
eoM^XB^ioM r&s nw n  o f  obowth 

xi €FiCK:iif> as imtTsscsD bt mm 
m r m w  & m sb

By

Jfm ssetm  H. l l « I M a r y

T h esis oubmltted to  the  F acu lty  o f  tb s dvaduate School 
o f  the U n iv e r s ity  o f Haryl^nd in  r-^ rtia l 
fu lf i l lm e n t  o f  th e  r®qtiiveraeni** fo r  th e

degree? o f B oeior o f P h ilosoph y

1950



UMI Number: DP70412

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

Dissertation Publishing

UMI DP70412

Published by ProQuest LLC (2015). Copyright in the Dissertation held by the Author.

Microform Edition © ProQuest LLC.
All rights reserved. This work is protected against 

unauthorized copying under Title 17, United States Code

uest
ProQuest LLC.

789 East Eisenhower Parkway 
P.O. Box 1346 

Ann Arbor, Ml 48106- 1346



A OKHG s

fh<s v T lfee r w i# h « s  wo mwnre&n M s  & T rr*el#itlo ifc  %o 

B*. C. s . shaffnor for Me highly worTloafcX# gaif?.**ui# 

©*»4 c ritic ism  c?m;riw? the eoum© of the*© ©gcf-^rijaents ui&A 

In fch# r>r*r*&ration of t id s  th«<vl»# He Is r-&vfcl ottlfeFly 

to D'?% **, a , J*'Xl for h is  revifllea of

a.n$ v /a r th y  ^ i^ e « U e & t .

H i



« * » s  o f  m r n w r n a

U S f  Of TAS&SB ............. ...................... T
m m  o r  f i a o s s e   ............. ............................................................. .. n u

4w «p3(k «6SkRtef -£ "9* 49 9 9 * # # ll '49 '•' •  A- ♦ * 9

$d®SX1St? of* S»$H M SW # • * • * * . • • • * • * • » » * • • * • * » * • * * « « * *  ^

3EB^ME$WS8BFS$i ®W®®PWHI **•»»*.*-**.# -* *.•*»** # ##*<*■**###■» • Ŝ P"-
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A fu n d a m e n ta l  c o r o l l a r y  o f  t h e  e l o s e  a s s o c i a t i o n  b e tw e e n  g e n e t i c s  

#r\d th e  © r t  o f  b r e e d in g  1® t h a t  c o n t r i b u t i o n s  i n  t h e  l a t t e r  f i e l d  a r e  

in f lu e n c e d  * e i t h e r  d i r e c t l y  o r  i n d i r e c t l y ,  b y  a c h ie v e m e n ts  in  t h e  form 

I t  f o l l o w s ,  t h e n ,  t h a t  a  g e n e t i c  s tu d y  o f  g ro w th  and  b o d y  c o n fo rm a tio n  

i n  c h ic k e n s  I s  o f  a  p a r t i c u l a r  i n t e r e s t  from  t h e  'b re e d in g  s t a n d p o i n t .

I n  r i a n t  a n d  a n im a l p r o d u c t i o n ,  th e  b r e d d e r ^ 1 e f f o r t s  a r e  m o s t ly  

o:>r-. c e n t r a  t e d  on c n a n t i t a t i i r e  c h a r a c t e r s  , y e t  t h e y  a r e  a io n .^  t h e  1 e a e t  

u n d e r s to o d  fro m  a  g e n e t i c  r e s p e c t .  'T his l a c k  o f  i n f o r m a t io n  Is. f r e 

q u e n t l y  a t t r i b u t e d  in  t h e  c u r r e n t  t e x t s  o f  g e n e t i c s  t o  t h e  com plex  

t ia iu r n  o f  m e t r i c  c h a r a c t e r s ,  ^ h a t  a r r e a r s  to  h e  & s i n g l e  a t t r i b u t e  

ici a c t u a l l y  a c o m b in a tio n  o f  many t r a i t s  e a c h  o f  v*hlch I s  

l i a b l e  to  f u r t h e r  s u b d i v i s i o n .

G row th  c a n  b e  v i s u a l i s e d  a.?? th e  ou tcom e o f  many b io c h e m ic a l  

u b iix te  o f  r e a c t i o n s  w h ich  a r e  u n d e r  th e  c o n t r o l  o f  b o th  i n t e r n a l  an d  

e w # m l  f a c t o r s ,  G e n e t i c a l l y  s p e a k in g ,  t h e s e  f a c t o r s  m y  b e  d iv id e d  

i n t o  two m a in  g r o u p s ,  t h e  g e n o ty p e  and. t h e  e u v ir o m e n t• T he l a t t e r  ©an. 

i n  t u r n  b e  s u b d iv id e d  i n t o  t h e  i n t e r n a l  an d  she  e x t e r n a l  enviimmaauent®. 

The c o n c e p t  o f  th e  i n t e r n a l  e n v iro n m e n t 'i s  h e ld  b y  th e  p h y s i o l o g i s t , 

im p l ie s  t h a t  i n  m ost e a s e s  th e  c e l l s  a r e  n o t  i n  d i r e c t  c o n t a c t  v itto  

th e  fclood.  I n s t e a d  th e y  e r e  b a th e d  i n  v h a t  i s  known &§ th e
i

t i s s u e  f l u i d .  I t  i s  g e n e r a l l y  a c c e r t e d  t h a t  f r e e  i n t e r c h a n g e  o f  

t t r i a l s  o c c u r s  b e tw e e n  th e  b lo o d  and  t h e  t i s s u e  f l u i d  on  one h rn d  

nac b e tw e e n  t h e  l a t t e r  a n d  t h e  c e l l s  on th e  o t h e r  h a n d . S in c e  g ro w th  

i s  th e  ou tcom e o f  t h e  c o n t in u e d  a c c u m u la t io n  o f  c e l l s  b y  m i t o t i c
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d i v i s i o n ,  an d  s in e®  th e  l a t t e r  'phenom enon i s  one  o f  t h e  ? i t a l  « % r a e l t i e c  

o f  t h e  c e l l s ,  I t  f o l l o w s  them  t h a t  m i t o s i s  share®  t h e  b e n e f i t s  o f  t h i s  

f r e e  i n t e r c h a n g e  o f  m a t e r i a l s  b e tw e e n  th e  c e l l s  a aft t h e  t i s s u e  f l u i d s .

The b io c h e m is t  « a i s t a i » s  t h a t  th e  t i s s u e  f l u i d  i s  c ^ s s d i  o f  

a, v - . r l | | t y  o f  known a n d  unknow n s u b s ta n c e s  n e c e s s a r y  to  t h e  v i t a l  

-.•rooecse*  l a  th e  © e l l s .  Among t h e  known cow* c h e a t s  a r e  t h e  ho** 

e e s t i  o f  t h e  e a d e e r ia j s l  s y s te m . T he  w u c le u s ,  h o w e v e r, b e s i d e s  b e in g  

th e  © e n te r  o f  m i t o t i c  a t t i f i t l e e ,  I s  a l e e  known t o  b e  t h e  s i t e  o f  

t h e  h e r e d i t a r y  m a t e r i a l , o r  m ore s p e c i f  i e a l l y ,  t h e  g e n o ty p e  o f  th e  

i n d i v i d u a l .  T h e  d i r e c t  c o r o l l a r y  o f  t h e s e  f a c t s  i s  t h a t  t h e  p en ce  

u n d e rg o  a  s o r t  o f  i n t e r a c t i o n  w i th  t h e  h o rm o n a l c o n s t i t u e n t *  o f  t h e  

b lo o d ,  a n d  t h a t  th© o a t  mom® o f  t h e  g e n e s  * e f f e c t  v u e t  h e  g o fer& oft 

’fey th e  k in d  a n d  m a g n itu d e  o f  t h i s  i n t e r a c t i o n .  In d e e d ,  t h e  g e n e t i c  

e t u d l e e  o f  sea: i n  g e n e r a l  mad I n  n m r t le m la r  th©  ipro%m o f  t r a i t *  known 

a s  ®ex~l»fXm©nced c h a r a c t e r s  a r e  c l a s s i c a l  d e m o n s t r a t io n s  f o r  t h i s  

phem cccnoa.

M e tr ic  c h a r a c t e r s  a r e  g e n e r a l l y  a o c r  te d  to  b e  d e te r m in e d  b y  

^ © ly ^ e n e s , o r  s a il  t i p i ©  f a c t o r s .  F o l lo w in g  th e  a rg u m e n t i n  t h e  

p m  Io n s  p a r a g r a p h ,  p o ly g e n ic  s y s te m s  s i m i l a r l y  o s l c r g o  a  s o r t  o f  

i n t e r a c t i o n  w i th  t h e  h o rm o n a l c o n s t i t u e n t s  o f  th #  b lo o d ,  or  t i s s u e  

f l u i d s .  I n  b i r d s ,  t h e  p r o o f  t h a t  t h e r e  i s  a n  i n t e r a c t i o n  b e tw e e n  

th e  c ly g e a e *  f o r  bo d y  s i s ® ,  f o r  e x a m p le , and  th e  e n d o c r in e  sy s te m  

r e s t #  on  t h r e e  f a c t s .  F i r s t ,  t h e r e  i e  a  d e e *  r e l a t i o n s h i p  b e tw e e n  

i n t e r n a l  s e c r e t i o n s  a n d  g ro w th  and. m e ta b o l is m . S e c o n d , t h e r e  i e  a 

p ro n o u n c e d  s e x u a l  d im o rp h ism  w i th  r e s p e c t  t o  b o d y  e l s e ,  t h i r d ,  t h e  

f i n d  in s *  t h a t  some ty p e  o f  r e c e s s i v e  d v a r f i s n  l a  c h ic k e n s  i s
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&eeoelated witfefenaraetX enlarged thyroid (hardener, 1929 s Tte~, l^j&s 

a n d  fctayfcev .s-nd Uk>?> , 1 9 3 2 ) .

$h«- present study confines i t s e l f  t® certain phases of th is  

relationship, wisely the interaction "between the iM rctlon of the 

thyroid gland and the polygene* concerned, with .growth, Kevever, 

since polygenes are identifiab le  only throng their effect a, th is  

internet ion is  considered in  term® of i t s  reflec t ion upon certain 

cfepgfcCbdrs pertinent to growth meh •••* body weight and skeletal 

measurements. fhl® method, though not facu ltative, y ields resu lts  

that are important from a praetieal treeftins standpoint.

S he  t o o l s  u s e d  i n  th e  s tu d y  a r e  a  c o m b in a t io n  o f  t h o s e  u s e d  

i n  applied p o p u l a t i o n  g e n e t i c s  f o r  measuring p o ly g e n i©  e f f e c t s  in 

t e r n s  o f  g e n ic  variance a n d  covariance, a n d  th o s e  u s e d  I n  eoner!- 

mental endearlaology to  indue®  h y p o th y r o id is m ,  fro m  o n e  p o i n t  o f  

▼lew, s u c h  apt?r o a c h  mss.y am? ear d i s c o r d a n t  w i th  t h e  current g e n e t i c  

r e s e a r c h  technique, slnee i t  combines t h e  m e th o d o lo g y  o f  th e  two 

s ta in  s c h o o ls  o f  g e n e t i c s |  t h e  biometrical an d  th e  p h y s i o l o g i c a l ,  

H ow ever, fro m  a n o th e r  a n g le  i t  i s  h a rm o n io u s  w ith  th #  u s u a l  W endeli& u 

p r o c e d u r e  i n  w h ic h  th e  o rg a n ism  i s  analysed i n t o  i t s  component t r a i t ® .  

Indeed, m o d ern  g e n e t i c s  strives t o  g o  d e e p e r  i n t o  th is a n a l y t i c  

a r e e e d u r e  e v en  to  th #  e x t e n t  o f  c h e m ic a l  l e v e l s ,  » a d  i t  w as w ith  

t h i s  i n  m ind  t h a t  t h e s e  ex p e rim en t®  %/ere s t a r t e d .



w n i r  or ztTmmmm
Fh© reports on the relationship between the thyroid gland and 

growth In chickens are very H alted In number* .4 review of the 

literature reveal® thro* main aspest# of the situation* F irst, that 

a large share of these studios It  on the physielo|!e^l c© attribution 

of th is gland, to plwsag© char met oris t ic s  and growth, fho materials 

on th is f ir s t  aspect are c r it ic a lly  reviewed by Sawsdovsky (193?)® 

Sehnel&er (1939). end Flelsebsiana (19^7)* Ffce socend f ie ld  involves 

the practical nso of iodiaatod casein and goiter&enlo substances 

in commercial poultry production, fh is fie ld  has been recently re* 

viewed by H arter, Re ink©, Grasp ton, and Petersen (19^9) • Uhlrd, that 

a very Meager part of these studies is  confined t© the uhyslogenetical 

aspect ©f the thyroid gland and growth* It is  with this, third group  

&f studies that ©nr present Interest is  concerned.

X ea& aoer (1929) r e p o r t e d  a  e a s e  ©f " th y ro g e n u o u s  dwarfism** i n  

a  «iss m o n th 1 s  ©Id Hew H am p sh ire  p u l l e t  w h ic h  fee had o b ta in e d  from  

o ne  o f  th e  c o m m e rc ia l f l o c k s  i n  M aine* The a u t h o r  g av e  a  d e t a i l e d  

d e s c r i p t i o n  ©f t h i s  t i n g l e  e esp l©  a s  t© bo d y  m e asu re m e n ts  an d  many 

o t h e r  a a a t e a i c e l  f e a t u r e r *  The b i r d  d ie d  s h o r t l y  a f t e r  h a v in g  b e e n  

u n d e r  th e  au th o r* ®  c a r e f u l  o b s e r v a t i o n  f o r  one m onth* The s t r i k i n g  

c h a r a c t e r i s t i c s  o f  t h i s  p u l l e t  w ere  g e n e r a l  a r r e s t  o f  g r o w th ,  a  p r o 

n o u n c ed  p r& chy  c e p h a ly ,  b u lg in g  e y e s  w i th  s w o l l e n , s u r r o u n d in g  t i s s u e  

aad w ith  a nyx»edemittou.e s w e l l i n g  b e tw e e n  eye  and n e s t r i l  o f  th e  l e f t  

s id e *  f h e  s k in  was d r y ,  th e  f e a t h e r s  w ere  r e l a t i v e l y  lo n g *  He a l t©  

o b s e r v e d  t h a t  th e  t h y r o i d  g la n d  was e n la r g e d  t o  a t  l e a s t  tw ic e  i t s



2

n o rm a l s i s # *  H o st o f  t h e  g la n d  v,?.s fo u n d  to  fe® o f  a g p lm stic  t i s m e  v lih * - 

o a t  a n y  c o l l o i d .  I h #  thym us h ad  Rft a d v a n c e d  s t a g e  o f  in v o lu t io n .  a n d  

b k s  p a r a t h y r o i d s  w e re  m hsernt. f h e  s k e l e t a l  m e a su re m e n ts  show ed 

■orononzmiA d e v i a t i o n s  fro m  t h e  n o rm a l, a n d  L an& aner m a in ta in s  

that this case is si^il-^r to !».& cretins.

Blnyhew and TTr̂  (1932) reported $:o eighteen. eases o f  dwarf ism 

in Kindle Domb R hode I s l a n d  i« d s *  ffkey d e s c r i b e d  th e  pnsm i *:p̂ er--r- 

s.rice o f  th e  h i r ~ e  w i th  e m p h a s is  on  t h e i r  p e d i g r e e s  and b o d y  s l i g h t s .

The  n s f iy  hatched c h ick s  d id  not show the char acts? hat th e  dwarfs 

were idsntifiafcle aa the second week o f s,ge# fhese abnormal chickens 

resemble the bantams with relatively short legs?, f h e l r  body-s$ep%h 

v-ss 1mm  than t h a t  of the normal c h ic k e n s .  A groat amount of 

variability was noticed with r e s p e c t  to each c n a  ,-*f these c h a r a c t e r " ’ 

tS o re o v e r , th e  d w a r f s  shew ed l o s s  r e f . i s t a .a e e  t o  commcas d i -  

Mtses of r.onltry* and most of them did mot live to he very old. 

Accordingly, th ee©  workers c l a s s i f i e d  t h e  character as a s©mi~XebbaX 

on® and c o n c lu d e d ' t h a t  i t Is dm© to a r e c e s s i v e  am tssem & l gene. i%© 

a c t u a l  co m et w h ich  th e y  rerorbed w as MS- BAfSftl c h ic k s  s a l  11 d w a r f s  

a g a i n s t  t h e  e x p e c te d  r a t i ©  o f  4 2 . ?5* 1^ * 2 5 . t h e s e  w o rk e rs  l i k e w i s e  

s u g g e s t  that this condition i n  chickens is s i m i l a r  t o  c r e t i n i s m  in 

humans ( c f . L e»dam «r#l f 2 9 ) . fhey a l s o  a d d e d  that the b i r d s  r e s e m b le d  

v e r y  c l o s e l y  the sp e c im e n  d e s c r ib e d -  b y  L a n d a o e r  ( 1 9 2 9 ) .

'Wp*i » (1934) r e p e a t e d  t h e s e  i n v e s t i g a t i o n s  o n  m w id e r  s c a l e  h a t  

o n  t h e  sam e s t o c k  w h ich  fee o b ta in e d  fro m  H ayhew . By m a t in g  10 s i r e s  

4&xid 33 darns* a l l  o f  w h ich  w e re  p r o v e n  t o  fee h e te r o z y g o u s  f o r  t h e  

c h a r a c t e r ,  h e  o b t a in e d  a  r a t i o  o f  4 6 4  n o rm a l b i r d #  t o  144  d w a r f s



$

tt?.# t ts r o r o t ie a l  3 i l  r a t i o .  K w c t ,  It# confirm ed tfc# 

fills imy« that t-ti* «ham«t®r i*  dm# to a r«<MM*ftlihfe atttonoinml i?a»#

■sine® both *«x#« war# 4*$mally r«poar*##»t#di in «aeK gr«o®.# tH# e.irh* 

dn n e#  :u& t h a t  m*? ^ lu «  *t&fe«imtitl<kt*<l from  th #  data, vMoh ^ r«

I n  h i#  r « ? e r i m®d v h ie h  h# *®m&r«4 from J>r. '«ferr*m o f  %hm tram**# 

, i$ r io u l lw u ra l  '&m-? a r im n a t  & ta iiom *

1b n * ith «r  o f  thm«# %t?o stu d io#  (tfeiyh«m amd t3**** # X93^» ?% t̂

193%) m*r« th® f*&tmr«# o f  tfe« thyroid  xtantt. fltentt#n#A ©»i

t&oir finding® v#r® ©orr®X*it®A to  th® «r--«®iii#M d#«*rflHrit hy 

(1929) « a ly  t y  i*tf#r«i*a® from t*h«moiy»t# r* » ^ M - M i .  l y  tateia& tfei® 

ome® for  gffm-ntad* then# tv® rep orts th# on ly  r#ihli®!»®4

m ater ia l e»  # yem atie r  ®X» tioi»*hip h#twe#» th e  thyroid mXamft ••-.ed tody  

or growth, In *hl*k®m® on th® 1 #▼#! o f  iftim tifla h l®  s*#n#fcy£#«t 

▼i®, the l e v e l  o f  d i« # o » ii» ta t«  v a r ia t io n . ltw«r®r# ther# i»  smother 

igtmm  o f  ren er te  whieh l« » l  v lth  th l*  r®l«tilojt*fcft!> t u t  on th# le v e l  

of ê mtin®®®® variation* iS'mfertwtateljr, th##« r«a#rte aid not do more 

tte&m demosMitrmt® th a t th tr *  may he hr«®4 or s tr a in  4iff«r#nmm 1» 

thyroid:':! * e i l v i t y  whieh 1# t«  # m t h  rut#®.

hmar®, Ie#im ®̂d m*>.«ertm®y (1<W*3) demonstrated diff«ren®®* 

f i r #  ‘breed® o f  ehiefeens? a j  to  their r®srease to th e  injeetloa o f  mm 

•:-.nterl*r ^Itmitary extract whimh ecm taine# heth thgrr®tr««* 1® aisi.

%t& 1c •■ rarer ties* fh« f it#  treed® of thin atm&y were ntm§® While

H®w IJaMr*®hlr®., JUtafet 9&«e®x, Whit® l̂ymmzth Heelc and white 

fcyt&mdette* $«vett»dsiy old tthlefe® were u«#d :*a& the atndy 'l̂ *t®& for 

only tor. dtay®, after lAieh. %h« ehiflki w#r# kfU«i tfc#

thyroids, ori4«t«tii, ^«d w#r# oxelr®# and # r I n

v«rm o'tet.̂ mNI; to r#frond to tfe# n r y  •ommri«i«a#ly.
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i n  c e r t a i n  b r e e d s .  ¥ h e  c h i e f  among th o s e  w ere  th e  ©oiab o f  vhe 

i M t e  l e g h o r n  m a le s ,  th #  fc b y ro id i of b o th  s e x e s  i n  t h e  V y ? .n d a tte * t 

fchee t e e i s *  o f  th #  «% lt©  B ock , r%i o n l a r l y , arsf r t l s o  o f  th #  o h i t e  

Wyr.«fi.otbess, ^a«i t h e  c r# ^ ri# «  o f  th e  fe*? f e » r ^ M f e .  *fhese w o rk e rs  

a t t r i b u t e d  t h i n  d i f f e r e n t i a l  r e # n o « s e  t o  t h e  “ g e n e fc ie a l  c o n t r o l  

o v e r  th e  s o m a t ic  re a p  on## th r e s h o ld *  , and  c o n c lu d e d  t h a t  b r e e d ,  

o r  .f.-.m ily, s e n s i t i v i t y  to  g o n a d o t r o p in s  n a y  b e  a  c r i t e r i o n  to  

: %. r e d a c t  iv® s u p e r i o r i t y .

UtxnBT  &ad Up*oj(l'947) sh o v ed  t h a t  *d o u b le  c r o s s *  c h ic k #  '; r o *  

d a e e d  fro m  inbred l i n e s  of Bho&e I s l a n d  3 e d s  3 mi S in g le  Comb !rtii& 

L e g h o rn s  h*-.& a h i g h e r  thyroxine s e c r e t i o n  ra te  th a n  chicks produced 

f r o *  “ s i n g l e  c r o s s e s 1* 'b e tw een  twfc in b r e d  l i n e s *  -fh© la t t e r  h y b r i d s , 

h a v e v e r ,  had  a  h i g h e r  s e c r e t i o n  r a t #  th a n  t h o s e  o f  t h e  c r o s s  b e tw e e n  

n o n ~ in .b r e& Wets? E am pshire®  a n d  B a r re d  P ly m o u th  d o c k s .  f h «  a u th o r #  

c o n c lu d e d  t h a t  h y b r id  v ig o r  i n  c h ic k e n s  I s  c o r r e l a t e d  w i th  am isw» 

cr.-.-as© in  the thyroxin® secretion  rate although th e y  d id  no % a a s a y  the 

^ . r e n t a l  in b r e d  l in e s  in v o lv e d  in th®  study. M o re o v e r, t h e  c h a r a c t e r #  

c o n c e rn e d  w i th  h y b r id  v ig o r  w ere  n o t s p e c i f i e d .  I n  a d d i t i o n  to  th e  

r u t #  o f  thyroxin# secretion , b o d y  weight m s  the only character re~ 

r e p o r t e d  a p e *  ? a d  i t  fa iled  to show t h i s  much e f f e c t -  from  th #  c la im e d  

hybrid vigor. 3 h a s ,  while t h y r o x in #  s e c r e t i o n  ra te  i n  th# " d o u b le  

c ro s s* 1 %*.# a b o u t  35 t? e r c e n t  h ig h e r  i m s  i t  v a s  i n  th #  “ s i n g l e  c r o s s * ,  

the body w e ig h t  o f  th# c o n t r o l  b i r d s  %«« e i t h e r  almost e q u a l  i n  

both k in d s  o f  t h e  h y b r id s  o r  s l i g h t l y  h ig h e r  i n  the " d o u b le  cross#**. 

‘ih f e i r  d a t a ,  however, l a c k s  in f o r m s .t io n  o n  t h #  o r i g i n a l  i n b r e d  l i n e s  

w h ich  w ould  b #  n e c e s s a r y  to  d e m o n s t r a t#  t h e  o c c u r e n c e  o f  s u c h  c la im e d



correlation. Their reverb, however, demonstrated two facts ^ ' t c u  a r t 

i t t ie r c m t i& s  fro ®  o a f  p r e e e n t  e t a n & r o ln t .  F i r s t , t h a t  t h e r e  I s  ?.n 

a e s o e ie  t i o n  b e tw e e n  a  h ig h e r  l e v e l  o f  th y r o x i n e  s o e r c t i o n  a ^ '  th e

h e te r o * g © * i iy  i n  t h e  • d o u b le  © ro«e” h y b r id ..  S o e a M , that

d i f f e r e n t  in b r e d  i t m i a s  o f  ch ick en ®  vben ©otobinnt, y ie ld , h y b r i d s  

having d i f f e r e n t  level* of thyronine s e c r e t i o n .

Sdmltse and faraer (19U$) oarfled on an e.xt©ft*lve study on the 

rate of thyroxin# secretion of certain domestic animal©• Their 

finding® with respect to the fowl indicate that t h e  thyroxine 

secretion ra t®  of WM%® Flymouth Bock# increase* a® th® holy weight 

irvorea®#®. ^ ti, however, an "ear© to have a sligh t d ifferentia l 

effect an this relationship, but on body weight basis, thyroxin® 

a*©retion in the female appear# to be nor® activ'- than in the male. 

They also demonstrated that the phitc Leghorn cockerel ha© a 

hi<gk«ar rat# of accretion than the White? Blymonth book cocker#!. In 

the fomtr breed, there is a sharp rise in both rotes of growth ..*n& 

thyroxine secretion daring tfti# first seven weak® of pxe, followed by 

a slower r ise  In thyroxine rat© hat a deer©nee in growth f i t# ,  In 

the white Fl|«oath Beck cockerel this break occurs at an older ax© 

than in %hm Whit# Leghorn, In gciieral., their data show that while 

th ere  i s  a p o s i t iv e  © errelation , between th e  two rate® nr* mat 11 the  

seventh and the twelveik weeks of or# in .the white Leghorn and. the 

%it« l*ly»outh Hook, re sr. actively, there is a relative correlation 

between the two rate# after there periods* fta-ctmtiett was *ho%*m 

by these worker® to lower thyroxine secretion about 16 percent.



3X a««m er, SHr.##»«5r m.nd 3 u l l  ( 1 W )  d e m o n s t r a te d  t h a t  a  rur-id-* 

g ro w in g  s t r a t a  o f  e a c h  o f  t h e  W o b r e e d s  o f  How IfeisB s h i r e  B a r r e d  

^X ytadatb  Boeic h a d  a  h i g h e r  l e r e l  o f  ih y r o x in e  e e a r e t i o a  th a n  th e  

cnrre<g3'oisiiimg slei**grc>wi»g s t r a i n .  T x m  r a n id -p ro v in g  s t r a i n  o f a & m b  

b r e e d  c o n s i s t e n t ly  show ed h oarier  body  - e i g h t *  th ro u g h o u t t h e  p e r i o d  

>f i ’*:0 s tu d y .  fh .e  d a ta  o s  t h e  th y ro x la ©  e e e r e t i e a  o f  t h e  tw o 

s t r a i n s  o# th e  How fsa m o e h lre , th o u g h  c o n f in e d  to  t h e  m e r ie d  h e tv e e a  

s i x t h  and  W e l r e t f e  w eeks o f  age*  shew ed d l f f m i M t  b e tw e e n  bh© two 

s t r a i n # .  differ®*#®©. a l th o u g h  s to n e c te lo a e  d u r in g  t h e  p e r i o d

b e tw e e n  t h e  s i x t h  assd a i a i h  ^ e e k s  o f  *&•» m is s m a ll  d u r in g  th e  

f o l lo w in g  t h r o e  welters. ©he g e n e ra  1 d e e r c a s e  o f  t h e  d i f f e r e n c e  1b 

tb a rc jx if te  s e c r e t i o n  b e tw e e n  th e  W o s tr a in s  r  © w eals th e  f a c t  

'h ? -» rg lt o u t  by  d e h a l t e e  a n d  fm r n e r  {1945) t h a t  t h e  r a t®  o f  eecr& biom  

c lavn down a® the bird amwreasfeee it® m^tor# weight. Vbe fast*  

g ro w in g  b ird ®  W in g  c l o s e r  t o  t h e i r  m a tu re  v e i ^ t t  s lo w  down e a r l i e r  

th a n  th e  s lm e -c ro w in g  one®. T ta fo r ta n m te ly ,  -'11 a * o n e r  e t  a l  (1 9 4 9 ) 

aid not c a r r y  t h e  study f o r  a longer v .e r io d  to  c o n f irm  th e  b e tw een  

w i t h i n  'b re ed  d i f f e r e n c e s • 

d h i l #  t  he  f in d in g ®  o f  Boon®, Heinlee* «nd B a r i d  eon  (1 9 5 9 ) u r e  i n  

?̂ -p*C'*©?n£ t̂ w i th  th o s e  r e p o r t e d  b y  f t l a m e *  a t  a l  (1 9 4 9 ) l a  sa*te r e s p e c t s ,  

y o i ahoy c o n f l i c t  it* o th e r® , T he fo rg e r  gretp* o f •%'erker» r e p o r t e d  

a a l t ig h tly  h ig h e r  thyroxin®  s e c r e t i o n  r a t e  f o r  a f a s t - f e a t h e r i n g  

© tr a in  o f  ??b.od© Is la n d . B e d s , h o m f e r ,  th e y  e o n e M t d  t h a t  t h e r e  i s  

no o r  1 d a n c e  t o  n o l a t a I n  t h a t  s i o » * f e a t h e r l a g  i s  d u e  t o  -am I n h e r e n t l y  

l a , :  t h y r o i d  s e c r e t i o n  f s W .  H o reo w er, th e y  r e p o r t e d  t h a t  t h e i r  ran ldW  

g ro w in g  s t r a t a  m s  t h e  s lo w * * fe a th e r in g  o n e . f h i s  1® e e i t i m r y  t o
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jp J m  ( 1 9 ^ 5 )  i n i Q & i t i f i l t d  t h a t  i n  f e m a le s ,  fro m  thm  «p««*  B a r r e d  P l y -  

a a a tfe  lo o k s  ?>M Brown L e g h o rn s , t h e  a c t i o n  o f  t h e  g«a©« f o r  t h e  c o l o r  

# f  the- © add le  f a t h e r  i s  e h a n g e d  b y  lo w e r in g  t h e  m e ta b o l ic  r a t e  

% h rm z^h  f e e d  l a g  t h i o u m c i l ,

to s u » s a r l» ©  the s t u d i e s  r e v ie w e d , the a u t h o r s  a t t e m p te d  to 

desitom trab©  breed o r  s t r a i n  differences in thyroidal activ ities*

H ow ever, a l! |. t h e s e  reports d e a l t  w i th  t h e  problem ©a a pfeono t^p i©  

l e v e l ,  IKvem though i t  should b e  n o t i c e d  t h a t  i n  n o n e  o f  t h e s e  

s t u d i e s  h a s  a n  a t  l e a p t  b e e n  toad# to  m e a s u re , in. th e  usual te rm s  o f  

tit# oorrolatlmm coeffic ien t, t h e  magnitude o f  th e  d e g r e e  of t h e  

a s s o e i a t l e a  b e tw e e n  t h y r o i d a l  a c t i v i t y  a n d  g ro w th  r a t e ,  f h e  r e a s o n  

f o r  t h i s  i s  el early t h e  d i f f i c u l t y  i n  assembling enough  data t o  rum 

sm sh s ta t is t ic s ,  v i s ,  t h e  c o r r e l a t i o n  coeffic ien t. M o re o v e r , i t  

s h o u ld  b e  n o t i c e d  t h a t  i n  th e e #  s t u d i e s  t h e  e v id e n c e  o f  t h e  «xlst*iM H i 

o f  mm. association between t h y r o i d a l  a c t i v i t y  a n d  growth w as b a s e d  

p r i m a r i l y  on t h e  c o m p a r iso n  o f  t h e  m eans o f  two samples from t h e  earn© 

•population. One sample m s used to assay for thyroidal a c tiv ity  and 

t h e  o t h e r  u s e d  to  m e a su re  g ro w th  r a t e .  I t  I s  e m it#  e v id e n t  t h a t  su c h  

uroeedmare w o u ld  b e  inadequate i f  we t r y  t o  s tu d y  t h e  p ro b le m  fro m  a 
g e n e t i c  s t a n d p o i n t  on  a  f a m i ly  b a s i s  w h e re  t h e  xsmber o f  offspring i «  

l i m i t e d  by t h e  r e p r o d u c t i v e  c a p a c i t i e s  o f  th e  p a r e n t s ,  fhe f a m i ly

b a s i s ,  h o w e v e r , i s  m ore adequate f o r  genet 1© studies th a n  th e  s t r a i n  

level, fhe reason f o r  t h i s  i s  e v id e n t  s in e #  b y  studying the f a m i l i e s  

i t  i s  possib le t o  estimate parental c o n t r i b u t i o n s  and. t h e  e ffects  o f  

h e r e d i t y  and e n v iro n m e n t .  I t  f o l lo w s  t h e n  t h a t  t h e  c o n f l i c t  b e tw e e n  

such o b j e c t i v e s  and the t ©ehnique u s e d  i n  t h e  p r e v i o u s  r e v ie w e d  r m - o r t s



I t

i s  tfuit* evident, and i t  &t«sed neeesenry to find another method 

of a.f';preeeh to the the method employed trill, ho donor ihed

ia  deta il in  the next seetion.



x iP S B ii i i s m i ,  PB ocxm ra*

Hi stor!dal

ffe© Birds for the esper latent© to he deeorlhed w fe  the current 

University stock of relatiwely rapid-growing M m ?  Thor shirs#

On the tJnirarsity Fmna ao selection was rraetieeft exee^t to 

s*ati efy the reouiy aments of routine mill lag. So riedlgree record# 

were avail?'h ie ,  hence, i t  is  imuossihl© to state d efin ite ly  whether 

or not the parent# were related to any degree of eoBsangaAskity*

*£he F a r  © ate

la  M y ,  X9**9, seventy troll©t* and tea cockerels vtr« picked 

at random from Birds hatched daring the soring of X9h9. By the 

time theee prospective parents were chosen, most of the p a lle ts  were 

in eetaal lay. fh© p a lle ts  were housed in Individual wire cages 

in the Basement of the n ed try  department hail ding. In another 

room of the earn© Basement, the ten cockerels ^ere sim ilarly honsed 

In individual cage®. This Breeding stock was? fed ad lih tttte a 

Breeder*s mash with an aiapl® ©apply of fresh water. Segala* 

P#digr#e operation wnits followed.

Sine© the present kind of etndy needs the greatest n»»ber of 

o ffe r in g  p osflU * , rough criter ia  of the rep redact Ive capacities 

of the parents were need- With respect to the nrosp active dam®, 

early eaxnal maimrtty asA the masher of ©gg« were the two am ii*  

©hie criteria  which time eenld nernit. fhn® the n a llete  were 

subject to a short-period te s ts  after which sixty*six  Birds were 

kept and fcmr were discarded. As to the cockerels, sexu a l maturity,
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a  is &hmm  b y  a  f a i r  a a o w it  o f  sem en, was t h e  o n ly  c r i t e r i o n  u s e d .  

Hence, eight o u t  of t h e  t e n  c o c l r e r e l s  w#rt s e l e c t e d  to  be t h e  

s i r e « .

Matings
All fflatings were dome artificially according to the method, 

described by 3ter*e*» and. claims (lf|7  and 1 9 3 9 ). fhe details of the 
method, partlcalarly vilt respect to semen doses.* duration of 
fertility* and other helpful instructions, were recemSly euui&rised 
by Parker (1 9 4 9 ) .

f t #  s i* ty * * s t*  p u l l e t s  w e re  d iv i d e d  Im to  e i g h t  g ro u p s  v a r y i n g  

i n  xntnfeer b e tw e e n  s e v e n  an d  mime e a c h . B ach o f  t h e  s e l e c t e d  s i r e s  

was ra n d o m ly  a s s ig n e d  one  o f  t h e  m o th er® 1 groom a •
Insemination began on September 1 2 , 1 9 4 9* and continued for 

eight weeks* ®a@h pallet received a dose of one tenth of a eatU 
centimeter at least once a week, fhe last eggs were collected on 
MQV^mhm1 9* 1949*

®he l a t c h e s

F o u r ■ h a tc h # #  w are  s e c u r e d  fro m  t h e s e  m a tin g s  a t  tw o w eek 

i n t e r v a l s .  The f i r s t  h a tc h  m i  on  O c to b e r  19* and  t h e  o t h e r  t h r e e  

h d t e h e s  w e re  o s  Wow em ber 2 , 1 6 , and.. 3 0 , r e s p e c t i v e l y .  T hus t h e  

h a t c h i n g  c e a s e s  e x te n d e d  o v e r  a  e ls - w e e k  r c r i e d ,  t h e s e  f e a r  f e t c h e s  

y i e l d e d  1 2 ? , 3 1 8 , 263  a n d  362 c h ick ® , r e s p e c t i v e l y .

fhe frcatmeat

l Jh«  d ay w eld  © h ick s  s e c u r e d  f r o a  e a c h  dam o s  e a c h  h a t c h  w e re  

ra n d o m ly  d iv id e d  i n t o  tw o groups ©coal i s  ember. One o f  t h e s e
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fprcujpe im,m a s s i g n e d  to  the treatment a n d  th e  o t h e r  to th e  c o n t r o l .

li'ht a® e torment was purely random an d  m  sex im g  of ehieks w as tom©.

o rd in a ry  wifig^haad® w ere a s « i  to  I d e n t i f y  the- c h ic k "s  p e d ig re e ,

^hi« plan sa t is f ie s  the following mnerlaeittal requirements*

^ ir st , that e a c h  da®1® f a m i ly  and ee^i »ire*e f a m i ly  arc ecjtiaXXy

rs*»re*ffite4 1b heth the treatment mn& control group®, Seeond*

t h a t  l l k e v i « « l f t m e h  h a tc h  i*  e o u a l ly  r e p re s e n te d  l a  t s t h  g ro u p s .

B eg in s!m g  th® f i r s t  day o f  hatch, a l l  c h ic k s  w e re  &lv«n. the
1

W ^ryl^sii. B a r e r ! ® e a t  S t a t i o n  c h ic k  starting mrnmh, f w e - t e n t h s  n e r c e n t  

t h i e u x a e i l  was a d d e d  to  t h e  m s h  f o r  t h e  t r e a t e d .  g r o u p .  One t e n t h  

p e r c e n t  o f  t h i s  d r a g  **he» f e d  t o  c h ic k e n s  o f  a l l  a g e s  i s  known t o  

r a f f l e s  m x l iB f t  t h y r o i d a l  e n la rg e m e n t  (A stw o o d , B i« e e i l»  and. Ifaiphas* 

1 9 4 # , m ix n e r ,  B e in k e , end  f a w » t r ,  19&h, A ndrew s and S e h n e t e l e r ,

1 9 t 6 f and S c ira lts e  and tu r n e r ,  1 9 ^7 ) .  S in c e , a c c o rd in g  1 ® most 

o f th e s e  w o rk e rs , a  dose  o f  two te n th s  p e rc e n t  does n e t  earns® 

t o n i c i t y ,  t h i s  dose m t  u se d  l a  th e  p r e s e n t  e x p e rim e n ts . l o t h  

groups w ere fe d  &£ i j j t t u m  w ith  an a ^ m re p r ia te  supply o f f r e s h  M tw , 

i'be  k ird s  w ere m in ts im e d  a s  o u t l i n e d  u n t i l  th e  t e n t h  week o f  p̂-€=.

2a order to insure a uniform ler e l o f the drag-'Beteiiey, the 

f e e d  w s  m ix ed  with t h l o n r a c i l  i n  s m a ll  am ount?  s u f f i c i e n t  for n o t  

E ioff t h e n  two w e ek s , M i x i ^  th e  f e e d  w i th  th e  d ru g  was d o n e  i n  

s m a ll  l o t s  o f  l o e  rem ad e  e a c h  In. a s m a ll  m e c h a n ic a l  m ix e r .

For the formula of th is m sh, see (Haserne*, Shaffner, 
r% fjfl J w l l ,  l W .
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Ifasaoiag

#%11 haioh#®, «xe«ot %h* f m r t h t w®r# rmisod 1b %ha kail Ha# 

o f  the v&&l%9y d#bayt*#»%. fli!« IsaiUlM **• Iwrt »t * fairly 

satisfactory eottistaRt ten® era taro.

Tk# h?*by ohlotes wor# f ir s t  m isod in wlr# batter!«* aottt* Inlaft 

ftv# vertical docks, Vhe hsat of each deck %?a* stterlied h y  ?m 

sloetr io  hover In the aiiddie of the battery. A r^.rtitioa m s  

plft,0#d aad«r th is hover to divide ©seh deck into equal helves,

;ffi.!f? birds vere so distributed that ©me-half of each deck mis used 

for 'birds on treatment ijtU# the r«RRlslfi| half cents in*& the cent*©!#, 

fh# rkicks of m-&h group w«pt distributed randomly ever th* half decks 

of the battery. *rhu«, no mree»utie»# vere take** to- fever or to mro* 

,re?u tk# raising of tv© fail—sits , or half-sib*, together.

tTh# control bird® %r«ve keet i» th is s m ll  battery s a t t l  the 

w*x i of the fourth weak of *♦##. Freo the f ifth  to the end of the tenth 

ve£& they v«re railed, in s. larger vlre»featt«ry of ftm r ^he

treated bird®, being ssasller in sis# , were keet to the sod of the stvth  

feefc of in the m i l  battery* after the sivtk %?eekt the treated  

bird.# were transferred to b larger h it te f i’ lik e  those in whleh the 

control birds vtre beased, after the fourth week of age mo a r ti

ficial he&t \mm saro lied  to either gpfl^.

cm meeoimt of th# large namber of lb® fourth hatch, i t  !v*d to 

ho raised on t h e  University msultry olant, there, these chick® vere 

raise#. la  two adjacent moms on the floor. *?t»ey wt?« attended by 

on# &a,& and received identical care eaecemt for the kind of food.
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The 'D».ta

The f  eliciting date wert taken fro® both the treated and the 

control offspring.

1* BwSi' weight in grams to the nearest gram ©» a Tele&e 

seal* on the f ir s t  days of the second, sixth , eighth, and tenth

. •'••c' of â ;®.

2, Three tody mm* snrement* la  centimeters to the nearest 

nillim eter with a metal calliper on the f ir s t  day of the tenth 

a sea: of age. These body measurement* were* 

a, Ce®I length 

b* Body depth 

C. phasic length

3* .during the f ir s t  two toys of the eleventh week, e l l  the 

birds viere k illed  by bleeding* the thyroid gland was dlsseeied  

ami weighed. The glands of the treated! birds were weighed on a 

Triple-beam eal&me* in  gram* to the nearest one-hundredth of a gram. 

Those of the control bird® were v e i le d  in milligrams to the m erest 

one-fifth  of sU lig m s  on a Precision balance. In both kinds of birds 

a g i l l i e  weight for the two thyroids was recorded*

In these experiment* tfee thyroid weight is  vised as a criterion  

to Its  functional capacity. This criterion , though, is  aaeetionebl* 

in £i£*m&l®, yet i t s  va lid ity  in the fowl Is accepted by most en&e* 

eromologist* (Sehnlts* and Turner, 1 9 ^ , and Hoffman and dfeaffmer, 

X9£0) •

4. The test** of the males of both groups were weighed in gram* 

to the nearest centigram on the Triple-beam ha lane* * Ob® single  

weight for both testes wms likewise recarded.
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f t m l p l i  o f  t h e  d a t a  w a s  c o n f i n e d  t o  t h e  b i r d s  w h ic h  1 t v e d  

t t n t . i l  t h e  ami. o f  t t #  eaeoer im e n t a l  -p er  l e d  a n d  <$ave a  e o n c l e t e  r e e o r d  

w ith  r sep ee t to  the rcen tred  d a t a ,

¥ h e  ® ft h o 4  n e e d  i n  a n a l y s i n g  t h e  n r c t t a l  d a t a  i s  t h e  o n #  nasua l l y  

u s e d  i n  s i m i l a r  p r o b l e n e  o f  Q u a n t i t i v e  i n h e r i t a n c e .  f h #  m a in  t o o l s  a f ®  

t h e  a n a l y s i s  o f  t u f i a n e ®  and. © o v a r ia n # ® . B y  t h e s e  a n a l y s i s  t h e  t o t a l  

m r i f t t i o n ,  o r  c o v a r i a t i o n ,  i s  a p p o r t i o n e d  t o  i t s  s o u r c e #  w h e t h e r  

g e n © t i e  o r  e n v i r o n m e n t a l „ f h #  »oA©X § !▼ •»  b y  t * n $ h  ( 1 9 ^-B) i s  f o l lo w ® #  

ifi- t b i s  r e p o r t .  f h i *  m o d e l f i t s  t h #  m a t in g  p l a n  w h ic h  h a s  b e e n  u s e d  

l a  th e e ®  e x p e r i m e n t s .  An a d a p t a t i o n  o f  t h i s  m o d e l i s  $ % % m m  its. i a b l #  1  

I n  w h ic h  Jk i s  t h e  w a m b m r  o f  s i r e s ,  JL i s  t h e  n u m b er o f  d a n s  m a te d  t o  

ec.fih s i r e ,  a n d  j |  i s  t h e  w n W  o f  o f f s p r i n g  w h ic h  e a c h  dam h a s  v a o »  

f e e e d ,  I n  t h e  l a s t  c o lu m n  © f t h i s  t a b l e ,  t h e  m ean  s o n a r s ®  f o r  t h e  

l r s t  t h r e e  s o u r c e s  o f  v a r i a t i o n  a r e  r e d m e e d  t o  t h e i r  c o sr -o n c u t®

a c c o r d in g -  t o  Cramp (X 9 M j ) . f t ®  b a s i s  o f  t h i s  r e f e c t i o n  i s  g*iv^m i n

? * f e l e  1  i n  s y m b o l s ,  a n d  i n  t h e i r  o o r r e s c e n d i n g  f i g u r e s  i n  t h e  f a b l e s  

w h ic h  c o n t a i n  th e -  f a c t u a l  a n a l y s i s ,  t h e  I n t e s r e r  * t * t i o n  o f  t h e s e  

eoia-'- ©toettt* i s  a s  f o l l o w s  (X m sH , ! 9 t S ) t

B i s  th e  v a r ia n ce  © ipeeied  between f n l l - e i h s ,  I t  co n ta in s  a l l  

the environm ental v a r ia n ce , one h a lf  o f  the a d d it iv e  g e a e t in  

v a r ia n ce , threeagtxarters o f  th e  var ian ce  f e e  t o  dominance, 

a n d  m ore than t h r e e - o u a r t c r s  o f  t h e  e p le t a t ie  v a r i a n c e .

A  I s  t h e  v a r i a n c e  e x p e c t e d  b e t w e e n  m a t e r n a l  h a lf - *  « l b s  w h ic h  

h w t  d i f f e r e n t  ferns b u t  t h e  sam e s i r e .  I t  c o n ta in # , © n e - c e a r t e r

o f  t h e  g e n e t i c  a d d i t i v e  v a r i a n c e ,  o n # - f o u r th  o f  t h e  v a r i a n c e



19
fable 1 . deaeral plan for the analyst$ of

variation or covariation mood In tho 
s tu d y *

Source of variation  
or covariation

Decree of 
freedom

Components of 
mean square 

or mean wedmot

fa ta l e&m-l

Between dame1 families* •4-1
Between el roe s«l B+nA+n&S
Between den*

fam ilies within
s ir e ®1 families* s(d -l) B ♦ m&

Between fn11*sib® ( I .e .
within dam»faaily) ad (a -l) 1
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dm® to dominance, the tax* la nee from maternal e ffec ts , rad, 

r-@rhsr« seme la a l l  frac tio n  of e rl s ta tic  variance* Thi* com

ponent is  ac tu a lly  a combination of the variance which i s  

contributed by th© dam and th a t caused by * nicking*1 between 

s ire s  add. dam*.

£i is  the variance between mar elated  'birds, or i t  i s  the 

contribu tion  of the s ire . I t  does not contain any environ* 

cen ta l variance. I t  contains one-quarter of the add itive  

genetic variance and a neg lig ib le  trace  of © nlstatic mriane®.

I t  follows that the m m  o f  0 nine A canal* the to ta l  o f  

the' add itive  genetic variance r nd dominance deviations among fo i l-  

sib  fam ilies* fh ie  to ta l  as shown above ©cmals one-half of the 

add itive  -genetic variance plus one-quarter of the variance due te  

dominance ( i r i^ h t ,  1935)*

I t  is  obvious from the genetic in te rp re ta tio n  of these eoss- 

uemants th a t the eeimratlon of the variance is  not rigorously  accurate* 

since they cannot be subdivided by the rre sen t nlan o f  analysis 

such as to f i t  th e ir  wide genetic ia t  err r  eta tiers, as ,*:ive» above.

However, since these three comronents are  enough to provide an 

appropriate estim ate of genetic and environmental variance, the 

p resen t plan of analysis fa ir ly  s a t is f ie s  the objects of these ex

periments* Moreover, th is  ®1&» ha* rrev ioaely  been used as a tool for 

id en tiea l objectives in genetic studies o f  -poultry. $h* reports by 

Hamel ud Lamoreuu: (1947), Lerner and Crudes (19h8)t ? nd lush , Hess el 

and Lamojrc*ut (I9b8), serve as three ©samelcs.
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%  t h e s e  eenoeiiem t®  o f  v a r i a n c e ,  1% 1« p o s s i b l e  to  make

severe 1 estim ates of h e r ! ta b il l ty  (ffetssr, ftic&ersoxi, and to lle r#  

1 9 ^ ) .  I n  t h e  p r e s e n t  r e s o r t #  two m e th o d s  s u g g e s te d  b y  t o s h  ( l 9 l?o )  

vtpe a i « l .  I n  t h e  f i r s t  m ethod* t h e  h e r i t n b i l i t y  i s  e s t i m a te d  a s

the ra tio  between twice the $ma of s pin.® A t o  ® plus s  plus In 

the s e c o n d  method# the e s t i m a t e  of h e r i t a b i l i t y  e m aa la  t h e  ra tio

between four times the component g '.M the sun of B pin* 3 ulus A. 

these tee estim ates can he expressed in  the following two equations# 

where h  i s  the e s t i m a t e  of h e r l t a b t l i t y i

U )  h z  .
14 3*4

<2> fe2 »
m m A

t h e  f i r s t  m ethod  co m b in es  .b o th  1 a n d  A* ffcme, i t  i s  more 

desirab le  sines i t  redness the sampling error® in these two con* 

poneats since sampling d e v i a t i o n  i n  A May cancel t h o s e  i n  S. I t  is# 

therefo re , a r e l i a b l e  m eth o d  I f  d o m in an ce  a n d  m a te r n a l  e f f e c t  s make 

l i t t l e  contribution . H a t e r a a l  e f f e c t  is  I n t e r p r e t e d  a» t h o s e  g c n * b ie  

or environmental fac to rs eem aon to f u l l - s i b s  to t  d iffe ren t among 

paternal h & l f - s i b e .  From th is  standpoint, the second method i s  

p refe rab le  since A i® absent in  the numerator of formula (2 ), and 

since M i s  mostly genetic . For these reason®, the h e r ! la b il i ty  

of the tra it®  reported herein  are  b a s e d  on both methods.

t h e  a n a l y s i s  o f  c o v a r ia n c e  f o l lo w e d  a p l a n  s i m i l a r  to t h a t  

u s e d  i n  t h e  a n a l y s i s  o f  v a r i a n c e .  S a s e l  (l9h-3) d e r iv e d  a  fo rm u la  

to e s t i m a t e  t h e  g e n ic  c o r r e l a t i o n s  b e tw e e n  two c h a r a c te r ® .  H is
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f e m a l e  r e c u i r e e  t h e  d a ta  o f  t h e  o f f  s p r i n g  and  thos©  o f  on® o f  h i e  

■ p a ren t# . I t  i «  e v id e n t  t h a t  s in e©  t h e  p r e s e n t  d a t a  l a c k  t h e  l a t t e r  r e ~  

< iu ir sm e n t, i t  i s  deem ed n e c e s s a r y  t o  ms© th e  d a t a  o f  t h e  ©am# i n d i v i d u a l .  

L u sh  (19& 8) d i s c u s s e s  t h e  d i f f e r e n t  t e c h n i q u e s  for e s t i m a t i n g  ^ e n ie  

c o r r e l a t i o n  and. c o n c lu d e s  t h a t  *#«m et i© c o r r a l  a t  io n s  h&v© n o t  , / e t  be« n  

e s t i m a t e d  on  en o u g h  d i f f e r e n t  s a m p le s  o f  d a t a  o r  u n d e r  c o n d i t i o n s  v a r i e d  

en o u g h  o r  f o r  ta o m ^ i  d i f f e r e n t  kinds o f  c h a r a c t e r  I s  t i e s  to  - e m i t  sw e e p in g  

c o n c lu s io n s  a b o u t  t h e  h o s t  w j r  t o  e s t i m a t e  th em 11. 3?h© form al® . b y  Ban e l  

C 19^-3)» h o w e v e r , i s  a n  ex am p le  o f  how t h e  e o v a r i a n e e  earn h e  s e p a r a t e d  

a e e o r d in g  t o  t h e  m e th o d  d e s c r i b e d  a b o v e . H e n ce , t h e  com ponent©  o f  ee~  

^ A s a i  a r e  r e d u c e d  i n  t h e '  m m *  w ay u s e d  i n  th©  r e d u e t l e a  of t h e  

u & tri* aee  ( f a b l e  1 ) .  t h e s e  co m p o n en ts  o f  c o v a r i a n c e  an d  v a r i a n c e  a r e  

th e n  co m b in ed  i n  t h e  f o l l o w in g  fo rm u la e  t o  e s t i m a t e  g e n e t i c ,  e n v i r o n 

mental* a n d  p h e n o ty p ic  correlation® (D e m p s te r  and L o n e r ,  1 9 ^ 8 ) ,

Cl) fh® geaotie eorrelatlen between the c h a r a c t e r s  % and yt

(2 )  f h e  e n v iro n m e n ta l  c o r r e l a t i o n  b e tw e e n  th e  en v iro n m en t©  o f

the tw o e h & r a o to r s t

-  nx ) . (Br  - d y  - s p

(3 )  Hbe p h e n o ty p ic  c o r r e l a t i o n  b e tw e e n  t h e  tv o  c h a r a c t e r s *

Hher® the le t t e r s  with a sin g le  subscript represent the oom-

o n a n t« of variance and those with d o u b le  s u b s c r i p t s  r e p r e s e n t  the
# n e n ts  o f  c o v a r ia n c e
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Body h e ig h t

©■5# a v e r a g e  body w e ig h t  o f  th #  "bird# a t  t h e  e e e o n d , s i x t h ,  

e i g h t h ,  and  t e n t h  w eeks o f  a g e  ’i r e  i j l m  I n  f a b l e  2 .  f©  show t h e  

r e l a t i v e  body w e ig h t o f  t h e  t r e a t e d  a n d  th «  o o a t f o l  g rem p * , a  v a lu e  

if? vflvea s h o v in g  th e  w e ig h t  o f  th e  fo rm e r  a s  a p e r c e n ta g e  o f  th e  l a t t e r *  

By e x a m in in g  th en #  d a ta  f i v e  p o i n t *  becom e e v id e n t*

F i r s t ,  th e  t r e a t e d  b i r d s  l a  b o th  s e x e s  a r e  c o n s i s t e n t l y  s n a i l e r  

th an , th e  o o & lto i  g r e o p .

S e c o n d , th e  g r e a t e s t  l o s s  l a  t h e  w e ig h t  o f  t h e  t r e a t e d  g ro n p  

o c c u r  ed b e tw e e n  ■ t h e  sec o n d  a n d  s i x t h  weeks o f  a g e  and t h e  m a g n itu d e  

o f  t h i s  l o s s  d e c re a se d  a f t e r  t h i s  p e r io d .

t h i r d ,  b o th  g ro u p s  h a v e  a  c o n s i d e r a b l e  am ount o f  V 's feb iiif ty . 

H ow ever, t h e  v a r i a b i l i t y  I s  g r e a t e r  l a  t h e  t r e a t e d  grow n (Mayhem a n d  

i%m, 1 9 3 2 ) ,  a n d  i n  t h i s  g ro u p  t h e r e  i s  a  p r o g r e s s i v e  i n c r e a s e  i n  

v a r i a b i l i t y  a cc o m p a n y in g  t h e  in c r e a s e  l a  a g e .

f o u r t h ,  t h e  r e t a r d a t i o n  o f  g ro w th  d u e  to  t r e a t m e n t  I s  a b o u t  

e q a a 1 f o r  t h e  two sex es  o n  t h e  se c o n d  week: f o l l o w i n g  w h ic h  th e  m a le*  

ame more a d v e r s e l y  a f f e c te d  t h a n  t h e  f e m a le s ,  f h i s  o b s e r v a t i o n  I s  

i n  a g re e m e n t w i th  t h e  g e n e r a l  s i t u a t i o n  n o t i c e d  b y  B i r d  a n d  O u t t s r i d g e  

< 193*) who r e p o r t e d  t h a t  a d v e r s e  e x rr lre n tte n tm l c o n d i t i o n s  a f f e c t  m ore 

d r a s t i c a l l y  t h e  g ro w th  o f  m a le s  th a n  t h a t  o f  t h e  f e m a le s .  I n  t h e  

p r e s e n t  d a ta *  t h i s  s e x  d i f f e r e n c e s  becom es m ore  e o m s p te io u s  a s  t h e  

b i r d s  I n c r e a s e  i n  a g e .  f h #  v a lu e  r e p r e s e n t i n g  t h e  w e ig h t  o f  t h e  

t r e a t e d  f e m a le s  d i v i d e d  by t h e  w e ig h t  o f  t h e  c o n tro l  females? I s  a t  

t h e  s i x t h  w eek o f  a g e  tw o p e r c e n t  g r a t e r  t h a n  t h e  c o r r e s p o n d in g



m l n e  f o r  f h e s e  d i f f e r e n c e s  l u c r e s  to  2 ,9  an d  h . l  a t

t h e  e ig h th  a n d  t e n t h  w eek s , r e s p e c t i v e l y .

F i f t h ,  a l l  t r e a t e d  M r  da b h o i'ed  a  f a i r  r a £ e  o f  g ro w th  i n  © p ite  

o f  t h e  s e v e r i t y  o f  t h e  g iv e n  d o s e  o f  th e  d r a g .  ^ h i s  becom es s to re  

e v id e n t  wham t h e  d a t a  a r e  n l o t t e d  a s  shown In  F ig u r e  1 ,  fro ®  w h ich  

i t  i s  u n i t e  e v id e n t  t h a t  t h e  s lo p e s  o f  t h e  two e a r f w  o f  t h e  t r e a t e d  

b i r d #  p r o g r e s s i v e l y  i n w e a s e  a s  t h e  a g e  I n c r e a s e s .

t h e  a n a l y s i s  o f  V a r ia n c e  f o r  t h e  b o d y  w e ig h t  a t  t h e  fe w r 

ue.riod.ffi s t u d i e d  1® g iv e n  f o r  e a c h  s i x  w i t h i n  each  grotzp in  t h e  

fotyp t a b l e s  s s tn h e re d  3  -  € .  I n  e a c h  one  o f  t h e s e  T a b le s  t h e  

v a r i a n c e  b e tw e e n  dam s1 f a m i l i e s  i s  s e n a r e t e d  i n t o I  ( l )  t h e  v a r i a n c e  

b e tw e e n  s i r e s  f a m i l i e s ,  and. (2 )  t h e  v a r i a n c e  b e tw e e n  d am s1 f a m i l i e s  

w i t h i n  s i r e s ,  v i s ,  b e tw e e n  t h e  m a te s  o f  a  s ir© *  T he v a r i a n c e  o f  t h e s e  

d i v i s i o n s  when r e d n e e d  to  t h e i r  © © m om ents g i v e  a  r e a s o n a b l e  e ^ t f o m t t  

o f  t h e  s i r e ' s  and  th e  d a m 's  c o n t r i b u t i o n s ,  re s t?  c o t  i v e l y .  f h e  b a s i s  

o f  t h i s  r e d a c t i o n  i s  shown i n  t h e  l a s t  e o l iu m  o f  ©aeh o n e  o f  t h e s e  

f a b l e s .  S in c e  t h e  a v e r a g e  naatber o f  o f f s p r i n g  p e r  d a » ,  o r  p e r  © Ire , 

d i f f e r s  b e tw e e n  t h e  two s e x e s  a n d  b e tw e e n  t h e  tv©  g r o u p s ,  t h e  c®~ 

e f f i c i e m t s  f o r  t h e  ©oiar»©i*ent s  § and  A a r e  d i f f e r e n t  f o r  e a c h  s e x  

w i t h i n  & ip ro o p .

f l i*  e s t i m a t e s  o f  th e  t h r e e  ©©moment* o f  v a r i a n c e  B , A , an d  s ,  

a r e  g iv e n  i n  f a b l e s  ?  a n d  8  f o r  t h e  f e m a le  an d  m a le  p r o g e n y ,  r e s p e c t i v e l y .  

From t h e s e  tw o f a b l e s  i t  i s  q n . i te  e v id e n t  t h a t  i n  b o th  se x e «  t h e  

e o m tr ib m tio m  o f  t h e  s i r e  ( i . e .  t h e  com ponent 3 ) i s  a lw a y s  l e s s  th a n  

t h a t  o f  t h e  dam s ( i . e .  t h e  ©©moment h )  • T he d i f f e r  ©nee b e tw e e n  &

;,imI  s ,  i t  w i l l  b e  r e c a l l e d  m y  b e  dm# to  d o m in an ce  o r  be  a n y  o t h e r  

g e n e t i c  o r  e n v iro n m e n ta l  f a c t o r s  common to  p a t e r n a l  h i  I f  s i b * .  T h e se
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& if f e r e n c e *  a r t  ^ i f s a  i n  t h e  l a s t  vm m  o f  b o th  l ia b le *  7  o.nd 8 a s  a
( i )

m b i o  to  t h e  t o t a l  v a r i a n c e  ( i . e .  A -  S ^
A*3*S

By emmimtng th ese  r s t l o e ,  two p o s s i b i l i t i e s  - re  to  b e  c o n 

sidered. First, if the Increase of A over s i s  entirely due to 

e n v i ronmental f e e t  ore e w @ a  to paternal, h s l f - s t f e s ,  then this rati© 

between the treatm ent end the co n tro l within each se x  must stain tain 

a similar r e la t io n sh ip  fr e e  week to week* $fcis Resumption 1® true 

since both s e x e s  w ith in  each gr«*ur were raised to g e th er . Second, if 

dominance or genetic m aternal effect or both, are to be mt one©ted, 

then this ratio should not maintain this relative constancy. By 

examining the inequality signs between the treatment and the controls 

la the tw# last rows of tables 8 and 9 the seaond -p o s s ib i l i t y  is the

asore - p l a u s ib l e .

I t  w ill be noticed th a t w i t h i n  the males, the i n e q u a l i t y  sign 

changes i t s  d irec tio n  a t  the e i g h t h  week of age and a t  the tenth week 

in  the females. 5?hc*e two ages a r e  comparable to the ages on which 

s e x  d i f f e r e n t i a t i o n  a s  i n d i c a t e d  by  comb g ro w th , v t i i s  i s  *».!«© in *  

dim-lei. from the common observation that comb growth in the females 

is  delayed o s  compared w ith  t h a t  o f  males, a n d  that in  both s e x e s  

comb g ro w th  i s  u n d e r  the control of androgenic p r o d u c t i o n .

( 1 )  5?he r a t i o  (A*S) / ( 4 ^ 3 )  l a '  a n  a p p r o p r i a t e  e s t i m a t e  o f  
m a te r n a l  e f f e d t  i f  t h e  v a r i a n c e  b e tw e e n  dams w i t h i n  a  s i r e  c a n  h e
s e n - r a t  ©A fro m  t h e  v a r i a n c e  w h ich  i s  d u e  t o  m t t m l  e f f e c t s ,  v i e ,
th e  i n t e r s e c t i o n  b e tw e e n  g i r o *  an d  dam e. ( s e e ,  f o r  ex am p le  f e e  e l
a n d  l,amoreu3Cf 1 9 ^ 7 ) .  S in c e  t h e  p r e s e n t  p l a n  o f  m a tin g  d o e s  n o t
a l lo w  th e  m a tin g  o f  a  c e r t a i n  deal t o  m ore  th a n  o n e  s i r e ,  t h e  p r e s e n t
m ethod o f  a n a l y s t *  d o e s  n o t  t a k e  a c c o u n t  o f  t h i s  s e p a r a t i o n  o f  v a r i 
a n c e .  H en ce , t h e  d i f f e r e n c e  b e tw ee n  a  an d  l  i s  i n t e r p r e t e d  i s  t h e  
present r e p o r t  a s  to  in c lu d e  b o th  t h e s e  s o u rc e *  o f  variation.
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i t  re&«GS-tl§ t o  ©onelud© that a M r d i^ f t  • r e d u c t i o n  i s  t i e d  up

w i th  d o f i i ^ n e t  a r  genio m  t e r  m l  e f f e c t  o r  w i th  b o t h .  T bs r r e s f  o f  

t h i s  'liecoBies m ere  evident b y  a o - ^ a r l s g  t h e  d i f f e r tm c e ®  b e tw e e n  ii, s..&d 

S im th e  two  sexes. It  i s  enite evident t h a t  (itiesnt for t h e  treated 

g ro u p  on. tx^© # ©cxoxxd 8£ lit© © o ?x ird  xxxx?■ ©ŝ . t]h© x̂ sdniâ  t^a#

h a v e  im ^enm rm l a  g r e a t e r  am oun t o f  m e h  d i f f e r e n c e  tli.n t h e  fe m a le s*  

f h e  inference th»  t androgenic production n a y  is# refrronsiblc 

for t h e  i nercase o f  4 o v e r  IS, h o w e v e r , s h o u ld  n o t  entirely  tx t ltd t  

the p o s s i b i l i t y  of a  common environmental f a c t o r ,  This I s  d a#  to 

t h e  f a c t  t h a t  the s is ©  o f  t h e  d i f f e r e n c e  between ft and  S i ?  g e n e r a l l y  

deer e.-. s i mg i n  the controls (except f o r  t h e  eon t r o t  females a t  10 

w eeks o f  « g « )  a f t e r  th e  second w eek , v i s ,  from t h e  a g e  at w h ic h  th e  

egg s i t #  affec ts  c h ic k  s i # # .

on© m ore g e n e r a l  o b s e r v a t i o n  1« e v id e n t  fro m  th e  r a t i o s  l a  t h e  

l a s t  row© o f  T a b le s  7  a n d  8 .  f h i 's  i s  t h e  f a c t  t h a t  s in e©  t h e s e  

r a t i o #  d i f f e r  b e tw e e n  t h e  t r e a t e d  and  th e  c o n t r o l  b i r d s ,  t h e  

g e n e r a l  c o n c lu s io n  s h o u ld  th a n  b e  t h a t  i n  t h e  a b s e n e e  o f  t h y r  >vine 

t h e  mode o f  t h e  a c t i o n  of t h e  g e n e s  corns e r r e d  w i th  b o d y  w e ig h t  1® 

a l t e r e d  ( o f .  Jubm . 1 ^ 5 )  * I t  i s  em it©  © v ia e n t tk & t a n y  r e d u c t i o n  

i n  4 saw e a r s  a© am i n c r e a s e  i n  $ an d  v i c e - v e r s a .  I t  f o l l o w s  iham  t h a t  

i t  i s  p o s s i b l e  im t h e  a b s e n c e  o f  t h i s  horm one t h a t  sots© gen© s d h n n se  

t h e i r  moitm o f  « c t i o n  fro m  d o m in an ce  t o  t h e  a d d i t i v e  s c a l e  o r v i c e  

t 8 t m ,  f h i s  a l t e r a t i o n  o f  t h e  g e n e  a c t i o n  den  end.© p r i m a r i l y  o n  t h e  

s # 3E o f  t h e  i n d i v i d u a l  a n d  th e  m a g n itu d e  o f  t h e  a l t e r a t i o n  d e p e n d s  

vmem  t h e  a g e  and. so *  o f  t h e  i n d i v i d u a l  a s  I n d i c a t e d  b y  th e  d i r e c t ! o n e  

o f  t h e  i n e q u a l i t y  s ig n s  I n  t h e  I -  s t  row s of f a b l s s  7 #nA 8. The
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e ffec t of thyroxin# on the o ly g en ie  net ion w ill become- more evident 

in  the d is c u s s io n  on the estim a tes  of h e r l i a b i l i t y  of body w eight.

Before s ta r tin g  th is  discussion, i t  is  advisable to  elaborate 

somewhat tmon the meaning of the terra i r r i t a b i l i t y .  The moot common 

definition, of th is  term ie  th a t i t  is  the ra t io  of the genie variance 

to  the to ta l  observed variance. B e r ita b il i ty  Is a lso  defined p.n u, 

measurement of the accuracy of se lec tio n , This means that in breeding 

problems i t s  estim ate h e irs  to p red ic t to what extent the observed 

variance of the paren ta l generation w ill he repeated in the offspring 

of whs selected  paren ts. I t  should he emphasised here th a t ty  

estim ating the h srlt& b ility  of any character fo r the trea ted  'birds 

such estim ate does not agree v iih  the second d e fin itio n . I t  is  

;-ith in  the lim its  o f  the meaning of the f i r s t  d e fin itio n  th a t the 

terra- is  tissed In th is  rep o rt.

The e s t i m l s s  o f  h e r l l a b i l i t y  of th e  body w eight are g iven  in  

T a b le  9  a s estim ated  b y  the two methods, which were g iv en  p r e v io u s ly  

in  the s e c t io n  on "method o f  a n a ly s is ” • These data a re  p lo t t e d  in  

y i m r m  2  a n d  3*

The l i t e r a t u r e  on the h e r i t a b l l l t y  o f  body w eight in  oh tokens  

in  g e n e r a l, and in  nsrtiau lm r in  the Hew Hampshire breed , i s  very  

l im it e d .  Sfcaffaer and Sloan (ldf*6) summarised the e stim a te s  o f  t h i s  

h s r ita b .i l i t y  in  d i f f e r e n t  breeds a s  g iv en  by th r ee  d i f f e r e n t  mtmms  

of out h o rs. Among th o se  v fork en , L eraer, Asraundsom and Qrudsn 

estla -.‘ted  the h e r i t a b l l l t y  of body weight in  the Hew Hampshire breed  

a t  I f  weeks o f  age to be 0 .5^6 mad 0.5*57. accord ing to  the f i r s t  

and the second m ethods, r e s p e c t iv e ly ,  The m a ter ia ls  used  by th e se



w orker®  r e s e m b le  mo sit c l o s e l y  t h a t  u s e d  i n  t h e  p r e s e n t  eocpert m e a ts .  

A lth o u g h  t h e i r  d a t a  w ere  a l s o  c o l l e c t e d  o n  Mow H a m p sh ire  b i r d s ,  th e y  

r a i s e d  th e n  u n d e r  q u i t e  d i f f e r e n t  e n v ir o n m e n ta l  c o n d i t i o n s  thorn u s e d  

i n  t h e s e  e x p e r im e n t« am i to  o ld e r  ago* M o re o v e r, thee®  w orker®  ( l e r n e p  

eb  e l*  19&7)* h a r i n g  a  l i m i t e d  sam p le  o f  2%> b ird ® , lu m p ed  t h e  o h se iw  

v a t l e a #  on  th e  two sem e# i n  th e  e s t i m a t e  o f  h e r i t a b i l i t y ,  h a t  g a v e  

no  I n f o r m a t io n  a «  to  w h e th e r  o r  n o t  t h e  s e r e s  w ere  e o r a l l y  r e ~  

p r e s e a t e d  i n  e a c h  f o m i ly .  I t  i s  q u i t e  e v id e n t  t h a t  a  c h a r a c t e r  e a c h  

a® b o d y  w e ig h t  w h ic h  show s a «  much a s  15  to  20 p e r c e n t  o f  stem 

d i f f e r e n c e ,  s p e c i a l  ear©  s h o u ld  h a  g iv e n  t o  t h e  sear r a t i o  i n  t h e  

a n a l y s i s  o f  d a t a .

There ia  no other adequate report in  the l i te r e to r e  with which 

te eamgmre the data presented in  Table 9 . I t  i s  assessed that these 

eetla&te# would wary considerably from flock  te floek, among* breeds, 

from time to tin e  sad according to the method of analyst# need (lush, 

19fe8» Shoffner e n d  Slean, l$h8 e n d  o th ers). This fa c t i s  alee  

evident from the tab les compiled by Phillip® ( l 9 h?) and H effner  

and Slean (19^8 ) on the h a r f ta b ll i ty  of d iffe ren t tra ite  in  liv©~ 

stock and poultry , respectively. Esnee, i t  i s  deemed necessary to 

draw the a tte n tio n  to the fa c t th a t our present in te re s t  i s  to sett* 

pars the estim ate# between the two groups, the treatment and the 

contro l, rather than to  compare those of the con tro ls with other 

reported figure®. Keeping th is  in  mind, we can, therefo re , proceed 

with th is  eommri son.

I t  w i l l  b e  r e c a l l e d  t h a t  two method# a r e  u s e d  t o  estimate 

h ertta b lllty . "The f i r s t  d e f i n e s  I t  I n  I t s  b r o a d e s t  m e a n in g  while t h e



seeoad m t h o d  defines i t  in the narrowest sense. The f ir s t  method 

gives the proportion of the tota l genie variance to the pheacbypic 

variance, the second set hod give* the proportion of the additive 

variance to the phenotypic. Accordingly, any dlseremeaey between 

the two estimates- ty  the two methods should, he attributed to the 

differences between the components A and S. There difference* hare 

been su ffic ien tly  discussed in the mravion# section.

Figure 2 represents the estim ates of i r r i t a b i l i t y  calculated 

'fey tlie f i r s t  method, fhm general fea tu re  of these curve# is  that 

the herlt& billty of body weight i s  generally high a t  the second and 

the tenth  weeks of age and with a marked change in  between, fhe 

trea ted  females apoear to hare a higher total genie variance between 

the second and the seventh weeks of *&#• However, the difference is  

probably a reflection  of maternal effect as represented by e lse . 

Thm difference between the two group a of females decreases u n til 

the two estim ates are almost ecrttml a t  about the eighth week of age. 

‘*ht situation Is  then reversed so th a t the genic v ariab ility  of the 

control females la grea ter than th a t of the treated ones* Heme#,, i t  

could be concluded th a t the absence of thyroxine decreases the to ta l  

ggcnto  v a r ia b il i ty  among the females.

fhe two ml® groups show quite the opposite picture, elsile the 

percentage of the to ta l genie variance of the mel© control group 

is  .greater than that of the treated one before the seventh week of 

age-the reverse is  true thereafter. Thus the omr-osit# con- 

olusion arrived at with respect to the female# sprite# to the m a le  

orogeny.
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1% follows th e n  t h a t  the treatment has d iffe ren t e ffec ts  on  

%hm r a t io s  of to ta l  genic v a r i a n c e  of the two sexes. Since th is  

s i t u a t i o n  i s  c o m p a ra b le  to  t h a t  'pointed out by the Inequality  sip?;a 

in  fab les ? and 0, the e x p l a n a t i o n  g iv e n  there a p p l i e s  here as well, 

fh is  explanation, i t  v l l l  be reca lled , i s  based op the presence of 

a variance fac to r common. to paternal h a lf - a l b s .  T his common fa c to r ,

* ever, o&anot by the p r e s e n t  technique of analysis be separated 

fro® dominane© d f r k t i s a i .  Accordingly, the discussion should, turn 

to the estim ates of h s r i ta b i l i ty  by the second method where only the 

percentage* of the a d d ! t i r e  variance are  e v a l u a t e d .

For a  b e t t e r  comparison, t h e s e  estim a tes  hare b e e n  s i a t i i a r i l y  

p l o t t e d  a s  shown i n  f ig u r e  3* Some in te r e s t in g  o b serv a tio n s earn 

be s t a t e d  h e r e  w i th  r e s p e c t  t o  th e  t r e n d s  o f  t h e  f o u r  c u r v e s  in  

f i g u r e  3 . t h e  gen era l s i t u a t i o n  c an  be  summarised i n  t h e  f o l l o w i n g  

tw o p o i n t s . F i r s t ,  t h e r e  i s  o n ly  a  s l i g h t  rnmmmt o f  a d d it iv e  v a r i ~  

am ee a t  t h e  s e c o n d  w eek o f  a g e .  P e n e s ,  i t  i s  q u i t e  e v id e n t  t h a t  m ost 

o f  t h e  h ig h  corresponding e stim a te s  i n  f i g u r e  2 a t  t h i s  a g e  are  n o t  

d u e  to  a i d ! t i r e  c a u s e s .  S e c o n d , t h a t  fo llo w in g  t h e  second, w eek , 

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

th o u g h  t h i s  r i s e  i s  in terru p ted  b y  a s l i g h t  n e g l i g i b l e  d e c r e a s e  a t  

th e  e i g h t h  w eek o f  a g e .

Within the m l #  progeny, the percentages of the additive 
variance are constantly higher in the control group than those in 
the treated one. fhc difference between these two lines indicate* to 
wh&t extent Polygenic variance is hampered by the lack of thyroxine, 
ft is qv.i -•<* evident the! the great lees in the additive gemle 
vari&ne* occurs at the sixth week of age after which I t  i s  almost
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S s te r g r e n  ( m ? )  , th a t  th e s e  e x tr a  fee te reeh ro m atie  n a te r ix - ls  b^.ve a 

s l i g h t  e f f e c t  an v ig o r  and f e r t i l i t y  4b Antltovnxitlna 4s In  acoord*nee  

w ith  the r©Xatio&9hlp betw een h« t« f© « tw nfiitic  *•■ nd T*elygemi© in h c r i- -  

in .nce. £e  one be M ather (19^9) " th u s  a lth o u g h  h e te ro e h ro m n tin  c o n ta in *

(4 )
few  o r  no  m a jo r  f « a « s t  i t  i s  ^ - o ly g e n ie a l ly  a c t i v e . M

T h e p r e s e n t  d a t a  a c c o r d  with t h i s  point o f  v ie w  a n d  i t  s e a s *

re^ onnb l©  to  c o n c lu d e  th a t th e  f e m a le s  have a  high er a d d i t i v e  v a r i —
( 2 )

anoe or perhaps a g rea ter  number of v-olygeme© for body w eight.

Body Mea pureisenis
f h e  t h r e e  to d y  m e ae a r ©meet* o b s e rv e d  I n  t h e s e  e x p e rim en t®  

w e re  bafeen a ?  a  s a js p le  to  d e m o n s t r a te  t h e  e f f e c t  o f  t h y r o x i n s  o n  th© 

r. o b io n  o f  r :o ly g e n e s  c o n c e rn e d  w i t h  bo d y  e o n fe rm & tio n . Body cost** 

f o r m a t io n ,  h o w e v e r t I s  h a r d  t o  d e f i n e  a s  a  te r m . E t a c c ,  i t  w«.a 

th o u g h t  t h a t  b y  t a k i n g  th e  m easu rem en t*  o f  t h e  h e e l  l e n g t h ,  body 
t!©ptli *r.d sh a n k  l e n g t h ,  a n  ad*<pm t« a r b i t r a r y  a n - r e x i m t i e a  o f  fco#y 

c o s? fo rm a tio n  w eald  b e  o b t a in e d ,  f h t r e f a r e *  © hen th e  te rm , body

(4) i"or a  a@fi complete discussion an h e te ree h ro m ?  tin. an#, 
p o ly  *»©*, » •*  B u r l i n g t o n  and M a th e r  (19^9) page© I 3 O-I5 2 .

(2) The sfgcncfit is based **o©» the formula devised by Castle 
{1921} a and.b, «*d bright (1921) fo r estimating the number of rene- 
tie factor# in  auantitauive inheritance. In the derivation ox th is  
formula it he* been shown that the genie v -rian.ee C5 <1 «■ Me where
1 ie  the number of naire of gene* and e 1* the average e ffec t of each 
a l le le .  I t  follow* that W 5  ?0%/e*. Henee, i t  is  evident th a t as 

increases, then M wist also increase and that since the females 
have a lw-rg* 0^9 then they must have a grater member o f  ^olygene*. 
this relationship, however, holds true, aseaming eeual effect 
fo r ©*$©b gene*
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fah le  4* Analysis of variance of body weighte of the con tro l female progeny

Source Degrees 2nd week 6th weak _  0  ompoaente
of of 

JMfcUfift. freedom
S m  of Mean 

...............sonars*
§8St Of
soon res

Mean
sonars*111 mmT iir lr 1 ~ ... . iirit̂ i >1 ........if

of
mean eenares

Total 21? 53,871.01 1 , 345. 635.47

Between &asg* 
f  sa llies 44 17,926.82 427, 107.66

Between sires' 
families ? 2,653.76 379.11 100,960.62 14,422;95

Between Bams 
within sire* 3 15, 273.06 391.62 326,147.04 8,362.74

Between fall 
si st @r« 171 35,944.19 210.20 918.527.81 5.371.51

8th w*ek 10th week

Total 21? 2,232.790.1+3 3,484,457.0?

Between dams' 
families 46 784.972.92 1,456,641.84

Between sires' 
families 1 213.857.2? 30.55i.o6 391.704.72 55,957.81 B4A.j6AA+27,25S

Between dams 
within sires 3 571.115.65 14.643.99 1,064,937.12 27, 306.08 b ^ .6Aa

Between fall 
sisters 171 1,447.817.51 8*466.77 2,027,815.23 11,858.5? S



36

m
s
p ,

©rH
8
•*»
S
* »

mXS
V ?©

«*F

I

&
*
©

S.
%h
©

ft
I

< 4

w%
m
s£

as
©  w
C'; •©

o

%
%

V ©

«S
63

CS *4
4/ If?
ft

4#6h r

< H
©

s
m u

j* aM s® » :
m

&
© 4

Oif*

o«
«pIN »

* CO

%■*»o
s>
© N

Qo*
'■ - s *

i  I
I•  © m

n  u

m 
©  nr*

► 4 *
f © . «*I IN *HL
h i  0  h
[5  J5

f t
t~i

»
rH
rv>

OC‘-'t
•

%r\
C*",

■V©
«N

J &

€

<ss
d  «
0  « 4f  rH

I I
m *«

»
»N

*o
V *

f r s .
-2 ?

J*

8
Cv

©r

r -

tS?
m
? 4

U
w© m

#  ««HS rH

I Im  *«

©■>

vrv

p

r-4oVT\
-2t
£?

«Spi

C'\

rH
C%J
rH

l> -C >

*® © " © 
IN

8
I

4*

«  3»

i  tj 
5 5

*

£
NO

r1

§

XI
©

©4 . rH

\ 0
NO

i
rH

S?

r;

y i

I  3
GO

<S Md© ©
5 5

4 * ‘ 0

4 *

s
0 0

*
w v

w

8
<30

»

£ *CD
O

*k
CM

rH

<r-.o
< n
rH

VO
*

■50fK
<*

©4

&
CO

4*

£

' £

•S3?
*G 

£1 ©  
©  «rH

s  =
« s
( 0  «

i
f -

*

s

e v .urv

©
cm

©V

<V
rH
4 t

«*>

A

t t

V\

%r\

800

CM
rH

©
*

ISrH

CM*st‘
%f\

8VO

u § B«
tv

«e
a 

fa
ll

br
ot

he
r*

 
15

5 
1.

32
M

00
.08

 
8,

5*
1.

91
* 

3.
5*

2.
98

1.
57

 
22

.8
57

*9
5



fable 6. Analysis of variance of ‘body weight of the control mrle orogeny#

Sourcs Degrees
of of

__

2nd week 
Sum of Meaa 

...«att*xe* mnoftres

6 th week 
Son o f Mean 

snuares annare*

Components
of

mean eauem*
to ta l 202 73 . 282. 7fc 1 . 939, 092.75

Between 4a s s f 
fam ilies kz 27.898.0fc 687 . 212.78

Between sires  
fam ilies

i
? 5,fc03.58 771 . 9fc 161.386.82 23, 055.26

Between dams 
within s ires 35 22.fc9fc.fc6 6fc2.?0 525 .895.96 15 ,025.60

Between fu ll
brothers 160 fc5. 38fc.70 283.65 1 . 2.51. 8 0 9 .9 7_ 7 . 823 . 81. .

8 th week 10th week
to ta l 202 3 ,fc06 , 0O7 .1 7 5 . 560 . 8fc9 .2 2

Between dams* 
fam ilies ^2 1 . 059. 985.61 1 . 598, 391.51

Between sires' 
fam ilies

!
7 2fc3 . 555 .18 3fc.793.60 397 .fc53 .fc0 56 . 779.06 B+fc.72M25 . 37S

Between dams 
within sires 35 - 8l 6 .fc30 .fc3 23 . 326.58 1 , 200, 938.11 3fc.312.52 B+fc.724

Between fu l l  
brothers 160 IJM tS& fcSL lfc.662.63 3 .962 .fc57t 21 . 2fc.z65.a6 J L - . .................... -
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Figure 1. Body weights on 2nd, 6th, 8th, and 10th weeks of age
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Figure 2. Estimates of h e r ita b ility  of body weight of each sex
of the progeny in  each group — h r « 2(3 «f A)/(s  ♦ A ♦ B)
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Figure 3. Estimate* of h e r ita b ility  of body weight of each sex
of the progeny in. each group — h ■ JfS/(8 -f A ♦ B)
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e o p fo rm e b io n  1* m e n tio n e d  St* t h t *  r r e i i ,  i t *  m ean in g  s h o u ld  n o t  

#xeeeA  w h a t t h e s e  "body MCmsuretaembf? a r t -  a b l e  b -  i l l u s t r a t e .

The a n a  a i i  t h e  s t a n d a r d  d e v i a t i o n *  o f  t h o s e  t h r e e  e h a ? , t c t e ? i  

a r e  g iv e n  i a  T a b le  10 from  w h ich  i t  i s  i T i i c R t  t h a t  t h e  a e a e a re m c u te

©i‘ &he treated "bird* are om thm average about 25 mereent se lle r
Cl}

t i w i  t h o s e  o f  t h e  c o n t r o l s .  The r e d u c t i o n  i n  bo  fly d e p th ,  how

e v e r*  ms s l i g h t l y  l o o s  than t h a t  in the o t h e r  two c h a r a c t e r * .

mbles 1 1 . 12, 13 and 1^ is iv e  the analysis of v a r i a n c e  of 

th&®& throe m e a su re m e n ts  for e a c h  groan within e a c h  s e x  s o n a r  at e l y .  

The co m p o n en ts  of v& ri& nee are s e p a r a t e d  and g iv e n  in T a b le s  15 an d  

1 6 . i n  % ho  last row o f  each on# of these two Table* the t o t a l  

p h e n o ty p ic  v a r i a n c e  is shown (i.e . the sum 3*$•*&}• It w i l l  he 

noticed t h a t  the phenotypic v a r i a n c e  o f  these throe c h a r a c t e r s  

in th e  t r e a t e d  g ro u p  is about t h r e e  times a s  g r e a t  as t h a t  f o r  

the c o n t r o l  g ro u p * . The total v a r i a n c e  of body weight was r e *  

p o r te d ,  in T a b le s  7 and S fro m  w h ich  i t  i~ evident t h a t  a t  t e n  

w eek s o f  ago the phenotypic v a r i a n c e  of the t r e a t e d  g re e p  is less 

th a n  twice that of t h e  control group. The direct c o r o l l a r y  o f  

this e c n p a r ls e B  is that th e  absence ©f thyroxine increase# the 

p h e n o ty p ic  variability of b o d y  c o n fo rm a t io n  m ore th a n  t h a t  o f  

bo d y  w e ig h t*

t h e  e s t i m a t e s  o f  t h e  h e r i t a b i l i t y  o f  m .ch o n e  o f  t h e e #

(1) o f .  the description gives h;y handamor (1929) , Mayhev
and t*or ( 1 9 3 2 ) ,  a n d  tfpwp (1 9 3 * 0 .



t h r e e  “body m e a su re m e n ts  a r e  g iv e n  I n  T a b le  1 7 . I t  i s  e v i d e n t  fp c s i 

tkes# d a t a  t h a t  in  b o th  sexes th e  e s t i m a t e s  for the trea ted  g ro u p  

by  e i t h e r  m eth o d  a r e  i a  g e n e r a l  g r e a t e r  th a n  th o s e  o f  t h e  c o n t r o l  

group* T he only e x c e p t io n  to  t h i s  g e n e r a l  o b s e r v e . t io n  is  t h e  h ® ri«  

t s b i i i t y  o f  t h e  body  d e p th  o f  t h e  f e m a le s  a s  e s t i m a t e d  b y  th e  f i r s t  

m e th o d . This general increase in  th e  genic v a r i a n c e  th r o u g h  d e p r iv in g  

t h e  animal fro® thyroxine i n  im a c c o r d  with the o b s e r v a t i o n  on  t h e  

p h e n o ty p ic  l e v e l .

-Once mar® %re n o t i c e  t h a t  im e a c h  o n e  o f  t h e s e  t h r e e  b o d y  

m e a s u re m e n ts , t h e  control f e m a le s  h a v e  h ig h e r  p e r c e n t a g e s  ©f 

a d d i t i v e  v a r i a n c e  t h a n  t h o s e  o f  t h e  w a le s .  T h is  i s  e v id e n t  fro ®  

c o m p a rin g  t h e  e s t i m a t e s  o f  h e r i t a b l l l t y  b y  t h e  se c o n d  m eth o d  b e tw e e n  

t h e  tw o  s e x e s  •

T hyro id  h e ig h t  and T e s te s  W eight

The m eans o f  t h e  t h y r o i d  w e ig h ts  an d  t e s t e s  w e ig h ts  a r e  g iv e n  

i n  T a b le  1 0 1 I t  i s  e v i d e n t  fro m  t h e s e  d a t a  t h a t  w h i le  t h e  a v e r a g e  

t h y r o i d  w e ig h t  o f  t h e  t r e a t e d  b i r d s  i n c r e a s e s  to  a s  much a s  i e ? p -  

t e a n  t im e s  i t s  n o rm a l a v e r a g e  w e ig h t*  t h e  a v e r a g e  t e s t e s  w e ig h t  o f  

t i i#  t r e a t e d  m a le s  l o s e s  35 p e r c e n t  o f  i t s  a v e r a g e  n o rm a l w e ig h t •

S in e #  b o th  t h e  t h y r o i d  w e ig h t  and t h e  t e s t e s  w e ig h ts  may b e  

c o r r e l a t e d  w i th  b o d y  w eigh t*  an d  s i n c e  t h e  l a t t e r  m s  s e r i o u s l y  

d e p r e s s e d  b y  t h e  t r e a t m e n t ,  i t  i s  r r e f a r a b l e  t o  p o s tp o n e  t h e  d i s 

c u s s io n  o n  t h e  r e l a t i o n s h i p  araoag t h e s e  t h r e e  w e ig h ts  u n t i l  t h e  

c o r r e l a t i o n s  am ong them  a r e  d i s c u s s e d .

The h y p e rtro p h y  o f th e  th y ro id  g la n d  a s  caused  by fe e d la g  

t i i i o u r a c i l  i s  known to  be a  fu n c t io n  o f  two f a c t o r s .  F i r s t ,  th e



I
Sf
§***

«**
3

a
0»

«

I**

V0te
ON 

I 4-
kn
NO

I +*
Os

I

s

A» f\>o ovJ O

Sf
«r\

;<SKjx
•

*♦
nO
♦CIS

*■  a  
•  *pa vn
♦  * ♦
©\ i~** O

o

5**Ifs
oe

3

- s iUN
\D

q»
Xi©

-0

CE5

o
s .
35-»

i\5
Oa

&  
~n3 

I «•
VA
^3

HI

\©?a•Vx
i*
Sj%
■gr

sQ
•
va

{ +
VA♦
4r

s

(So

OSsn
*

m

©

■si•..a
©

t ♦
NO
NO

9>NO*

»+•

i\>

o* gbA O 1
J L ^ f

•t

I

BT X

t*0#

51
X

3m«*•

2

E.r

9*7

•tJ
Ng

 
J©

 
*3

©
a&

 
OX

 
3p

1g
t|S

 
P

»3

‘tf
tdS

rf 
lfs

©q
_ 

X»
*3

t 
*© 

*0
1 

#
x

w



fa
M

t 
11

* 
A

aa
ly

«£
« 

©f 
*• 

ri
aa

tt
 

of 
kt

tl 
Im

ftJ
h*

 
fe

ad
y

de
pt

h*
 

iM 
&

ta
k 

It
sg

th
 

of 
th

e 
fen

* 
It

tr
og

ta
y 

at 
10 

w
ttk

s 
of 

tg
t*

+>

S3 %•« o o « i
€  IBO >■CJ

3
I

m
SE

m

m

m*os

m

&
i f

*3
«
■*»

<w «*o  u<2g
&*

«*s
cm

CMCM

os
a

0t*

§

o

f m
m

cv

« l
oXT'
R

?

>9
cm

t'4

3
fc:

*3* '*»CM

r \ts-
•

MS
VS

t  S'
r «4

so
*

f r  .

£"-

DCM
- t
♦

CM
SO•
\n
v::

*

*  8  i  *

CM
Os

•
CS
-3-

CM
£;:•
C*Sm
V©

us
cs

»

o
*r \

f tr v

%

t i t  w

££| jht

e's
cs-

V%

&
CM

%£\»
SO

»  2
C*s
CO

I*
CM

&
•

CM
CC

&
usUS00
rs

V*-
H

£  £_ «S3 <•*
H •  •«#» #  xrlJ3 » CO

m
m

u
8
£

3̂1

**

8,«ym

CM



fa
bl

e 
12

. 
A

na
ly

si
s 

ef 
yr 

rl
nm

®
 

of 
ke

el
 

le
ng

th
* 

bo
dy

 
de

pt
h 

to
d 

sh
an

k 
le

ng
th

 
of 

the
 

co
nt

ro
l 

fe
rn

!©
 

pr
og

en
y 

at 
10

 
we

ek
s 

of 
ag

o*

A8

<5 f£3 ©

§ ** 
<M £

p 0 E
I  :

K

©5

as

mJZ

•**
+91 p . ©

©5

«5

«
©5

€C

as

c*>
VS

"J5T

m is  
»  «

& * &

V£'

scT

&
sIsTv

e»cv

<tn-sT
c©
•H iCM

•
Ov
H
m

*CM

S8CO
VO

IN*
0

SO
r4VC

CM

©+S

f i

«  © s **** 
5 2
*  1 10 *s

to
v n
CM

•
IN-
CN
t -

V C

A

tv
«N

i
w

tv
o v

•

CO'

cv
* r

• '©
-dr
ONVTV

$
&

*
ss
VO

IB
©

3

I s
n  «*•

<*» SI 
©  1  

«  #*

VO

f ' .
»Oi

v r \
CM

,»
-3-
O No
CM

s£>C-

fc

i o
#*%
%T\ss
CM

&
K

fTN
CD
,:t

P

m

e  &
***4
<M

vo
..<•

v£)
Vi~\
C'-

O s

VC
s c
GO

Jft

ON
CV

£

¥

VO
#*•

Jdt

{ 2

2 i
s |© CO 

£



f a h l e  1 3 . A n a ly s i s  o f  v a r ia n c e  o f  k s e l  l e n g t h ,  'body d e p th , 

and shank le n g t h  o f  t h e  t r e a t e d  p u le  p r o g e n y  

a t  10 w eeks o f  a g e .

Soares
o f

V a r ia t io n

to tal

B etw een  d a n s1 
f a m i l i e s

B etw een  s i r e s '  

f a m i l i e s

B etw een  dams 

w it h in  s i r e s

B /f

m

¥k

?

3?

B etw een  f u l l  

B r o th e r s  155

l e e l  le n g t h

JLMJL

B ody d e p th Shank le n g t h -oiaionents
o f

■lit  it'AIm i •  >13 •

2 k , 8 6 8 . ’ 8

1 0 .9 5 3 .7 5

18,156.88

7,054.87

20,015.75

7,659.35

3,182.08 4-54.58 1,915.19 2?3.60 1,416.46 202.35 B*4.44a-i?5S

7 ,7 7 1 .6 7  210.05 5 , 139.68 1 3 8 .9 1  6 ,2 4 2 .8 9  l 6 ' . ? 3 S*4.44A

13 , 914.63 3 9 .7 7  11. 102.01 71.63 12, 356.40 7 9 -7 2  B
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f&hle 15* Ooapedftftts o f  irariase# for k e e l le n g th , tod y ' 
d e p th , end $mwk l«Bgifo o f  th e  fma&le progM #
s t  10 weeks o f a f t .

^aapft&e&ie I  eel length Bogr -depth Shank length
o f

allfUl— g flto l__ tear lutM ._Jfoataal - Ergg-JaMtnfc £- -

® 11.5® 2.56  ?.hO 'i.rtf 9.39 0*48

a. 27.39 2.32 15.9® 8.01 21.90 <*8*

3 * .A 38.97 fc.88 23 .32  9 .0 3  11.29' 7 .52

82.4? 27.29 7^.57 19.® 71.19 21.9?

121J *  32.17 99.89 28.51 104.48 29*49



C-J
u -',

t r ; o i '&  l v z &

Zi'&L ‘Z i  £9'U iS L

(>X'i t&’CZ U 'L i8*9C

?roz Z5% S l ' S l ■s • U



f&
M

a 
1?

. 
lu

tl
im

to
 

©f
 

of
 

k
es

l 
X

a
sf

tf
e.

fc
ad

jr 
de

pt
h,

 
mm

l 
to

ni
c 

le
ng

th
 

fo
r 

©to 
s«

c 
of 

to
 

pr
og

M
QT

 
is 

©to 
gr

oa
p*

53

#i
.S3

iH O ©

flf

n
4'
Im

r-i

CM

r«im
1st *M

»4* *pSg O N 
S3 «hSffiS ,0

fttd»

I

a  «m
o

*
©

o

o

©

ft*B*

&
o

<ZK O

& &

5?
*••4

%rv
MS
o

&  I

CM CA
5  &

©

Ogr*4
CM

I -* s  s
i aoo

I

«*% s*SS' I 
•  •CS

*A
§
©

CM

MS
©

4tca grvCM ©
•  •© o

I &
© ©

©  ©CA CM • •© ©

cm e \  C0 *a ca • •© ©

©

3 I-*
J  2
I  *®«*

e>H«SS

«4i
4m****
CM
tl

CMJg

<
4
e&
4
PI

4
CCS

S i *

% t
CM



5*

a b i l i t y  o f  th e  a a t d r i o r  - i l t e i t e r y  to  p ro d u c e  t h y r o t r o p i c  k n o a t f ,  

i M  se c o n d , t h e  a b i l i t y  o f  t h e  t h y r o i d  g la n d  i t s e l f  to  r e s p o n d  to  

t h e  t h y r o t r o p i c  horm one - S in c e  t h e s e  tw o  f a c t o r s  a r e  i n s e p a r a b l e  

I n  th e  p r e s e n t  s tu d y *  th e  te rm  Mg © ite ro # ? e a ie  c a p a c i t y "  o f  t h e  

t h y r o i d  i s  to  b#  u s e d  h e re *

fJEhe a n a l y s i s  o f  v a r i a n c e  o f  th e  t h y r o i d  w e ig h t  a n d  t h e  t e s t # #  

weights are ^ivea in Table# 19, 20, 21, and 22. The component# of 
this variance are separated a® shown. in ‘fable 23 from ^hich the 

o f  the h e r l t a b i l X t y  o f  t h e  t h y r o i d  w e ig h t  and teste# 
weights are calculated by the two methods (fable 24).

The m o st s t r i k i n g  o b s e r v a t i o n  o n  th e  d a t a  o f  f a b l e  2 4  i s  t h e  

f a c t  that the b e r i t a h l i t t y  o f  t h e  t h y r o i d  w e ig h t  a s  estim ated  b y  

t h e  seeond m ethod  i s  equal to sero i n  b o th  sex # #  w h i le  i t  is equal 
t o  0.613 and 0*711 for the f e m l e s  and th e  m a le s , r e s p e c t i v e l y ,  w hen 

e s t i m a t e d  b y  th e  f i r s t  method* The d i r e c t  conclusion. fro m  M s  o b 

s e r v a t i o n  i s  t h e  f a c t  t h a t  n o n e  o f  th e  a d d i t i v e  v a r i a n c e  i s  c o n c e rn e d  

with the gslterogeale capacity of the gland and that dominance i* te 
b e  in s p e c t e d  ( o f .  M id d le , 1 ^ 7 )  •

further evidence for this hypothesis is found shem the fre
quency d i s t r i b u t i o n s  o f  th e  t h y r o i d  w e ig h t  ©f b o th  t h e  t r e a t e d  a n d  

t h e  c o n t r o l  g r o u p s  a r e  p l o t t e d *  (figure 4 ) .  Si m m  t h e r e  i s  a e l i c i t  

sexual dimorphism la t h e  thyroid weight of either the treated o r  

the c o n t r o l  gr© ^> (liable 1 8 ) ,  t h e  d a t a  o f  b o t h  s e x e s  w e re  c o m b in e d . 

H ence , the u p p e r  c u rv e  o f  Figure 8  i s  b a s e d  on  a  total o f  420  

t r e a t e d  b ird ®  a m i t h e  lo w e r  o n e  represente 421 control b i r d s .

The c u r v e  o f  t h e  c o n t r o l  b ird ®  show s a t y p i c a l  n o rm a l d ie *



55

irlbuiton with a slight positive  sk«m«t«t while that for bb# 

treated "birds show® a very sharp me|gattv# efcewnees wMoh is #vid«*

that the goiterogenic capacity of the thyroid may be influenced 

ay  n o iw & id d ittv e  gem ee.

A s e l e c t i o n  p ro g ra m  i s  mow ftx& er way to  ^ to d y  th e  mode o f  i n 

h e r i t* ,  n e e  o f  t h e  go i t  e r o g e n ic  c a p a c i t y  th r o u g h  t h e  e  s t a b !  i  etoton t  o f  

tw o l i n e #  r e p r e s e n t i n g  th e  e x tre m e s  o f  t h i s  e h a r a e t e r *

Several autere*time cm# *t lo n e  m y a r is e  i f  the ©act# tame# of one 

qt isore nones for g o ite r i s  d e fin ite ly  established  in  ehihkentu 

^  ©emitting on  th is  problem, i t  could be asked* what is  the frecnoiwsgr 

of ouch gene In the d iffe ren t flacks of the d iffe ren t breeds? 9?be 

ostiim te of the frequency of such proposed gene would be re la tiv e ly  

esoy since the feeding of t h l o u r a e t l  reveals i t s  mresenee. I t  also  

could be asked* what i  a the r  e la tio n  shin , i f  any, between th is

g e n e * , and. t h a t  ° f  0 t h y r  ogonw*# d w a r f i s h ?  (Meyhew a n d  r*>~f 193#-» 

amc. fcpp, 1 9 3b) i r e  th e y  i d e n t i c a l ?  I f  s o ,  th e n  why t h e s e  gem es 

appear sporadically under to m l conditions as shown by the report# 

of tiieee worker*? I« this sudden amre&ramee due to shame© recos*- 

b i n a t l o a  o f  t h e  r e c e s s i v e  a l l e l e s  o r  i s  i t  a la®  a o n & lt ie M d  b y  

c e r t a i n  p h y s i o l  © g lo a l o r  ''g e m e tlo a l  f i e t o r i f  If © re a v e r ,  w h a t i s  

‘vb~ relationship between this gene or gene* and. the liyneplqftels?

I t  i e '  e l  e a r  t h a t  t h e s e  o b s e r v a t i o n s  omen no  a b ro a d  f i e l d  

o f  " i n v e s t i g a t i o n  w hich  d e s e r v e *  t h e  a t  t e n t  io n  o f  t h e  r e s e a r c h  

w a r d e r s .

&eboraiag to the data of Table gh-, i t  w ill be noticed 

th e  f e m i e s  h ave a  h ig h e r  rareentage* o f  'a d d it iv e  v a r ia n c e  o f  th e



t h y r o i d  w «1^4t th a n  th e  m a le s  ( 0 .1 3 9  ^ ? ® a s  0 .0 $ 1 ,  r e s p e a t i v e l y )  •

* M e 1«  l a  a c c o rd  w ith  th e  h y p o tfe y s ie  p r e v i o u s l y  m e n tio n e d  t h a t  

t h e  b e t e r o c f c r o e a t id  a^-chromosome o f  t h e  fam al®  i n  l y -m*tic a l l y

a c t i v e .

Vith rp.snect to the tn n t# §  w e ig h t ,  i t  lr e v id e n t  frosr, Table  ̂

that ih# h er tteb ility  of th is character s? estim ted  by either mrtliod#

1«  c o n s t  d e r e b l y  M - ^ e r  1 n  th e  t r e a t e d  b i r d s  th a n  i n  t i n  c o n t r o l*  I t  

I t  oaito evident t h a t  t h e  l e c h  o f  t h y r o x i n e  f e v e r 0 .rsnl©  v -  r i a b l l  i  ty

of testes weight n̂d wore paytlonlarly the s.3-’itim  parties of the

v a r i a n c e  o f  this c h a r a c t e r .

Hie feet that the treatment oanee?? a lose in the ndti tiv- 

w r l a a e e  o f  th e  t h y r o i d  te e lffe t an d  o n  i n c r e a s e  i n  th e  a d d i t i v e  vnri* - 

08-00 of testes wetidib any Indicate the pres ©no© of some sort of a 

eoamo&ofttofgr m©sfee«lfl» between the two edends. It 1© evident th a t  

«rash o relationship i «  better t r a d e r s to o d  *£5.013. the c o r r e l a t i o n ©  

between th o se  two blonde o re  eva lu ated  oft both phene ty p le  s i i  gene- 

typie levels a© shown below*

K s t in a t e *  o f  e s r r d e t l e n

‘Xhe eorrelation studies reported herfcia a r e  concerned with two 

general phases. f i r s t ,  tbs analysis o f the relationship. I f  ugr, be-* 

tween body weight and each of the thyroid weight and te s te s  weight•

Second* t h e  r e l a t io n r ib t l p  b e tw N i  Mi® w e i ^ i t s  o f  Mae l a t t e r  tw o g la n d s *

* a a l y s i s  o f  c e v a r l a n e e  ha® b e e n  d e te r m in e d  f o r  e a c h  p o s s i b l e  c o a -  

blnatlea o f  th e  three character* o f  b o d y  w e ig h t a t  t e n  weeks o f  a#:©* 

t h y r o i d  w e ig h t  a a d  t e s t e s  w e ig h t*  th e e©  a n a l y s i s  a r e  p r e s e n t  i n  f a b l e #  

2 5 - 3-c* f o l l o w i n g  t h e  g e n e r a l  p l a n  o f  'f a b le  1* th e  m ean  c o v a r la n o e  h a s  b e e n
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fable 19- Analyst 9 of rartaaee of
thyroid wei^it of the treated 
female progeny.

Son roe o f  d / ?  
Variation

f e t a l

Between daae* 
familtee

Between sires* 
fand lie *

B etw een  t e a s  
within sires

Between fu l l-  
@1s t o r e

C<»8-ooaeats 
mm  of S^hWM Kean f^okFta o f

▼arlaao.

219 5.453.923.98

51 2.472.205.35

7 231.548.54 3 3078 .36  B * 4 .2 3 A * 2 7 . 50s

44 2 , 2 4 0 , 65 6 .8 1  50,724.02 B 4 4.23 A

168 2,981,718.63 17,748.33 B
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f a b l e  20* A n a ly s i s  o f  e a r l& s e e  o f  t h y r o i d  
w e ig h t  o f  th e  c o n t r o l  f e m a le

S o ^ ro o  o f  
n a t i o n 2>/F Suet o f  s q u a r e s  K ean s q u a r e o f

▼ arl& nee

f e t a l  2 1 ?

B etw een  dam e1 
families k 6

B etw een  s i r e s 1 
f a m i l i e s  7

B e tw een  dam s 
w i th in  s i r e s  I f

B e tw een  f h l l  
s i s t e r s  171

2 6 7 . 9 1 9 .1 9

1 2 0 . 0 6 2 .^ 2

4 6 . 6 3 3 .3 6

73,429.06

147,8;6.®7

6.661*91

1,882.80

864.66

B * 4.64 A *S?.25#

B * 4.64 4
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F igure k* Frequency d is t r ib u t io n  o f th e  th y ro id  w eigh ts  
o f  the tr e a te d  and c o n tr o l progeny*

a -  Treatment

100 2Q0 300 ifcDO

Thyroid Weight in  Centigram s

500

b — C ontrol

100  1 ^ 0  1 8 0  
Thyroid Weight in  M illigram s

220 260
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rednecd io its  component* nn shewn in the last ctoluem of a** oh -nc of 

the fie fpMes. Hence, these components are calculated a 15 giv^n in-
CD

T- .h ie s  33 3-4. Trout tbe^e eorsnonemts t h e  g e n e t i c  , omriron?̂  onfcal

r̂ benobynic correlations are calcc&ateA according to the t lapse 

formulae Trtvionsly given under the "method of analysis14. I'hese

a « , t l a a t e e  a r e  g iv e n  i n  ^ n b le  3 5 .

In the c o n t r o l  grout* #co«rvurlng the genetic correlation between 

body veight and thyroid weightt shows that there is a high genetic 

relationship between tliec.e '-eights, This feet is rowdily esenl nimble 

b y  she  c l o s e  r e l a t i o n s h i p  "between metabolic r a t e  and g ro w th  and th e  

th y r o i d  g la n d .

The s m a l l e s t  v e v o r te d  c o r r e l a t i o n  I n  t h e  c o n t r o l  g ro tic  i s  t h a t  

b c w e e n  b o d y  we l g h t  hud t e s t e s  w e ig h ty  v i s j« i). 1 3 0 * $ h l s  wê aJs. ?©>• 

l ^ t t o n - s h i r  i s  e v id e n t  fro m  t h e  f a c t  t h a t  th e  f u n c t i o n  o f  t h e  t e s t i s  

).s ■.-■rimcrily r e p r o d u c t i v e • A lth o u i^ i t h i s  c o r r e l a t i o n  i s  low* .re t  i t  

i n d i c a t e s  some r e l a t l o n s h i i o  "between t h e  t e s t e s  w e ig h t  an d  bo d y  w e ig h t*

In the control group* the genetic correlation "between the 

thyroid weight and the teste? weight is a medium sis#one (0.400); 

this fact may he due to the endocriml relationship "bet we chi the two 

yl,:,,nd£ through the hypophysis. However, since "both glands are 

correlated with the body weight* it  seems advisable to resort to a 

rartial correlation between t h m  as will be shown later.

(1 )  T he te rm  g e n e t i c  c o r r e l a t i o n  a s  u s e d  in. t h i s  s e c t i o n
r e f e r ®  to  t h e  c o r r e l a t i o n  f o r  t h e  e s t i m a t e  o f  w h ich  t h e  t o t a l  

5;tic covariance and v a r i a n c e  have been used.
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I f  I h l i  eowtcarisen is  extended %o th© trea ted  groups, we fenTt 

emite a d iffe re n t s itu a tio n . Vh® genetic co rre la tio n  between body 

weight fend, thyroid weight are s t i l l  the highest along the observed 

estimate# for th is  g row . However, the s itu a tio n  with renrect to 

mmc is  reversed so th a t while im the controls the fee a le t h a v e  a  

higher genetic co rre la tio n  than that of the males, the revere# 

is  true  under the treatm ent. Moreover, the genetic co rre la tio n  

between hody weight and test#--* weight is  higher in  the trea ted  

"bird# than i t  i s  i»  the con tro l. Meanwhile, the genetic eorr*» 

la tio n  between thyroid gland and te s te s  weight is  almost the mat® 

under the treatment and the contro l.

f h e  d a t a  of T a b le  35 c o u ld  be d iv id e d  in to  two d i s t i n c t  

g ro w ®  ms t o  t h e  r e l a t i v e  m a g n itu d e  of t h e  gome t i c  c o r r e l a t i o n  t o

the? corresponding phcnobymic on#. The first group apprises the

f i v e  p a i r #  of c h a r a c t e r #  of the control and. the trea ted  f#*aal«#  

and t h e  trea ted  s ta le * .  T he s e c o n d  grow c o m p r is e s  t h e  t h r e e  

p a i r #  of c h a r a c t e r s  o f  the control s a le ® . The d i s t i n c t i o n  b e tw ee n  

t h e s e  tw o g r o w s  l i e s  im th e  f a c t  t h a t  w h i le  t h e  g e n e t i c  c o r r e l a t i o n  

is  g reater % ham the mfeemotypl© ones in the f i r s t  grouo, the <roces i t#  

s itu a tio n  is  t r u e  w i th  respect to the second g row . I t  is  <xm* 

e e l vabl•  t h a t  i f  the two e n v iro n m e n ts  of a p a ir  of c h a r a c t e r s  h a v e  

something im common, them the mhenotypie correlation, hecosies *praat#er 

than the gen#tie on®. Accordingly there nuct he something common 

to  the- e n v lre n iie z i t  o f  e a c h  p a i r  o f  c h a r a c te r ®  r s n o r t e d  i n  th e  

second, grotip. H ow ever, t h i s  conrton fac to r could mot b e  thyroxins, 

sine® the control fenales trnv# not a higher phenotypic co rre la tio n



m

th a n  t h e i r  g e n e t i c  ®m«. H en ce , we h a v e  t o  lo o k  f o r  a n o t h e r  f a c t o r  

and in  order t o  caplain it  the teefenioue of p a r t ia l  c o r r e l a t i o n  is  

r e s o r t e d  to b e lo w .

letm rnin^ to the c o r r e l a t i o n  b e tw e e n  the w e ig h t*  of the thyroid 

. nd te s te s , i t  h a s  b e e n  previously s ta ted  tha t sines each one of t h e a e  

^ la id i I s  corre la ted  with the bo d y  w e ig h t» then i t  seem s acre  reason*- 

able to e v a l u a t e  the r e l a t i o n  b e tw e e n  the tw o g la n d s  in  term® of 

• o a r t i a l  c o r r e l a t i o n * .  t h e s e  e t a t  1 s t i e s  b e tw e e n  th e  tw o g la n d s  w e re  

a i l  d ila ted  according to  t h e  formula give® by SneAeeor (19^6). For 

the c o n t r o l  g ro u p  t h e  p a r t i a l  e o r r e l a t i o n  b e tw e e n  t h y r o i d a l  w e ig h t  

and te s te s  weight ( i . e .  t h e  b o d y  w e ig h t  h e  l a g  h e l d  c o n s t a n t )  a re  

0.391 and 0.305 ®» t h e  g e n e t i e  and p h e n o ty p ic  lev e ls , r e s p e c t i v e l y  

( T a b le  3 6 )*  I t  i s  evident th a t the re la tiv e  s i t u a t i o n  b e tw e e n  the 

c o r r e l a t i o n s  on the tw o lev e ls  is  r e v e r s e d  to  th a t the p a r t ia l  

genotypic c o r r e l a t i o n s  i s  a c t u a l l y  h l ^ i e r  t h a n  t h e  r h e n o t y p i c  one 

when the body w e ig h t  is k e p t  c o n s t a n t ,  t h e  d irec t co ro llary  from 

th is  i n f e r e n c e  i s  t h e  fac t t h a t  th e  body weight 1® the common fac to r 

which i s  r e s p o n s i b l e  f o r  t h e  i n c r e a s e  i n  r e s e m b la n c e  b e tw e e n  t h e  

weights of t h e  tw o glands.

fh* p a r t ia l  e e r r e l a t l o s s b e t v e e a  t h e  two glands in the t r e a t e d  

grm sp a re -0.061 a n d  0 . 03b o n  t h e  g e n o ty p ic  an d  t h e  p h e n o ty p ic  lev e ls , 

respective ly . Therefore, i t  is  evident th a t the v a r ia b il i ty  of 

body w e ig h t  c o m p r is e s  almost a l l  the genetic a n d  phenotypic 

c o r r e l a t e d  v a r i a b i l i t y  b e tw e e n  th e  two g l a n d s  i n  t h e  t r e a t e d  b i r d s .

I f  the thyroid i s  kept constant (fab le  3 6 ) ,  the p a r t ia l  

c o r r e l a t i o n  b e tw e e n  b o d y  w e ig h t  a n d  t e s t e s  w e ig h t  i n  t h e  c o n t r o l
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group become* This fac t r t m l t  th a t th e  m i a a e t

of th e  th y ra ld  weight a a o o o its  alm ost e n t ir e ly  for the c o rr e la ted

v a r ia b i l i t y  betwcan body and teat®# weights.* In  th e  tr e a te d  birds*  

though tha p a r tia l. o o m U t Ians a re  la a a  than th e  sim ple ones* y et  

the f  ©riser s t i l l  in d ic a te  a f a ir  r e la t io n sh ip  between body w eight 

asad t e s t e s  w eight even when the th yro id  w eight i#  kec^t co n sta n t, 

He&ce* i t  se e s#  reason ab le  to  in fe r  th a t by d ep r iv in g  th e  animal 

o f  tbyroseine the te s t e #  w eight i s  more h ig h ly  c o r r e la te d  w ith  the  

body w eight r e g a r d le s s  o f  th e  gotterogem ie c a p a c ity  o f  th e  thyro id  

'"■I and*

Kmmpim  te s te s  weight constant* I t  i« ev id en t th a t the s itua 

tio n  does mot a l t e r  the r e la t io n sh ip  between body weight and. thyroid 

weight as previously  estimated by the s ta p le  co rre la tio n , there

fore* i t  could ha concluded th a t the variance of tes te#  weight 

has neg lig ib le  e ffec t on the corre lated  v a r ia b il i ty  between the 

thyroid weight and body weight*

gen era l D isc u ss io n

In t h i s  p a r t  o f  th e  d is c u s s io n  an  attem pt i s  s a l e  to  mcsornnt 

in  g e n e ra l  f o r  th e  r e s u l t s  a s  rep orted  and d is c u s s e d  se p a r a te ly  f o r  

each c h a ra c te r  in  th e  p rev io u s p a g e s .

The r e s u lt*  show t h a t  l a c k  of th yrox in e has one gen era l 

o f f s e t  on the p h en otyp ic  v a r i a b i l i t y  of a l l  the c h a ra c te r#  studied*  

T h is e f f e c t  I s  to  in c r e a s e  m u ch. v a r i a b i l i t y .  T h is  In crease  I n  

v a r i a b i l i t y *  however* i s  l im i te d  to  th e  ‘cfcenotypie le v e l*  th e  e f f e c t s
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fable 2 $. Analyst* of coeaz'ist&eo of 'body weight
®*&4 t h y r o i d  w e ig h t  -  t r e a t e d  t m m l m  p regeag r
a t  10 w eeks o f  ago*

y  s / ,  ^ o f  « « *
C o ^ r ia  it© * ^redeot*  Pro duet

Oois^ejaeni® o f  
th w * * l* A # o

f a t a l

Sotwoeft doao*
f e a i l i© ®

Between* sireo*
f e m il i# ®

B etw e e n  4  i.ms
w itb im  s tiro e

B otw ooa f u l l -
•si s t o r e

« #  3,135.601.64

51 1,432,161.81

? 302,878.02

44 1,129,283.79

168 1.703,439.83

43,268.29 B*4.234*27.503

2 5 . 6 6 5 . ^  8 , 4 .2 3 4

10,139.52
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$a%l# 26 . Aa*ly*l* o f covarian ce  o f  ©ody w eight 
and th yro id  vet&ht *» control. feasal* 
$reg*egr a t  1© we«fc* o f  age*

S o u rc e
o f

cova-riatiM

B /# Stsa of
orodnets

Mean 
n r e d  m ot«

Component* of
c o v a r i a n c e

* o ta l  21? 550*782.1

Between dam*1
feo iU e*  . 46 277,389.3

Between d m *
f a m i l i e s  7  1 2 4 ,9 1 6 .6

Between. fame
v ith in  sir®* 37 154,4?2.?

B etw een  f o i l
s i s t e r *  1 ?1  2 7 1 * 3 9 2 .8

1 7 * 8 4 $ . 2  B * 4 .6 4 a * 2 7 . 25s

3 , 9 6 0 .8  B *4.64A

1,587.1 »
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Tab!® 2 7 .  A n a ly s i s  o f  c o T ^ r ia n e s  o f  Body v s i g h t  mud 
t h y r o i d  wolgjht -  t r e a t e d  .m i s  p ro g e n y  
a t  10 w ssk s  o f  a g e .

S o u rc #
o f

c o t r a r i s  t i o a
B /»

Sum o f  
p r o d u c t s

M « ta
p r o d u c t s

Q o a p o a o a to
o f  © or^ri& a© #

f e t a l

B etwooii dam©1 
fn m lllo o

Between s lr e * 1 
fassiX io *

B etw een  dams* 
wi t h i a  s l r o o

199 3 ,32k. *77.3*

* *  1 ,7 0 2 ,  § 2 6 . k 3

7 1*1 ,8^5,. 25

37 1 , 5 6 0 .981.18

2 0 ,2 6 3 .6 1  B4*K*MMkf258

k 2 , 1 8 8 .6 8  B dk.kkA

B e tw im  f u l l  
B r o th o r • 155  1 , 6 2 1 , 6 5 0 .9 1 1 0 ,^ 6 2 .2 6  B
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fm bl©  28. Analysis o f  oomrisuoo of “body  wol^kt 
a n d  th y r o i d  w e ig h t -  c o n t r o l  m a le  
prouooy at 10 wo ©tee of a^o.

S o u rco
o f

c o v a r i a t i o n
B/JP

S o a  o f  
p ro d u c t®

Koftft
p ro d u c t©

CoHpoao.xk.ts o f  
eovnrioaao

T o t a l

I ^ t v ^ e a  dam©1 
fe m ll iS B

Between sir#©1
f s s * il lo s

B e t w e e n  dost©  
within. s i r e s

l e t  w e n  f u l l  
Brotfcoy©

202 71*6 , 1*7 5 . 6 ?

A2 2 2 2 ,5 1 3 .3 ?

7 9^.537.77

35 127,985.5®

1 6 0  523,962*JtO

13.503.97 B*4,72*o25. 37S

3 , 6 5 6 . '

3 , 2711. 7?

3 * 4 .7 ? i 4
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B afel®  2 9 *  A a m ly ®!9 o f  c o v a r la n o ®  o f  b o d j  v e i ^ a t  

a n t  to o t« g  w n i ^ t  ~ pro& m w
a t  10 wookg o f

o f
aovarleuMMt

» / * 9m  o f  
T jroduct 8

W#aa
rsroduct*

Co»po&&at& # f  
e o t s r i a a s f l

" to ta l

Betwoom dam®*

199 1,290,692.50

w* 553.829.30

Between ■Ire#' 
{ n d l i M ? 273,769.38 3 9 ,1 0 8 .6 3  » |i» .W ia« .25S

B e tw een  d u n s  
w i t h i n  e i r e e 37 280,068.92

B etw e e n  f u l l  
fcfo th « r» . 155 736,863.20 *■ .753.96



7 3

fafel# 30. of cor&rXmmm #£ %*6p weight
**aA *«»*•« walg&t *  c o n tr o l prmsmmp a t  
10 w ««ks t l  ag » *

iatapes*
•*

eavariaaft#
1/F M i m i 

f f M l i
§(«&&

|V » ll« l«
Goaponoat* of

fa ta l 2 0 2 1 .802,53^-61
t o ia 1

fitel& iat *2 ^ , 329.91
3 •%«•«• «tr#«9 
M i i . i i T 154*690.^1 22,1*12*92 B**.?2>u.25.37«
Bat****. t o w  
v'ltiiln a lres 35 an, 63**50 7 ,926.80 M .? 2 A

Between f u l l  
Wat&a$a 160 1,368.206.70 6.01.29 »
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t* b l©  31 • A a a ly s ig  o f  e o m ri® a e ©  o f  t h y r o i d  w & i^ it 
• a d  i s « t o #  w e ig h t  *  ir© a t« &  p r o c o a y  a t  
10  w#@k« o f  •&+•

Sourc©

© o m r i  s t i e s
o / y Stm ©£ 

p r e d u e t#
M «ui 

p r o d u e t#
C©ap©o«ni i? ©f 

e o v n rla ite ©

t o t a l

B e tv e o u  dam s1
f t e i i i ® #

S o t - ^ o a  s i r © # 1 
f&udLXi©#

B © two ©a  d aia ©
• d t h t i i  i d  r e s

B«tvf»©a f u l l  
b ro th .© ?#

1 f t  7 f l* 9 f3 .0 1  

M» * U ,* 5 2 .* 3  

? 189 .985-70

3? 2 2 l.W 6 .9 3

155 380.5W.iM5

27.1W .81 B**.W«U25S

5 .9 8 5 .5 9

2 ,* 5 5 .1 0
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f a b l e  3 2 . A n a ly s i s  o f  g o v e r1 erase o f  t h y r o i d  w e ig h t  
a n d  t s s t& s  w e ig h t -  c o n t r o l  p ro g e a y
a t  10  w eeks o f  a^fs*

S o u rc e
o f

e o v e r la i i e e
0/F StSB # f  

pT*4a*%*
M ean

p r o d u c t s
O o a p o ite a ts  o f

c o r s r l s n s #

fotal

B e tw een  dam®1 
f a m i l i e s

B e tw e e n  « i r i * *  
fa .m 5 .lies

202  507,?66.2S

42 16S.195.35

?  5 7 * 9 3 5 .0 7 8 , 2 ? 6 .  4 4  1 * 4 .724* 2 5 .3 7 $

d an #
i d t f c in  s i r e s

B e tw een  f o i l  
b r o t h e r s

35 110 , 260 .28

160 339,570.90

3.150.29

2,122.32
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A

©j& a d d i t i v e  g e n e t i c  v a r i a b i l i t y  b e i n g  i n c o n s i s t e n t  a n d  d e p e n d e n t  

u p o n  t h e  c h a r a c t e r  l a  q u e s t i o n .  f tm s ,  w h i le  t h e  l a c k  o f  th y ro x in ©  

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

a n d  t h y r o i d  w e ig h t* i t  I n c r e a s e s  t h a t  o f  body  fte& eu ren e iit a n d  

t e s t e s  w e ig h t .  fh#@# d ls e r e p a n e le @  a p p e a r  to  r a i s e  earn© c o n t r o 

v e r s y  an d  t h e  f o l l o w i n g  i s  o f f e r e d  a s  a n  e x p la n a t io n s

%
l o t  (5 »  th e  p h e n o ty p ic  v a r ia n c e *

d ?  -  t h e  a d d i t i v e  v a r i a n c e  d u e  to  th e  t h y r o i d  g l a n d .

«• t h e  a d d i t i v e  v a r i a n c e  d u e  to  all no a-thyroidal 
O M e e s , v i s *  a l l  s o u r c e s  o f  a d d i t i v e  g e n e  t i e  

v a r i a n c e  ex©o p t  t h a t  c a u s e d  b y  thyroxine.

0-g -  t h e  e n v i r o 3 » « n ta l  v a r i a n c e  •

A c c o r d in g ly ,  i n  th e  n o rm a l b ird ©  th e  k e r l t & b l l i t y  o f  < 

c e r t a i n  t r a i t  i n  th e  n a r r e i r e c t  s e n s e  w i l l  b e t

h ?  -  6 l  * i  < p

€  '♦ <5* ♦  <Q a  38
ifh e re  t h e  s u b s c r i p t  e  is s a n s  t h e  c o n t r o l s .

If the aaiml is d e p r iv e d  fro ©  th y r o x i n e ,  th e n  t h i s  

h e r ! t a b i l i t y  becom es* 2
a  «*, s  S_____

^  V %  (2 )



m

W here the s a h e e r t u t  t  m m xm  th e  t r e a tm e n t*  end it  Is evl&«*
2 2

e a t  t l m t  w h a te v e r  t h e  s i s *  o f  Gg may U ,  t h e  h  1# a lw a y s  g r e a t e r  

th a n  * v  I n  © they  w ords*  t h i s  c o n c lu s io n  mwm®  t h a t  t h e  c © n tro l  

b i r d s  s h o u ld  a lw a y s  hav© a  g r e a t e r  p e rm em teg e  * i  e d & t t iv e  g e n ® tie

v a r i a n c e  th a n  t h a t  o f  t h e  t r e a t e d  b i r d s .  fit© a to v *  r e l a t i o n s h i p  

h&:.; b e e n  s t i i f f i i  w i th  r e s p e c t  t o  the i r r i t a b i l i t y  o f  b o d y  *. e i g h t  

&ad t h y r o i d  w e ig h t .  However* i t  s h o u ld  he noticed t h a t  ^  s h o u ld  

a lw n y *  h e  the sam e im  h o t h  t h e  t r e a t e d  &&& th e  c o n t r o l  g receo s .
3

' i t  && in  the t r e a t e d  t l r d *  is  i n c r e a s e d  over th a t of the con tro l.
2 2  

th e n  h$ i s  g r e a t e r  th a n  h  . t h i s  r e l a t i o n s h i p  1ms b e e n  o b s e r v e d

with r e s p e c t  to the h e r l t & b i l l t y  of b o d y  a e i? m re m e « te  and t e s t e s

w e ig h t  a » i  i t  l i l i e s  t h a t  the e x p r e s s io n  o f  the a d d i t i v e  g e n o ty p e

o f  th e  noa~  t h y r o i d a l  c a a e e s  o f  i « v * l* p 8 e a t  i s  a p t  t o  h e  c h a n g e d

•under t h e  t h l o u r a e i l  t r e a t m e n t  ( o f .  Juhn*  1 9 ^ 5 ) .

F i n a l l y ,  i t  ha® “b e e s  p o i n t e d  o a t  i n  th e  i n t r o d u c t i o n

that g ro w th  Is th e  o a te e ia e  of mitotic a c t i v i t i e s .  I t  Is desirable

b e f o r e  t h e  d i s c u s s i o n  cone® t o  a n  end  to  d w e ll  f o r  a  w h i le  ug>©n th e

r e l a t i o n s h i p  b e tw e e n  m i t o s i s  a n d  t h e  ho rm one t h y r o x i n e .  I t  1®

w e l l  e s t a b l i s h e d  t h a t  t h e  fu n d a m e n ta l  f u n c t i o n  ©f t h i s  horm one

i s  i n  m e ta b o l is m , Whmtk no t h y r o x i n e  i s  s e c r e t e d  t h e  M e ta b o l ic  r a t e

is re d u c e d  t© a minimum ms is the c a s e  when there is starvation.

Sam* s t u d i e s  o s  t h e  e y t e i o g l e a l  c o n s e q u e n c e s  ©f s t a r v a t i o n  in

^nimnls have show n that mitosis I© hampered under each conditions

an d  I M t  p r i m a r i l y  o c c u r s  h een n .se  o f  a c h e m ie a l  c h a n g e  i n  t h e  ch ro m e-

s * s e s  th e m s e lv e s .  B a r l l r n g te a  a n d  E i t h e r  ( 1 9 ^ 9 )  so m m a rlsed  t h i s

s i t u a t i o n  a® f o l lo w e r  The chromosome® f a i l  to  re p ro d u c e *  o r  to



at

s e p a r a t e  i n  m i t o s i s  a n d  t h e  s o i l i n g  o f  t h e  chrom osom e t h r e a d  &o»s 

mot 3 c m ? .  T h e s e  a u t h o r s  a t t r i b u t e  such f a i l u r e  o f  m i t o s i s  t o  t h e

l-aclt o f  n u c l e i c ,  a c i d  w h ic h  11 r e g u l a t e s  t h e  r e o r e d u e t io m  o f  t h e  

chrom osom es* •

Im accordance with these findings, W ittier a si Herman' (1§50) 

iyjti recen tly  demonstrated that a solution of thyroid mowden w ill 

induce abnormal m itotic figu res im the root of the onion (Allium 

eepa) • BOwerer, other mammalian hormonal safestanoee such as 

a&rei&llme« ineolin and parathyroid mowder fa i le d  to induce these 

^femormol1tto e  * th e ir  findlmc*. though met otmflmimg' the e ffec t 

of thyroxine on m itosis, d e f in ite ly  showed th a t such am effect  

i s ' due to *an untemowfi enter soluble fac to r In diesieeated thyroid 

tissue8.
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H ig h t  .1#% Bamc s h i r e  s i r e s  w e re  m a ted  to  am a v e r a g e  o f  f i v e

fesss&lei* f& cb , an d  th e  o f f s p r i n g  o f  e a c h  h « a  w «r«  d iv id e d  i n t o  tw o 

g ro ti& s. On® g ro u p  s e r v e d  a s  c o n t r o l s  w h i l e  t h e  o t h e r  g ro u p  was f e d  

» ration c o n t a i n i n g  0.2 u e r  c o a t  t h i o i i r a c i l . $ k e « e  two g r o u p s  of 

f u l l ~ e l f e s  w ore  co m p ared  w i th  r e b o o t  t o  e s t i m a t e s  o f  h e r i t a b i l t t y ,  

sM . p h e n o ty p ic  c o r r e l a t i o n s ,  ffce  c h a r a c t e r s  s t u d i e d  w e re  

t h y r o i d  w e i g h t , t e s t e s  w e ig h t , to d y  w e ig h t*  ■and th e  t h r e e  b o d y  

ew m su rem ea tsf k e e l  l e n g t h ,  to d y  d e p th  a n d  sh an k  l e n g t h ,  f h e  

a s e iiM ^ tlo n  i s  n o d e  t h a t  d i f f e r e n c e s  b e tw e e n  t h e  two grot**?a, w i th  

r e s p e c t  to  t h e  a b o v e  m e n tio n e d  s t a t i s t i c s *  show t o  w h a t e e t e n t  

t h e  p o ly g e n e s  o f  t h e  c h a r a c t e r s  c o n c e rn e d  n e e d  th y r o x i n e  f o r  t h e i r  

n o t io n *  f h e  r e s u l t s  a n d  c o n c lu s io n s  w e re  a s  fo l lo w s *

1 .  t h e  c o n t r o l  b i r d s  c o n s i s t e n t l y  g rew  m ore  r a p i d l y  th a n  t h e  

t r e a t e d  o n e s .  fh@ d i f f e r e n c e s  i n  r a t e  o f  g ro w th  w as s e « l  n o t i c e a b l e  

h e tw e e n  t h e  sec o n d  a n d  e f * t h  w eeks o f  a g e*  a f t e r  w h ic h  t i n e  t h e  tw e 

.g ro u p s  h a d  a lm o s t  c o m p a ra b le  r a t e s  o f  g ro w th . B etw een  th e  s i x t h  

a n d  t h e  t e n t h  w ek ss  o f  a g e  t h e  t r e a t e d  B ir d *  w e ig h ed  a b o u t  60 o©r 

c e n t  mm much a s  t h a t  ©f t h e  c o n t r o l s .

2 .  5?fce f e m a le s  w e re  m ore r e s i s t a n t  t o  t h e  t r e a t m e n t  th a n  t h e  

m a le s  w i th  r e s p e c t  t o  r e t a r d a t i o n  o f  g ro w th , f h i e  s e x  d i f f e r e n c e  

fceoafite m o re  e o n e p ie to a s  a s  t h e  b i r d s  becam e o l d e r .

3 .  S ine®  t h e  t r e a t e d  b i r d s  d id  n o t  sh im  e e m » le te  a r r e s t  o f  

g ro w th *  i t  w as c o n c lu d e d  t h a t  some o t h e r  g ro w th  f a c t o r s  m a s t  h e  

©u •->*' t  3»ng.
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x»t te a  weeks o f  a g e  the k e e l le n g th  and shank l e n g t h  o f  th e

treated birde were 25 r tr  cent le s s  than those of the controls. Body 

d e p th  was o n ly  &bomt 20 p e r  cent l e s s  i n  t h e  fo rm e r  than i n  t h e  l a t t e r .

5 . $ h #  bo d y  m e asu rem en t*  o f  t h e  t r e a t e d  f e a e l e s  w ere  l e e s  

a f f e c t e d  b y  t h e  t r e a t m e n t  th a n  th o s e  o f  t h e  m a le s .

■6 . On t h e  a v e r a g e ,  t h e  t h y r o i d  w e ig h t  o f  t h e  t r e a t e d  hlrdLe 

u t  t e a  w eek s o f  a g e  w as a b o u t  s e v e n te e n  t im e s  t h a t  o f  the control 

b i r d s .  P r a c t i c a l l y  a® n*x  d im o rp h ism  w as n o t i c e d  w i th  r e e w e o t  t o  

th e  t h y r o i d  w e i g h t .

? .  T he a v e r a g e  t e s t e s  w e ig h t  o f  t h e  t r e a t e d  m a le s  w as a h o u t  

35 P e r c e n t  l e e s  th a n  t h a t  o f  t h e  n o rm a l b i r d s ,  the average 

t e s t i c u l a r  weight per gran of body weight was, however, c o n s t a n t  

l a  b o th  groups ( 0 .1 2 9  and 0 .1 2 0  c e n t ig r a m s  for the treated a n d  t h e  

c o n t r o l  g r o w s ,  r e s p e c t i v e l y ) .

a .  t h e  phenotypic variance of the treated b i r d s  i s  e a c h  greater 

*«&a U fe t o f  t h e  c o n t r o l  b i r d s  i n  a l l  t h e  studied c h a r a c t e r s .

9. She p h e n o ty p ic  v a r i a n c e  of b o d y  w e ig h t  i n  t h e  treated birds 

w as r e l a t i v e l y  h i g h e r  t h a n  t h a t  o f  b o d y  nsasnremeiitt.

1 0 . !i*be e s t i m a t e  o f  t h e  p e r c e n t a g e s  o f  t h e  t o t a l  g e n e t i c  

v a r i a n c e  was p a r t i a l l y  o b e c n re d  b y  a  eem sea  e n v i r e n a ie n ta l  f a c t o r  

w h ic h  m ig h t b e  d u e  t o  t h e  e x t e n s io n  o f  t h e  h a t c h i n g  s e a s o n  e v e r  a  

c o m p a re ,l iv e ly  l o n g  p e r i o d  o f  t i n e ,  o r  t o  a  h ig h  f r e q u e n c y  o f  neei«* 

d e n t a l  r a i s i n g  o f  p a t e r n a l  h a l f - s i b s  t o g e t h e r .  B e s id e s  t h i s  common 

f a c t o r  o f  e n v iro n m e n t , t h e  i n c r e a s e  o f  t h e  d a n 1* c o n t r i b u t i o n  o v e r  

t h a t  o f  t h e  s i r e * ®  i s  f e e  e i t h e r  t o  d e n i  n a n c e  o r  t o  m a te r n a l  e f f e c t®



o r  to  b o th .

1 1 . w i th  r e s p e c t  t o  bo d y  w e ig h t ,  t h e  d i f f e r e n c e ®  b e tw e e n  tlvr 

c o n t r ib u t io n ®  o f  th e  tw o p a re n ts?  sh o v e d  a  c e r t a i n  rh y th m  w h ic h  was 

d i f f e r e n t  i n  d i r e c t i o n  b e tw e e n  t h e  tw o s e x e s ,  i t  w s  e o n o ln d e d  t h a t  

s e x  ho rm o n es p l a y  a role i n  g ro w th , t h e r e f o r e ,  i t  v a t  I n f e r r e d  that 

t h e  p r o d u c t i o n  o f  ®ex ho rm ones may h e  t i e d  mp w ith  d o m in an ce  o r  

m a te r n a l  e f f e c t s  o r  w i th  b o th .

1 2 . th m  p e r c e n ta g e *  o f  t h e  add!t i r e  g e « # t i e  varta n e e  of body 

v e ig jb t w e re  i n  g e n e r a l  l a  t h e  c o n t r o l  g r e a t e r  t h a n  i n  t h e  t r e a t e d  

bird®, t h e  opposite, h o v e r  o r ,  t r a e  w i th  r e « n e c t  t o  body 

ae?*sarcM em ts a n d  te s t e ®  w e ig h t . f h i e  d i s c r e p a n c y  .;itfc  r e  s n o o t  t o  

the action o f  t h e  lack of th y r o x i n e  on  a d d i t i v e  variance w as ex 

p l a i n e d  on  t h e  s u p p o s i t i o n  t h a t  n o ly g e m le  a c t i o n  d i f f e r e d  u n d e r  

t h e  t r e a t m e n t .

1 3 . f h f  g o i t e r g e n l c  c a p a c i t y  o f  t h e  t h y r o i d  g la n d  v*«  

e n t i r e l y  earnsed  b y  n o n - a d d i t i v e  g s i e s ,  t h e  num ber o f  w h ic h  i«  t o  

b e  d e te r m in e d .  P o ly g en e®  d o  n e t  c o n t r i b u t e  to  t h i s  c a p a c i t y .

lb *  a e a e t i e  t h y r o i d  1 a c tiv ity  i n  t h e  normal b i r d s  a t  t e n  

v te k s  o f  a g e ,  »* i n d i c a t e d  b y  t h e  h e r i l a b i l i t y  o f  t h e  t h y r o i d  

w e ig h t ,  w as m e e t ly  m nder - o l y g e a i c  control ra th e r t h a n  non

add itive  gene a c t i o n .  I t s  her l i a b i l i t y  (nercefttagc o f  a d d i t i v e

v .^ r ia n e c )  wa® a t  l e a s t  0 .1 3 9  a n d  0 ,0 8 1  i n  t h e  fem ale®  an a  m a le s ,  

r e s p e c t i v e l y ,  f h e t e  e s t im a te ®  r e v e a l e d  t h a t  a  «rood s h a r e  o f  th e  

v n r i a b i l i t y  i n  t h y r o i d a l  a c t i v i t y  1® d u e  t o  e n v iro n m e n ta l  f a c t o r s ,

1 5 . I n  t h e  n o rm a l m a le s ,  t h e  t e s t e ®  w e ig h t  a t  t e n  week® 

o f  a g e  h»d  a  h e r i l a b i l i t y  ( p e r c e n t a g e  o f  a d d i t i v e  v a r i a n c e )  o f
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0,158 w h ic h  t l i l l a r l y  i n d i c a t e s  that m o st of i t s  -wiicnobynl© 

v a r i a b i l i t y  i s  d u e  t o  e n v iro n m e n ta l  cau se® .

1 6 , ffee in f t f« iie «  was made th a t th e  s-chromosome in  the fem ale  

I ms no m ^ or o f f s e t s  y e t  i t  is -•- o ly g e n la a lly  a e tlv « »

1 ? .  Body v « t ^ i  was. h i g h l y c o r r e l a t e d  w i th  t h y r o i d a l  a c t i v i t y  

i n  l o t h  th #  c o n t r o l  a n d  th e  t r e a t e d  g r o u p s .  £ b i*  f a c t  t ^ s  t r u e  on  

both p h o n o ty p ie  and. g e n o ty p ic  l e v e l * .

1 8 . I n  t h e  c o n t r o l  b i r d s  b o d y  w e ig h t  v a*  n o t  c o r r e l a t e d  w ith  

t e s t e s  w e ig h t .  f M s  s i  t u i t i o n  \m.w r e v e r s e d  u n d e r  the t r e a tm e n t*  

w hich, f a c t  shew ed t h a t  there m ig h t he e  c s » « n f a t o r y  c o n t r i b u t i o n  

fro m  th e  t e s t e s  t o  b o d y  w e ig h t .

1 9 . f h y r e t d  w e ig h t  a n d  t e s t e *  w e ig h t  h ad  p o s i t i v e  e o r r e l a t l o n e  

i n  t h e  n o rm a l b ird ®  ( 0 . 39I  a n d  0 .3 0 5  o n  t h e  g e n e t i c  a n d  r h e n o t y c i e  

l e v e l s ,  r e ? f o e e l i v e l y ) .  Stack a  c o r r e l a t i o n  a lm o s t  l o s t  i n  t h e  

t r e a t e d  b i r d s  £0 .0 6 1  ad  0 . 0 3 ^-t r e e p e c t i v e l y ) . W «nat, t h e  g e n e s  

c o n c e rn e d  v i t h  th e  i t  e u g e n ic  caw a  c i t y  a p r ^ r e n t l y  h a v e  no e f f e c t

on the testes e l s e ,

2 0 . t h e  v a r i a b i l i t y  i n  b o d y  w e ig h t a c c o u n te d  f o r  a  go o d  s h a r e  

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

weight*

2 1 . I t  I s  g e n e r a l l y  c o n c lu d e d  t h a t  g e n e  m o tio n  i s  c o n -  

sid@ ns.h ly  a l t e r e d  i f  t h e  b i r d  i s  d e r i v e d  o f  t h y r o x i n e  an d  t h a t  

t h i s  a l t e r a t i o n  ta k e *  d i f f e r e n t  fo rm * d e p e n d e n t  on  th e  k in d  o f  t h e  

c h a r a c t e r  an d  t h e  a g o  o f  t h e  i n d i v i d u a l .

mailto:sid@ns.hly
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