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INTRODUCTION

A knowledge o f th© in h e r i ta n c e  o f th e  p h y s io lo g ic a l c h a ra c te rs ,  

rat©  of growth and rat©  o f  f e a th e r in g ,  i s  o f  m a te r ia l  va lue  to  th© 

p o u ltry  in d u s try  as  w ell as o f fundam ental v a lu e  t o  th© g e n e t i c i s t .

A ccording to  th e  A g r ic u ltu ra l  M arketing S erv ice  o f th e  U nited S ta te s  

Department o f A g r ic u ltu re , approx im ately  900,000,000 ch ick en s were 

r a is e d  in  t h i s  co u n try  d u r in g  1941, A pproxim ately 160,000,000 o f th e se  

were r a is e d  in  s p e c ia l is e d  fa m in g  a re a s  s p e c i f ic a l ly  fo r  b r o i l e r s  and 

th© m a jo rity  of th o se  r a is e d  on a l l  farm s were e a te n  or so ld  b e fo re  th ey  

reached  m a tu r i ty .

I t  i s  g e n e ra lly  re co g n ized  by poultrym en th a t  th e  most p r o f i ta b le  

b ird s  fo r  b r o i l e r s  a re  th o se  th a t  grow and fe a th e r  most r a p id ly .  More 

e f f i c i e n t  use  can be made o f the  equipm ent and la b o r .  F a st-growing b ird s  

u t i l i z e  feed  more e f f i c i e n t l y  th an  th o se  t h a t  grow more slow ly because 

le  ss feed  i s  used f o r  m aintenance a s  th e  body req u irem en ts  a re  m ain ta ined  

fo r  a sh o r te r  p e rio d  b e fo re  a  d e f in i t e  m arket w eight i s  re a c h e d . Poorly  

fe a th e re d  b r o i l e r s  a re  su b je c t to  sever©  m arket d is c r im in a tio n .

g reed s  o f  th e  M editerranean  c la s s  a re  e f f i c i e n t  p roducers o f  eg g s  

and th© S . C. V/hite Leghorn i s  used f o r  commercial egg p ro d u c tio n  more 

e x te n s iv e ly  th a n  any o th e r b reed  and v a r i e ty .  Leghorns u s u a lly  fe a th e r  

very  r a p id ly  and grow com paratively  r a p id ly  a t  f i r s t  b u t u t i l i z e  feed  le s s  

e f f i c i e n t l y  as  they  approach 2 or 3 pounds in  w e ig h t. Most s t r a in s  o f th© 

h e a v ie r  b reed s  and v a r i e t i e s  u t i l i z e  feed  more e f f i c i e n t l y  than  th e  Leghorn, 

bu t few s t r a in s  f e a th e r  a s  r a p id ly .

Some s t r a in s  o f th© Hew Hampshire b reed  have been  bred fo r  ra p id  growth 

and f e a th e r in g  and a re  v e ry  e f f i c i e n t  fo r  b r o i l e r  p ro d u c tio n  when used as
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A lthough i t  has long  b m n  knows t h a t  th #  m l  as in  ®aoh h r  sad  u s u a lly  

grew f a s t e r  and fe& thar mere s low ly  th a n  th® f  a m  la s  and t h a t  b ird #  b e long

in g  to  th® lig h t-w e ig h t hr ©ads , such  a t le g h o rn s , ro ach  body m a tu r ity  

e a r l i e r  i n  l i f e  and f e a th e r  more r a p id ly  than heavy-w eigh t b re a d s , such 

a t  Plymouth Hocks, eewparat irmly l i t t l ®  Is  know® ecn ce rn in g  th a  in h e r i ta n c e  

o f th a t#  two ch a rac te r® , I t  i s  a ls o  w e ll  known t h a t  s e w r a l  changes te l®  

p la ce  in  th® plumage o f a  ©hickea d u rin g  i t s  l i f e  tim®, The down th a t  la  

©baerred a t  h a tch in g  tim e i s  soon superseded  by c h ic k  f e a th e r in g ,  w hich in  

tu r n  i s  re p la c e d  in  a  f a i r l y  r e g u la r  sequence by jc reen ile  f e a th e r s  and th e n  

th e  a d u l t  plumage*
In flu en c e  o f Bgg Sis® on Kate o f  Growth* Upp (8 # ) , Hays and Sanborn (2 7 ) , 

and Funk, K aandel, and C allenbaeh  (IS ) re p o r te d  t h e t  r a t e  o f  growth In  ch ick s  

i s  n o t in flu en ced  fey th e  w eigh t o f  eggs fro® which th e  c h ic k s  w ire  hatched* 

la y s  and Sanborn (28) re p o r te d  t h a t  h en  eggs produced ch ick s  t h a t  grew f a s t e r  

from  4 t o  IS weeks th a n  c h ic k s  hatched  from  p a l l e t  eggs*

E f fe c ts  o f drosebr eed la g  on Growth Bate* Sue to  th e  r e s e n t  I n t e r e s t  in  

b r o i l e r  production* numerous in v e s t ig a t io n s  haw® been made o f th e  e f f e c t#  o f  

c ro s sb re e d in g  on r a t e  o f  growth* Say ( i f  )* Mrrmm  (9 0 ) , f%b#r (25)* Jaap  

and B e r r is  (4© ), Horlasher and Sm ith (S 5 ) , Bio# and few er ( 6 ) ,  In m  and 

O lsen  (5 5 ) , Knox, Quin®, sad Cbdfrey (84)# each  making a  s e r i e s  o f ereeeee*  

in  g e n e ra l found in c re ase d  a c c e le r a t i o n  i n  growth from  h y b r id is a t io n  as com

pared  w ith  th e  pu reb red # . T h is In c reased  a c c e le r a t io n  in  w eigh t was main

ta in e d  f o r  ap p ro x im a te ly  8 t o  12 weeks* However, in  th e  in v e s t ig a t io n #  where 

th.® F |  g e n e ra tio n  was r a ise d  t o  m atu rity , th® av erag e  w e ig h t was ap p ro x im ate ly  

th e  sa se  a s  th e  purebred progeny* In  each o f the in v e s tig a tio n ®  where re c to r® -
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c a l  m atings were re p o r te d , except H a ters  (9 5 ) , th e  P^ g e n e ra tio n  fem ales 

d i f f e r e d  m a te r ia l ly  in  weight in d ic a t in g  one or more sex - lin k e d  genes fo r  

r a t e  of growth* However, when th e  m ales from th© la rg e r  breed were c ro ssed  

w ith  fem ales from  th® sm aller b reed , th e  m ales a lso  had a tendency  to  

be l a r g e r  a t  10 weeks of age th a n  th o se  from th e  re c ip ro c a l  c ro s se s*  A xelsson 

( 5 ) ,  fro®  th e  r e s u l t s  of c ro s se s  in v o lv in g  th re e  b reeds o f p o u l t ry ,  found no 

tendency  f o r  rat©  of growth to  be sex*linked*

G en etics  o f  Growth Rate* L atim er (56) and L erner and Asmundson (61) 

approached th e  s tu d y  o f r a t e  o f  grow th in  a  d i f f e r e n t  manner th an  th e  i n v e s t i 

g a to rs  p re v io u s ly  rev iew ed . Latim er observed th a t  th® rat©  o f  growth o f  th e  

le g  bones was h igher th a n  th e  r a te  o f in c re a se  o f body w e ig h t. He a ls o  found 

th a t  the  leg  bone, w ith  th e  ex ce p tio n  o f th© fem ur, in c re a se d  from h a tch in g  

tim e to  m a tu r ity  to  a g r e a te r  e x te n t  i n  m ales th a n  in  fem ales* L erner and 

Asmundson (61) used tit© form ula of M inot i

V * i
E = ---------------

i n  which R m easures r a t e  o f grow th, h a tch in g  w e ig h t, and Tfg f i n a l  w eight* 

Asmundson and L erner (4 ) ,  app ly ing  M inot*s form ula to  purebred hhit®  Leghorns 

and B arred Plymouth Rocks, found s ig n i f ic a n t  d if fe re n c e s  between f a m il ie s  fo r  

r a t e  o f grow th a t  2 weeks and 8 w eeks, and th ey  concluded t h a t  r a t e  o f  growth 

was c o n tro l le d  by m u ltip le  g e n e tic  f a c to r s .

L erner (67) re p o rte d  a  v e ry  e x te n s iv e  re v ie w  o f  growth* He found th a t  

th© growth o f th e  p e o to r a l is  ma,jor m uscle and th© leg  bon es, as r e la te d  to  

th e  grow th o f  th© e n t i r e  organism , fo llo w s a s im ila r  course  in  th© Plymouth 

Hock and th© M inorca breeds of fow l. H ybrids between th e se  two b re e d s , 

in c lu d in g  f i r s t - g e n e r a t i o n  c ro s se s  a© w ell a s  b ack c ro sses  of th o se  to  both  

p a re n ts ,  were found to  p o sse ss  th e  same p a t te rn  o f growth of the  s t ru c tu re s
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s tu d ie d  a s  th e  parent®* Sex d if fe re n c e s  were noted  in  th e  v a lu es  of th© 

c o e f f ic ie n t  o f h e te ro g o n ic  grow th, s in ce  th e  fem ales, when compared w ith  

th e  m ales, showed a  h ig h e r value f o r  the  p e c to ra l i s  map* or muscle w ith  re s p e c t 

to  body w eight and a lower value f o r  th e  leg  len g th  w ith  re sp e c t to  body 

weight* The b a s ic  g en e tic  complex fo r  the  type of growth o f  p a r ts  w ith  

re s p e c t to  th e  growth o f  th e  whole was found to  be common to  th e  d i f f e r e n t  

b reeds of p o u ltry  w ith  th© ex cep tio n  of th© bantams he stud ied*  Ifhil© in  

o th e r b re e d s , liypergony was in d ic a te d  fo r  muscle and le g  bone, he found in  

bantams hypogony was p re sen t fo r  leg  bones and an approxim ation  to  isagony 

in  the m usclo. II© suggested th a t  bantams po ssess  g ro w th -re ta rd in g  fa c to rs  

which a f f e c t  th e  d i f f e r e n t  p a rts*

Growth g ra d ie n ts  based on len g th  measurements were observed in  th© 

p o s te r io r  limb a s  th e  ta rso ra e ta ta rsu s  grew a t  a more ra p id  r a t e  in  r e la t io n  

to  th e  r a t e  o f body grow th, th e  tib io t& re u s  m s  in te rm ed ia te  in  r a t e  of 

grow th, and th e  femur th e  slow est*  Jaap and M orris (4 0 ) , from an a n a ly s is  

o f v a rian ce  o f th e  body w eight of 6 pure b reeds and v a r i e t i e s ,  ob ta in ed  

h ig h ly  s ig n i f ic a n t  d if f e re n c e s  between th© means when th® chickens were 

grouped accord ing  to  v a r ie ty ,  s i r e ,  dam, and sex* Lerner and Asmundenn 

(6 2 ) , app ly ing  Schnalhausen*s (79) growth c o n sta n ts  to  W arren’ s (90) d a ta ,  

noted th© fo llow ing  p o in ts i  (1 ) ev idence of sex l in k a g e ; (2) d if f e re n c e s  in  

growth c o n s ta n ts  between b reeds and s t r a in s  and between sex es; (5 ) a decrease  

o f e a r ly  growth rat© due to  I t t e r  h a tch es  i s  compensated in  l a t e r  s ta g e s ;

(4) d if f e re n c e s  in  e a r ly  growth r a t e s  between breeds r e f l e c t  d if f e r e n c e s  in  

a d u lt  w e ig h t; (5 ) d e f in i t iv e  w eigh ts w ith in  b reeds a re  independent of th© 

p a t te rn s  fo r  growth in  th© e a r ly  s tag es*  Lerner (58) found t h a t  th e  r a t i o  

fo r  th e  growth o f th© ta rso ia© tata rsus w ith  re s p e c t to  body w eight te n d s  to  

in c re a se  from 4 to  12 weeks and to  decrease  from 12 to  20 weeks o f age* He 

found th a t  th© f lu c tu a t io n s  a r i s e  a s  a r e s u l t  o f d is s im i la r i ty  o f th® growth

p a t te r n s  o f th e  c o n tr ib u tin g  components*



i

Milby and Henderson (71 ) compared th e  rat®  o f  grow th f o r  d if fe r e n t  

specie©  o f p o u ltry . They found t h a t  c h ic k e n s , tu rk e y s ,  and p h easan ts  grew 

a t  p r a c t i c a l ly  th© same r a t e  d u rin g  p e rio d s  c f  c o n s ta n t  g row th , h u t th e  

p e rio d  m s  more prolonged f o r  tu rk ey s#  Pheasants arid ©hleks grew a t th e  

mm® r a t#  f o r  IS w e a ls , b u t w h lie  th e  pheasant*  stopped  th e  ch ickens oon>» 

t in n e d  growing to  13 isonfchs o f age* M igra to ry  docks and geeeo had -very 

s im i la r  grow th r a t e s ,  and th e  grow th r a t e  fo r  b o th  doubled  t h a t  fo r  tu rk e y s ,  

b u t th e  dee 11 m  ©©ourrod e a r l i e r  and was mmh more prune m eed* Annin and 

Hal pin. (3) found no m a te r ia l  d if fe re n t®  i n  growth r a t e  or t o t a l  w e ig h t a t  

28 weeks betw een capons and c o c k e re ls  from  e i th e r  purebred* or c ro s s b re d s , 

betw een th e  purebred  and c ro ssb re d  e o a k e ro ls , o r betw een th e  purebred  and 

e ro s sb re d  capons#

The dotoriou* in f lu e n c e  o f  summer te m p e ra tu res  on th e  r a t e  o f  growth 

has been d iscussed  by Ksnpster and Fferiar (61) and Kempster (49,50)* They 

found th a t m xiw en  te m p e ra tu res  t h a t  p r e w ile d  d u rin g  th® susmor a re  la rg e ly  

re s p o n s ib le  f o r  th e  r e ta rd e d  growth of 1st®-hatobed p u l l e t s ,  a lth o u g h  th e  

re ta rd e d  growth i s  mast pronounced a t  th e  age c f  20 w eeks, th ey  found t h a t  

th e  r e ta rd e d  ©hicks e w e s tm lly  o b ta in  th e  same w eigh t a© e a r  1 i e r -hatched  

©hicks#

L f fe c ts  o f  Inbreeding cm Growth. Hate# Hunkerly  (14) re p o r te d  an i n r e s t i -  

gpstioa in  whiefa he found l i t t l e  d iffe re n c e  between th e  w e ig h ts  o f in b red  

and o u t b rad  b ird s  a t  sex u a l m a tu rity #  % te r s  and le a b e r t (96) found growth 

r a t e  and a d u l t  body w eigh t t o  be u n a ffe c te d  by d i f f e r e n t  degrees of in b reed - 

l a f  in  w hich some l in e s  were c a r r ie d  a s  f a r  as th e  n in th  generation# Knox, 

Quinn, a id  Godfrey (54) hare  a l s o  found no In f lu e n c e  on r a t e  ©f growth fra®  

in b re e d in g  c a r e f u l ly  so looted  s t r a i n s  of Rhode Island Eads ami L ight Sussex# 

Godfrey and M arsden (22) mad# a  s tu d y  ©? th® e f f e c t s  of in b reed in g  Bronze 

tu rk e y s  a s  f a r  as th® fo u r th  g e n e ra tio n  o f h r o th e r-*  i s t a r  m at Inga# They 

a l s o  observed no app reciab le  e f f e c t  f r e e  inb reed ing#
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A lthough th e  r e s u l t s  from broadin.fr p ra c t ic e s  w ith  la b o ra to ry  a a lm .l t  

a r t  n o t a  Isay  a d i r e c t l y  c o r r e la te d  w ith  th® r e s u l t s  from  suaismls in  a  more 

v a r ia b le  env ironm ent, th ey  a c t  a s  a  v a lu a b le  guide In  p lan n in g  g e n e ra l  

b re e d in g  p ra c tic e s *  MePha® and Baton (70) m&e a n  18-year in v e s t ig a t io n  

in v o lv in g  5 in b red  f a m il ie s  o f gu inea p ig  c o n tro l  s to c k ,  and a ls o  an im als  

from c ro s se s  betw een th® d i f f e r e n t  in b red  f a m i l ie s ,  They found t h a t  c ro s se s  

betw een th e  l ig h t-w e ig h t  f a m il ie s  r e s u l te d  in  a  marked in c re a se  in  growth 

and w eig h t o f th e  young, c ro s se s  betw een l ig h t-w e ig h t and heavy*w el$ht 

f a m il ie s  r e s u l te d  in  young whose growth se rv e s  approached or c o in c id ed  w ith  

t h a t  o f  th e  heavy-w eight f a m i l i e s ,  b u t  c ro s s e s  betw een th e  2 heavy-w eight 

f a m i l ie s  d id  n o t r e s u l t  in  any s ig n i f i c a n t  improvement*

R ela tio n  o f  R ate  o f  Growth to  A dult 8 t i e .  Accord lag to  5 e h a * t* le r (8 1 )# 

th e  In h e r i te d  d if f e r e n c e s  i n  ra t®  ©f grow th a r e  a sso c ia te d  w ith  d if f e r e n c e s  

in  m  t u r e  body w e ig h t. Be found t h a t  by s e le c t in g  sons o f th e  h e a v ie s t  

fem ales  and some of th e  l i g h t e s t  fem ales and m ating  them  to  s im i la r  m ales 

s e le c te d  in  th e  same manner he o b ta in ed  two l in e s  o f c h ick s  t h a t  were s i g 

n i f i c a n t l y  d i f f e r e n t  in  w e ig h t a t  8 weeks ©f age and t h a t  th e  d if f e r e n c e  in  

w eigh t in c re a se d  u n t i l  m atu rity ,

Jaap  and M orris (40) from  t h e i r  s tu d y  of 8 b reed s  arid v a r i e t i e s ,  found 

r a t e  o f  growth a t  8 weeks a  s e p a ra te  e n t i t y  and no t n e c e s s a r i ly  r e la te d  t o  

a d u l t  w eight*

D i f f e r e n t i a l  Growth in  th e  S is#  and lum ber of S e lls*  Reuseh (70) 

re p o r te d  t h a t  t h e  d if f e r e n c e  in  sis®  betw een bantams and la rg e r  b reed s and 

d if f e r e n c e s  l a  s i z e  among th e  v a r io u s  la rg e r  b reed s  i s  due to  d if f e r e n c e s  

l a  c e l l  s is #  a s  w e ll  a s  l a  c e l l  number, S u ic c ia n t i  (3 ) observed t h a t  ch ick  

ambry©# have a  r a t h e r  d e f i n i t e  mwstmr o f cell®  a t  p a r t i c u la r  m orpho log ica l 

s ta g e s ,  r e g a rd le s s  o f  th e  tim e  re q u ire d  to  re a c h  th e s e  s tag es*  B o ile r  (48) 

co n c lu d ed , how ever, t h a t  th e  d if f c r e n c e e  in  sis®  among th e  breed# o f fow l



m $  due t o  d i f  f o r  erne® in  s iz e  c f  th *  c a l ls *

Byerly (9) in v e stig a te d  th e  ails® o f  embryos o f th® ear-# age  and from

eggs c f  th e  game s is® , from m atings o f  Shed® I®land Reds and Whit® Leghorn®#

and ro e  ip ro c a l  c ro s se s  betw een th® two r s r i e t  ©s. Th® Whit® Leghorn and

h ybrid  embryos were f  ©mud t o  he somewhat h e a v ie r  th a n  Rhode Is lan d  le d

embryos o f  th® sat?# ag® d u rin g  th® f i r s t  h a l f  o f  th®' in c u b a tio n  p eriod , bet

th# Rhode Is la n d  la d  and h y b rid  embryos w#r» h e a v ie r  d u rin g  th e  l a t t e r  h a lf#

He concluded th a t  th® d if f e r e n c e  d ecreased  o r d isap p e a re d  by ha to n in g  t i n e ,

due t c  th® l im i ta t io n  o f  fo o d . Henderson (50) observed l i t t l e  d if f e r e n c e

in  th e  rat©  o f th© growth o f  embryos o f  Whit® Leghorns, Dark C o rn ish , and

t h e i r  r e c ip r o c a l  c re sse s*  C as t1© and Gregory (10) found t h a t  c ro ssb re d

embryos grew f a s t e r  th a n  purebred  embryos# Blunn and Gregory (?) concluded

th a t th e  rat©  o f c e l l  p r o l l f l o s t i o n  was g re a te r  in  th e  l a r g e r  b reed s  th a n  in

th e  s i& l lc r  sis®  b re e d s .

Sine® i t  was p re v io u s ly  in  own th a t g lu ta th io n e  s t im u la te s  c e l l  p r o l i f i c

c a t io n ,  G regory , Goss, and Aamradscn (25) s tu d ie d  th e  g lu ta th io n e  conee ia tra -

t i c a  a t  d i f f e r e n t  ages and found i t  to  be p o s i t iv e ly  c o r r e la te d  w ith  f a s t -

embryo growth r a t e  and pest-h& tehlm g irrowtfc ra te *

In h e re tane® o f  Body S ite *  numerous c re s s e s  have bee® mad® by differ® !*

in vestigator®  In  a n  e f f o r t  to  s tu d y  th e  in h e r i ta n c e  of body e lse*  Pm m ett
arid

and B a iley  (? 4 ) ,  May ( 5 ? ) ,  Kopec (5 5 ) , l a r r e n  (§ 8 ) ,/W aters  (9 5 ) , each  u s in g  

two b reed s  t h a t  ware n o t c o n s id e ra b ly  d i f f e r e n t  in  w e ig h t, found th a t th e  

a d u l t  body w eigh t o f th e  Fj progeny was approx i r a t e l y  in termed 1st® between 

th e  p a re n ta l  b reed s  or © lig h tly  nearer th e  la r g e r  breed* May and h a te r s  (6$  

J u l l  and ^ u im  (4 6 ) , law  (5 5 ) , and Godfrey and Qeiwi (2 5 ) , u s in g  b reed s  th a t  

d i f f e r e d  very  s ig n i f ic a n t ly  In  a d u l t  body w e ig h t, found th® a d u l t  progeny 

to  be n e a re r  th e  w eight o f th e  a m  H e r  p a re n ta l  b re e d , su g g e s tin g  t h a t ,  

p o s s ib ly ,  th e r e  a re  dom inant genes fo r  sm all body s i z e .  The I n v e s t ig a t io n
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®f May (6 7 ) , lews© CSS), Maw (6 5 } , and Godfrey and Qwiim (25) shewed A 

s i g n i f i c a n t  d if f e r e n c e  betw een th® f e r n le s  o f  th® two r e c ip r o c a l  c r o s s e s , 

in d ic a t in g  th a t  a t  l e a s t  e m  s e x - lin k e d  gene a le e  is  in v o lv ed ,

l e r i i f  (57) and J u l l  (45) r e v ’‘owed r t 'm r  in v e s t ;  g a t ions e ©Beaming th e  

in h e rits?© #  o f to d y  e*s®. From fch® r e s u l t s  o f  th o s e  in v e s t  1 g a t ion* i t  i s  

e v id e n t t h a t  th® i n h e r t ta n e e  of b o d y  w c l r h i  i s  rmry com plicated  a n d  canno t 

he eo rep le te ly  so lved  b y  t h e  methods t h a t  h a r t  been p re v io u s ly  used*

In h e r ita n c e  o f Body Shape* S chneider and Luna (SO) re p o r te d  t h a t  body
oiii» -win r ■»-■» .nuiiiiErtwtttwiaiBdMrgswwwfcSMiwiiiiMrfhiwŵ^

w eight i s  from th ree  t o  s ix  ti& os a s  v a r ia b le  as bone measurement** They 

a l s o  observed th a t th® hwuwrut, ulna* fem ur, and t l b i c tarsus were 16 pereeni 

lo n g e r in  th e  e e l* *  th a n  feral©** L&tlnsr (56) found a  d if fe r e n c e  e f  

approxim ately 20 pereant betw een th #  sex®# in  th #  le n g th  o f  tb eae  bo n es, 

w hereas Hutt (56) observed  a d if fe re n c e  of on ly  13 pereant* H u tt’ s  (56) 

werl: a ls c  showed th a t th e  g r e a te s t  d if f e re n c e  in  le n g th  betw een th e  sexes  

i s  in  th e  tarsoxGetatarsue,

Other in v e s t ig a to r s , in clu d in g  Maw (S5) and Lerner (5 7 ) , have shown 

t h a t  measurements o f  th e  a p p en d ic u la r  s k e le to n  o f  th# fow l i s  a asere r e l i a b l e  

e r it e r io n  o f the a c tu a l  s is #  o f th#  b ird  and a r e  le s s  v a r ia b le  th a n  body 

w eig h ts , M easurements o f th e  long bo n es, p a r tic u la r ly  th e  shanks, see® t© 

be th# Tficst a c c u ra te  and p r a c t i c a l  or - t e r l a ,

in v e s t ig a t io n s  e f  a r ig h t  (57 , 56) and Dunn (15) show th a t  maiy gene# 

a r e  invo lved  in  th #  In h e r i ta n c e  o f boa© le n g th , w ith  some of th e  genes h av ing  

a  e u m la t iv e  e f f e c t  ©a th e  growth o f  c e r t a i n  p a r ts  o n ly , £opee (55) observed  

t h a t  3 u ff O rp ingtons had longer t l b i© ta r s i  and 'ta r s o m e ta ta r s i  th a n  th e  

White Legfcortm  and th e  le n g th  o f  th e s e  bones in  th e  F j progeny o b ta in ed  

from  c ro s s in g  thee® two breed# were a lm o s t a® g re a t  a s  in  th e  1 ong-bcaed 

p a r e n ts ,  I h ig l  and T a lb e l l  (20) e ro e se d  th e  In d ia n  Game w ith  th e  Leghorn
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and s t a t e d  t h a t  th® Fj_ g e n e ra tio n  o b ta in ed  worn approxim ately th® same len g th  

a s  th® longer-hom ed parents*

law  ( i i )  found t h a t  whan th® fem ales of th® sm a lle r  b reed  war® s i r e d  by 

sal®® of th® la r g e r  b re e d , th® le g  and wing bones of th® progeny wear# s i g n i f i 

c a n t ly  l a r g e r  th a n  th e  le g  and w ing bones from progeny o f th® r e c ip r o c a l  

s a t i n g ,  a g a in  in d ic a t in g  c m  o r more se x - lin k e d  genes f o r  e l s e .  He o b ta in ed  

a  c o r r e l a t i o n  o f  0*® betw een th® le g  and wing bones o f th e  ear® b i r d  o f  th®

Pg g en era tio n *  law  and Maw ($ 6 ) ,  i s  a s  in v e s t ig a t io n  In v o lv in g  B arred  

Plymouth 8©ek sa tin g ® , o b ta in e d  d a is  In d ic a tin g  th a t  th e  ty p e  o f s ir e  need 

d e te rm in es  i s  a la rg e  m easure th e  le n g th  o f  b a c k , k e e l le n g th , and shank 

le n g th  ©f th® v a le  progeny* b a t  had s c  e f f e c t  e a  body w eigh t or o th e r  m easure- 

meats*
and

In te r es t  lag  in v e s t ig a t io n s  have b e e s  r e p o r te d  by Ja&p ($ 3 ) ,/d a a p  and 

Benqulte (41) re g a rd in g  b a s ic  m easurem ents o f  eo n fo ra a tlea  o r shape o f  th e  

fowl* These in v e s t ig a to r s  found t h a t  d iffe r e n c e s  in  con fo rm ation  ©f l iv e  

bird©  may be a c c u ra te ly  ex p re ssed  by d e te rm in in g  th e  r e l a t i o n s h ip  betw een 

th® cube ro o t  o f  t h e i r  body w e ig h t and  fo u r  l in e a r  measurement*,  shank , 

le n g th ,  k e e l le n g th , a n t e r i o r  d e p th , and an ter io r  w id th . They found th a t  

grow th in  shank le n g th  c e a se s  by th® end o f s ix  months o f age  f o r  m ales and 

a t  f iv e  months o f  age f o r  fe m a le s , b u t body grow th when m easured by  k e e l  

le n g th  c o n tin u e s  to  th e  end o f  te n  months o f  age* The c o r r e la t io n s  t h a t  th e y  

o b ta in e d  betw een l iv e  and d re sse d  b ird s  shew t h a t  th e s e  fo u r  measurement® 

w i l l  a c c u ra te ly  ex p re ss  d if f e r e n c e #  in  con fo rm ation  o f n e t  on ly  d i f f e r e n t  

l in e s  ©f ch ick en s  but a le e  d if fe r e n t  l in e s  e f  tu rkey® , Jaap and Thompson 

(43) confirm ed th e  eeaslueicM i p re v io u s ly  nade by Maw and Maw (64) t h a t  th® 

body e e a fo rs* tie ft  ©f th e  l i r e  1® tra n s m it te d  t e  hi® progeny#
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Ja&p ($9) rep o rted  a  thorough in v e s tig a tio n  o f body form i a  gr caring 

ah lota* Ho found th a t  mala ch icks were h eav ier than th e  i r  s i s t e r s  a t  two 

weeks o f age* The lo n g itu d in a l in creases In  shank len g th  were observed t o  

cease  by IS to  13 weeks o f age in  a l l  fem ale groups ex cep t Light Brahms * 

Since shank len g th  was found to  ra p id ly  approach i t s  upper asymptote in  

growth, he suggested  t h a t  r e l a t iv e  growth co n s ta n ts  fo r  shank leng ths o f 

fem ales may apply  only to  growth p r io r  t o  I t  weeks' of age* O ther evidence 

suggests  t h a t  a  comparable age In  s a le s  Is  13 weeks* i n t e r i o r  body depth 

was found to  besom© r e l a t iv e ly  sm aller between 3 and I t  weeks in  both sexes 

Since h e r i ta b le  d if fe re n c e s  i s  conform ation m anifested  between groups could 

no t be re a d ily  d is tin g u ish e d  u n t i l  th® b ird s  were 12 weeks ©f ag e , he eon* 

eluded th a t a  much greater  refinem ent in  th e  m atted ©f d e sc rib in g  body form 

Is needed fo r  growing c h ic k s .

Development of Chlok Feathering* The e a r l i e s t  work rep o rted  m s  by 

Davies ( IS ) , He rep o rted  th a t  th e  f e a th e r  germ a r i s e s  in  th e  embryo about 

th e  f i f t h  day cf in cu b a tio n  by a  massing of th e  mesodermal c e l l s  under th e  

epiderm is* The overly ing  dermis was found next to  undergo a  th ick en in g  and 

develop in to  s e v e ra l  layers*  Sach p a p illa  beeches elongated  and g rad u a lly  

s in k s  in to  a depress le a  and beeeses enclosed by a f o l l i c l e ,  Bach fe a th e r  

m s  observed to  be formed from a  th ick en in g  o f th e  c o lo r  o f  th e  epiderm al 

cell®  a t  th e  base  of th e  fea th er  p ap illa*  According t o  Kaupp (47) th e  

f e a th e rs  develop In  d e f in i te  rows or t r a c t s  known as p te ry la e . The spaces 

between a re  known as  aptcrta*  Jones (4 4 ), from a study ©f th e  development 

of m estllm g fea ther® , concluded t h a t  th® f i r s t  down and successive  fea th e r*  

a re  developed from on® eeflfeianteus growtlu This co n c lu sio n  m s  a lso  rep o rted  

%  M o e , Sixon , and Roger* (77)*

Cfcu (11) d e sc rib e s  in  d e t a i l  four su ccessiv e  plumages from h a tch in g  to  

th e  a d u l t  stage* The down f i r s t  a rp ea rs  m  th e  ch ick  about th e  te n th  day cf
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incub& iion and a t  h a tch ing  ecm plete ly  eovers th e  c h ick , bu t Is  rep laced  

subsequently  by d e f in i te  chick fe a th e rs  by a  vary  gradual process* Before 

th e  down is  com pletely rep laced  by ©hie}- f e a th e r s , ju v e n ile  plumsge fea th e rs  

beg in  to  appear* Dee to  th e  o rd e rly  manner in  which fe a th e rs  a re  m olted,

th e  change from ju v e n ile  to  a d u lt  plumage is  a gradual p ro cess .

C onsiderable v a r i a b i l i t y  in  th e  sequence of m olting of th e  ju v e n ile  

f e a th e rs  has been observed by E e in re th  (29) and by Dwight (17)* 0mm and 

Landauer ( id )  found th a t  i a  th e  S ilver-S pang led  Hamburg th e  process o f 

m elt occurs in  a  d e f in i te  rhythm in  a given fe a th e r  t r a c t  and is  alm ost 

continuous during  growth* V&rrsn and Gordon (93,94) s tu d ied  th e  sequence 

of th e  appearance and replacem ent o f th e  ju v e n ile  f l i g h t  fe a th e rs  in  'White 

Leghorns, Rhode Island  Reds, and L ight Brahm s and found an  ir r e g u la r  

sequence of th e  m e lt ,  bu t th ese  ju v en ile  ren d fas  undergo a t  le a s t  one 

complete m elt during  growth* Marble (63) observed 1m White Leghorns th a t  

two peaks of body m olt occur between ha tch in g  tim e and tw enty weeks o f age 

and one complete wing and t a i l  f e a th e r  iso I t .  He found co n sid e rab le  m olt 

on th e  neck , back , th ig h ,  and b re a s t  reg ions in  the fem ale , but mo m olt 

m s  noted in  th e  males a t  th a t  age or up to  7 and 3 weeks of age* Ha s ta te d  

th a t  i t  m s  im possib le to  fo re c a s t  age a t  sexual m a tu rity  i s  th e  fem ales 

th e  degree of primary wing fe a th e rs  a t  8 weeks c f  ag e . By a process of 

dyeing HMtc Wyandotte# a t  3 week# and again  w ith  a d i f f e r e n t  c o lo r  o& dye 

a t  6 w eeks, Radi and Hurren (75) found so in d ic a tio n  of molt a t  7 weeks and

only s ig h t  evidence o f m elt a t  9 weeks*

Axe Is son (5) obtained  h ig h ly  s ig n i f ic a n t  c o r re la t io n s  between r a te  c f  

growth a t  33 days and th e  len g th  c f  th e  prim ary, secondary , and t a i l  f e a th e rs ,  

He concluded a ls o  th a t  th e  c o r re la t io n  between r a te  of fe a th e r in g  and r a te  

growth seemed to  be o f a  p h y s io lo g ic a l n a tu re  and th e  d iffe re n c e  between two 

r a te s  may be regarded  as  h e r e d i ta r i ly  independent*
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th e  m l®  progsqg of t h i s  c ro ss  fea th e red  more slow ly than th® f t n b i *

I s  concluded, a f t e r  o b ta in ing  ?2 and backcross progeny th a t  slow r a te  

of fe a th e r in g  i s  sex -lin k ed  and dominant to  ra p id  f e a th e r in g . S&lmrem 

(78 ), from a oross o f Soehin male® and la d lan  Tawloff fem ales, a lso  noted 

th a t  bo th  sexes were slow fe a th e r in g , whereas in  the r e c ip ro c a l  c ro ss  

he obtained f a s t - f e a th e r in g  fe rn  l e t  ami s lo w -fea th e rin g  m ales. From a 

s e r ie s  of e r e t t e t  in  which a  mmhar of * low -feat her log m ales were crossed  

w ith  White Leghorn f e e * l e t ,  K inugam  (52) observed th a t  m alm  were 

in v a ria b ly  s le w -fe a th e rin g  and th e  f e m i t s  f a s t- fe a th e r in g *

:Warrem (90) d iscovered  th® p o s s ib i l i ty  o f us tag  t h i s  sex -linked  f a c to r  

fo r  sex id e n t i f ic a t io n .  Be i l l u s t r a t e d  th e f a c t  th a t  when f a s t - f e a th e r in g  

s a le s  a re  trea ted  w ith  slow r-faatheriag  feme l e t ,  the sex  ©f th e  progeny 

can be a c c u ra te ly  determined by th e  presence or absence of t a i l  fe a th e rs  

a t  10 days. B® a ls o  showed t h a t  th e  progeny con Id be eexed w ith  a  h igh 

degree o f accuracy  a t  hatch ing  tim e by observing the  growth of th e  prim ary 

and secondary wing f e a th e r s .  In co n tin u in g  th e se  in v e s t ig a t io n s , m rre n  

(91) found th a t  tome o f h is  fthite Leghorn® t a r r i e d  an  autosom al re c e ss iv e  

g&m th a t  re ta rd e d  fe a th e r  developm ent. This gen® r e ta rd s  the  development 

of a l l  b u t th e  f i r s t  th ree  secondary f l ig h t  f  o a t hers a t  ha tch ing  tim e and 

the  t a i l  fea th ers  a t  10 days o f a g e , bu t does no t a f f e c t  fe a th e r  develop

ment beyond th e  Ju v en ile  plumage s ta g s .

tic Clary and Bears® (69) rep o rted  a  re c e s s iv e  autosom al fa c to r  fo r  

slow fe a th e r in g  In  Whit® Leghorn c h ic k s . The slow fe a th e r in g  m s  ac ted  by 

th e  absence o f t a i l  and secondary  wing f e a th e r s ,  and th e  slow grewth o f 

prim ary wing and body fe a th e rs  u n t i l  the ch icks were 4 to  6 weeks of ag e .

The r e la t io n  of r a t#  of fe a th e r in g  t© g en e tic  a s  w e ll a s  to  env iron

m ental f a c to r  has been s tu d ied  by a number ©f in v e s tig a to rs*  Gildenr (21)
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re p o r te d  t h a t  slow -fe& thering  and f a s t - f e a th e r in g  ch ick s  grew a t  ap p ro x i

m ately  th e  same ra t® , M artin  (64) m&d© an in v e s t ig a t io n  of e x h ib it io n  

and p ro d u c tio n -b red  B arred Plym outh Rocks brooded and r a is e d  to g e th e r  and 

re p o r te d  t h a t  th® ex h ib itio n  sto ck  no t only  grew a t  a slow er rat®  b u t  a lso  

had more slow fe a th e r in g  ch icks th a n  th e  p ro d u c tio n -b red  s to c k . He con

cluded t h a t  r a t#  o f  developm ent o f f e a th e r in g  over th© back i s  c lo se ly  

r e la te d  to  r a t e  o f grow th. M© a ls o  suggested  t h a t  th e re  i s  p o s s ib ly  a 

p h y s io lo g ic a l lin k ag e  between th e  r a t e  o f fe a th e r in g  and th e  q u a l i ty  o f 

b a r r in g  in  B arred Plymouth Rocks.

O oricke and P l a t t  (19) a ls o  observed  a  h igh  r e la t io n s h ip  between 

body w eigh t and fe a th e r  developm ent a t  8 weeks o f ag®. Jaap and M orris 

(40) re p o r te d  a  thorough a n a ly s is  o f  th e  source  o f v a r i a t io n  in  rat©  of 

f e a th e r  grow th . IHhen c o n d itio n s  o f feed in g  and management were h e ld  c o n stan t 

th ey  o b ta in ed  the  fo llo w in g  p e rcen tag es  f o r  some o f th e  so u rces  o f  v a r ia tio n *  

v a r i e t i e s  4 , s i r #  11, dam 18, s#x 20 , o th e r  sources 49 . They a ls o  found 

r a t e  of fea th er in g  t o  b© c o r re la te d  w ith  r a t#  o f growth b u t  th© degree  of 

d e te rm in a tio n  m s  r a th e r  low.

S ince  th© H hite  Leghorn in  a lm ost a l l  cases  c a r r i e s  th e  s « x - lin k e d , 

r e c e s s iv e  gene f o r  r a t#  o f fe a th e r in g  and a lso  i s  fe a th e re d  r a th e r  com

p le te ly  ©t b r o i l e r  ag®, i t  i s  g e n e ra l ly  assumed th a t  t h i s  gen© a f f e c t s  a l l  

th© f e a th e r  t r a c t s .  However, no d a ta  have been re p o r te d  to  show th e  in flu en c e  

o f  t h i s  gone on t r a c t s  o th e r  th an  th© rem iges and r e c t i c e s .  Jaqp and 

Thompson (42) made th© fo llo w in g  s ta tem en t * " I f  a ch ick  has long end gBtrw- 

in g  p in  f e a th e r s  a t  h a tc h in g , i t  i s  a lm ost humanly im possib le  to  make i t  

develop  a bar© back or f e a th e r  s lo w ly . I f  a t  10 days a f t e r  h a tch in g  th© 

ch ick  has a fwiiiskbroom* t a i l  l i k e  Leghorns, i t  i s  always w e ll fe a th e re d  

e a r l y . ” lo  d a ta  were in c lu d ed  in  t h i s  p u b lic a t io n  to  s u b s ta n t ia te  t h i s  

c o n c lu s io n .
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m ateria ls a id  mtmm

This in v e s t ig a t io n  was s t a r t e d  in  th® sp r in g  o f 1940* S ince  p rev ious 

in v e s t ig a t io n s  had shown t h a t  a  s e x - lin k e d  gene e x i s t s  t h a t  a f fe c te d  rata  

©f f e a th e r in g  and i s  I c e s e ly  linked w ith  a  gam# f o r  b a rre d  plumage* s tc e k  

was oh os ob in  which th #  genet ie  © o tts tltu tio a  w ith  r e s  ro o t to  th o se  two 

genes i s  g e n e ra lly  known* Am exhibiti© m -br«d Barrod Plymouth. Hook c o ek e re l 

was purchased and o r  os sod w ith  Brown leghorn  m ille ts  th a t had boon purchased 

p rev io u s ly  1m order t© provide m a te r ia l  fo r  hormone s tu d ie s*  A r e c ip ro c a l  

c ro ss  was made by s a t in g  a  Brown Leghorn c o c k e re l t o  p ro d u c tio n -b red  

B arred Plymouth lo c k  p u l le ts  a lre a d y  a v a ila b le  on th e  U n iv e rs ity  p o u ltry  

farm*

The average  w eigh t in  gram s, a t  app rox im ate ly  10 months of a g e , o f  the 

fem ales used was 2396 fo r  th e  B arred Plymouth Rocks and 1619 fo r  th® Brown 

Leghorns* The Barred Plymouth Sock male w eigh t 3000 grams and th® Brown 

Leghorn male weighed 1740 grams a t  app rox im ate ly  10 months o f  ag®* Th® 

Brown Leghorns w ere about th e  m m  w e ig h t a s  th o s e  u su a lly  found in  com

m erc ia l f lo c k s ,  b u t th e  Barred Plymouth Hocks w ere s l ig h t ly  ligh ter*  At 

th i s  same age th e  shank le n g th s  of th e se  same p a re n ta l  b ird s  were measured 

and a s im p lif ie d  index e f  th e  conform ation was c a lc u la te d  from  th® e q u a tio n  

used % Jaap (39) and Lerner ( i0 )s

Th® shank measurements were o b ta in ed  1m inches f o r  the  p a re n ta l  s to ck  and 

progeny* The shape r a t i o s  o b ta in ed  from th e  average body w eights and shank 

len g th s  of th® Barred Plymouth Rook ami Brown Leghorn fem ales were 0*266 

and 0*271* re s p e c tiv e ly *  and 0*524 a  ad 0*617 fo r  th® Barred Plymouth Rock 

and Brews. Leghorn males* resp e c tiv e ly *

w eight
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M aryland E xperim en ta l S ta t io n  m ash, w hich has an  a n a ly s is  of approxim ately  

21 pereeufe p r o te in ,  was used th ro u g h o u t th® growing period#

Th® c h ick s  war® in d iv id u a l ly  ped ig reed  w r y  *oca a f t e r  th e y  war® 

hatched  and a t  10- day® a f  a w  th e y  ware- weighed in d iv id u a l ly  a tat observed 

fa r  growth a f  t a i l  faathara* ^ham th® b ird s  a t t a in e d  8 weeks of eg® th ey  

war® rew elghed, m easured fo r shank le n g th ,  and observed fo r  d egree  of f e a th e r  

developm ent* Tha Brown Leghorns and progeny war® observed only  fo r  th® 

degree  o f f e a th e r in g  o w  th e  baok and shou lders#  At tbfr tim e  th e se  f i r s t  

o b se rv a tio n s  war® made a knowledge of th® degree  o f f e a th e r in g  ©f th e s e  two 

t r a o t s  mwa th o u g h t to  be s u f f i c i e n t ,  s in c e  freedom  from  *bare becks* hat tha  

g r e a te s t  economic e i g n i f icance on th e  p o u ltry  market# These o b se rv a tio n s  

conform in  g e n e ra l w ith  th o se  made by Jaap  and. M orris (40) in  which b ird a  

w ere c l a s s i f i e d  prim arily an th e  deg ree  o f  f e a th e r in g  enter th e  baok and 

wings* However* a f t e r  a n  a n a ly s is  of th e  r e s u l t s  c f th e  observation®  on 

th e  F j progeny had been made, th a  v a lu e  c f  in fo rm a tio n  ob th e  degree o f 

fe a th e r in g  o f th e  e th e r1 t r a c t s  was recognised* The and haeVeroas genera

t io n s  were observed f o r  th e  degree  o f f e a th e r lu g  on a l l  of th e  t r a c t s  con

s id e re d  by G erioke and P l a t t  (19) and Bad! and Hfcrrem (7S) e x e e -t  th e  

cap u t t r a c t |  l# e « , th e  c e r v ic a l ,  d o r s a l ,  c a u d a l, hum eral, a l a r ,  fem o ra l, 

c r u r a l ,  p e c to r a l ,  and v e n tra l  t r a c t s ,  re s p e c tiv e ly #  A lthough a  knowledge of 

th e  t& te  o f f e a th e r in g  o f th e  ©aput t r a c t  m y  be of s c i e n t i f i c  v a lu e  I t  has 

no economic v a lu e , s in c e  in  d re s se d  p o u ltry  where th® heads a re  not removed 

th e s e  f e a th e r s  a r e  n o t plucked#

The a r b i t r a r y  system  of s c o r in g  th e  e s tim a te d  degree  o f  f e a th e r in g  on 

each o f th® t r a c t s  observed v a r ie d  somewhat frc® th o se  used  by th e  previous 

in v e s t ig a to r s #  I f  no fe a th e r s  had appeared  and th e  down s t i l l  p e r s i s t e d ,  

th e  t r a c t  was g iven  a  sco re  o f a e ro . I f  th® fea ther®  were s p a r s e ly  s c a t t e r e d ,
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sany in  the  pirn s ta g e , and a reas  fra#  fra® fe a th e r!  ng* th e  t r a c t  was soorad 

as  ana* Tba estim ated  decree o f fe a th e rin g  represented fey th e se  f i r s t  two 

sc or-is in  general ag re e  w ith  th a  c la s s i f ic a t io n  used fey th a  previous Invert1* 

l i t e r s #  l a  aasaa ©f more oomplet® fe a th e r  development g raa ta r  emphasis was 

given to  th a  presence of p in  fea th e rs#  I f  t^ f  ap p rec iab le  degree o f p in  

fea th er*  was no tad  * r e g s r ile e s  o f th a  leng th  o r abundance of fe a th e r in g *  

ih #  t r a c t  m s  not scored h ig h er than  thraa# A aaara o f  th r e e  was g iven  aaefe 

t r a c t  th a t  had i t s  eomplement of f e a th e r s  and m  p in  f e a th e r s  to o  sh o r t  to  

fee e a s i ly  removed*

Dm to  th e  emphasis given to  th a  presence ©r absence of f e a th e r s  in  fche 

p in  stage* g re a te r  eons I te r a tio n  was given t© th e  extended and ad jacen t 

a reas  of th e  d if fe r e n t  t ra c ts #  Tha area  of the  th ig h  th a t  extends above th e  

fem oral t r a c t  was observed as  w a ll as the area  th a t  Is u su a lly  fea th ered  w ith in  

two or th re e  weeks ©f age# Tba b re a s t a rea  was a lso  c la s s i f ie d  on the b a s is  

of the  degree of fe a th e rin g  along th e  median lin e  of th e  body where the 

p e c to ra l a reas  ev en tu a lly  m e t  as  w e ll as the area  of th e  two lo n g itu d in a l 

t r a c t s  th a t  a re  u su a lly  fea th ered  w ith in  4 o r  S weeks ©f age#
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TJS BLE I

& Conp&risoa of th e  Brown Leghorn Progeny m d 
f \  Progeny fro® the. two R ec ip roca l G rosses a t  
8 ta s k s  o f Age f o r  Body height*  Shank Length, 
Shape R a tio , ana F ea th erin g  over th e  Bank end

Shoulders

s iMo. t i e i g h i  j t *F ea th e rin g  a t  8
t ro f ? a t  8 s Shank s : _______weeks

fe t in g  ;Sex o f :.Prag-s.weeks *Length sShape * :
___________ ; progeny t®ny : ( G rass) ; ( In c h e s ) t l a t io » : l a c k  ; Shou lders

* s 2 1

Brofca Leghorns * Males s 29 455.7 1
if

2.51 s 0.508* 2.41* 2 .7 5

£X hihitlon*bared *
«
s

8
i

t
*•

Bock x Leghorn©5 Males 1 57 465,2 • 2.58 * 0 .304 * 2 ,.00 5 -C\ c
s S : 1

Leghorn x Prod- 5 s t s :
m et!on-bred  ? ! s 1 *
Hocks * l a l e s  s $4 521.2 * 2.47 * 0.507* 1.81* 2 .05

* t : 1
Brown Leghorn© t F e ss le s  * 55 425.0 1 2,27 * 0 * £02* 2.59* 2,28

E x h ib it io n -b re d 1
*
:

t
s

t
*

X
»

Bock x Leghorns* F enales s $5 458.1 i 2 .58 : 0.507* 2 .45* 2 .58
5 * * ?

Leghorn x Prod-* * t * t
u c tio n -b re d  * 8 s * :
lock© * F esa le s  : 41 504.8 f 2.45 * 0.505* £.10* 1 .98

♦ See t e x t .
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co n s id e ra b ly  lower f o r  f e a th e r  eeores*  These r e s u l t s  a re  o o n tra d io to ry  t o  

th o se  p re v io u s ly  rece iv ed  In  th re e  r e s p e c ts .  I t  w i l l  be r e e e l  led  t h a t  i a  

th e  m a jo rity  ©f th e  in v e s t ig a tio n s  rev iew ed , th e  progeny o f r a l e s  fro® a  

rap id -p ro w iag  f lo e k  sad  fe ra l# #  fro® a  s low-p*owing f lo c k  grew ssor© ra p id ly  

th a n  th e  progeny fr<® th e  re c ip ro c a l  r a t in g s *  S#x-1inked genes have been 

re p o rte d  f o r  m ature s l s e  and a ls o  p o s tu la te d  fo r  r a t e  o f growth* Any effec t®

of s e x - lia k e d  genes should  be e v id e n t i a  comparing th e  f e r a l#  progeny o f  th e

r e c ip ro c a l  ra t in g s *  Sim©# th e  Barred Plymouth Hook s a le  used l a  t h i s  i n v e s t i 

g a tio n  was from e x h ib i t io n  stock  and th e  Barred Plymouth Rook fem ales were

fra® p ro d u c tlo n -b red  s to c k , th e re  is  a l s o  th e  p o s s ib i l i ty  of one or more 

autosom al genes showing an  e f fe c t*  A lthough th e  male and fe ra l©  progeny 

from th e  Brown Leghorn m ales and B arred Plymouth Hook fem ales a r e  12.5 

p e rcen t and 10.2  p e rc e n t,  r e s p e c t iv e ly ,  h e av ie r  th a n  th e  progeny from th e  

r e c ip ro c a l  © roes, th e  d if fe re n c e s  a re  n o t s t a t i s t i c a l l y  s ig n i f i c a n t  w ith  th e  

sm all numbers in v o lv ed .

The second re s p e c t  I s  which th e  d a ta  a r e  c o n tra d ic to ry  to  th e  in v e s t i 

g a tio n s  p re v io u s ly  re p o rte d  is  obvious when th e  r a t e  o f f e a th e r in g  ©f f e r a l#  

progeny fro®  th e  two re c ip ro c a l  c re s s e s  a r e  compared* S ince th e  d au g h te rs  cf 

th e  Brown Leghorn r a l e  and Barred Plymouth Hock fem ales c a r r ie d  a  re c e s s iv e  

gene only  fo r  r a t e  o f f e a th e r in g  o f th e  rem lges and r e s t  ic e s  and th e  d au g h ters  

e f  th e  Barred Plymouth lo ck  r a l e  and Brown Leghorn feral#®  c a r r ie d  th e  dominant 

s lo w -fe a th e rin g  gen®, i t  would be assumed ©a th e  b a s is  o f  th e  p rev io u s  in v e s t i 

g a tio n s  t h a t  th e  b i t t e r  would be r a r e  com ple tely  fe a th e re d  a t  8 week# th a n  

th e  fo rm er. However, acco rd in g  to  th e  average  fe a th e r  sco re  over th e  back 

and sh o u ld ers  shown in  fa b le  3̂  th e  fem ales c a r ry in g  th e  dominant slow - 

f e a th e r in g  gen® a re  a c tu a l ly  more com pletely  fe a th e re d  th a n  th o se  which c a r ry  

th e  re c e s s iv e  gene. Again th e s e  d if f e r e n c e s  were found not t o  be s i g n i f i c a n t .



2 6

S ince  p rev ious in v e s t ig a to r s  ©bta ined s ig n i f i c a n t  c o r r e la t io n s  between 

ra t®  o f growth and rat®  o f f e a th e r in g ,  t h i s  Fj_ d a ta  d i f f e r s  i a  a  th i r d  

aspec t*  Sine® th e  slow er~grow ing progeny fe a th e re d  wore r a p id ly  th an  th e  

fa s te r -g ro w in g  progeny from  th e  r e c ip ro c a l  c r o s s ,  th e  r e la t io n s h ip  found 

by p rev ious in v e s tig a to r®  nay be due to  a physio  log  le a l  lin k ag e  between 

th e  two ch arac te r®  in s te a d  o f b e in g  d m  t© lin k ag e  o f  gone# f o r  each  o f 

th e se  ©Imraeter®# In  a n  e f f o r t  t o  o b ta in  nor* in fo m m tio n  re g a rd in g  t h i s  

p o in t ,  and bankeross m atings were s t a t i s t i c a l l y  an a ly sed  in  considerab le  

d e t a i l ,

S t a t i s t  l e a l  A n a ly sis  o f and Baekerosa M atings

Si.no® th e  r e s u l t s  secu red  from  th e  progeny In d ie a te  t h a t  th e  genes 

a f f e c t in g  rat®  o f growth a t  8 weeks are Independent of th o ae  a f f e c t in g  th e  

rat®  of f e a th e r  developm ent, th e se  two c h a ra c te rs  a r e  f i r s t  d isc u sse d  

s e p a ra te ly  and th en  t h e i r  r e l a t io n s h ip  to  each o th e r i s  d ism issed* In 

o rd e r to  s im p lify  th e  d issu a sio n  as  mush as  p o s s ib le ,  f u tu r e  re fe re n c e  i a  

th e  t e x t  and table®  to  th e  two b reed s  may be d es ig n a ted  by l e t t e r s  a® fo llo w s; 

E x h ib itio n -b re d  B arred lymouth Rock® -  1 

Fr© dnotioa-br*d B arred  Plymouth Rocks -  R 

Brown leghorns -  L

Body W eight, Shank Langth , and Shape R atio  a t  8 Week® o f  Age, Table I I  

give* th e  means and s ta n d a rd  d e v ia t io n s  f o r  body w eig h t and shank le n g th , and 

th a  shape r a t i o  f o r  each  ©f th e  and back ercss  m atings* I t  1® noted th a t  

th e  mean body w e ig h ts  o f th e  male® wary fro® 68$,$  grams f o r  th e  (B x  h)  x R 

s a t in g  t o  463*7 grams f o r  th e  L x {1* x l )  mating* The mean shank leng th*  

wary fro®  2*78 inches f o r  th e  (2 x I*) x R s a t in g  t o  2*42 in®he* f o r  th e  

(E x L) x L m ating* The shape ra tio®  wary from  #333 f o r  th e  (1 x L) x R 

s a t in g  to  *309 fo r  th e  (P x L) x L m ating* In  th e  female® th e  mean body
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TlBLR II

A Comparison of the  Progeny o f  F i mac' Backcross 
f it t in g s  f o r  Bocsy Shank Length, ana th e
Shape Fa t i e  o f Lena ..hank Length mod Mean h e ig h t 

a t  8 §««k& of Ago

i : : Body alright ? Shank Length :
:• : So, t (G rans) : (laefaoe) ?

Mating s t o f i fS tsoo - 5 fStand- s
¥ S e x  o f  : 

P r o g e n y e

P r o g 

e n y

•' ? 

*

i e s n s a r d  R e - j  

t v i & t i o n *

i e a n • a r c  r e - : 
s v I k l i o n :

Shfc p e  
R a t i o

s 5 : j 3 # *

( E  x  L )  x  ( S X L ) i I f e i e g  5 5 1 * 4 8 4 , 5 2 1 1 5 . 7 2 2  •  4 8 f 0 , 2 9 4 i . 8 0 9

j •• •« ft S # «#
. ( £  x  L )  x  ( L X B ) i S t e l e s  2 5 9 : 4 7 £ . S t 1 1 8 . 9 2 2 . 4 2 z 0 . 2 8 7 i . 3 1 1

•• ! : ft 3 • S
( L  X B )  X ( L K R ) i a a e s  5 5 1 * 5 4 9  .  4 i 1 3 9 , 4 3 2 , 5 5 : u  ,  g X 5 s. . 3 1 1

t % e : 3 s i
R x  ( 1  x  L ) t H a l e s  s 5 1 ♦• S C I .  2 i 9 0 , 7 3 0 . 5 4 3 0 . 2 7 8 t . 3 2 0

i ♦* t * 2 t ft«
R  x  ( i l l ) * M a l e s  s l i k ** 4 9 7 . 5 *-* 1 3 0 . 4 *• 2 . 5 4 ft 0 . 3 0 5 •# , 3 £ 1

* «• : i 3 J •ft
L  x  ( F  x  L ) i M a l e s  * 1.1 s 5 5 4 . 1 % 1 1 8 . 0 $ 2 . 6 4 S 0 .  2 .3 6 : « 5 2 1

i f * * 2 I *
L  x  ( L  x  R ) t* M a l a r  » 4 7 «a 4 5 5 . 7 : 3 0 , 9 3 c  .  4 2 I 0 . 2 2 3 $ . 3 1 5

* : ; 5 3 i •

( I  x  L )  x  L s M a l e s  s 1 8 4 : 4 7 5 . 7 3 1 0 5 . 7 3 2 . 4 1 s 0 . 2 8 5 5 •  3 0 9

I i i I • ft• ;

( E  x  L )  x  B 9 M a l e s  t £ 2 : 5 8 5 . 5 I 1 1 6 . 4 : 2 . 7 8 5 C . 3 5 4 ; . 3 5 5

T O T A L t
«

M a l e s  i 5 7 8
*
t 4 9 0 . 1 I 1 1 5 . i 3 . 4 8

ft

t 0 . 2 9 2 # .  w l 5

9 s % 3 S I :
( E  x  L )  x  ( t X L ) : F e m a l e s  s 5 5 ♦• 4 5 8 . 4 • 8 0 . 4 3 2 . 3 8 ftft 0,202 ; . 5 0 9

( £  x  L )  x  ( L X R )

t

%

5-
f e n & l e s  * 6 k 2 4 5 5 . 9

•
3 8 5 . 1 1 ii ,  4:1

I
I 0 . 1 3 3

*
: , 8 1 8

( L  x  B )  x  ( L X B )
% 2

F e t e  l e e t m 5 5 4 8 . 5 3 8 1 , 8 3 2 .5 4
*
ftft 0 . 1 7 5

ft«

s . 3 1 0

t s S s • ft ft

i  x  { !  i  I ) * F e  m u l e s ,  * m : 4 3 5 . 8 3 § 8 . 9 ft4 S . 8 0 ft 0 , 1 8 3 « •  3 1 6

{ # 2 2 • s ;

R  x  ( L  x  R ) : F e  t e l e s 5 I M » 4 8 7 . 8 * 9 1 , 5 2 2 . 5 1 s 0 . 2 1 9 S , 5 1 9

z 5 ; •• 3 ; :

L  x  ( E x. L ) ; Fem ales; 1 3 ♦• 4 8 5 . 8 ? 7 4 . 1 3 c  « 4 6 •♦ 0 , 1 9 a ft « 5 1 5

L  x  ( L  x  B )
i
% F e a a l e s j 7 8

5

i 4 8 6 , 4 #• 3 4 . 1
2
t 2 . 5 7

S
t 0 * 2 4 4

*
t . 8 1 5

( I .  x  L )  x  L X
ft

f e m a l e s * 1 5 4
«
* 4 5 1 . 5

*
3 7 0 . 0

*
3 2 . 5 6 1 0 . 1 8 5

$
s . 5 1 2

(1  x  L )  x  R
i
z

S
fa n s le e 2.1 * 50 5 .7

ft
X 8 7 . 6

ft
3 £ . 4 5 ft• u . 2 20

!
; • 3 0 5

i s * t 9 ♦ A♦
f O T I L * fe m a le s : 5 9 9 t 4 8 4 . 8 ft 8 9 f 8 $ 2 . 4 5 : 0 . 2 1 9 * . 5 1 4
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TiiELS I I I

A n aly sis  o f 7&rifkac« o f Body f l i g h t  end S.
in  th e  f i  mad Backcrosa ia tiag ®

s t Body i e ig h t  
i :

: Shank Length 
g ( la c h e s )

Soaro® : Sex sLegre*®* ftt* S s t Sam :
o f i o f 5 o f s o f S 9e&& i of s o f  s Xeaa

f& ri& tioa t Progenyt fryeaom i S««ar@e * So-nar# t Freedom: Square sSqa&r®
$ { : i s * * ♦ *

Between Stating® s B a le s ■s 8 ; 488 ,834:61 ,104: a i 4 *243® i .  5457

W ithin i a t i a g e
t s
1 S

S' s s 
!? ,L 4S ,56® tI£ ,?S0: §§G

5 •
s4 4 ,8855S.0790

I S s : t s s
TOTAL i Bale® s 57? i?9 r m ,  sg q * is ,4 0 0 s 50® s48*5755j ,0855

i i : : s s s
B eteeea  Bating® t Female®s 8 s 780,952s 9,76^s ® s 5*4444s * 4505

: i s s * * • 
*  •

■ ith in  ia t in g e sFenalees 590 s 4 ,0 0 7 ,140s 8,?®k» 573 t2 4 *7790i #042®
: s % t  t i :

TOTAL sFea& ieei 59® s4,78® ,0?2: 8,007s 587 |2S*2£M ! *0481



w eight*  v a ry  fro©  648*5 grams f o r  th a  (L x R) x  (h x  R) m ating  t© 432,5 

grans fo r  th s  (F x L) x  L s a t i n g ,  th a  n aan  shank le n g th s  vany from  2,54 

Inches fo r  th a  (L x E) i  (L x  It) s a t in g  t o  2*56 in ch es  f o r  th a  (S x L) 

x L B a tin g , m d  th a  shape r a t i o s  vary  from  ,319 fo r th a  R x  (L x  T') 

s a t in g  t o  *309 f o r  th a  (B x L) x  (£ x  L) m a tin g . Sin©© c o n s id e ra b le  

v a r i a t i o n  e x i s t s  among th e  m atings f a r  body  w eigh t sad  shank le n g th ,  an  

a n a ly s is  o f v a ria n c e  was made o f th o se  F j and baekeroe*  mating®. S ince 

th e  shape r a t i o s  w ere computed fro® th e  means and a s  th e y  d id  mob d i f f e r  

m a te r ia l ly  among th e  d i f f e r e n t  m&tings, th e y  w i l l  n o t be d is c u s se d  f u r th e r .  

A summary o f  th e  ana l y s i s  ©f v a ria n ce  i s  g iven  l a  f a b le  I I I*  th e  mean 

sq u are  f o r  betw een m&timir® i s  ex ceed in g ly  h ig h e r  them  th e  mean sq u are  fo r  

w ith in  m atings in  each e a se  ex cep t th e  fem ale body w e ig h ts . Using th e  

method d e sc rib e d  by Snedecer (3 4 ) , a  v a lu e  o f  "F* o f  4*80 was o b ta in e d , 

w hich is  h ig h ly  s ig n i f ic a n t*  The see n  sq u a re  betw een m atings i s  n o t 

s ! g n i f l e a n t ly  g re a te r  th a n  th e  mean sq u are  w ith in  m atings f o r  th e  fem ale 

body w e ig h ts , th e  v a lu e s  o f  ®FW o b ta in ed  f o r  shank le n g th  w ere 6*83 

and 10.08 f o r  th e  m ales and fe m a le s , r e s p e c t iv e ly .  The mean sq u a res  g iven  

f o r  w ith in  m t in g s  can  be used  a s  a  r e l i a b l e  measure ©f v a r ia t io n  in  

com paring any  two means g iven  i n  Table IX* In  cem putlag  th e  s ig n if ic a n c e  

o f  th e  d iffe r e n c e  betw een any  two m eans, th e  fa m ilia r-  ’V 1 t e s t  m y  be 

used* For exam ple, th e  d i f f e r e n c e  betw een th e  means p re v io u s ly  re fe rre d , 

to  o f  683*3 and 46$, 7 .grams r e p o r te d ,  r e s p e c t iv e ly ,  fo r  th e  (E x h) x R 

and t, x  ( U  It) m atings m y  be te s te d  f o r  s ig n if ic a n c e  by u s in g  th e  mean 

square l i s t e d  f o r  th e  male body w eigh ts  and u s in g  th e  co rre sp o n d in g  number 

o f b ird s  in v o lv ed , The * t w v a lu e  o b ta in ed  fo r  t h i s  mean d i f f e r e n c e  was 

found to  be 6 ,75  and Is  h ig h ly  s ig n i f i c a n t  s in c e  589 degree® of freedom 

were involved  l a  d e te rm in in g  th e  v a r ia n c e  w ith in  m a tin g s .
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F u r th e r  s tu d y  o f Table I I  show* i a  g e n e ra l t h a t  th® mean w eigh ts  t o r  

th *  f*®nle progeny from  th *  d if f© ra n t m atings a re  com parable b u t lower th a n  

these® given f o r  th e  male®, The d iffa r® ro e  betw een th e  mean w eight o f

464 .5  grave f o r  e l l  th e  f e r n l*  progeny and 490.1  grams f o r  a l l  th e  m l«

progeny 1* h ig h ly  s l g n i f l e a n t ,  a s  th® " t*  v a lu e  o b ta ined  m s  6.35*

Sine® |tr« v lfii»  im m s ti  g a to rs  have shown th a t  th e  bone le n g th s ,  asps® Sally  

th® long  bone#, a r e  a morn r e l i a b l e  o r  i t  d r  Ion o f th® body sis®  th a n  body 

m i g h t ,  th *  naan* o f  th® shank le n g th  measurements shou ld  bo g iven  s p e c ia l  

c o n s id e ra t io n .  T his i s  ®s pee S a lly  t r u e  s in c e  L e rse r (5?) dem onstrated  t h a t  

Shank le n g th  a lo n e  was a m i l d  o r  I t e r  ion  o f th *  in h e r i te d  sis®  differ*© ***

In  tb s  fowl* However, when She mean shank le n g th  m easurem ents a r e  compared 

f o r  th® s a l*  and fem ale progeny o f  th® d i f f e r e n t  and hack erese  m atings 

th ey  a r«  in  g e n e ra l wary comparable to  mean body m i g h t s .  A gain , a  s i g n i f i 

can t d i f f e r e n c e  e x i s t s  betw een th e  two sexes* A v a lu e  o f  4.38 was o b ta in ed

f a r  V  f o r  th® d if f e r e n c e  betw een th *  mean o f 2.48 and 2.45 la s h e s ,

r e s p e c t iv e ly ,  f o r  th e  male and fem ale progeny.

A lthough i t  ean s a f e ly  be concluded t h a t  th e  gene t i e  f a c to r s  c a r r ie d  

by th e  Brown leg h o rn  a r e  s ig n i f i c a n t ly  d i f f e r e n t  from  th o s e  c a r r ie d  by th e  

Sarre-d Plymouth Roc let, th*  r e s u l t s  a r e  in c o n s is te n t  re g a rd in g  th e  com parison 

o f t h e  g e n e tic  f a c to r s  c a r r ie d  by th e  e x h ib it io n -b re d  Barred Plymouth Rock 

w ale and th e  prodhw ti on-bred  Barred Plymouth Rock f* g a le s«

S ince  previews in v e s t ig a to r s  h a re  re p o r te d  t h a t  s e x - lin k e d  gene* 

e x i s t  t h a t  a f f e c t  e l s e ,  th e s e  and hackerese d a ta  hair® been th o ro u g h ly  

a n a ly se d  f o r  any  p o s s i b i l i t y  o f a  sex -lin k ed  gem® a f f e c t in g  r a t e  ©f growth 

o r shank le n g th  a t  8 weeks o f  a g e . As th e  two w e ll  known d m lm a t  sex - 

lin k e d  gene% barring (d e s ig n a te d  by th e  l e t t e r  B) and slow  fea th er  la g  

(d es ig n s te d  by th e  l e t t e r  I )  w ere present in  th e  Plym outh, Roeks m ad  a s  

p a r e n ta l  s to c k ,  th*  F j  progeny had th e  fo llo w in g  known g e n e tic  composition*
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Malgg Females
Barred ¥ l f m %ith Hocks x Brawn Leghorn* ( l  x L) SbHT" “"TEC""-
Brows Leghorn* x Barred Plymouth Hooks (L x  S) Stride bk-

I f  a  sex * lin k ed  g®n© fo r  r a t e  o f growth was p re s e n t i s  e ith e r  o f  th e  

p a re n ta l  b reed s  crossed,som e lin k ag e  should  e x i s t  betw eea ra te  o f growth  

and b a r r in g  or r a t e  o f fe a th e r in g *  Sine® p rev ious in v estig a to r® *  Butt (IT ) 

and B ennett (7 3 ) , have o b ta in ed  from, 43 to  49 p e rc en t o r cas in g  ever between 

B & H, i t  ha® been su g gested  th a t  th e  i  gen® Is  a t  one end o f  th e  sex  

chromesone and th e  B gen® Is  tow ard th e  o th e r  end* In  th® bankeros® a® ting  

o f th e  t o  Brown Leghorn f e r n  I t s  (S x L) x L, c r e w in g  over pereentage® 

were o b ta in ed  between B and £ o f 4 3 .9  and 47*4, r e s p e c t iv e ly ,  f o r  th e  

r a l e s  and fem ales* I f  a  s e x - lin k e d  gen t i s  p re se n t n ear th e  end where 

e i th e r  o f  th e  two known genes a r e  lo c a te d , i t  should  be e a s i l y  i d e n t i f i e d ,  

b u t i f  i t s  lo o a tio n  is  n ea r th e  m iddle o f  th e  chromosome, p o s i t iv e  p ro o f 

o f i t s  e x is te n c e  would be more d i f f i c u l t *  Sine® th® gen® fo r  l ig h t  down 

(L i)  1® loca ted  nearer th® m iddle o f th e  chromosome, i t s  p resence  In  th e  

p a re n ta l  s to c k  would have g iven  a  more e x ac t t e s t  fo r  th® lo c a t io n  o f  a  

seas-liflked gen® fo r  rat®  o f growth w ith in  t h a t  a rea*

Th© back©rose m ating (I  x  L) x L p rov ides a  c r i t i c a l  t e s t  f o r  de term ine

lu g  th© p o s s ib i l i t y  o f a  s e x - lin k e d  gens b e in g  p resen t*  Sine® th® geneti®

com position  o f t h i s  m ating fo r  th e  b a r r in g  and fe a th e r in g  f a c to r s  m s

SIC bk 
fck

th e  fo llo w in g  should have been produceds

H ale Female
i f - 1  l in k a g e ) ""'"Ht 
h i -  { lin k sg o )
Bk- (e r ee s ia g )  
b l -  {or© ssing)

I f  a  s e x - lin k e d  gene f o r  rat®  of growth e x i s t s  near e i t h e r  th® B or 

Z gene, th e r e  should  be a  s ig n i f i c a n t  differ®bo® betw een th® n e ss  body 

w eigh t o r shank le n g th  o f  th® pregeay c a r ry in g  on© o f th® genes i s  a



dominant s t a t e  and th® progesy c a r ry in g  th® re c e s s iv e  a lle lom orph*  Far 

example* I f  a  s e x - lin k e d  ©an® e x i s t s  fo r  r a t s  of growth n ear th® gems f o r  

t a r r in g *  th e re  should  hs a  s ig n if ic a n t  d if f e r e n c e  between th e  b a rre d  and 

ae&*harred progeny. The mean body w eight* shank length*  and shape r a t io  

a m  g iv en  in  Table I¥  fo r  th® prog@my w ith  sash  of th® fo u r  d i f f e r e n t  

g en e tic  co m p o sitio n s.

I t  w i l l  h# no ted  t h a t  th e  m m n  body w eight and shank le n g th  o f tb s  

non-bar red  f a s t - f a e th e r  la g  frcg eey  a r e  higher th a n  th® s s r r s s  pending means 

o f  th® ©there fo r  b o th  m ale# and f  a m  Isa* Th® o th e r  means* however* a r e  

s o t  wary ©©me la te n t*  In  o rd e r to  t o s t  th e  signifies**®® of th® d i f f e r s  m m  

among th e  means g iv es  in  t h i s  ta b le *  an  a s s  ly s i s  was sad® o f th e  e a r  la n es  

i s  body w e ig h t and shank le n g th  o f  tb s  grogsny c l a s s i f i e d  acco rd in g  to  

p Im age coles* a  s i  r a t s  o f fe a th e r in g *  A suassary o f t h i s  a n a ly s is  i s  g iv en  

i n  Table V* A gain r e f e r r in g  t o  th® ta b le s  of S asd sse r (Sd)* i t  la  found 

t h a t  th e  n?” value  i s  s ig n i f i c a n t  only  !m th e  case  of th #  body w eigh t o f  

s a le s  and shank length o f tb s  fem ales* By u sin g  th® mean sq u are  v a r i a t i o n  

w ith in  groups* am a c c u ra te  *t* t e s t  can be mads ©f th #  d if f e r e n c e s  betw een 

ai^r two p a ir s  o f means g iven  In  T able IT*

According t o  th e  d i f f e r e n t  v a lu e s  o f  "t* t h a t  were computed* tb s  mean 

body w eigh t and mean shank len g th  o f  th e  nca-tarred s lo w -fe a th e rin g  m ale 

progeny a r e  s I g s l f  lea n t 2y lower th a n  th e  means of th® progeny in  c ith e r  o f 

th e  © thsr groups* The means f o r  th e  other th r e e  groups o f progeny a re  

s im ila r  f o r  body w eigh t and shank le n g th  and non® Is s ig n i f i c a n t ly  d if fe r e n t  

f r m  t h e  other* In  th e  female progeny th e  mom-barred fa s t - fe a th e r in g  group 

has s ig n i f i c a n t ly  h ig h e r means fo r  body w eigh t and shank le n g th  th a n  e i t h e r  

o f  th e  e th e r  th re e  groups* Tory l i t t l e  v a r ia t io n  e x is t s  among th e  ro an s  o f  th e  

o th e r  th re e  groups f o r  e i t h e r  body 'weight o r shank length*  I t  should  ale©  b© 

n o tic e d  in  Table IT th a t  th #  shape r a t i o s  on ly  rang® from  0*303 t© 0*312 

f o r  th e  sal® progeny group® and from  0*308 t© 0*313 f o r  th #  fe n a le  progeny



TABLE I?

Hie Bean Sody height*  Shank Length* sacs Shape Be t i n  
fo r  th e  Progeny of an Fx fo ie  Btetterc* sea to  Brown 
Leghorn Feafalss, C la s s i f ie d  According to  Flua&ge

Color sad Set© o f F ea th erin g

C lass
£ £

:mL :G enetic : Bo.
of i Coiapo- t o f

t Progeny‘J!d i i o n iprogeny £ t  ion t t t io n s jta tio
s 1 £ •a £ % 1

B arred -  F a s t * Bale I ibkk £ BP 478.7s 117.8 *2.43s 0 .305 sO.311

Ion -B arred  -  F a s t
t
t Male

I
i bbkk

s
s 6i* 487 .4! 81*1

S 2
l2 .4 4 s 0.296 j'o.308

f i s : 1 1 £
B arred -  Slow i Kale i BbVk s 41 474.9s 102.6 Sk.45j 0.282 *0.512

t 5 : •• 1 £ s
Io n -B arred  -  Slow s g&le 1 bbgk 58 455#Lj lo4  . i. 11.54s 0*285 sO.509

t 5 s t £ - * *«
TOTAL % tta le £ — j 184 475.7s 101*7 *2.41s 0.285 £0.509

B arred  -  F a s t
i
s f a s a le

«
*# m  - i m 416 .? ! 71 .4

% % 
*2.58* 0.179 *0.512

: : : s 1 ! :
Son-Barred -  F a s t iF en sIs s bk - t 48 481.&* 84.8 *2.44s 0.189 s0.318

£ ? s £ £ 1
B arred -  Slow sFanala £ BE - i 55 418*i s 8S.5 l k • 5k. s 0.193 s0.508

£ f £ s s s t
Io n -B arred  -  Slow sFen&l© 1 bK - t 47 4~4.8s 87.2 t&.5£g 0 . ►*> -4 O 80.509

j 1 £ £ £ £ #
TOTAL eFensle S’ —- I 154 451 .5 : 70 .0 £k.56s 0.183 *0.512

Body Weight : Shank Length t 
( Grtxim) % ( in c h e s )  _ t

t standartis  s S tan d a rd *
lo an  tD a ria -  tlfcan*DwXs- s



TABLE 7

Aa&ly*i« of V ariance in  Bod/ H eight ami Shank 
Length o f  th e  Progeny from m  f£  M*l* and Brown 
Leghorn f®*&l#» C la s s i f ie d  According to  plumage

C olor and Bate o f  F ea th erin g

t
Body i c lg h t Shank Length 

Clnohoa)
Source t Sox sDegrees* Bus 

o f s o f t o f i o f
y a r la t lo a s  : jfrogsaytffresdoa* Squares

s fD egrees
: Been a  o f 

" au&re

San 5
o f * ia an  

Squaress Sqmur*

Bata eon Groups.
t i
5 Bales t 5

:
i $6,792

a

28,951s' 5
£ $ 
t .£898 s . 0899

W ithin Group®
i i
l IfeiiaS S ISO

s
*1,881,885

i
10,455: 180

1 s 
slE.5S7Ss.0SSS

TOTAL
f I 
s Bale® t 185

:
*1,966,775

:
10 ,758s 185 : IE .8578i.070£

Between Groups
: $
*fem ales 5 5

{
5 28,440

: $
9,480s 5

s s 
t .4886*.1582

W ithin Groups
S *
t f e m l m t ISO

s
* 721,155

s
4,808* ISO

$ t
s 4 .874 7 s.0511

TOTAL
t i
t l a m ia s  * IBS

j
* 748,575

t
4 ,899: 155

I i
s 5*i455sv0556



group#* The shape ra ti©  fo r  th© mom-barred fa s t- fe a th e r !m g  fem ales i s  th #  

©sly on# d i f f e r in g  a p p re c ia b ly  from th© seam o f  a l l  progeny*

Sine® th® scan  body w eight and mean shank le n g th  o f th #  nom -harred f a s t -  

f e a th e r in g  m l #  and fem ale orogeny a r e  high@r th a n  th #  co rresp o n d in g  man© 

f o r  th® e th e r  thr#® group# ,  a  s im i la r  a»& lysis wa# made o f th e  progci^y o f 

two ? !  * * « » « . .  A .a w m r y  o f t h i s  a n a ly s is  1# g iven  in  Table# 1?I and VI a*

I t  w i l l  be noted  in  T able VII t h a t  th e  a m  l y s i s  o f -variance a c tu a l ly  gave 

a  lower mean sq u are  f o r  w ith in  group# th a n  f o r  betw een group® i a  th® ease  

o f  body w eight and shank le n g th  o f bo th  sexes* Hie © alm s o f nT" o b ta in ed  

a l s o  show t h a t  ab o u t th e  same amount o f v a r i a t io n  e x is t s  w ith in  th© groups 

a s  betw een th #  groups* A gain u sing  th e  mean sq u are  v a r i a t io n  w ith in  groups* 

the s ig n if ic a n c e  o f th e  d if f e r e n c e  between th e  mean# o f any two progeny 

groups can be d e te rm in ed . Sim ® in  th e  m ating  (B x  t )  x ( r  x I ) ,  a l l  o f  th e

m l® # were b a rre d  and. slow  f e a th e r in g ,  on ly  th® fem ales ©a** be compared. 

Although th e  b a rre d  and ncn-barred f a s t - f e a t  h e r img progeny have h ig h e r 

means f o r  body w eigh t th a n  th e  a lo w -fea t her 1 sg  progeny, n e i th e r  m a s  is  

s i g n i f i c a n t ly  d i f f e r e n t  f r m  e i t h e r  o f th® o th e r  th ree*  The oe&s shank 

len g th  o f th e  non-bar red  f a s t - f e a th e r in g  progeny 1# a ig s i f  l e a s t  ly  h ig h e r  th a n

e i th e r  of th e  means f o r  th e  o th e r  th r e e  groups-* l a  th e  m ating (B at L) x

(L x B )0 t b s  mean body w eigh t and mean shank len g th  o f  tfe® acn-b& rriag  f a s t -  

f e a th e r in g  m ales a r e  s ig n i f i c a n t ly  g re a te r  th a n  th© corresponding means fo r  

th e  progeny 1® th e  o th e r  th r e e  g roups, e x se p t in  th® c a se  o f th e  m.mn body 

■weight o f  th e  b a rre d  f a s t - f e a t h e r i n g  progeny* S a lt  h e r group of th e  fem ale 

progeny from  t h i s  m ating d i f f e r e d  s ig n i f i c a n t ly  i a  mean body w eigh t or mmn 

shank le n g th  from  e i t h e r  o f th e  o th e r  group**,

Sim ©  th e re  i s  a  tendency fo r  th e  ao a -b a rrcd  fa s t - fe a th e r in g  progeny 

t e  have a  h ig h e r body w eigh t and a lo n g e r shank le n g th , I t  i s  I n te r e s t in g  

t© attem pt t o  d e term ine  some g e n e tie  cause  fo r  t h i s  ten d en cy . I f  cm  o r more
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TABLE VI

The Mean Body h e ig h t ,  Shank Length, and She**
R atio  of th e  Progeny from  Two 1 s t la g s  Cl&s-
s i f l e d  According to  Plumage Color and Bate o f

F ea th e rlag

s : s Body h e ig h t iSh&ak Length *
i : (Grams) * ( la c h e s )  ;

Mating * Sm  s G enetic  3 Bo. jS tan d a rd i ?S tan d a rd t
ano i o f tCoapo- s o f Bean *L «rle- f l s a a r f w i a -  *Shape

C lass sProgenys s i t i o n  *Progeny s t io a  ? i t i o a  jf .e tio
: : *# 3 9 * : ••

(■ x L) .X ( i x. a) t i • : s i i ♦•
i % : : : I s ;

Barred -  Slop s Mules i # s h i :484. 5 : 115.7 *1 . 45* 0 .294 #• .509
l 9 * : : i i *

Barred -  Past tfesia less Bk — *■ 11 *479 . 0 * 85 .4 *2 . 57* 0.253 I .805
i i : : : * : :

Hon-Barred -  Fast iFea&lee: bk - 5 16 *475 . Is 114 . £ *2 . 46$ 0 .103 $ .516
i i I * s * : $

Barred -  Slow ife&feless BE - s ix :410 . 5 s 70.5 * ■; *w »**v t VW * x . &*1 a : .509
* i » t : 1 S »

Ben-Barred -  Slow *Females* bK - t 16 s441 . i t 50 .1 *2 . 54 : 0.154 3 .307
9 9 s : : : s •

TOTAL *Females: I 63 :4hS.4 s 91.4 *2 . 58: O.POi t .809
: i •e * 3 9 * I

( I  x L) * (L x E) « * • • 5 : s * s :
9 * t s : s $ •♦

Barred -  f a s t i steles t Bokk t 15 j467 , 5 * x l l . 4 * i .43  s 0*328 s .515
s ; I s : : s s

Son-Barred -  f a s t i JJries i b b f c k : n shlO.Os Bo. 5 :2 . 50 : 0 .197 1 .511
: $ 5 • * * s s

Barred -  Slow s ife- le  s s BbXk •• 18 *471.0* 118.6 s 2 .  40 * o . «*3 G H* * .208
$ 9 I : : « « ♦ * :

Son-Barred -  Slow s Sales 5 bbfk * 15 *446 . 0 * 141.9 *2 . 59 : U . 31U s .318
: s t f * j » 2

TOTAL i Males : S 59 *4? o .5 : 115.9 s i . 42 s 0.287 J .811
• • * : i s : s

Barred -  Past *Fe*eles* 9  A — $ 15 *456 . 1 * 91 .0 *2 . 42* 0.261 r .514

Ion-Birred -  f a s t
s i
jfea a l.e s : bk - I :424 . 7 s SS.9 s2 . 44 : 0 .247

s
s %?>8L* w*.. til

; ; s i % : : :
Barred -  Slow sPea^les* BK - •* 11 $ 4b5 * 5 : 81 .0 *2.46  s 0.161 » .520

: : *« : * : s t
Son-Barred -  Slow iFea&les s bX - s 14 * 417 . 9 ; 85.0 * 2. * 55 ; 0.248 s .514

$ t 3 : s s : s
TOTAL sFes&les* * 61 *455 . 9 : 85 .1 *0.41: 0 .285 J .518

* Phenotype re p re s e n tin g  fo u r  G enotypes.
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TABLE 711

Aa&lyeis o f V aria tio n  la  Body Height and Shank 
Length of th#  Progeny f ro s  Two ? i  Sfe tin g s  C la s s i
f ie d  According to  Floa&ge Color and Eat© of

F eatherlag

5 : Body I e ig h t t Shsak .Length
s tm________(Grans)_________ :______ (lach es)

Source : Sox s Degrees j. Su® ; sCegreee* Sm® j
o f  : o f  j o f : o f t Mesa s o f s of ; Bess

f& r la t lo a  *Progeny*Freedom* Squares i SduareiyreedontSdU & res * Square
t % 5 : s ** *

Between Groups s Msles i 4 5 45 ,568*11 ,592s 4 s ,0985 5.0248

I i t h i n  Groups
* s 
$ Males i 105 *1,585,865*15,1SQ» 10B *8.8449 s . 0859
i : * i i 5 •

TOTAL GROUPS * Males t 109 • "i# A,429,431*15,114* 107 18.9484 *.0858
I s *W : t t :

Between Groups ffem&lQBt 7 s 49,984* 7,158* 7 s * 2 tj i ~ 4 s . 0532
t 5 s 3 I * *

f i t h i a  Groups tFen& lest 107 3 774,#78* 7,1415 102 *5.0817 *.0498
3 % «* 3 5 * *«

TOTAL GROUPS *F e e b le s t 114 : 814,840* 7,255s 109 *5.8141 s .0488
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l a t i a g s  L i  (£ x  L) and (K x L) x  fi co n ta in ed  too. few fe rn  la s  to  produce 

& comparable number ©f progeny w ith  th e  o th e r  m atings*

F igure*  1 and t  show a  s lo w -fe a th e r in g  and f a s t - f e a th e r in g  chick* 

re s p e c tiv e ly *  a t  10 days o f  age from th e  backer oss m ating  (£ x L) x  L*

F ig u re  S shows a  "bare  back® b a rre d  male a t  8 weeks o f age from  th e  back-

c ro ss  m ating  R x  (E x  L ). F igu res 4* 5 , and 8 show* re s p e c tiv e ly *  a  

medium fe a th e re d  male* a  medium fe a th e re d  fe m a le , and an  a lm o st com pletely  

fe a th e re d  fem ale  a t  8 weeks o f age from  the  bacV cross m ating  (£ x L) x L*

Table T i l l  g ives th e  means and s tan d a rd  d e v ia t io n s  f o r  th e  sco res  o f 

th e  degree of fe a th e r in g  over th© n ine  t r a c t s  a t  8 weeks o f age f o r  th© 

d i f f e r e n t  m atings c l a s s i f i e d  acco rd in g  to  r a t e  o f f e a th e r in g  a t  10 day© of 

a g e . The g e n e tic  com position  o f th e  males and fem ale* used in  th e  m atings 

and th e  progeny i s  a l s o  in d ica ted *  The a n a ly s is  of v a r ia n c e  in  t o t a l  

f e a th e r  s c e re  is  g iven  in  Table IX. The v a lu es  o b ta ined  f o r  n? w of 9 ,87

and 7.98 f o r  th e  m ales and fe m a le s , re sp e c tiv e ly *  a re  h ig h ly  s ig n i f i c a n t .

Th© mean scuar© v a r i a t io n  ob ta ined  w ith in  m atings or groups was used a ls o  

in  d e te rm in in g  th e  s ig n if ic a n c e  o f th e  d if f e r e n c e  betw een p a ir in g  of th e  

means fo r  each sex  i n  Table ¥111,

I t  i s  obvious i a  comparing th® means i a  Table T i l l  t h a t  th e  h ig h ly  

s ig n i f i c a n t  d if f e r e n c e  ob ta ined  betw een m atings by th e  a n a ly s is  o f v a rian ce  

m s  due la rg e ly  to  th e  h ig h ly  s ig n i f i c a n t  d if f e r e n c e  betw een th e  groups t h a t  

were r e c e s s iv e  and th o s e  t h a t  were homozygous dominant o r heterozygous domi

n an t fo r  th e  s e x - lin k e d  genes• In  th® s a t in g  (K x L) x ( I  x  L) a l l  th e  

males were slow fe a th e r in g  a t  10 d ay s , b u t some of th e  in d iv id u a ls  c a r r ie d  th e  

genes EX w h ile  o th e rs  were h e te ro zy g o u s , Kk. I t  may be s ig n i f ic a n t  t o  note 

th a t  th e  h ig h e s t s tan d a rd  d e v ia t io n  g iven  is  f o r  t h i s  group o f male* which 

m y  be due to  th e  in d iv id u a ls  d i f f e r in g  in  t h e i r  g e n e tic  com position  fo r  th e  

s e x - lin k e d  gene X. A mean d i f f e r  e rn e  o f 3 ,4  was o b ta in ed  betw een th e  f a s t -



F igure  1, A s le w -fe a th e r in g  (Kk or K-) oh iek  a t  10 days of age from  
th e  fcack-cress m ating (’£ x  L) x L.

Figure 2, A f a s t - f e a th e r in g  (kk or V-) ch ick  a t  10 days of a m  from  
th e  back eross m ating ( x L) x  L.



igure 3» A "bar® baok" bar rad m l e a t  8
■©oka o f ago fro n  the mating R x (B x I.) 
hat was homosygous (IK) fo r  th e sex -  
. inked gone K.

Figure 8* A medium feath ered  non-barred 
female a t  8 week* o f age from th e mating
(E x L) x L th a t  mas haterosyyous (K-) 

for  the a ex -lin k ed  gene K.

42

Figure 4 . A medium feath ered  barred 
male a t  8 weeks o f age from th e mating 
(E x L) x L th a t mas heierosygous 
(Kk) fo r  the sex -lin k ed  gene K.

Figure 6 . An almost eem pletely  feathered  
barred fem ale a t  8 meek® o f  age from the  
mating (E x L) x L th at mas recess Its 
fo r  the sex -lin k ed  gene K«
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TABU f i l l

h Sttmmxry o f  th e  Pegre-e o f  F ea th e rin g  » t  8 ftteks 
o f Age by He tings- o f tb e  S ex -lin k ed , G e n e tic a lly
f - .s i  aM  Slow F e a th e r in g  Progcnjr a t  10 £-&ya o f

Age

M atlag

i :G n e t i e  sBte.te of 
s tCosp-©- sFe&ihsr- 
t t u i t i o n  jiflg  a t  
jSex o f  i o f  ?10 days 
:Progeny* ifett&g sof age

s
■*.
s
: I o .  of 
{Progeny

* « *♦ »
3 J

G enetics s 
Compo- {.nomas 
i i t i o a  s j

Stsads.ro 
lew ta 
il©®

(B x L) x {1 X L) t nifties-' :1k X s - Slow
:
£ 49

i s
I I  x Kk*15.0* 4.68

( I  x 1) x (L X R)
i s 
t Kales {Kk X k - Sion

:
3 50 I  k

S 3 
t l 2 .7 j 4 .19

{£ x L) x (L X 1)
i {
t Males *Kk X k~ F a s t

*
s m kk

: s 
*15.9* S .87

R x (F x L)
5 1
$ m u ®  sKK X K- Sion

t
«* s i KK

s ; 
: l£ .8 s £ .89

R x (L x I!)
3 i
i Males *11 X k- Slow

3
3 119 Ik

{ * 
{13.8* 4 .04

1 x ( I  X I )
* •
? Jfeilea jkk X k~ f a s t

3
: 47 kk

* * 
:1 6 .7 j 2 .81

(£ x L) x L
5 X
s 8fel©« iKk X k- Sion

s
{ 79 Kk

* ! 
s l4 .8 j 5*62

(E x L) x L
: s
i ftaltra *&k X k» f a s t

«
*w 108 kk

: : 
:1 6 .4 j 3.49

TOTAL
? £
j Itelee ?

3
3 SO 8

3 i
*14.5* S. 85

(E x L) x (E X T \ "u /
X X
tFeatftlessXk X K- Slow

S
I £5 K-

t J
:15 .3s 5.65

( i  x l ) x (r X L)
I 3
*Feaelee*Kk X I - F as t

I
s 27 k -

: s 
*18.7: 5.02

( !  x L) x (L X fi)
S 3
sFen&lefts&k X k - Slow

3
I £4 K~

S 3
t 15.5* 5.57

( E x  L) x (L X H)
: f 
*ResaleftxKk X k - F as t

:
** 33 k - *18.l i 2 .78

R x (E x L)
s :
sFesssleBjIK X E - i Slow

3
: 39 K-

: : 
s l7 .7 s £.58

R x (L x R)
s s 
*Fe*&les:KI X k - i Slow

s
3 130 K-

s : 
:1 8 .5: 3 .47

L x (L x R)
t  %
tpea& leeikk X k - t F as t

:
{ 78 k -

: s
817 .5 i 2 .99

( f  x L) x L
: s
*Fea»I®s:Kk X k-s Sion

•«
i 81 I -

: j 
*18.5* 2.91

(F x L) x L
l i
{Feas&lesj&k X k-s Fs-et

:
s 7 2 k~

8 I
*18.4* £.97

TOTAL
t t
sF esftlesi *♦

:
s 309

t s
*17.0* 3.29
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TiSLK II

A naly tic  o f  V&risae© i a  Degree o f  F eathering  a t  
8 le e k s  o f ig e

s galea
ft

------ I... f& m lm
Soar®©

o f
V ariation

sDegreest §ua : 
I o f s o f * 
s Freedom  Square § *

8 Beg rm&  
Mean : o f

iSCiti&X© % OS

s Sue :
1 Of 8 
j Squaress

Stef; a 
temere

Between l& tiag s  o r Groups
$ & i
t ? s 906 s

i
129.43s 3

8 1
ft 623 ft 77.88

f f i ih ia  H atlags o r  Grouus 1 soo sitiio 8 la .s a s 300 *4,896 j 9.79

TGTiL 8 807 :?,Q16 t
i

13 ,42s 303
5 *
*3,3X6 8 10,88
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fe a th e r in g  (k - )  and * low -feath erin g  (1C—) fe rn  Is® o f th i s  m ating* This 

d if f e re n c e  gave & h ig h ly  &ig n if  lea n t * t"  of 5*54, The asaa d iffe re n c e *  

betw een th® progeny from & m ating t h a t  were f a s t  fea th er in g  and th ese th a t  

wars slow f  o a t h a rin g  a t  10 days a r s  h ig h ly  a tg p lf  lean t i n  a l l  eases* The 

”t tt v&ltms o b ta in ed  were 4*64 a  ad 4,44* r e s p e c t iv e ly ,  f o r  th e  s a le s  and 

female® from  th e  sa tin g  (Ex t) x (Lx R), and 4 .1 3  and 8*10, r e s p e c t iv e ly ,  

f o r  the s a le s  and fe a a le s  from the m ating (S x L) x L* Although a l l  th® 

progeny from  the s a t in g  L t  (1  x 1 ) ® arri«d th® re c e s s  ive  gen®, th® means 

war® comparable h o t lower th a n  th o se  f o r  th e  re c e s s iv e  progeny from  the  

o th e r  m ila g e *  The only  grcrnps c a r ry in g  th e  r e c e s s  i r e  gene t h a t  w ere s i g n i f i 

c a n t ly  d i f f e r e n t  were th e  fem ales from  th e  s a t  lag (K x L) x ( E x t )  and the 

m ating L x  (L x  R ).

The means f o r  the heteroaysons s a le  orogeny from  m atings (E x L) x  L 

and S x (L x E) a re  s ig n i f i c a n t ly  h ig h e r than  th e  mean fo r  homosygons males 

from th® sa tin g  R x  (E x  L}* The i«&b f a r  heteresygon®  s a le s  from  th® m ating  

(E x L) and ( L i  E) i s  a ls o  s ig n i f i c a n t ly  lower than the scans fo r  the  o th e r  

two heterosygous groups# The male progeny from  th e  (B x L) x (E x L) m ating  

Ixtelu&ed homosygous and heterozygous In d iv id u a ls  i n  app rox im ate ly  equal 

numbers and th® mean o b ta in ed  was interm ediate i n  m in e*

Th® mean sco re  f a r  th® female progeny from  the  mating- E x IE x L) i s  

s ig n i f  ie a s t ly  h ig h e r  th a n  th® means fo r  th e  o th e r  s lo w -fe a th e r in g  progeny 

gproups* The mean f o r  th e  fem ale progeny from the  E a tin g  1 x ( L x  S) i s  a l s o  

s ig n i f  l e a s t  ly  h ig h e r th a n  th e  w a n  fo r  each o f  th e  o th e r  s lo w -fe a th e r in g  

pragwsy grmap# excep t th o se  from th e  mat lug R x ( 3  x  L ),

Th® fem ales in  each group a ls o  had a  s ig n if ic a n t ly  h ig h er fea th er  score  

than th e  co rrespond ing  sat lee*

Since s ig n i f l e a n t  d iffe re n c e s  w ere found i© e x i s t  between th e  means fo r  

t o t a l  fea th er  sco re  in  ev e ry  ease  where f a s t - f e a t h e r  lug  and s le w - fe a th e r in g  

b i rd s  a t  10 days of age  were compared ami a ls o  between c e r ta in  progeny groups
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w ith  th e  sans g e n e tic  o em p es itlo n , a d e ta i le d  a n a ly s is  was made o f th #  d i s t r i 

b u tio n  of th® fea th er  so or® by f  au th o r tr a c t  fo r  a l l  th® rsroceny, This was 

ac c e ssa ry  in  o rd e r to  de term ine  i f  a l l  f e a th e r  t r a c t s  c o n tr ib u te d  e q u a lly  o r 

d i  s  p i* o p o rtio m i# ly  to  th® s ig n i f ic a n t  d ifference®  found fo r  t o t a l  s c o re s . 

P ercen tage  d i s t r ib u t io n s  o f  th® progeuy groups on th® b a s is  ©f f e a th e r  

developm ent fo r  wash e f  th #  t r a c t s  observed  ar® g iv e n  in  fable®  X and 3d 

f o r  th® m le s  and f a m i s s  ,  r e s p e c t  ive ly*  I t  w i l l  b® n o ted  i n  s tu d y in g  th#s® 

ta b le s  t h a t  th»r®  i s  c o n s id e ra b le  v a r ia t io n  among th e  d i f f e r e n t  progeny 

groups l a th ®  p e rcen tag e  d i s t r i b u t i o n  o f th e  in d iv id u a l f e a th e r  so e ra s  fo r  

a l l  aim® fe a th e r  t r a c t® . Less v a r ia t io n  is  noted among th e  progeny groups 

fo r  th® w eb, th ig h ,  le g ,  and b r e a s t  th a n  fo r  th e  o th e r  f iv e  tract**

In  o rd e r  t o  determ ine w hether th e  eemperable d if f e r e n c e s  i n  th e  p e rcen tage  

d i s t r ib u t io n s  a r e  s ig n i f i c a n t ly  d i f f e r e n t ,  C hi-square t e s t s  w ere made f o r  

th e  more important com parisons♦ The c h i-sq u a re  va lu es  ob ta ined  f o r  each o f 

th e  com parisons made a re  g iven  for each  fe a th e r  t r a c t  in  Table X II, A ta b le  

re p o r te d  by H en d rick s, Quinn, and Godfrey (31) shews t h a t  th e  normal range 

o f v a r ia t io n  of c h i-s q u a re  v a lu es  f o r  2 deg rees  o f  freedom  a t  th e  5-p e rcen t 

le v e l  o f s i g n i f lean*® is  between *000 and 5*991 and fo r  3 d eg re ss  o f  freedom  

i s  betw een *003 and 7*816* Sins® fo u r  c la s s e s  o r Scores war® used , th re e  

degrees o f f r e e d  cm a r e  a v a i la b le  f o r  each  f e a th e r  t r a c t  where th e  progeny 

f a l l s  i n  a l l  fo u r class® * and two deg rees o f  freedom  a r e  a v a i la b le  where 

th e  progeny f a l l  in  only th re e  c la s s e s *  By a l s o  r e f e r r in g  to  th e  -tab les of 

Sncdaeer* (S4) i t  can  s a f e ly  be concluded t h a t  th® c h i-sq u a re  v a lu es  in  

Table X II th a t  exceed 7*818 a re  s ig n i f  le a n t  and th o se  t h a t  exceed 11*241 

a r e  h ig h ly  s ig n i f i c a n t ,

l a  th e  progeny from  m ating (B x  i.) x  L th® s lo w -fe a th e r in g  (Xk) and th e  

f a s t - f e a th e r in g  (kk) m ales d i f f e r e d  s ig n i f i c a n t ly  In degree o f  f e a th e r in g  a t  

8 weeks o f  ag e  over th e  n eck , b ack , t a l l ,  and sh o u ld e r . The f a s t - f e a th e r in g  

(k -)  and s le w - fe a th e r in g ' ( I - )  fem ales d i f f e r e d  s ig n i f ic a n t ly  over th e  same
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TABLE X

P ercen tage D is tr ib u t io n s  o f  t he  Bale Progeny
Gromp«c on th e  B as is  o f F ea th er Score fo r  Each 

o f th e  T rac ts  Observed

~(i 1l "i) »  (B x L) t s-
x  s x  i i  x ( f :  x L):B  a. (L x R) x (L x B ):(F  x L) x L

T r a c t

. s* «•

» 5

’© s t h ~  

r
c e r e

„ 9 ( E  X L ) t  ( b  x  t ) :

s

*

f

* d .

S l  : 
: ( I k ) : f k k ) : I I K k

: s 
s ( I k ) s ( i k )

S a c k
#
♦ 0

»9
9 4 . 1

» * ? a * #
:  0 , 0 s  0 . 0 s 2 . 0 s 1 . 7 0 . 0

« » 

1 2 . 6 : 0 . 0
*• I 99 2 8 . 6 : $ @ . 7 s  7 . 1 s 6 4 . 9 #• a 3  .  5 .  5 x 2 7 . 8 : 1 0 . 3

« 2 99 6 1 .  s ; 5 6 . 7 s ? 1 . 4 s 4 2 . 1 J 6 7 . 5 6 6 . 0 : 6 4 . 6 s 6 8 . 4
** 5 S 6 . 1 s 6 . 7 : 2 1 . 4 : 0 . 0 •t 7 . 5 8< 2 9 , 8

■
* 5 . 1 s £ 8 . 4

S a c k
5
4-* 0 s l . c .  2

S i t
s i O . O s  0 . 0 s 7 . 8 ** 8  • 0 0 . 0 s 1 . 5 : 0 . 0

: 1 * t 4 #  •# * 8 0  . Q i ^ o . G : 8 0 . 4 t 4 ? . 5 1 7  « 0 1 4 1 . 8 : 1 4 , 0

i 2 •9 4 0 * 8 t 2 8 . 7 s 8 0 . 0 s 1 1 . 8 X 4 5  . 0 88 6 5 . 8 j 5 1 . 9 : 7 3 . 8
*♦ £> s £ * u s 1 5 . 8 s 2 5 . 0 ? 0 . 0 s 2 . 5 s 1 9 , 1 x 5 . 1 s 1 2 , 1

: i :  :  1 : 8 *•
f a i l _ * 0 i 4 * 1 t  0 . 0 s u . O ? 0 . 0 1 1 . 7 1 2 . 1 s O . O s \j  * u

•0 1 9 "i -J * 8 : 5 5 , 3 *  0 . 0 s 7 8 . 4 • 8 1 . 7
r\ f .
U . * 1 7 . 7 : 3 . 7

00 *. * S i . ? s 5 0 . 0 s 4 8 . 4 j 1 7 . 8 X 5 6 . 7 5 1 . 9 : 5 1 . 9 : 5 5 . 1
0 3 s 1 4 . 3 * 1 6 . 7 * 6 3 . 6 s 5 . 9 X 1 0 . 0 6 8 .  0 : 3 0 . 4 s 4 1 . 1
m* ; :  s s • ♦ t* •

S h o u l d e r : 0 : 2 . 0 s 0 . 0 s  0 . 0 s 0 .  0 a 0 , 0 1 0 , 0 x 0 , 0 s 0 . 0
• 1 i IsC .  a * 8 . 3 *  0 . 0 * 3 . 9 #•t 4 . 2 s 0 . 0 * 1 9 . 0 : 4 . 7

: 2 * 4 4 . 9 s "i 5 . 5  * 5 i . ,  X 1 7 8 . 4 s 4 7 . 5 2 0 . 8 s 5 4 . 4 i 5 8 . 9

: s : 4 0 . 8 t 3 S . 5 s 6 7 . B s 1 7  . 6 • 4 8 . 5 7 G . 2 : 2 g . 6 t 5 8 . 4

i 9 1 5 5 s * • • •
s e e : 0 9 2 0 * 4 s l O - . O x i 4 . S 5 7 . 8 8 1 0 . 8 s 4 . 5 :  7 . 6 : 5 . 8

s 1 S 7 3 . 8 s 6 6 . 7 s 7 3 . 6 s 8 8 . 2 s 6 0 . 8 8 9 . 4 » 7 5 . 4 : 6 6 , 4
*• k. 99 4 . 1 ;  5 . 5 s  7 . 1 s 3 . 9 ♦ 8 . 3 s 6 . 4 : 1 5 . 2 s , - : 8 . 2
• "A •*- 2 * 0 * v/ . O j  0  .  0  S 0 . 0 X 0 . 0 0 . 0 s 5 . 7 ; 1 . 9

: 99 s s s s 3 s s
I b i g f e S- 0 *•9 b 8  * r s 8 8 . 7 s 8 0 . 0 s 4 1 . 2 8 5 7 . 5 s 3 7 . 4 « 5'-'- 8 i .  2  s 2 3 . 4

% 1 #■* 4 0 . 8 : 3 0 . 0  s * 8 . 7  s 5 6 . 8 s 5 8 . 3 « 5 8 . 5 * 4 0 . 5 : 5 2  « 7
•* fC : .  0 3 w .  i> J t . l x 0 . 0 #• 4 . 2 s 4 . 5 s 3 0 , 4 s 3 9 .  S
♦■m 3 i 0 . 0 f  O . O s  0 . 0 s 0 . 0 I 0 . 0 0 . 0 s 5 . 7 s 4 , 7

♦ i ! ?■ * X ■ s 1

L e g ♦Hr 0 t 4 . 1 t  6 . 7 :  S . B t
Si g’v
W » Vs «• 1 . 7 ■ 4 , 5 t  8 . 1 s 4 . 7

»• 1 s 4 & . 9 t S 6 . 7 s 5 S . 7 t 2 1 . 6 J 3 5 . 6 4 4 , 7 s 4 S . 0 s 5 0 . 5

* h. 99 u 4 . 7 : i ' 6 . 7  : S i . 6 t 5 a  . 9 •♦ 4 8 , 7 • 4 8 . 3 : 4 6 . 8  j 5 8 . 5

* 'A 9* 1 8 . 4 t l O . G :  7 . 1 : - . . 5 , 5 •i 1 8 . 5 1, # : 8 , 1 : 6 .5
*• : » 9 • ♦ 9 # : s

i r e s e t •.* 0 * 2 8 . 8 s $ 0 . 0 * 1 7 , 9 t 2 7 . 6 : 2 4 . 2 5 , 5 » 7 . 6 : 6 . 5

: 1 1 6 9 . 4 s 6 5 . 8 s 6 7 . 9 s 7 0 , 6 3 7 C  , 8 > 7 0 . 2 : 6 7 . C : 5  - ,  0
•#• kji S 4 . 1 :  S . 7 s X 0 , 7 j 2 « 0 t 2 , 5 4-.  5 j 2 4 , l j 2 9 , 0

s s 0 . 0 s O H  3 . 6 : v0 • I-- «• 2 . 5 s 0 . 0 s 1 . 5  s 1 . 9

: •9 : x i t ! : :
& b d o 3 * e o 9* 0 3 *2 * ^ t  O . O s  O . O s 0  .  w • 1 .7 s 0 . 0 s 0  ♦ 0  3 0 . 0 :

1 :<i 8  .  8 s 2 6 . 7 s 1 7 , 9 j 1 3 . 7 *« 2 0 . 0 44 6 . 4 :  8 . 9 : 1 1 . 2
• 2 s 1 8 . 5 s 5 0 . 0 s 2 8 . 0 x 5 1 . 4 « 2 0 . 5 ■ 0 3 ,8 : 5 5 , 7  * 4 8 . 5

: 5 99 5 5 . 1 :45 .5x57 .1s 54.9 •* 5 0 . 0 ■ 65.8 : 8 5 . 5 :
99 99 s : s « : : s

HO. OF PRQGI37 4 9 x 50 1 2 8  ; 51 * 119 t 47 x 79 : 107
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TU LL I I

p ercen tag e  L i s t r ib u t io n  of th e  f & m l t  Progeny 
Grouped, on th e  Be-si s. o f F ea th e r Pcore f o r  F&ch 

of th e  T ra c ts  Observed

T rac t

Beck

Buck

T a il

!80

Thigh

Leg

B reast

iibdomea

tFe&thers, 
s Score ;

C

x L)
M
X I )

lo u ld er

 JL-.(ihz2-

o

(L x B)

x L)
x
x

•• 0 - )

8 : B s L
X !  X !  *

(t: x l ) , ; l x R ) , q  x b )
J ^ H Z U E L T I H f Z T

: (; x L) x L

: r ^ T T T E T
i

9* «!>
9 f
i 0 s
3 1 ♦♦
: 2 :
« 5 w*
t i
: 0 9

! 1 %
s <L t
s C t
s *•9
s 0 t
$ 1 9
*r c t
s %■w t
: *9
s 0
• 1 *
s *2 9
: O •m
* 99
* 0 •
: 1 S
• 2 •
•m 5 •#

u.G
aa n— V' • w

76*0
4 .0

( )«u  
0*0 

66.7

• 5 .7
s S I .9 
s 4 4 .4
*
: 0,0
} 0*0 
t 66 ,7

o 6 . 3 % 55. &

0.0
0 .0

xZ+k
77,8

0.0
u*0

40 .0
6 0 .0

8.0
88.0

0 .0
4 .0

40 .0
56 .0

4 .0

0.0

48 .0  s 
12.Q s

:
1a. .0  8
8 0 .0  f

4 .0  ;
4 .0  t 

t
0 .0  s
8 .0  i

s 0 ,0
j 0 . 0
# ‘s'« A K- .
8 77 .8
♦
8 0 . 0
* a n; ts • v
8 H  . 1 
8 88 .9  
s
s 3 .7
• 66 .7
8 A . A
s 7 .4

s 66 .7
}, k, L . *« 
: 7 .4

0 * u
*~2c*k,
59 ,3
18 .5

i. OP PEOGfJI

88,0

m

i i . i  
83 .0
18.5  

7 .4

0 .0
14.8
18.5  
66 .7

0.0 
2 0 .8  
66 .7  
1 t! , 5

0.0 
19 .  i  
6 1 .5  

8 .3

*
* Li # v* 

s 6.1  
s 88 ,  4 
5 54.5
•A

i 0 ,0
: 9 .1
5 36.4 
j y ^ 5 
3

0.0
1.6

89 .7
7 ,7

0.0
87 .1
10 .3

G . Q 9* 0 . 0 ! 0 . 0

2  0 . 8 I 0 . 0 •9 5 . 1
4 1 . 7 •* 2 1 .  A. • 6 4 . 1

5 7 . 5 3 7 8 . 8 3 3 0 . 8

S •*
0 , 0 3 0 . 0 ^  # vJ'
0 . 0 3 0 , 0 9* 0 , 0

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

4  .  it
•
S 1 2 , 1

•-
♦» 2 . 8

9 5 . 8 * 7 2 . 7 •9 8 9 . 7

O «r 0 *♦ 1 2 . 1 9• 7 . 7

0 . 0 * % A ^  e w 9 0 «

5 4 . 2
*
9« 3 5 . 3

*

3 1 5 . 4
5 3 . 3 V 5 1 . 5 : 6 6 , 7

0 * 5 t 1 5 . 1 s 1 2 . 8
4 . 2 99 0 , 0 9 5 . 1

I t
0 . 0 % 8 . 1 i Vp » i i

2 5 . 0 99 '«0;U:« 99 a . 6

5 8 . 5 99 4 5 . 5 9« 4 3 . 0
1 6 . 7 99 1 8 , 2 I 5 £ , 8

a,  3
%
** S . i

s
I 3 . 1

8 7 . 5 : 7 2 . 7 I 8 5 * 7
4 . 2 •• "1 .  tv 0 5 . 1
0 . 0 i 0  « u I 0 . 0

s !
0 . 0 t u .  y *♦ 0 , 0
4  .  k. •4 6 . 1 I 2 . 6

is 9 jC ; 2 4  .  2'. «« 10.3
5 6 , 7 * 6 9 . 7 3 a ? .  2

: ;

2 4 s 5 5 3 3 9

i 0.8
I 13*0
j 74. u
£ 1c. A.

; 0.8
s Aj 5 , a 
i 81 .8
f l  ii. .  *Sr 
•

s 0 .8  
: 19 .8  
s 58 .0
s 1 1 .4

0 .0  
0 .8  

38*6 
80 .6

t 1 .5  
s 84 .7  
i .13,7

r\ iS G.u
S
S
s 55*4 
i 9 .2  
: 4 ,6

14.5  
55.0
30.5

0 ,4
83.2

8.9
1 ,5

0*0
5 .3

15.8
74.8

s 130

s
0 .0 99 ;A fi Vy .  V

b . 4 4 8 .6
51 .5 4* 88.9
42*3 * 2 . 6

u « u 3 0 ,0
5 . 1 * 29.8

51.5 : 65 .0
43 .6 % 7 ,4

o•o

J \s »{j
1 , 5 ; 7 ,4

16.7 #0 70.4
82 .0 •* <0. *C • ***•

0 .0 s * \ /
2 .0 j & tk * *4

18 .7 $ 45 .7
83 .5 ♦• St. .  1

2 .6
*

1 .2
78.2 s 65 .0
18 .7 #A 25.8

2 .6 •

45.6
•
t 13.8

47 .4 49 48 ,  j.
8 .4 49 55.8

#« V> Sv *■ 9 4/

5 .1
«

4 .  y
39,7 ! E 5 . 8

44,9 •« 56.6
1 0 . 5 W4 S . ?

11 .5
4
% •JL * #c

8 2 . 0 • o

5 .1 Vs 44.4
1 . 5 t«'

A
7 .4

V •  w
«
3 0 . 0

5 # 8 A» 1 5 . 6
23 .1 •A 55.1
7 5 . 1 A

78 S 81

: 0 . 0  
t 1 .4  
s 68 .1
s 30,6
i
s 0 .0  
s 5 .6
| 6 , 8 
i 41 .7  
s
; 0,0

0 .0  
53.5
i*» n't 9*9
3 0 . 1

% 0 ft 0
* A* v *  v
£ *u’
s 58.3  
»

: 1*4
; 44 ,4  
s 47.2 
s 6 .9
t

6 .5
w X * ^
52.8 

8 .3

1 .4
■% t o>

i 54 ,2
s L t  , 5
«#
: 2 .8  
s 81 .1  
t 54.7 
s 1 ,4
AA

t 0 • 0
;  1 . 4

: 4.5.1
* v5* 6
A
s 72
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TABLE XII

C hi-: quart* Values O btained l a  C ornering th® F ea th er 
Score o f Progeny Groups fo r  **rch T ra c t

t
C o m p a r i s o n  ; T r & e t e

: 9 e c k  r B a c k  j T a i l  ;*I h o u l c e r t A e b 1T h i g h s L e g  : B r e a s t : A b d o m e n

; :  :  t t « »

.■low { Kk )  a n d  f a s t ?  ;  ;  : s # :
' k k )  a s  le a  f r o m  1 : : : : ■ft :
[ I  x  L )  x  L  s i « t i a g s £ 0 * 2 f  : L G , 9 £ : i G , 7 1 s 1 0 . 1 8 : 3 . 7 1 1 . 8 7 s 1 . 4 8 : 0 . 7 1 ♦ 0 . 7 4

; :  :  : s : s
S l o w  ( h ~ )  s a d  f a s t s  s 5 s «* w<» 5
' k - )  f e m a l e  f r o m  : : :  : • 4r ft s
[V  x  L )  x  L  s & s t i n g t 2 6 . 0 5 : 4 1 . 4 8 : 5 ^ , 7 5 s 1 1 . 0 5 t 9 . 1 5 7 , 6 0  s 6 . 5 7 ; 4 . 4 0 S’ 1 1 . 5 8

i t s : * s :
?a s t  ( k k )  s a l e s  :  5 s : ft- ; •

s l o w  (K-) f e -  t  :  z z : : :
© a l e s  f r o ®  ( f  x  L ) t  z :  : : ; s
t  L  m a t i n g  s l 7 , E 9 :  1 . 6 6 :  7 , 9 5 : 1 5 . 3 5 # 5 . 4 6 6 . 8 4  s 7 . 8 8 s 1 1 . 4 3 s 0 , 8 0

:  :  :  s # s s
•■low ( K - )  ami f a s t *  1  1 z : #*•• ;

f e a a l e s  f r o m .  s s  s ; s # :
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f o w  t r a c t # , and ft Ic e  th e  web aM  abdomen, The f a s t - f e a th e r in g  (kk) male# 

from  t h i s  s a t in g  had m s ig n i f ic a n t ly  higher degree e f f e a t  h a rin g  w a r  th e  

meek, t a i l ,  t f i i  shoulder but a s ig n i f ic a n t ly  1 ever degree over th e  b re a s t  

th a n  th e  c l  e » -fau th o r lag  ( I - )  fe rn  la * . The f a s t - f e a th e r in g  {!■--) fe&ulae 

w ars s  ig n if  learnt ly  b e t te r  f e a t u r e d  th an  th e  slew fe a th e r  i  mg (E -) fe rn  la s  

fro®  m ating ( E x L ) x ( E x  L) only over th e  meek, b a sk , t a i l ,  and thigh*

The fact-feathering progeny (kk and k - )  were s ig n i f ic a n t ly  b e t te r  fe a th e red  

than th e  slew-feathered (Hr and 1C—) ©rcgesy fro® m ating ( t  x  L) x  ( t  x  H) 

only  over th e  meek, back, and t a i l .  I t  i s  a ls o  in te r e s t in g  to  n o te  th a t  th e  

s lo w -fe a th e rin g  he teresy g eu s (Kk) m l® # fro® m ating 1 x ( U S )  war® .s ig n if i 

c a n t ly  b e t to r  fe a th e red  over th® meek, book, t a i l ,  and sh o u ld ers  than the  

s lo w -fe a th e rin g  fceaesygous ( I f )  a l e #  fro®  th e  s a t in g  I  x (S x  L)» Dm th e  

o th e r hand, th e  s le w -fe a t  her lug  fem ale# (K-) from m ating S x  (E x  L) a re  

s ig n i f ic a n t ly  b e t t e r  feathered over th e  neck, back, t a i l ,  th ig h ,  and leg  

th a n  th e  slov-featherlag fem ales (K-) from th® r a t i n g  1 x (L x  S ) , The 

s lo w -fea th e ri ng ( I - )  fem ale# fr :m  m ating E x  (I. x H) a re  s ig n i f ic a n t ly  b e t to r  

feathered over th e  h ack , t a i l ,  web, th i* h ,  b r e a s t ,  and abdomen than th® s lo t*  

feather lag  (Kk) fifties.

The#© efe i-seuare  valise# show la  general th a t  s ig n i f ic a n t  d if f e re n c e s  in  

degree of fe a th e r in g  a r e  most lik ely  to  occur over th® seek, back , t a i l ,  and 

sh o u ld er a t  8 weeks of age. I t  is  a ls o  obvious from t h i s  study t h a t ,  a lth o u g h  

th e  b ird s  carrying th e  genes kk or k -  have a h ig h e r f  oath  or score a t  3 weeks 

©f age than th o se  c a r ry in g  th e  genes He end 1U, th ey  a re  no t more com pletely  

fe a th e re d  over a l l  p a r ts  o f  th e  body, 8®fe r r in g  a g a in  t© T ables I and X I, 

i t  i s  n o tic e d  in  th® m ating  (E % 1} x L that, ahtough th e  f i r s t  fo u r t r a c t s  

are s ig n if  le a n t ly  d i f f e r e n t  in  degree of fe a th e r in g  in  th e  s a l t s  and fesales*  

t h i s  difference i s  no t e f material eeaaomie Im ports no a. For example* 41*8 

and 81 ,8  p e rcen t of th® alow-feathering (Kk) m la s  a t  10 days had a sco re
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o f  1 and 2 , r e a p e e t iv e ly ,  f o r  tlx© f e a th e r  t r a c t  over th© back as  c o n tra s te d  

w ith  14*0 and 73*8 p e rc e n t, r e s p e c t iv e ly ,  fo r  th e  f a a t - f e a th e r in g  (kk) m ales 

a t  10 days* However, only 12*1 p e rcen t o f th e  f a s t - f e a th e r in g  m ales were 

co m ple te ly  fe a th e re d  over th© back w hereas 5*1 p e rc en t o f th e  s lo w -fe a th e rin g  

m ales were a ls o  com pletely  f e a th e re d . In  th© fem ales th e  d if f e r e n c e s  between 

th© two groups a re  much g r e a te r  th a n  in  tlx© males* I t  i s  a lso  s ig n i f ic a n t  to  

not© t h a t ,  w h ile  29*6 p e rc en t o f  th e  s lo w -fe a th e rin g  (K-) fem ales had & score  

o f  1 fo r  th® fe a th e r  t r a c t  over th© b ack , S. 6 p e rc e n t o f  th© f a s t - f e a th e r in g  

(k - )  fem ales a ls o  had a sco re  o f  1 . This means th a t  4 fem ales ou t o f 72 were 

observed to  be bar© over th e  back except fo r  p in  fe a th e rs*

S ince th e  se x - lin k ed  gene, K was found to  have a s ig n i f ic a n t  e f f e c t  on 

r a t e  of fe a th e r in g  over some p a r ts  o f th e  body a t  8 weeks o f a g e , c o n s id e ra 

t io n  was a ls o  g iven  to  th© p o s s ib le  r e la t io n s h ip  o f th© sex -lin k ed  b a rre d  

gene, B. Table X III g iv e s  th e  percen tag e  d i s t r ib u t io n s  o f  th e  progeny from 

th© m ating (E x  L) x L on th© b a s is  o f f e a th e r  sco re  and g e n e tic  com position  

i n  re g a rd  to  th e se  two s e x - lin k e d  genes. A c lo se  in sp e c tio n  o f t h i s  ta b le  

shows th a t  no c o n s is te n t  d if f e r e n c e s  e x i s t  betw een e i t h e r  th® b a rre d  and 

n o n -b arred  f a s t - f e a th e r in g  progeny or th e  b a rre d  and non-barrod  alow- 

featherixxg progeny*

R e la tio n sh ip  o f  gat© o f  Growth to  Hate o f F ea thering*  In  o rd e r to  

determ ine th e  i n t e r - r e l a t io n s h ip  of body w eight and f e a th e r  sco re  fo r  each 

Of th© t r a c t s  a t  8 w eeks, th e  mean body w eight and mean fe a th e r  sco re  o f each 

o f  th® rem ain ing  t r a c t s  was ob ta ined  fo r  a l l  th e  progeny c l a s s i f i e d  acco rd in g  

to  th© f e a th e r  sco re  o f each t r a c t  in  co n secu tiv e  order*  These means and 

th e  number o f progeny invo lved  fo r  each fe a th e r  score  a re  g iven  f o r  a l l  

t r a c t s  in  T ab les XIV and XV fo r  th© m ales and fem ale a , r e s p e c t iv e ly .  These 

ta b le s  show a r a th e r  c o n s is te n t  I n te r - r e l a t io n s h ip  between body w eigh t and 

each f e a th e r  t r a c t  when th© progeny o f a l l  th e  m atings a re  co n sid ered  a s  a 

group* A g en era l conclusion  ^  *»• ^
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TABLE I l f
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T1BLE XV
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over a l l  p a r t s  o f th #  body a r e  c o r r e la te d .

I t  w i l l  b# r e c a l le d  t h a t  th #  d a ta  ob ta ined  on th e  F^ progeny ten d  to  

shew a n eg a tiv e  r e la t io n s h ip  between ra t®  o f f e a th e r in g  and rat©  o f  growth* 

The r e s u l t e  from  prev ious in v e s t ig a t io n s  a ls o  war# not In .com plete  ag ree*  

ment* The c o e f f ic ie n t  o f e e r r # la t io n  ob ta ined  by  Radi and f a r r a n  (75) 

ranged from. 0*055 t o  0*333 and 0.194 to  0*240 f o r  fe a a le s  and m ales, 

re s p e c tiv e ly *  G erieke and P l a i t  (19) i a  t h e i r  .Barred Plymouth fo o t  I n v e s t i 

g a tio n  ob ta ined  & c o e f f i c i e n t  .of c o r r e la t io n  o f  0*812* Jft&y and M orris

(4 0 ) ,working w ith  a number of d i f f e r e n t  b re e d s , o b ta ined  a c o r r e la t io n  

c o e f f ic ie n t  e f on ly  0.23* Bad! and 1a r r e n  (75) were led  to  conclude t h a t  

body w eight and fe a th e r in g  aa determ ined  a t  8 weeks of age b ea r bo c lo se  

re la t io n s h ip *

S ince  a  h igh  d eg ree  o f  r e la t io n s h ip  is  ap p aren t in  th#  Pg and b ack - 

c ro s s  d a ta  ob ta ined  in  t h i s  in v e s t ig a t io n ,  i t  w eald be o f im portance t o  

determ ine  c o n c lu s iv e ly  i f  genes fo r  th©' e x p re ss io n  o f th e s e  two c h a ra c te rs  

a re  borne oa th e  same chromosome or w hether th e  r e l a t io n s h ip  Is o f a 

p h y s io lo g ic a l n a tu r e .  In  an  e f f o r t  t o  o b ta in  more in fo rm a tio n  re g a rd in g  

t h i s  s u b je c t ,  c o r r e la t io n  c o e f f ic ie n t s  w ere o b ta in ed  f o r  each o f  th e  progeny 

groups and a  co v arian ce  a m  ly s i s  was md© o f th e  r e la t io n s h ip  of t o t a l  

f e a th e r  sco re  t o  body w eight and shank length* Th® c o e f f ic ie n ts  o b ta in ed  

and th #  r e s u l t s  o f  th e  co v arian ce  a n a ly s is  a r e  g iven  f o r  th e  xmles and 

fe a a le s  in  Table XYI, S n ed eeo r 's  (84) ta b le s  were r e f e r r e d  t o  a g a in  ^n 

o rd e r to  de term ine  th e  S-'-wreent and 1 -p e re e n t le v e l  o f s ig n if ic a n c e  f o r  

th e  deg rees  o f freedom  a v a i la b le  f o r  each  © © effic ien t.

The c o e f f ic ie n t s  o b ta ined  between fe a th e r  sco re  and body w eigh t a r e  

h ig h ly  s ig n i f i c a n t  f o r  a l l  male progeny groups excep t f o r  m ating t  x ( i  i  l )  

which i s  h a rd ly  s ig n if ic a n t*  ?ho c o e f f ic ie n ts  a r e  a ls o  h ig h ly  s ig n i f ic a n t  

f o r  a l l  th e  fem ale progeny groups ex cep t th o se  from  m ating ( s  x L) x ( I  x L) 

and th e  f a s t - f e a th e r in g  group from  m ating  (B x L) x t*  The th re e  e x c e p tio n a l 

ft© w ff 1 e  Iuntil i f #  # 1 « a  Helow th e  Jwfwurfmiwfc 1 * « # 1  <*>f *1 sw I f  TH*
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t f b l e  x n

C o rre la tio n  C o e f f ic ie n ts  O btained i a  th e  Aa&ljrsi© 
o f th e  R e la tio n sh ip  of T o ta l F ea th er Score t© Body 

H eight and Shank Length a t  8 Seeks o f Age
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e e r r e la t le n  eeeffle len fc*  o b ta in ed  between t o t a l  fea th er  se sr ee  and sbm'k 
le n g th  a ro  h ig h ly  s ig n lf le a n t  f o r  m il th® fsisal® progeny groups exeept  

th ese  f w m  th# n e tla g  (E *  1} x ( -  at t ) 0 These two ea eep tio n a l e e e f f  la ten t*  

arm o f  a high, v a lu e  and arm above tho 6~peroeitt le v e l  o f o ig n if  hot

th#  degrees of freedom  a v a i la b le  aro to® a a a ll  fo r  th® e o e f f ta le n ts  t o  ho 

h ig h ly  s ig n I f le a s t*

Tho e e r r e la t le n  e o e f fS e ie s ts  eb ta ined in  th #  e o v a ria?» e  analyst®  aro  

h ig h ly  s ig a lf ia a a b  i n  aeeh m m  w ith in  noting* or grouoo and fo r  t o t a l  

aariamee hurt mot a lg n if  leant betw een not Inga or group®*

Thio eoveriam#® a n a ly s is  show# th a t  th #  s ig n i f  le a n t r e la t io n sh ip  between 

ra t# ' of fea th er in g  and r a t #  o f  growth Is  due t o  th #  h ig h  r e la t io n s h ip  e x is t*  

lag  hotwoon th e s e  two fa e to r#  in  th® progeny of th#  aano general g en etle  

0 0 * 9 0 0  i t  ion* This would su g g est th a t  e i t h e r  tho genes f o r  th® orcroosia*  

o f tho*# two eharacier* a ro  bom # ©a th# mam# ofarasosoeLO or son* o f tho 

genes fo r  th o  «xfro**4on o f  on* of th® o h a ra e ts r*  a l s o  ia flu en ee  th #  o th e r  

efcavaoter, r a th e r  than th e  r e la t io n sh ip  i s  due to  th #  expression  o f  a  

p fcysio log iaa l fnaatlon* I f  the r e l a t io n s h ip  m s  s o le ly  o f a  p h y s io lo g ie s !  

nature th#  oor r e la t io n  e e e f f lo le a t*  should b® p o s i t  It # a ls o  between sating®  

o r groups*

I t  i s  in se n s ib le  fro n  a study of th e se  d a ta  t o  dateraln* th e  number of

genes t h a t  a f fe o t  r a t #  o f growth a® w e ll a s  r a t#  ef feath ering* I t  I* 

ap p aren t*  however, t h a t  in  th e ease  ©? m ob  sham e t# r*  em it I pie m n m  

a re  involved*
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s w u m  MD CONCLUSIONS

An a n a ly s is  o f  tho d a ta  o b ta in ed  in  t h i s  in v e s t ig a t io n  appeared to  

w a rran t th® conclusions t h a t  fo llow *

1* In  g en era l th e  B arred Plymouth Hook p a re n ta l  s to ck  tra n s m itte d  

genes to  the  F^, Fg , and b&ckoross progeny th a t  c o n tr ib u te d  to  a more 

ra p id  r a t e  o f  growth and a l e s s  r a p id  r a t e  o f f e a th e r in g  a t  8 weeks o f 

age th a n  th o se  c o n tr ib u te d  by th e  Brown Leghorn p a re n ta l  stock*

2 . Ho c o n s is te n t  d if f e r e n c e s  were o b ta in ed  in  r a t e  o f growth or r a t e  

o f f e a th e r in g  betw een th e  descendan ts  from  th e  e x h ib it io n -b re d  B arred P ly 

mouth lo ck  male and th e  p ro d u c tio n -b red  B arred Plymouth look  fem ales*

5* The male progeny o f  a l l  Pl t  F2 , and backcross m atings had s i g n i f i 

c a n t ly  g re a te r  body w eight and shank le n g th , bu t a  s ig n i f i c a n t ly  lower 

r a t e  of fe a th e r in g  than  th e  fem ale progeny a t  8 weeks o f  ag e .

4* The conform ation  o r  shape a s  determ ined  by th e  r a t i o  o f mean shank 

le n g th  to  th e  cube r o o t  of th e  mean body w e ig h t fo r  th e  progeny from  each 

o f th #  P j ,  Fi ,  and b ack c ro ss  m atings was found to  vary  on ly  s l ig h t ly  a t  8 

weeks o f age*

5* The male and fem ale progeny from each  m ating  a ls o  were very  s im ila r  

in  conform ation*

6* N e ith er th e  se x - lin k e d  gen# (8) fo r  b a rre d  plumage nor th e  sex- 

llzaked gene (K) fo r  slow r a t e  o f  f e a th e r in g  had a s ig n i f ic a n t  in f lu e n c e  on 

r a t e  o f  growth* However, in  a l l  me t in g s  but one th e  n a n -b a rred  f a s t - f e a th e r in g  

m ales (bbkk) and fem ales (b k -)  grew a t  a  com paratively  f a s t e r  r a t e  th an  

e i t h e r  th e  b a rre d  f a s t - f e a t h e r i n g ,  b a rre d  s lo w -fe a th e r in g , o r non -barred  

s lo w -fe a th e rin g  m ales and fem ales*

7* Th® sex-link@ d gene f o r  e a r ly  sexua l m a tu r ity  i s  re sp o n s ib le  perhaps 

fo r  th e  in d ic a t io n  th a t  a  se x - lin k e d  gen® e x i s t s  fo r  r a t e  of grow th•
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8* B ird s  homozygous o r he terozygous fo r  th e  s e x - lin k e d  gene K had a 

s ig n i f ic a n t ly  low er fe a th e r  sco re  a t  8 weeks o f  age th an  b ird s  c a r ry in g  th e  

r e c e s s iv e  gene o n ly , th e  s ig n i f ic a n t  d if f e r e n c e s  in  t o t a l  f e a th e r  sco re  

were found to  be due la rg e ly  to  th© s ig n i f ic a n t  d if f e re n c e s  in  degree of 

f e a th e r in g  over th e  neck , back, t a i l ,  and shou lder t r a c t s .

9 . S ince  c o n sid e ra b le  v a r ia t io n  e x is te d  in  th e  degree o f f e a th e r in g  o f  

each t  r a o t  among b i r d s  re c e s s iv e  fo r  th© sex - lin k e d  gen® K, a number of o th e r  

genes must be in v o lv ed , some o f which a c t  upon th e  sex - lin k e d  gen®.

10. The sex - lin k ed  gene f o r  r a t e  o f f e a th e r in g  has very  l i t t l e  in f lu e n c e  

upon th© r a t e  o f f e a th e r in g  of t r a c t s  o th e r  th an  th o se  over neck , back , t a i l ,  

and sh o u ld e rs .

11. The se x - lin k ed  gene (B) f o r  b a r re d  plumage m s  found to  be lo o se ly  

lin k e d  w ith  the s e x - lin k e d  gene (K) fo r  r a t e  o f  fe a th e r in g  b u t had no s i g n i f i 

c a n t a f f e c t  on deg ree  of f e a th e r in g  a t  8 m ek s  of ag e .

12 . The c o r r e la t io n  c o e f f ic ie n t s  o b ta in ed  between r a t e  o f  growth and r a t e  

o f f e a th e r in g  were p o s i t iv e  and h ig h ly  s ig n i f ic a n t  fo r  th e  t o t a l  p o p u la tio n  

and fo r  th e  progeny groups w i th in  m atin g s , however, th® c o e f f ic ie n ts  o b ta ined  

between th© means fo r  the  d i f f e r e n t  progeny groups were n o t on ly  n o n - s ig n if i 

can t b u t a lso  n eg a tiv e  f o r  th e  m ales, su g g estin g  th a t  th© c o r r e la t io n  e x i s t 

ing  in  th© t o t a l  p o p u la tio n  could  n o t be due to  a  r e la t io n s h ip  s o le ly  p h y s io l

o g ic a l i n  n a tu re • Games fo r  th e  ex p re ss io n  o f  th o se  f a c to r s  a re  born© on th e  

same chromosome, or one or more genes in f lu e n c e  bo th  f a c to r s .



LITSRATU&B CITBD

60

(1) A g r ic u ltu ra l  M arketing S e rv ic e , Washlug to n , D. C. P ersonal
com m unication• 1942.

(2) American S tandard  o f P e r f e c t io n , S t .  P au l, M inn.; American P o u ltry
A sso c ia tio n . 1938. 492 pp .

(3) Annin, G. jg. 4 J .  G. H alp in , Com parative growth and feed  consum ption
o f  r o o s te r s ,  capons, and p u l l e t s .  Foul• 3 c i .  17*419-423. 19S7.

(4) Asmundson, V. S. 4 I .  M. L erner, In h e r ita n c e  o f  r a t e  o f  growth in
dom estic fo w l. I I .  P oo l. 3 c i .  12*250-255. 1933.

(5) A xelson, J . ,  V a ria tio n  and h e re d i ty  o f some c h a ra c te rs  in  White Leghorns,
Rhode ^sland  Reds, and B a rae v e d le rs , P a r t  I ,  Lunds O a iv e r s i to ts  
A r s s k r i f t  8 . P. Avd. 2 , 2 8 :1 -196 . 1932.

(6) B ice , C. M. & B. A. Tower, C rossb reed ing  p o u ltry  fo r  meat p ro d u c tio n .
Hawaii Agr. Sxp. S ta .  B u ll. 81*1-19. 1939.

(7) Blunn, C. T. k  P. W. Gregory, The em bryological b a s is  o f  s iz e  in h e r i 
ta n ce  in  th© c h ick en , d ou r. Exp. Bool* 70:397-414. 1935.

(8) B u ic c ia a te , L ., S tu d i s u l l a  d u ra ta  d e l period© c in o tic o  ed in te r c in e t ic o
i a  em brioai d i  p o l l !  in c u b a t i  a d iffe re n t©  te m p e ra tu ra . Arch 
m tm m. Bd. 115 8, 396-448. 1929.

(9) B yerly , 1 . C ., Th© e f f e c t  o f  b reed  on th e  growth o f  th e  ch ick  embryo.
d our. Morph, and P h y s io l. 50*341-359. 1930.

(10} C a s tle , W. fi. 3; P. F . Gregory, Th© e f f e c t s  o f b reed  on growth o f embryos 
in  fow ls and r a b b i t s .  Science 73*680-681. 1931.

(11) Chu, J .  P .,  S tu d ie s  on plumage in  th® male Brown Leghorn fo w l. T rans.
Hoy. Soe. M in . 59, P a r t  111*533-582. 1938-39.

(12) Barrow, M. I . ,  R e la tio n  o f  d ay -o ld  ch ick  wing fe a th e r  developm ent to
fe a th e r in g  a t  b r o i l e r  ag e . Pro©. 3 3 rd . Annual M eeting F o u l. S e t. 
1941.

(18) D avies, H. R ., Die M tw ick lung  der Peder und ih re  Seziehung zu 
Anderen ila u tg e b ild e n . Morph. Ja h rb . 15*660-645. 1889.

(14) B unkerly, J .  S .,  Th© e f f e c t  o f  in b re e d in g . Proc# 4 th  ForId*s Foul.
C ongress, London, England. 48-72 . 1930.

(15) Dunn, L. C ., Th® e f f e c t  o f  in b reed in g  on th® bones o f th e  fow l. S to r rs
Agr* Exp * S ta , B u ll .  162 :63-112. 1928,



61

(16) Dunn, L* C. & 1 . Landauer, The e x p re ss io n  o f th e  spangled p a t te rn
du rin g  grow th , S to r r s  A gr. S ta .  B u ll, 163*61-46, 1930,

(17) Dwight, J* , The sequence o f  plumages o f  th e  p a s s e r in e  b ird s  o f  lew
York, Annals Jf.Y. Acad. S c i. 13*73-380. 1900.

(18) Funk, I .  M., H. G. Enandel, & &* II. C allonbach , S t a t i s t i c a l  s tu d ie s  o f
th© v a r ia t io n  in  th e  growth o f  S in g le  Comb Shit© Leghorns and 
t h e i r  s ig n if ic a n c e .  Foul* S c i .  9*157-183, 1930.

(19) G ericke, A. M. & G. S. P l a t t ,  F ea th e r developm ent in  B arred  Plymouth
kook c h ic k s . I . J .  Agr. Exp* S ta . B u ll .  543*1-122, 1932.

(20) G higi, A. k  A. T a ib e l l ,  R esu lt o f some c ro s se s  between -table and egg
b re e d s . P ro c . 3 rd  f o r ld ’ s F o u l. C ongress, 128-129. 1927.

(21) Gildow, 1 . M., Do slow  fe a th e r in g  b ird s  grow f a s te r ?  h .H . Agr. ix p .
S ta . Bull* 238*1-35. 1929.

(22) G odfrey, A. 3 . & S . L. fearsden, A ffec ts  o f in b reed in g  on h a tc h a b i l i ty
and r a te  o f growth in  tu rk e y s . U npublished d a ta .  1942.

(23) ______________  & J .  P. Quinn, C rossb reed ing  J e rse y  Black G ian ts and
L h ite  Leghorns* U npublished d a ta .  1942.

(24) Gordon, C. D ., C o rre la tio n  between rat©  o f  growth and age a t  sexual
m a tu r i ty .  U npublished d a ta . 1942.

(25) Gregory, P . S . ,  H. Goss, A V. S. Asmundson, G lu ta th io n e  c o n c e n tra tio n
o f  i'-hite Leghorn and B arred Plymouth Rock embryos a f t e r  fo u r te e n  
days of in c u b a tio n . P roc. Soc. Exp. B io l, and Med. 32*988-967. 
1935.

(26) H aldane, J .  B. S .,  Linkage in  p o u l t r y .  S cience 54*663-664. 1921.

(2?) Hays, F. A. k Ruby Sanborn, Th© in h e r i ta n c e  o f  f e r t i l i t y  and h a tch a 
b i l i t y  in  p o u l tr y .  Mass. Agr. jfixp. S ta .  Tech. B ull* 6*20-42. 
1924.

(28) , Eat© o f growth in  Rhode Is la n d  B eds, f /a ss . 
Agr • ~Axp. S ta . B u ll . 259*303-321. 1929.

(29) h e in ro th ,  0 ., Hauser uad Y erfarbund d m  F ed o rk le id es  der Vogel*
S itsu a g e b e r io h te  G e se lIso h a f t a tu r f o r s  chende r  Freund© ( B e r l in ) .  
9 -1 6 . 1898.

(30) H enderson, E. 3*, Growth and developm ent. XVI. The in f lu e n c e  o f
tem p e ra tu re  and b reed in g  upon r a t e  o f  growth o f  ch ick  embryos.
Mo, Agr. Kxp. St®. R es. B u ll .  149*1-47. 1930.



6 2

(31) H endricks, A ., J* P. Quinn, & A* B. Godfrey, I n te r p r e ta t io n  o f
siendelian  c la s s  freq u en c ies*  Jo u r . Agr. Res* 68*755-760. 1939.

(32) Hertwig, P ., M e Rrbfaktoren der Hauahuhner. 2 . Beitra g i Die
O rts b e s t iamung von 2w©i W eitsren Faktoren in  X-Chromeaom.
B io l. Z e n t r a lb l . ,  50 . S .333. 1930.

(33) B ess, C. 1 . ,  1 . C. B yerly , & M. A. J u l l .  th e  e f f ic ie n c y  o f feed  u t i l 
i z a t io n  by B arred Plymouth Rock and c ro ssb re d  b r o i l e r s .  P ou l.
S c i. 20 :210-216. 1941.

(34) Holmes, A ., The p a t te rn  and symmetry o f a d u lt  plumage u n i t s  in  r e l a t io n
to  th e  o rd e r and lo cu s  o f  o r ig in  o f th e  embryonic f e a th e r  
p ap illa® . Aaar. J o u r . A aat. 56 :513-535. 1935.

(35) U orlacher, W. R. A R. M. Smith, P re lim in ary  re p o r t  o f  c ro ssb reed in g  fo r
b r o i l e r  p ro d u c tio n . A rk. Agr. Exp. B u ll. 35 4 :1 -1 6 . 1938.

(36) M utt, F. B*, Sex dimorphism and v a r i a b i l i t y  in  th e  ap p en d icu la r sk e le to n
of th® ^eghorn fo w l. P ou l. S c i. 8 :202-218 . 1929.

(37) , G enetics o f th e  Fowl. VI. A te n ta t iv e  chromosome map. 
le n e fT  T ie r s .  Abstasau 105-112. 1936.

(38) Jaap , S. G ., Body conform ation o f th e  l iv e  m arket tu rk e y . P ou l. S c i.
17:120-125. 1938.

(39) , Body form in  growing ch ick en s. J o u r .  A gri. Res. 62: 
431-443. 1941.

(40) _____  , tt L. M orris , G en etica l d if f e r e n c e s  in  e ight-w eek w eight
and f e a th e r in g . P ou l. S c i .  16 :44-48 . 1937.

(41) k  E. P en q u ite , C r i t e r i a  o f  conform ation  in  m arket p o u l t r y ,  
f e d  7 'S c i. 17:425-430, 1938.

(42) ______ _______& S. S. Thompson, Th© fu tu r e  o f  m arket p o u l t r y .  The U.S.
igg  and P o u ltry  Mag. 46 :464-488. 1940.

(43) , H e r ita b le  d if f e r e n c e  in  conform ation o f
a d u l t  fem ale fo w l. P oo l. S c i .  19 :73-78 . 1940.

(44) Jo n es , L», Th® developm ent o f  n e s t l in g  f e a th e r s .  O berlin  C o l l . ,  Ohio,
Lab. B u ll. 13 :1 -18 . 1907.

(45) J u l l ,  M* A ., P o u ltry  B reeding, lew  York. 0 . R iley  4 Sons, I n c . ,  1940.
484 pp.

(48)  & J .  P. Quinn, The in h e r i ta n c e  o f body w eight in  th e  dom estic
fo w l. J o u r . Mered. 22:283-294. 1931.



s s

(47) K&upp, B. P .,  Th© anatomy o f th© doraeatio fow l, P h ila d e lp h ia :  i .  B.
Saunders 4 C o,, 1916. 373 pp.

(48) K e lle r ,  0 , ,  ¥ergl©ich@nd@ S e lle n  und Keram sssungta b e i  Grossen und
iCleinen H uhnerrasson zur Prufung d er G eneti«eh B edingten 
'ftuchsun tersch iede . P ugle ich  e in  B a itrag  zur F rags des Rhythadeehen 
Sachsturns d e r K erne. Z tse h r , b e l l f o r s c h .  H tk roa . A nat• 19:610- 
536. 1933.

(49) Kemps t e r ,  M, !»., In f lu e n c e  o f  su m o r tem p era tu re  oh 'th© grow th o f
ch ick en s . P ou l. S c i .  17 :259-263. 1938,

(50) , Th© normal growth o f ch ick en s . Mo. A g ri. idxp* B u ll. 
4M V1-20. 1941,

(51) 2 . P a rk e r, The normal growth o f ch icken* under
n o m a l c c n d i t io n s • *10. A gr. S ta . B u ll. 247 :1 -4 7 . 1936.

(52) Kinugama, I . ,  0a th e  s e x - lin k e d  in h e r i ta n c e  of t a i l  f e a th e r in g  and
t h e i r  s e x - id e n t i f ic a t io n *  F ree . 3rd  W orld 's P ou l, C ongress, 
105-111. 1927.

(53) Knox, C. ft. & M. $ . O lsen, A t e s t  o f  c ro ssb re d  ch ick en s , 3 .C . 3 h i t s
Leghorns and Rhode Is la n d  R eds. P ou l. S c i .  17 :193-199 . 1938.

m ) ______  ____ , J .  P. Quinn, & A. 3 . G odfrey, Comparison o f Rhode is la n d
Reds, Whit® Wyandotte®, and L ig h t Sussex and c ro s se s  among the® 
to  p ro cu re  Pf and th ree-w ay  c ro s s  progeny. P repared  fo r  p u b lic a 
t i o n .  1942.

(55) Kopec, S .,  Seme d a ta  on th e  in h e r i ta n c e  o f body shape in  c ro sse s
between Leghorns and O rp in g to n s. P roc. 3rd World’ s P ou l.
C ongress. O ttawa, ..123-126* 1927.

(56) Latim er, H. 8 . ,  P o s tn a ta l  grow th o f th© chicken  s k e le to n . Am. Jo u r .
A nat. 4 0 :1 -5 7 . 1927.

(57) L erner, I .  M., R e la tiv e  growth and h e re d i ta r y  s iz e  l im i t a t i o n  in  th e
dom estic fo w l. H ilg a rd ia  10:511-560. 1937.

(68) , Growth ra ti©  o f  th© fowl*a ta rso m e ta t& rsu s• I .  V aria -
t io n  w ith  re s p e c t to  body w eig h t. Growth 2 :155-140 . 1938.

(59) , P r e d ic ta b i l i ty  o f body w eight from  shank measurement®.
P o u l. S c i .  18 :378-380. 1939.

(80) , A c r i t iq u e  o f  len g th -w e ig h t r a t i o s .  P o u l. S c i. 20:
S34-242'. 1941.

(81) & V. S. Asoundson, In h e r ita n c e  o f r a t e  o f growth in  
th e  "fowl. I .  S c i .  Agr. 12:662-664. 1932.

(82) , G enetic  growth c o n s ta n ts  in  dom estic
T o w E  Poul. ' Sci". 17 :M I - 294. 1938.



54

(63) Marble* D. £i.» R ela tio n  o f  juvenile} plumage to  growth and sexual
m a tu r i ty .  P o u l. S c i .  13*195-201. 1034.

(64) M artin , J .  11., Rate o f f e a th e r  growth in  Barred Plymouth Rock c h ic k s .
P ou l. S c i. 13:167-183. 1929.

(68) Maw, A. J .  0 . ,  th e  in h e r i ta n c e  o f  s k e le ta l  dimen.si.oiis in  th e  d o a e a tie  
fo w l. S c i. Agr. 16*85-112. 1935.

(66) Maw, J . A. & A. J .  0 . Maw, The in f lu e n c e  o f ty p e  o f sir©  on th e  body
sis©  o f  th e  p rogeny. Th# 3 ,8 .  hgg and P o u l. hag . 44*70-113.
1958.

(67) bay, ii. 0 . ,  Th# in h e r i ta n c e  o f body w eight in  p o u l tr y .  I .  K .I .  Agr.
ix p . S ta . B u ll. 200 :4 -34 . 1925.

(88) ________  , & 3.  P . W aters, The in h e r i ta n c e  o f body w eigh t in  Brahsaa-
Leghora c ro ss  in  th #  dom estic fo w l. P roc. 3rd  World*a Pou l. 
C ongress, 118-122. 1927.

(89) ftcC lary , C. P. A 0 . R. B ears# , A r e c e s s i v e  autosam al f a c to r  fo r  slow
f e a th e r in g  in  S ing le  Comb f h i t e  Leghorn c h ic k s . P roc. 53 Annual
Sleeting P ou l. S c i. 1941.

(70) :;cPhee, H. C. & 0 . S. ba to n . G enetic  growth d i f f e r e n t i a t io n  in  guinea
p ig s .  U.S.O.A. Tech. B u ll. 222*1-36. 1931.

(71) V iiby , f ,  T. k E. W. Henderson, Th# com parative growth r a te s  o f
tu rk e y s , c h ick s , g eese , and p h e a sa n ts . Pou l. 8 c i. 16*165-165.

(72) P e a r l ,  Raymond & P . M. S u rface , On th® in h e r i ta n c e  o f b a rre d  c o lo r
p a t te r n  In  p o u l try .  Arch. P . Entwicklim gs Peck d . Org. (Eoux),
Bd. 30 :45 -46 . 1910.

(73) Punnw tt, M. C ., G enetic s tu d ie s  in  p o u ltr y .  Linkage d a ta  fo r  th e
sex chromosome. Jo u r . Oen. 59:385-542. 1940.

(74) & P. G. B ailey , In  in h e r i ta n c e  o f w eight in  p o u ltry .
J o u r . Gen. 4*23-49. 1914.

(75) E ad i, is. II. & 0 . C* la rre m , S tu d ie s  on th© p h y sio lo g y 'an d  in h e r i ta n c e
o f f e a th e r in g  in  th© growing c h ic k . J o u r . A g ri. Res• 56 *679- 
708. 1938.

(76) Rensch, B«, UWr d ie  Uraachen von Hi ©sen und Zwergwuchs Beia Haushuhn.
2 t S ch r. Iad u k tiv #  Abstain. u* ?ae re rb u n g s1©hr© 31*263-236. 1923.

(77) Rio®, J .  I . ,  L. Mixon, k C. A. R ogers, The m o lting  o f  fo w ls . C ornell
Univ. Agr. Exp. S ta , B u ll. 259t 385-414. 1908,



Saharova, L. H ., G enetics o f th e  rat©  o f f e a th e r in g .  &mjolr» o f 
inikowro G en etica l S ta t io n ,  "G enetics o f th® Domestic Fow l,” 
pp. 77-67 (R u ssian ;, p . ISO (E ng lish  summary). 1926.

Schffialh&usen, I . ,  Lur Methodik der Bestimmung d er hachstum skonstan te . 
Arch. B ntw ickl. fe c h . Organ 124:62-92. 1931.

S chneider, M* k  L. C. Dima, On th e  le n g th  and v a r i a b i l i t y  o f  th e  bones 
o f th© vVhit© Leghorn fo w l. .Anat. Res. 27 :229-239. 1924.

S c h n e ts le r , a* k . ,  In h e r ita n c e  o f r a t e  o f  growth in  B arred Plymouth 
Rocks. P ou l. S c i. 15*389-376. 1936.

Serebrovsky, A. S . ,  C ro ssin g -o v er in v o lv in g  th re e  s e x - l in e d  genes in  
ch ick en s . Araer. H at. S6:571-&?2. 1922.

& S. 1 . ftmssina, On th e  topography o f th e  sex  
chromosome. Jour* Gen. 17*211-216. 1927.

Snedecor, G. vv., S t a t i s t i c a l  Methods, Ames, Iowa: C o lle g ia te  P ress , 
I n c . ,  1938. 388 pp .

S p illm an , W* J . ,  Spurious a lle lom orph ism . Amor. H at. 42*810-616.
1908.

Upp, C. W., Egg w eigh t, day o ld  ch ick  weight and rat© of growth in
S in g le  Comb Rhode Is la n d  Red C hicks. P ou l. S c i .  7*151-155. 1928.

b a rre n , D. C ., In h e r ita n c e  o f rat©  o f fe a th e r in g  in  P o u ltry . Jo u r . 
H ered ity  16*13-18. 1925.

______________ , hybrid  v ig o r in  p o u l try .  Poul. S c i .  7*1-8 . 1927.

, S ex -lin k ed  c h a ra c te rs  in  p o u l t ry .  G enetics 13*421-433.
1928.

, C rossbred p o u l tr y .  San, Agr. Ex p . S ta . B u ll. 252*
1-54 . I§ 3 0 .

, R etarded fe a th e r in g  in  th e  fow l. J o u r . Hered. 24:
m = m : 1933.

______________ , In h e r ita n c e  o f age a t  sexual m a tu r ity  in  th e  dom estic
fow l. G enetics 19*600-609. 1934.

_____________  k  C. 0 . Gordon, The grow th and m olt o f ju v e n ile  f l i g h t
fe a th e r s  in  S in g le  Comb White Leghorn ch ick en . P o u l. S c i. 10* 
404-405. 1931.



m

( M )  Warren, 9 . C. k  C« D. Gordon, fli# sequence o f  appearance , u n i t  and 
rep lacem ent o f th© ju v e n ile  re a ig e s  o f  son© dom estic b i r d s ,  
d o u r, Agri* Rea. S li4 5 9 -d 7 0 . 1936.

(95) W aters, I .  F . ,  In h e r ita n c e  o f body w eight in  th© d o re a tio  fowl*
I . I .  A g ri. l a p .  S ta .  B u ll. 228*1-10$. 1931.

(96) & W. V. Lambert, Inb reed ing  in  th e  Whit© Leghorn. Iowa
 A g r . 'ix p .  S ta . Res. B u ll. 202*1-155. 1936.

(97} f r i g h t ,  S . ,  On th e  n a tu re  o f  sis© f a c to r s .  G enetics 3*367-374. 1913.

(98) , G eneral, group and s p e c ia l  sis©  f a c to r s .  G enetics 17*
20 . 1932.



T h is  s tu d y  m s  c o n d u c te d  u n d e r  th e  s u p e r v i s io n  o f  p r .  Id* A. J u l l  

o f  th e  p o u l t r y  Husbandry D e p a rtm e n t, U n iv e r s i ty  o f  M ary lan d . The 

A u thor w ish e s  t o  t a k e  t h i s  o p p o r tu n i ty  to  th an k  him  a id  a l s o  D r. C. Ti.

Knox o f  t h e  B e l t s v l l l e  R e se a rc h  C e n te r ,  b e l t s v i l l a ,  I s r y l a n d ,  f o r  v a lu a b le  

s u g g e s t io n s .

The a u th o r  i s  a l s o  in d e b te d  to  Mr. c .  'J . H e s s , Mr. J*  A. M a rv e l, 

and  Mr. M. E. McClung o f  t h e  P o u l t r y  D epartm en t f o r  t h e i r  a s s i s t a n c e  in  

t h e  d e t a i l  p ro c e d u re  o f  t h i s  i n v e s t i g a t i o n  on o c c a s io n s  when i t  was 

im p o s s ib le  fo r  t h e  a u th o r  t o  b e  p re s e n t*



VITA

Hama in  f u l l A lb e rt Barney Godfrey

Degree and d a te Doctor o f  P h ilo sophy , 1942

D ate o f b i r t h Hay 14, 1908

P lace  o f b i r t h G affney, South C aro lin a

Secondary ed u ca tio n Gaffney High sch o o l, G affney, S . C

C o lle g ia te  i n s t i t u t i  ons *

Clemson C ollege

Date

1924-28

Degree Date o f degree

B.S* June 1928

Maryland U n iv e rs ity 1930-32 M.S Juno 1932

P o s it io n s  he ld s

Ju n io r  P o u ltry  Husbandman, 3 © itsv ill©  R esearch C en te r, B e l t s v i i l e ,  lid#, 
1928-35.

A s s is ta n t  P o u ltry  Husbandman, B e l t s v i i l e  R esearch  C en ter, B e l t s v i i l e ,
Md., 1935-39.

A sso c ia te  G e n e tio is t ,  n a t io n a l  p o u ltry  Improvement p la n ,  B e l t s v i i l e  
Research C en ter, B e l t s v i i l e ,  Md., 1939-to d a te

P u b lic a tio n s !

1931:
E f fe c t  o f co d -1 iv e r o i l  and u l t r a - v i o l e t  i r r a d i a t i o n  a s  In flu en ced  by 
o y s te r  s h e l l ,  i n  th e  d i e t  of confined  la y in g  h en s . H endricks, Lee,
and G odfrey. J o u r . Agr. Eos. 43 j 517-535*

I s  th e re  an e g g -la y in g  type  of th e  dom estic fow l? J u l l ,  Quinn, and 
G odfrey. P o u l. S c i .  12*153-162.

Mean annual egg w eig h t in  r e l a t i o n  to  mean w eigh t o f  f i r s t  te n  eggs 
l a i d .  J u l l  and G odfrey. P o u l• S c i .  12* 310-312.

Method o f e s tim a tin g  th e  mean egg w eight p e r  b ird  fo r  th e  f i r s t  y e a r 
p roduction*  G odfrey. P o u l. S o l. 12* 388-372.

Breed d if f e r e n c e s  -  e f f e c t  o f  egg w eight and an teced en t p ro d u c tio n  
to  th ic k  album en. Inox  and G odfrey. U. S. Egg and P o u l. Mag. 39*48-52.

fo r e c a s t in g  a p u l l e t ’ s lay in g  a b i l i t y .  J u l l  arid G odfrey. U. S. Egg 
and P o u l. Mag. 39* 24 . (R ep rin t from P o u l. E e l .)

1933*



1954 s
V a r ia b i l i ty  o f  th io k  albumen in  f r o th  l a id  eggs. Knox and G odfrey. 
P o u l. S o l. 131 18-22•

A comparison o f  confinem ent and range f o r  la y in g  s to c k . Godfrey and 
T i tu s ,  i o u l .  f e i .  13s 56-60.

Comparison of scabbed b a r le y ,  normal b a r le y , and yellow  corn in  d i e t s  
fo r  la y in g  ch ick en s . T itu s  and Godfrey. Tech. B ui. 455s 1 -10 .

19351
S t a t i s t i c a l  s tu d ie s  on sexual m a tu r ity  in  lih ite  Leghorns and Rhode 
Is la n d  Reds. Godfrey and J u l l .  p o u l. S c i. 14s346-550.

Rang© v s . confinem ent. G odfrey, p o u ltry  T ribune.

1936 s
s t a t i s t i c a l  s tu d ie s  on th e  in h e r i ta n c e  o f r a t e  o f la y in g  in  I h i t e  
Leghorns and Rhode Is la n d  Reds. Godfrey and J u l l .  P o u l. S c i .
15 t 63-66 .

The e f f e c t  o f  egg w e ig h t, q u a n tity  of t o t a l  albumen per egg, and 
q u a n ti ty  o f th io k  albumen p er egg on h & tc h a b ili ty . G odfrey. P ou l.
S c i .  15* 294-297.

1937*
In d iv id u a l hen and b reed  d if f e r e n c e  in  egg w eight lo s s e s  during  
in c u b a tio n . Godfrey and O lsen . P o u l. S c i .  16* 216-218.

Color producing genes in  th e  R h ite  2 i lk  I© and h 'h ite  Rose Comb Bantam. 
Quinn and G odfrey, p o u l .  b c i .  16*540-544.

F e r t i l i s i n g  c a p a c ity  o f male ch ickens in  n a tu ra l  m a tin g s . B yerly and 
G odfrey. P ro c . Conference on R a tio n a l P o u ltry  Improvement P la n .
May 24-26 .

1938*
F a c to rs  in f lu e n c in g  th© p e rcen tag e  o f th ic k  albumen o f hens* e g g s. 
Knox* and G odfrey. P o u l. 2 c i .  17 * 159-162•

1959 *
I n te r p r e ta t io n  o f K endelian  c la s s  fre q u e n c ie s . K endricks, Quinn, ami 
G odfrey. J o u r , of A g ri. R es. 58* 755-759

1940*
Five y e a rs  of b reed in g  f o r  high and low p e rc en t th ic k  albumen in  th© 
eggs o f Rhode Is la n d  Reds. Knox and G odfrey, p o u l .  S c i .  19*291-294.

In h e r ita n c e  and v a r ia t io n  o f blood sp o ts  in  ch icken  eg g s. Quinn and 
Godfrey* r l*OG v Of x -> O w O x  i 'O u x • »>ui« i i s S x i*



mi*
th e  developm ent o f R*0*P. in  th e  U nited  S ta te s*  Sykes and Godfrey* 
H atchery  Tribune* 38-44 .

E x ten t and a n a ly s is  o f p a r t i c ip a t io n  in  the  R a tio n a l P o u ltry  Improve* 
msnt p la n ,  y e a r  ending June SO, 1941* B ueter mid Godfrey* Proc* o f  
con fe ren ce  on Mat lo rn  1 P o u ltry  Improvement P lan  June 17*20.

1942 *
How th e  punoh*card method o f  an a ly s in g  U .S.R .Q .P. re c o rd s  opera tes*  
iuia.br o and G odfrey. H atchery  t r ib u n e .  S8-42•


