788 1 1 . 0 0 0 2 9 1.0754

9-3098 1.0767 10.2942 1 . 0 1 1 0

9.8717 1.0766 8.7428 1.0797

7.9190 1.0830 0.7921 1.0778

8.4523 1.0789 8.36178 1.0798

8.9654 1.0800 8.9562 1 .0802

9.0350 1.0781

10.0286 1.0778

8.4674 1.0812

7.8156 1.0822

8.5099 1 .0814

5.4519 1.0886

8.5692 1.0804

9-9179 1.0781

10.1390 1.0736

10.6401 1.0781

8.3253 1.0826
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Parameters of the Exponential curve y = abx
used fo r  predicting the body weight (y ) from
Bhank length (x ) o f the individual WP ducklings

WP male WP fem ale

a b a b

5-8367 1.0949 6.1995 1.0979

8.3206 1.0822 11.1949 1.0769

3*5861 1.1151 7.7886 1 . 0 9 0 1

6.2125 1.0910 7.3165 1.0867

7.1934 1.0868 11 .9560 1.0769

6.5525 1.0873 4.0523 1.1332

6.8419 1.0872 8.6984 1.0603

10.9027 1.0731 13.3704 1.0953

8.4564 1.0835 5.8214 1.0792

8.1522 1.0831 9.2698 1.0839

1 1 .4953 1.0800 3.7229 1 .1277

7.2423 1.0917 6.0269 1 .0787

9.0725 1.0772 9.6447 1.0808

6.9124 1.0895 8 . 8 4 2 4 1 .1035

8.8003 1.0830 8.1972 1.0760

7.9835 1.0855 8.3433 1.0817

8.2586 1.0865 9.8644 1.0836

7.1889 1.0878 5.4646 1.0888

9.0485 1.0829 13.0611 1.0791

9.9219 1.0807 8.2226 1.1074

10.0199 1.0760 4.8772 1.0800

7.1768 1.0874 8.9742 1.0957

8.5205 1.0851 9.4572 1.0690

6.3167 1.0941 13.9556 1.0929

8.3580 1.0835 7.2599 1 .0741

8.1662 1.0867 4-6099 1.0933



Table 65• The parameters, coefficient of determination (r  ) standard error of the 
estimate (s ) of body weight when the exponential equation was used for 
predicting average body weight (y) from average shank length (x)

2

Groups a b r2 s Fitted equation

Desi male 8.7468 1.0799 0.8935 130.6848 y a 8.7468 X (1.0799)x

Desi female 8.7848 1.0809 0.9174 112.3274 y a 8.7848 X (1.0809)X

Desi ducks 8.7646 1.0806 0.9097 118.0835 y *  8.7646 X (1.0806)x

VP male 7.4326 1.0887 0.9888 41.0419 y ■ 7.4326 X (1.0887)X

rfP female 7.1703 1.0908 0.9748 79.7512 y = 7.1703 x • O O 00

<(P ducks 7.2159 1.0904 0.9862 51.2465 y = 7.2159 x ( 1.0904 )x

7 
71
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Standard error o f estimate (a; of the body weight (g )
predicted from ahank length (x ) of the four groups
uaing Exponential curve.

Deai male Dea i  female WP male WP female

103.1728 120.4330 74.5530 234.5286

104.2309 111.2240 120.4574 215.6903

190.5668 113.0730 49.4558 154.2732

86.4502 155.3300 31-3891 123.5945

178.5432 199.6123 32.4849 109.9601

160.2214 157.6440 72.3461 188.5995

64.1474 170.2710 76.0989 42.7162

167.7864 97.7152 40.1546 315-0262

139.4949 188.1528 1 2 1 . 0 5 3 5 127.6112

200.6572 159.5602 108.5551 197.3398

156.0587 125.9539 150.8678 94-6555

162.3711 146.0909 96.0875 292.5504

153*5862 125.0890 98.5214 213.5652

165.7065 155.0101 43.5802 285.1041

111.3465 209.6738 128.3004

167.0119 153.4095 142.7591

116.4903 60.0282 179.5139

120.7701 43-7584 163.8624

118.5478 77.2765 159-2828

97.7066 109.5314 4 0 9 . 0 4 1 4

131.5715 82.6499 157.2867

95.3724 83.7508 92.9436

89.1486 43.4331 147.1697

131 .2273 33.0327 316.0026

97.9819 61 .1282 178.3100

45.8234 295.3100
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67. Square o f  the c o e f f i c i e n t  o f  c o r r e la t io n  ( r  )
between the observed and the expected  body w eigh t 
when th e  e x p o n e n t ia l curve was used to  p re d ic t  
body w e ig h t .

D es i male D es i fem ale V f male WP female

0.9336 0.8809 0.9546 0.9404

0.9024 0.8999 0.9417 0.8614

0.8658 0.8914 0.9313 0.9371

0.9139 0.9258 0.9857 0.9344

0.8288 0.8260 0.9809 0.9539

0.8606 0.8436 0.9688 0.9471

0.9142 0.8689 0.9549 0.9094

0.8601 0.8989 0.9651 0.8897

0.8669 0.8479 0.9551 0.8515

0.8137 0.8385 0.9568 0.8823

0.8604 O. 8 3 3 9 0.9488 0.9788

0.8597 0.8671 0.9446 0.6055

0.8644 0.8759 0.9559 0.8244

0.8789 0.8836 0.9775 0.9178

0.9173 0.7866 0.9036

0.8518 0.9435 0.9328

0.8919 0.9763 0.9035

0.8445 0.9639 0.9046

0.8798 0.9615 0.9335

0.9111 0.9374 0.9008

0.9228 0.9528 0.8509

0.9446 0.8592 0.9755

0.8952 0.9763 0.7831

0.9330 0.9796 0.9257

0.9647 0.9733 0.8257

0.9777 0.8317



Table 68. I n i t i a l  shank len g th , Yq , and 'b 1 va lues 

o f  the fou r groups o f  ducklings by Eao's 

Method.

u t )

Groups
B irds

yo“
D esi male------- g-------- D esi

~y“ -
_ fem ale__ WP_______ male 

----5------
WP fem ale___

i 23.5 25.2675 2 1 . 5 44.2825 22.5 30.8575 23.5 41 .5275

2 23.5 28.1425 2 2 . 5 45-7975 22.5 38.4475 21 .0 52.4325

3 23.0 36.5050 2 3 . 5 44.8775 22.5 20.9775 2 3 . 0 47.6050

4 23-5 24.1125 2 4 . 5 60.7425 2 3 . 0 27.2975 22.5 47.6500

5 23-5 30.5925 2 3 . 0 54.3500 23.5 27.2600 21 .0 50.6650

6 23.5 25.6200 2 3 . 0 50.2025 22.5 34.9500 21.5 26.5175

7 22.5 20.2450 2 2 . 5 52.9650 2 3 . 0 33.2875 22.5 50.4875

8 22.0 30.7225 2 1 . 5 41 .6975 23.0 28.2275 23.0 29.4400

9 2 4 . 0 27.7800 2 3 . 0 58.7300 23.5 40.8125 22.0 44.1775

10 22.0 30.8600 2 2 . 5 57-8050 22.5 41.8175 23.0 43.5900

11 2 3 . 0 26.5975 2 3 . 0 44-6625 21.5 44.0175 22.5 27.4675

12 23.5 27.1150 2 3 . 5 54.1950 22.0 32.4025 23.5 45.3425

13 2 3 . 0 30.3300 2 4 . 0 52.9125 2 4 . 0 38.7275 23.0 52.6525

14 22.0 31.8400 2 5 . 0 58.0250 22.0 29.0050 21 .5 34.1575

15 2 3 . 0 56.5000 24.0 33-8950 23.5 43.4325

16 2 3 . 0 59.9175 2 3 . 0 41.3625 23.0 46.3875

17 2 3 . 0 50.7275 22.0 30.9325 22.0 46.9300

18 2 3 . 5 43-9100 23.0 24.5925 24.5 49.3075

19 2 4 . 5 39-6975 23.0 34.9300 21 .5 51.3875

20 2 4 . 0 38.7075 22.0 37.6400 23.0 28.8250

21 2 3 . 0 60.4025 22.5 38.7125 2 5 . 0 42.5175

22 2 1 . 0 57.6075 23.0 24.1750 24.0 33.6100

23 2 4 . 0 44.1875 22.0 27.6450 23.0 50.0875

24 2 3 . 0 62.2700 2 3 . 0 23.1125 22.5 32.1575

25 2 2 . 5 60.0175 22.0 35.4400 22.5 49.9425

26 21 .5 31 . 2 3 2 5 23.5 50.1500



Table 69. 7a ilya ia  o f  v i s  1 ace o f  'b* ¥f obt ilnofl by . . a t ' j  Jicthod

jourc© DF -4 Mu V

between $roup 

aifctaln <jroup 

T o ta l

3 7007.938 

87 4343.875 

9 0  t 1351.81

2335.979 

49.9296

46 •78**

**  Ind icsate 3 3 i  jn if ie a n e e  a t  l e v e l

CO m atrix  fo r compariu on between ^roup means

Jea i male B eo i fem ale W1  l&1i» fem ale Leans

£ e j i  male

fem ale 

. p r a le  

t r  fem ale

4 . 6 8 6 8 4.6543

3.9328

4.6543

5.9328 

3 . >1 9 4 1

20.2671 

51.8086 

32.7608 

4J.OJC5
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?. DIJea33IwK
She re s u lts  o f  present in v e s t ig a t io n  * .Static t ic & l 

approach on the pa ttern  o f  development o f  shtmk. len g th  in  

ducks" were <given in  chapter I v .  wn the b ta is  o f these 

r e s u lts  t f »  fo llo w in g  discussion, conclusion  ano roecmaeH- 

ca t ion a  «.re made.

5 . 1 . dfaanfc. len gth

Based on the mean and 3 tam ard  e r r o r  o f  anank len gth  fo r  

the f i r s t  erven  days o f  s ix  group® o f  ducklinga v ia .  r e a l 

B a le , Desi f e e a le , WP s a ls ,  s'P fem ale, Beec dack lin  ~ v i t n  ot 

co n s id erin g  sex and tfr d u e k lin : w ithout cons idorin  • sox, i t  

could be observed th a t there wa3 n d a i ly  inoreoae in  3 hai k 

len g th  in  the three groups, v i z .  Desi fem ales, h i ssaleg na 

tr> fem a les . ‘ _  _ _

iifir. ;,;e o f  in crease  was 

C .o 4 ,to  0 . 4 4  ss  fo r  » ?  c .e le j , 0 .u8  to  C.44 * a  fo r  faj ea& lec, 

C . 0 4  t o  0 . 5  * *  fo r  Deal a s lca  ard C. 1 2  to  0 . 5  at® fo r  wesi 

fe e a le e ,  standard e r ro r  fo r  mean shank len gth  was I^ js  fo r  

kP a a le s  unu I t  ranged between 0.1115 to  0 . 1 4 9 9 . But fo r  

th e  o th er th ree  group., standard e r r o r  f o r  mean shank Ion t i 

was Isas than 0 . 2 3  whiea was com paratively grea ter taau t in t  

o f  <01 s a le s .
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B&3t,d ua the Bonn "md a t r r.d'rt3 e r r o r  c l  an hk i  n jtn  

o f  the f v a r  jr u i ira i f  n u c*lan  3  on sees 1$ uc«>id  uptc 1 c 

w ee** o f  u > ,  i t  c e ^ l i  Ls ob serve ! tnn t o -cc* t  <. t  x i f t b

week Us s i fets&leo la d  h igh e r  a r fin i ien  _,tt t r  n f* i l  t  t o  «y

th r e e  groups upto 9th weds' o f  s _ , j ,  *he h i " s* ;  u u t

le n t tn  wa3 ^b'tervod  fo r  eat. mi It .» f/ Ilow ed  i>j <. t ' Z ' i l  „

The l e r a t  f-ve r ' tj j v f>nk le n ^ t ' v  s ob3t? w  I f o r  n ^ le  .

.Bat a a n n  f i f t h *  ton ti * e lev en tn  -nd weak o f  0. „

j ja a i a e le d  had the hi_.he.it uiiink lers jtb  f o l i o « e  t 

r e s a le s . h arin g  te e  e n t ir e  p_riud  a** r>k i t S j t i ,  <*&<>

* lw « y *  observed f o r  » r  i f i b j . I r .. a t  c id ra  u r n .r  •-i  _« l

sx_arisc le n  ~th mo le _ a  n 1.5 fu r  c u l the fe a r  jrew  a V i .

I>edi male , i±  f e i  I s d , wl male a ana » „  fts  1

to e  i.r t i r e  p ez ioa  u f o tae  j  * s e j  lu cK .lxn ; * h&d 3  &

le r t itn  tnon *1 au ck la r From tse  e t^ h tn  wtcir onwardj ,

r a t e  o f  grow th  in  Aj  && lc n jt *  wa„ ? e r ,  lc->j fe z  11 the

jrvu p s . I t  wfo a ldu  3 / U i  th* t  t.o- shjub j», a in . , , .a  c t  

fe :u > le i «c rd  ’ Iwa s h r^ iu r  St.an th t  o f  br ctal«_j.

AnaljSxJ o f  v ^ r i  r. e c f  -R tt i e l /fo u r th , p i  /  la  0 0  t  

wt «k  j \ n k  .bsR'to o f  ti -  fo u r _,r jui-> »h  t  h - fch» 1 1 w , ) i t 

3 i  'n i f i c o n t  i f f e r e r c e  o t/eor the dhhulr l e a - ih  c f  the 1 ju *

’ rcu p j on i n l t i ' l  da., 5 r<? l^ o  on tv e  l f t  n weo1 ' *

whereas - " t a  0 0  fo u rth  '  nd i  'i th  week, ok ’wed h i fh ly

s i  j r l f i o a r t  d i f f e r e n c e  between the shank l e r  ;tn o f  t * t ' <t



grou ps* In  fou rth  week snd e ign th  week, WP mslea d i f f e r e d  

s i g n i f i c a n t l y  fr o a  a l l  the o th er th roe ^roupa and la s i  

Bales were not s ig n i f i c a n t ly  d i f f e r e n t  f r o *  Desi females

and Wj fem a les . Ho s ig n i f i c a n t  d i f f e r e n c e  was observed 

ootween the dot?- on h ea l fem ales end WP feaa lea  cu r in g  she 

8 th  week, whereas s ig n i f i c a n t  d i f f e r e n c e  was ooserved o c tvec  

thoae groups du rin g  the fo u r th  week.

.At the tw e lf th  week o f  age mean shank len gth  waa 6 . to  

and 6.01 cm r e s p e c t iv e ly  f o r  u e a i males and i e s i  fem a les . 

Those f ig u r e s  were com parative ly  lea s  tnaa the average anas k 

len g th  o f  S ea l ducks rep o rted  by Bench! (1 9 7 9 ). Be observed 

th a t the means o f  shank len g th  a t  the l2 tn  week o f  age was 

6 . 4 4 .4 C.Q4  and 6 . 1 5 ^ 0 . 2  c m  in  the male and the fem ale Desi 

ducks r e s p e c t iv e ly .

Fro® th e  l in e a r  growth equation f i t t e d  to  the in d iv id u a l 

d u ck lin g s , i t  was found th a t the c o e f f i c i e n t  o f  & e trrn ln 3 tio^  

was o f  the h irh es t o rd e r  f o r  VP s a le s ,  w ith  lo s a t  standard 

e r r c r .  Shan the same e%oab<m waa f i t t e d  on the average oca i s  

i t  waa observed tn a t WI s a le s  waa h ev in g  the h i heat c o e f f i 

c ie n t  o f  d e t e r » in » t io n  i r ^ }  (0 .9729 )  w ith  the le a s t  standard 

e r r o r  o f  th e  estim ate (2 .2 155 ; and D esi fem ales bed le a s t  

c o e f f i c i e n t  o f  d e te ra in a t io n  (0 .8522, and h ip e s t  standard 

e r r o r  o f  the es tim ate  (5*6C77$. In  a l l  the fo u r  groups the
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growth r » t c  was h i -her w ith  the le a s t  growth ra te  o f  3.26S 

fo r  WP s a le s  end the h ighest growth ra te  o f  3.4116 fo r  

D eal fem ales.

On the b a s is  o f  .ho a n a ly s is  o f  va rian ce u f the 

growth ra te  lb )  o f  th e  l in e a r  equation  i t  «'aa observed ta ^ t 

there  waa no s ig n if ic a n t  d i f f e r e n c e  between the  fou r groups 

v i s .  Desi a a le a , Beal females, wi- males and » i  females i Table 9 , .

then exp o n en tia l curve waa used fo r  f i t t i n g  the ohank 

len g th  o f  the in d iv id u a l du ck lin gs upto 12 wecka o i  a / ,  j  

h igh  order c o e f f ic ie n t  c f  d e ten s ln - t io n  waa observe ! Uetwce* 

the observed and the expected ounnk length  in  the case o f  

WP Bsales and WP fem a les . But the va lu e e f  th e  c o e f f ic ie n t  

o f  determ ination  was leas  fo r  Deoi males am. l c s i  females 

than that fo r  WP sa les  and VfP fem ales. The aome curve fit te rs  

to  the average data o f  shank: len gth  o f  the fou r groups a nowed 

that *P males were having the le a s t  c o e f f ic ie n t  o f  d e tc rn i-  

n ation  (0 .9581) w ith  the le a s t  standard e r ro r  o f  estim ate 

( 4 . 1 2 2 9 ) and Be3i fem ales were having the le a s t  c o e f f ic ie n t  

o f  determ ination  (0.8679; w ith  the h i jhost standard e r ro r  o f  

the estim ate (*7.7539). The average value o f  growth ra te  ' b ’ 

was h ighest fo r  WP males and le a s t  fo r  S ea l fem a les . *>inc-e 

the standard e r ro rs  o f  the estim ate  were h igh  in  tn ia  case, 

th is  curve was not a good f i t  f o r  the d a ta .



1 3 1

The arsti/jiw  ox v n r^ n je  ^  %a<~ jrcu tr r  to ->i xa. 

^onsr.sii,i e^u l u r  U ^ i - t  16/ 3‘row d  th&fc t t o fe  w*- j  v  

« ii jn i f i c i  nt i f t e r e r c «  u^Weesi tr„ four ^rc*p^ v i z .  .jo i

fe^at 1c o * ? £t,lc ? u,rJ  »?-* f* L(iv i - i f  t  o

utanciard e r ro r  o f  i u „ o d t i -te  w£o Ver, j i  ;h, the _ m  . 

a - u l t  f i t  xcr tht. a e ta .

lae re b iu u  coU -inei toj Eo-sxfi-d ex-Xyn&nt a X f i l t e r ' tc.

xha Ct-te or j '’jasK lo r  vtj. c J ir J x v ls u . l  ’ tio&lxn a a i

i t  wed su itab le  fo r  the x-'t Of ora ' iors’ S. r b

jhcw H  a ni^h va lu e  fo r  the ->ocffici<snt c f'd  *te r -m  tjw ” I ” t

Hie o nt< curve f i t t e d  fo r  iu « average- uv\ l jv -> *.

tn&c the c o e f f ic i  o t  o f  a e t ^ m 'i  t io n  w ti n i Ix fo r  ' l i  *. e

fo  i1" ’ roup-3. The h i ' » 3 t  v<. aus r>i t^e • h i o f c* t i

e m o t i o n  { \ .5 r54 i  v .  j  f o r  - I  o r  l e  «  .  j . t '  t  o  ’ u  » t  a t  r  "  A

e v r j T  o f  » 3 i i _  U v1.|?6b7, ''~x t ~ e  let « t  t r  lu < f  «A * f  t .
2

o f  d e ters  m o tion  ( r  ; IJ.3.544.» wso fo r  „ *i <.f it j « i  t 

>*i ^he^t elandl re rru r  o f  e-.t n a te  i4 »o939, •

on ti®  tao id  o f  anal^siJ o f  v a i ia i - e  o f  _,fOrfth r m ,  

i t  could toe found tn t m ere w u ^ i j iu f i^ ^ n t  » i , x e « r ^ t  

oc vweon me rotJt. ra te  o l ti*o fou r 3r 0bp. * vc a o a if i i  <i 

expomu t i ' '  1 ~urve *ao f iu t  d « <o s i 'jn x iic c n t  d i i fo r e ru  * v. 

coaerven leU w c r t t o  ^rowtn r&te*u e l uc i  m lo ., c f  . c _

fefffe lex . i l l  tz« utn<-r pair^ v i  . t-uoi .cL j -nd It- > - j ,
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£ e 3 l males and tfP fem ale^ , S ea l fem ales and UP fem a les ,

S e a l fem ales r̂ n& wP males ena *?  s a le  a and tfp fem ales were 

d i f f e r e d  u ig n i f i c c o t ly .  She average va lu e  o f  'b '  waa the 

h igh es t f o r  «P  male end le a s t  fo r  h e s i fem a le .

The h igh est c o e f f i c ie n t  o f  d e te rm in it io n  -ni lea n t 

standard e r r o r  o f  the es tim ate  was observed fo r  a l l  the 

in d iv id u a ls  ween the J csp ertz  equ a tion  was f i t t e d  fo r  each 

d u c k lin g . The same r e s u lt  was obtained when th is  curve was 

f i t t e d  fo r  the average aha^k len&tn o f  each ^rcup. fhe 

h igh es t va lue o f  the c o e f f i c ie n t  o f  determtn. t io n  (<-.59^8; 

was observed f o r  wP s a le s  w ito  le a s t  standard e r r o r  o f  toe  

es tim a te  (1.1761/ and le a s t  va lu e  o f  c o e f f i c ie n t  o f  determ i

n a tio n  (u .9680) was observed f o r  D es i fem ales w icn h i hoot 

standard e r r o r  o f  the es tim a te  (2 ,6 7 7 2 j.

b 1h n a lju ia  o f  va r ian ce  o f  *a va lu es  asaoc iu ted  w itn  «*ie 

grow th  ra te  (T a b le  i snowed that th e re  va3 no s ig n i f ic a n t  

d i f f e r e n c e  between the grow th ra te  o f  thaa*. fo u r jp o u ^ .

This ia  in  agreement w itn  the r e s u lt  ootalned from the 

ana ly s is  o f  va ria n ce  o f  shank lo n g to  o f  the fou r groups a t 

the ena o f  tnc e i j e r in a n t .

l o g i s t i c  curve f i t t e d  to tra  d a ta  o f  shank len g th  o f  

the in d iv id u a l d u ck lin gs  showed tha t the va lu e o f  th o  c o o f f i -  

o ie n t  o f  d eterm in a tion  ( r  t was v e r y  h igh  and th e  a ta r ia rd



e r r o r  o f  the estim ate waa le s s .  The aaae re s u lt  waa a lao  

obtained whoa th ia  equation  waa f i t t e r  to  the average sna 'k  

len g th  o f  the s is  jrou pa . The h igh est va lue o f  c o e f f ic ie n t  

o f  determ ination  (0 .9948 ) ve.a fo r  >T sa le s  w ith the len ^ t 

standard e r ro r  o f  estim ate (1.4441/ and tho leau t v^la*. o f  

c o e f f i c ie n t  o f  d e te r c in r t io n  (0.9776/ fo r  ^oui a r le s ,  w ith 

the h igh est standard e r ro r  o f  estim ate (3*1872/.

She re s u lts  obtained by f i t t i n g  V on -b e rta len ff/  equation 

were a lao  the same, h igh  ve la ea  o f  ta e  c o e f f i c ie n t  o f  

determ ination  was observed ostween the expected and observeu 

shank len gth  and standard e r ro rs  o f  the es tim ate  were a lso  

found to  be le a * .  The re s u lts  o f  the equation f i t t e d  fo r  tno 

averages a lso  showed tha t the va lu e  o f  the c o e f f ic ie n t  o f  

determ ination  was h igh  and i t  ranged between <j,976V ( f o r  VI 

fem a les/ and 0.9554 ( f o r  has1 fem a le s ,. She va lu e  o f  the 

standard e r r o r  o f  the estim ate waa le ss  and i t  ranged oetwee'j 

2.5746 ( f o r  '? t e e ' l e a ;  end 3.1867 ( f o r  £ eo i fe m a le a ,.

_ w
Iho an a lys is  o f  variance o f  the be va lu es  associa ted  

w ith  the growth ra te  (Tab le  45/ showed that there was 

s ig n i f ic a n t  d i f f e r e n c e  between the growth rnfce o f  the four 

groups, he s ig n i f ic a n t  d if fe r e n c e  was observed between the 

growth ra tes  o f  the males end feaa iea  o f  h c s i ducks. ,11 the 

o tn er pa irs v i a .  D esi males and W? ms le u , Desi (ta les  nnd » f  

fem a les , Eesi fem ales and pP m ales, D esi re sa le s  and WP females
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and «?B a s les  and *£ fem&iee d i f f e r e d  s ig n i f ic a n t ly  in  

re sp ec t o f  growtn ra te s .

Ih© re s u lts  obtained by f i t t i n g  tne second degree 

equation  in d iv id u a lly  and la te r  by ta k in g  avera ;e shank 

len g th  showed th a t the c o e f f ic ie n t  o f  determ ination  was j.&~u> 

and the standard e r r o r  o f  the es tim a te  va3 h igh . 2he c o e f f i 

c ie n t  o f  determ ination  wca h igh  fo r  fcJP males w ith  a va lu e

0.8361 and Isas  fo r  Best fem ales w ith  a va lue C.6213. Zh® 

standard e r ro r  o f  estim ate ranged Between 26.3493 i f o r  *1 

s ia les j and 3 1  *1555 ( f o r  Dssi fe a a le a / .

5 .2 . 5ao*a hethod

Baaed oh the an a ly s is  o f  covariance c f  the growth p?ro

a s te r  estim ates (h i as explained by Rao (1958 j, by tak ing 

i n i t i a l  snank len g th  (y Q) as the concomitant v a r ia o le ,  i t  war 

found th a t there  was no - . ig n if ic e n t  r e la t io n s h ip  between the 

i n i t i a l  shank len gth  and the growth parameters and tne 

reg re ss io n  c o e f f i c ie n t  (-G.6C37,- was founa to be non s i g n i f i 

can t. hence the a n a ly s is  o f  va rian ce  o f  *b* va lues (grow th 

param eters) given  in  ta b le  69 ah.wed th a t the fou r jrcu io  

were h igh ly  s ig n i f i c a n t ly  d i f f e r e n t ,  fhe CB m atrix  fo r  ta e  

comparison between tne groups showed th a t there was no 

s ig n i f ic a n t  d if fe r e n c e  between B es i males and W P  mslea. 

A l l  the o th er  groups v i z .  B®3l fe r a le ^  and aP c a le s ,  Besi



fem ales and fem ales, Besife»£ les and Desi s a le s , jQesi 

s a le s  and *P  fe a e le s  and ViP sa le s  and ¥P fem ales wo>e h i 5h l j  

s ig n i f i c a n t ly  d i f f e r e n t .

From the seven curves, i e .  l in e a r ,  exp on en tia l, « o d i f i e i  

ex p o n en tia l, Oompertz, lo  ’i a t i c ,  Y on -oert& lsn ffy  and cecond 

degree equations f i t t e d  fo r  the fou r group*, in d iv ia u r i l j  and 

l a t e r  oy ta k in g  average shank len g th  o f  each group, i t  waa 

found tha t the Gompertz curve was c o n (la te n t ly  su p er io r on 

the in d iv id u a l b ird  as w e l l  sa on the average oa-iia ^or a l l  

the groups o f  d u ck lin gs , ie x s  oeot .-as the l o g i s t i c  form 

o f  the curve.

The .graph, o f  the two oost f i t t e d  curvej — Coaperta, 

l o g i s t i c  were c lo tte d  and ware g iv en  in  F igu re3 1, 2, 3, 4,

5 and 6 a long w ith  the p lo t  o f  observed aeaa sr.ank le rg tu  io r  

a l l  the s ix  group o f  b ird s , iro a  these s ix  f ig u r e s  i t  could 

be founa tha t the Goapertz curve was more nearer to  tea obser

ved va lu es . This fo o t  a lso  e s ta b lish es  the appr3 priatoneas o f 

Go&pertz curve fo r  f i t t i n g  mathematical moael o f  unank length  

d a te  in  s ix  group o f  ducks, hence the general conelusion one 

can make ia  tha t the model su ita b le  fo r  f i t t i n g  the trend o f  

shank len gth  in th e  caoe o f  duska ir r e s p e c t iv e  o f breed and 

sex  is  the Goaport* cu rve. The second curve o f  oect f i t  waa 

found to be the l o g i s t i c  cu rve, fh ie  r e e u it  in ' Iso  in agree- 

ij en t w ith  the conclusion  nada by A ra l tst 81.(1984,). They showed 

tha t the growth patserr waa b e t te r  describ ed  by the ioaperts  

curve than the l o g i s t i c  cu rve.
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5 .3* Body wei r t

Jaaed on the a j an end standard e r r o r  o f  body weight 

upto 12 weeks o f  a ge , I t  wcs observed tb e t  the h i ghost tean  

body w e i ^ t  upto s ix th  week o f  age was f o r  B es i feicalea 

and the le a s t  body w eigh t was fo r  bP s a l e i . upto th ird  

week o f  age Beal mala a hui the h igh e r  weight than th a t o f  

wP fem a les . Fro* a Jut  ̂ week onward a *'P icfi& ies were In v in g  

the h igh es t body w e igh t. In  a i l  s ta ges  « *  I'o^alea aad r.i , u_i 

oody weight than toa t o f  -s? c a ie  ana excep t l o r  the 11th 

and 12th week Booi fow a les  nad m^hesr oody wexgnt than that 

o f  D eal s a le s .

She correla tion  between the ahanic length and body 

weight were wonted out on average ob&arvacion baaia ana 

individual oaservstioH aaajs snd I t  was found tnnt 

s ig n ific a n tly  high curre tetion t fa c ie  57 J was found between 

those two characters, highest correla tion  between body 

weight and ahsnk length (0.9367 ) waa ooserved fo r  wF sales 

and least (O.S775) fo r  2e»i sa les.

V*<*n lin ea r e-juntion was f it te d  fo r  predicting the 

body wei ;ht fro® shank length, the value o f co e ffic ien t o f  

determination woe less «nd ronjed between 0.8775 fo r  *r 

/  sale and 0.7699 fo r  Desi-females. She standard e rro r o f

e a tis r te  waa the h i fo r  i,eoi female „nd the least for

V»P sales (fa o ls  6Cj.
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then ex p o n en tia l equation  waa f i t t e d  f o r  p re i ic tin _ , 

body w eigh t fr o a  shank len g th , the va lu e o t  the e o e ff_ * .iv n t  

o f  d e te rh ia s t io n  was h igh , She h igu e.it va lue (o »9 3 a ; was 

f o r  »J? ssale w ith  the le a s t  standard e r r o r  o f  c a t ia a te  

(41.C419/ tod  the le a s t  va lu e o f  c o e f f i c ie n t  o f  determ in i t ion  

(0 .8 9 3 5 ) wav f o r  a e c i sa&lo w ith  .he -.t-rut-i-d e r r o r  o f  

e a t ie s t o  13‘o.6843.

Front these two earvea  ̂ l in e a r  and e x p o n c -n t ia l^ iit te j 

f o r  p r e d ic t in g  body w eigh t fro®  shank len g th  i t  was found 

th a t exp on en tia l was tfat, bee t f i t  f o r  a l l  the s ix  groups, 

hence one sen reason ab ly  rccoassend the exp o n en tia l eeu etioa  

f o r  p r e d ic t in g  the body wei pet through shrnk iu r /th 'O ta .
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v i .  Jvm i& T

In  o rd er  to  examine the p s ite rn  o f  d e v e lc  ..sent o f  

shank len g th  xn ts#c creeds o f  duexa i s .  J o > i rod v’a i t e  

Pekin and to  eosapare the ra re  o f  rrowtn o f  shank len g th  

&t the d i f f e r e n t  age group* o f  th ese  b ird <3, £ ated^ was 

conducted is  R j r a l »  i i g ' i c u l tu r a l  U n iv e r s ity  Ja^k rr r it ,

! ennuthy w ith  0 1  d ay  o ld  l e ^ i  d u ck lin g *  and 72 dc y o ld  

S h ite  pekin d u ck lin gs  under id e n t ic a l  saw. semen t p r a c t i

c e s . iJody w eigh t in  graua <ind shark len g th  in  a i l i i o e t r e u  

o f  each d u ck lin g  were recorded a t  weekly in t e r v a ls  i v r  

tw e lv e  weeks. In  a d d it io n  Co t n i s ,  bedy v e ig h t  and snnra 

len g th  were recorded  d a rin g  the f i r s t  seven d - y s .  i t  tne 

end o f  the t w e l f t h  wecL, measureaents on 1 4  assies ant. * . 5  

fem ales o f  D ea l d u ck lin gs  a s i 26 ko 1 « s  and 2 6  l e s s I t *  o f  

t h i t e  pekin du ck lin gs  were u t i l i s e d  fo r  the s tu d y .

The average shank len gth  o f  the day o ln  d u c k lm w e r e  

*3 »1 o  sob f o r  B es i fe c & ie s , 2 3 . v 4 sue f o r  Iseai s a le s .  2p.75 ta. 

fo r  wp fem ales and 23.65 *® f o r  *1  B raes. th ere  woe no 

s i  m if ic a n t  d i f f e r e n c e  in  the day j ld  shank len g th  o f  the 

fo u r  groups. But s ig n i f ic a n t  d i f f e r e n c e  was observed aesveen 

the aiesr shank len g th  o f  the fou r groups d u rin g  the fou rta  

end 8th week o f  a p e . Iha in crease  lz> shank len g th  f r o *  ( th
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week onwards wnc very a low . At toe  end o f  the excsrin en t 

i t  wae ob3orv®d tha t the d if fe r e n c e  between sexes aa a lao 

between breeds in  jhank length  waa not s ig n i f ic a n t .

h e te ro gen e ity  in  the pattern  o f  growtn o f  oody wei -ht 

was observed froa  .he yuginning o f  the study, tn j11 

s ta ges  WP fem ales had h iy ic r  oody weight then that o f - i  

s a le s  and except fo r  116h and Ik tn  week n es i females had 

h igh er body weigut taan th-.t o f  B e s i a n le e .

n igh  c o rre la t io n  waa obtained between the body -vexg^s 

and the shank len gth  o f each du ck lin gs , i l l  these c o rre la 

t io n s  wore h igh ly  s ig n i f ic a n t .  Ihoso co rre l^ tion a  im ply 

th a t fo r  ob ta in in g  h igh est body weight a t a p a rt ic u la r  

period  i t  ia  d e s ira b le  to  s e le c t  duck lings w ith  lon ges t 

ahank.

shank length  waa found to  inc raaee w ith  c. go. Ih i3  

led  to  the f i t t i n g  o f  l in e a r  p red ic t io n  equ itiona o f  the 

fo ra  y  *  a + bx. She c o r r e la t io n  between the observed ; nd 

the expected a h ’nk len gth  was le s s  and atrrdarci o r ro r  o f  

e a t iita te  wore com parative ly  h igh , the rosy  in d ice  t in g  th  ^t 

l in e a r  equations were not a good f i t  to  shank len gth  u  e

fu n ction  o f  a ge . the exponen tia l e jr v e  y * abx anJ the
o

second degree equation  y  *  a + bx + ex -wore a lo o  fount! to  

bo unsu itab le fo r  f i t t i n g  shank len g th  as a fu n ction  o f  a ;e



because fo r  th ese survos a ls o  the c o e f f i c i e n t  o f  d e te r -  

s ie u t io n  vers  le a s  and the standard e r r o r  c f  the 

es tim ate  were com parative ly  h ign .

czdoaparts carve o f  the form y *  ab f i t t e d  to a an It 

le n g th  waa found to  g iv e  good f i t  to  tno d s t i .  The a n a ly . . i j 

o f  va rian ce  o f  growth ra te s  gave the aasxe r e s u lt  aa the 

a a a ly a ia  o f  va r ia n ce  o f  ahank lersgtn a t  the and o f  the 

t w e l f t h  week. The square o f  the c o r r e la t io 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 term in a tion ; between the oosurvad an? the 

expected  shank len g th s  waa v e r y  h igh  end standard e r r o r  o f  

the estim ate  were la s s  in d le c t in  • that Tosperta  curve woe 

K03t s u ita b le  fo r  exp re ss in g  shank l «n  pth as a fu n ction  o f  

age.

Ike second b es t equation  f i t t e d  to  the shank len g th  

was l o g i s t i c  fo r a  y  *  a/@+ 1Cb+cxD . Tor  tn ia  curve a ls o  

c o e f f i c i e n t  o f  d eterm in a tion  was v e r y  h igh  o s i atusuard 

e r r o r  o f  the estim ate waj le s a .

r .o a if ie d  e x p o n en tia l end V on -^ o rtu la n ffy  equations 

w«ire a lso  found to  oe su ita u lo  fo r  the shank le a  <;th d a ta .

She a n a ly s is  o f  v^ rion cc o f  growth ra te  o f  those two curves 

led  to  the eras r e s u lt  that the growth ra te  o f Je*>i m alt3 

and feu u le  d u ck lin gs  were homogeneous. l o r  a l l  the o tn sr  

p a ir s ,  the growth ra te  was heterogeneou s.
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Graphs were drawn using the sea t f is t e d  equations v ia .  

l o  Jus t i c  and lo a p e r tz , fo r  o i l  the s ix  groups a lon g  w ith  

»  p lo t  o f  observed va lu es . I t  v s *  found that the gra  n 

drawn fo r  Goaperts was ssora nearer to  the observed ve lu ea . 

This r e s u lts  e ls e  con fires  t i e  above conclusion .

In  sh o r t, shank length  expressed m  a fu n ction  o f  age 

in  the Gonperta end l o g i s t i c  fo ra  were forced to  be good 

f i t  f o r  the s ix  groups o f  du ck lin gs . not.evcr the DCJt for® 

o f  rep resen ta tion  o f  aat.nk length  as t. function  o f  age was 

3c«Jpertz f o r * .

fo r  cobparing growth ra tes  o f  the d i f f e r e n t  groups, 

the growth p a reae te r estim ate ^0 / as suggested by ha©

0 3 5 8 1 were a lso  worked ou t. She a n a lja ia  o f  covariance 

o f  these 'to* va lu es by tak ing the i n i t i a l  ahink len gth  aa 

eoncoa itan t v a r ia b le  shewed tnat th e ie  was no r e la t io n  

Between 'l>‘ va lues and i n i t i a l  shank len gth , lfence th is  

method was not su ita b le  fo r  the conpsriaon e f  growth ra te 

In the present study •

Aa there was high c o r re la t io n  between body weight and 

shark len g th , body weight sea bo pred icted  tra n  sha^fc 

len g th . Linear equation  o f  the fo r *  y  a a + bx and



ex p o n en t ia l equstdon . f  the l i t s s y  *  ab1 were us^d fo r  

p r e d ic t in g  bc-dj  wt i jh t  fr o r  ihark 1 ” pth. ^son * tn e te  

twe cure s fo r e  »c.o frun to «e  Lh opst

t© th> fceoy ve ig r„t us a f  m otion  o f  J i/n  1 n_,tn. ihe 

c o e f f i c ie n t  c f  d e t e r a i t .. t i o "  in  tn is  caoe » b j  ( « u  n i

ar,j at^ndarc e r r o r  O f 3 t ia  tea  were o vsr  r o t i v e l j  1

I s  s h o r t , na i :  foru o f  re;rfc3pnt tioz. o f  ood </ ,  x -  t j j

a f^ n c tio * ' v i  sbani. lo r^ th  was e ipo r  ̂t i e  1.
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