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Abstract of a thes i s  presented i n  parti a l  fu l f i l ment 

of the requ i rements of the Degree of Doctor of Phi l osophy 

M EASUREMENT , .MATHH1ATICS, AND MECHAN I SMS 

OF MAMMAL IAN GROWTH 

by ROSS GRAHAM CLARK 

Long i tu d i nal growth exper iments u s i ng rats , l ambs , and he i fers 

were anal ysed by esta bl i s h i ng l i near rel ati onshi ps between ages , l i ve 
wei ghts and body l engths i n  i nd i vi dua l  an ima l s .  Vari ou s  ana lyti cal 

methods were i nvesti ga ted . Stat i sti cal and b i o l og i ca l  reasons forced 

the l ogari thmi c transformati on of  wei ghts and l engths , a three 
parameter l ogari thmi c metameter was used i f  means and standard 

dev i at i ons  were correl ated on a two parameter l ogari thm ic  metameter . 

Age was transformed to g i ve l i near rel at ions h i ps . Changes to the 

exper imental des i gn and ana lys i s  of growth experiments were suggested . 

Effects were demonstrated i n  i nd i vi dual  an imal s that were 

prev i ou s l y  onl y shown for grouped data and the techn i ques• sens i ti v i ty 

produced novel fi nd i ng s . Rats were ovari ectomi sed at three ages 

and/or treated wi th oestrogen and s l aughtered at  four ages . The rat 

ova ry i nh i b i ted growth pre-pu berta l l y ,  and the response to ovariectomy 
or oestrogen was nega t i ve ly  rel ated to the pre-treatment growth ra te . 

iii 

Compensatory growth occurred fol l owi ng wean i ng i n  rats and fol l owi ng 

b i rth  i n  rumi nants . E s t imated i ni t i a l  we i ghts expl a i ned more of the 
var i ati on i n  subsequent growth rates than d i d  o�served we i ghts . I n  rats 

pre-weani ng growth l i nes  d i verged ( compensat i on bei ng negl i g i bl e) ,  
bi rth and weani ng we i ghts bei ng pos i ti ve ly  corre l ated , post-wean i ng 

growth rate was strong l y-nega t i ve ly  corre l ated wi th weani ng wei ght . 

E st imated bi rth and fi na l  we i ghts , a nd weani ng and fi nal wei g hts , were 
unrel ated ; compensati on bei ng nearl y compl ete .  
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Two sets of pre-weani ng l amb live wei ghts ( co l l ected by others ) 

were , for i nd i v i dua l  an ima l s ,  l i near i sed .  Pre-wean i ng compensati on 

occurred , a s  i t  d i d  i n  two i ndependent sets of wei ghi ngs from monozygoti c 
twin hei fers ( a l so co l l ected by other s ) . Compensatory growth , between 

and w i th i n sets of twi n ,  occurred rapidl y  to weani ng ,  then s l owed . The 

effi c i ency of i dent i ca l  twi ns for exper imentati on , u s i ng these methods , 

was s hown , as were the d i sadvan tages of u s i ng average dai l y  gai n s . 

The l i near re l at i onships d i d not expl a i n  a l l the systematic 

variation , short- and l ong-term osci l l at i ons  i n  growth rate occurred . 

Long-term osci l l ati ons were re l ated to l i ve wei ght rather than to age . 

Neo-nata l testosterone treatment of fema l e  rats transposed and advanced 

the pattern of growth . Both sex a nd stra i n  affected the pattern of growth . 

The pos s i b l e  u se of these techni ques in an ima l  breedi ng was d i scus sed . 

The l ogar i thms of l engths and wei ghts , a s sumed by many bi o l og i sts 

to be l i nearly  re l a ted ( a l l ometry ) , s howed curvi l i near rel at i onsh i ps .  

A techni que of carcass  ana l ys i s  was devel oped and appl i ed .  
Ovar i ectomy i ncreased rat body we i ght  and l ength but d i d  not produce 

obes i ty ( a ssayed by percentage compos i ti on and by a l l ometry) . Oestrog€n 

st imu l ated fat depos i ti on but i nh ib i ted linear growth . Body we i ght 's 
response to oestrogen was adapt ive , bone growth 's non-adaptive . S imi l ar ly  

there was a l arge pre-pubertal s ex  d i fference i n  body l ength but a sma l l 
• 

difference i n  body wei ght . Thi s separation of the mechan i sms 

control ling bone growth and body wei ght i ncrease was d i scu ssed . Part  

·Of the  i ncreased s i ze of ovar i ectomi sed rats was attr i buted to i ncreased 

sk i n  s i ze ( and a l tered composi ti on )  and decreased tai l l ength , giving 

decrea sed heat l os s , and i mproved energy u ti l i sati on for growth . 

Body growth occurs i n  two over l appi ng  phases , of cel l hypertrophy 

and cel l hyperp l a s i a ,  represented by different growth equat ions , and 

control l ed by d i fferent mechan i sms . A pos s i bl e  mechani sm control l i ng 

ce l l  hypertrophy , a nd d irecti ng compensatory growth , based on carti l age 

growth , wou l d  expl a i n  some of the effects descr i bed . The endocr i nol ogy 

of  the mechani sm ,  and oestrogen ' s  i nteracti on wi th i t ,  were di scu ssed . 
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PREFACE 

Th i s thes i s  does not beg i n  i n  the c us tomary manner , wi th a large 
revi ew of the rel evant l i terature . The c h i ef reason for th i s departure 
from c us tom be i ng the pauc i ty of l i terature rel evant to the areas covered 
by Cha pters One to Seven . Some parts of  th i s  thes i s  had been , or were 
abo ut to be , publ i s hed . Thus the present format refl ects an attempt at 
m i n imi s i ng the amount of  re-draft i ng of th i s  publ i shed materi a l . I n  
add i ti on the thes i s  evo l ved i n  a s omewhat unus ua l  manner , thi s  a l so 
determi ned i ts form . The i n i t i a l scope o f  the thes i s was to i nvesti gate 
the  effects of  sex s teri ods o n  body growth , body compo s i ti on , a nd the 
di s tri but i on of body fat i n  the l aboratory rat .  But the ch i ef mea s ure 
of body g rowth  used , l i ve we i ght , wa s fo und to be i nadeq uate ly  ana l ysed 
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i n  the c urrent  l i terat ure . Th i s l ed to a n  extens i ve study of the 
s tat i st i c a l  methods that coul d  be  a p pl i ed to l i ve we i ght  data a nd to the 
eventua l  c ho i ce of what appears to be  the mos t  frui tful l i ne of analys i s .  
The stati s ti ca l  method s devel oped for a n a lys i ng rat l i ve wei ghts were a l so 
appl i ed to the l i ve we i gh ts of  dome s ti c  a n i ma l s ( s heep and cattl e ) . 
S i nce wha t was ,  i ni t i a l l y ,  a sma l l part of  the thes i s  grew , i nto perhaps  
the  mos t  i mportant part , a re- structuri ng of  the  work was obv i o us l y  
necessa ry .  

The s tud i es i n  Chapters One to Seven wi l l  be  presented i n  ro ug h l y  
the order  that they were comp l eted . This method of presentat i on does tend 
to g i ve repeti tion as the same data i s  s omet ime s  ana l ysed a nd re-an alysed 
i n  separa te c hapters . E s senti a l l y  the s ame s tati s ti ca l  tec h ni ques are 
al so used and descri bed i n  more than one c h a pter . So some parts of the 
c ha pters c oul d  have been combi ned b ut the l i ne s  of reason i ng may have then 
become confused . Al so a reader i nterested i n  the growth of a s i ng l e 
s pec i e s  wi l l ,  under the present format , g enera l ly  f i nd the i nformat i on 
rel evant concentrated i n  one chapte r , o r  sect i on , rather than scattered 
throug h  the tex t .  Al tho ugh th i s  l ay-out enta i l s  some re statement  of  
methods the  genera l reader wi l l  note that d i fferent stati st i cal probl ems 
occ ur i n  the . var i o us s pec i e s  a nd da ta sets and  that their sol uti on  makes 
the who l e re l evant to the part i c ul a r .  The reader , i t  i s  hoped , wi l l  
benefi t from see i ng the methods descri bed i n  the order that they were 
deve l o ped , a nd app l i ed ,  as the l og i ca l  progre s s i on of the work s ho ul d  
become c l eare r .  
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C HA P T E R  O N E  

THE L I NEARI SATION OF BODY-WEIGHT AGE CURVES I N  THE LABORATORY RAT : 

SOME A P PL ICATIONS AND IMPL ICATIONS . 

Antipholus o f  Syracuse 

Transform me then, and to your power I ' ll yield . 

Comedy o f  Errors , III,  ii . 



I N T RO D U C T I O N  

The present chapter de scri bes  the devel opment of  a me thod of  

anal ys i s fo r rat bo dy we i ghts, and  i ts app l i cati on to  data co l l ected by 

the author .  Many prev i ous  authors ' ana lyses  of  l i ve we i ght  data h ave 
not avo ided the many p i tfal l s  and p robl ems i n herent to the anal ys i s of  

s uc h  data, or  have wa s ted i nformati on, and  their i nval i d,or  at bes t 

i neffi c i ent, s tati s ti cal techn i ques  have l ead to unjus ti fi abl e 
concl u s i o n s, and i n  some cases to p l a i n l y  wrong concl u s i ons . Thu s  the 

techn i q ues  devel oped wi l l  be s hown to g i ve, i n  some case s, conc l u s i on s  
that di ffer from those  reached by other workers . Some advantages of  
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the present  me thods, i n  terms of the des i gn and ana lys i s of experi ments, 

wi l l  al s o  be di scussed . 

a ) METHODOLOGY 

I n  experiments where body we i gh t  i s  s tudi ed i t  i s  usual to 

we i gh i nd ivi dual s on severa l occa s i rins; I t  i s  al so  common practi ce 

to tes t  for di fferences between treatments at each of the ages ( by 

• t• o r  ' F' tests ) and to report the effects of  treatment at each of 

the ages . However th i s  method of  anal ys i s  i s  not soundl y ba sed i n  

s tati s t i cs or i n  l og i c .  
R;A. F i s her ( 1939 )  noted that s ucce s s ive we i gh i ngs of i nd ivi dua l s 

are not i ndependent and so to anal yse the vari ati on i n  we i ght at each 

age and to combi ne the data obta i ned at di fferent ages wa s ' hope les sly 

encumbered . '  Unfortunate ly  i t  i s  st i l l  common practi ce to make s eparate 

anal yse s  of  s uccess i ve untransformed measurements on  i ndi v i dual s when 
the meas urements are nei ther i ndependent nor neces sari l y  no rma l l y  
d i s tri b uted .  

A n  exampl e of  the mi s l eadi ng  nature of concl u s i on s  reached by 

mul tipl e analyses i s  a s  fol l ows . Mul t ipl e ' t '  tes ts may s how the 

di fferences  between trea tments to be i ncreas i ng wi th age from age X 
to age Y, but a s i gn i f i cant di ffe rence between the mean s  i s  onl y  

reached at  Y .  One can see th at the 't' val ues are i ncreas i ng from 

X to Y but the method of  analys i s  on l y  al l ows one to s ay that the 
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va l ues were d i fferent  a t  Y .  The reg ress i on approach deve l oped here i n  
a l l ows the stati sti ca l  j ust i fi cati on o f  a much more i nformati ve concl us i on , 
that  the g rowth rates ( the  s l opes o f  the l i nes ) di verged from X .  

As most  autho rs a na l yse  rat body we i gh ts wi thout  tra nsfo rma ti on  
i t  cou l d  be  i nferred that rat body we i ght  i s  a norma l l y  d i s tri buted 
vari ab l e .  Th i s wi l l  be  s hown to be c l e arl y not the case . However 
for i ndi vi d ua l  rats a s i mpl e transfo rmati on of body we i gh t  res to res  
norma l i ty and  the tra ns format i on o f  age then  g i ves a convi nc i ng l y  l i near  
re l at ionsh i p  between we i ght  and a ge . Th i s  re l at i ons h i p  a l l ows a l i near 
regres s i on ,  wh i ch accounts  fo r over 99% o f  the vari ati o n , so that the 
d i ffi c u l ti es i nherent  i n  mu l ti p l e a n a lyses can be avo i ded . Some 
app l i cati ons and i mp l i cat i ons of th i s  l i near re l ati ons hip between \'/e i ght 
and  age , especi a l l y  concerni ng the e ffects  o f  the ova ry o n  body growth , 
a re then  d i s c ussed i n  deta i l . 

b )  APPL I CAT IONS 
Ovari ectomy i n  adu l t rats i ncre a ses body we i ght , b ut  pre -pube rtal 

ovari ectomy has been reported to i ncrease body wei ght  o n ly  after puberty 
( Wade , 1972 ) . Si mi l a rl y ,  puberty i s  sa i d to decrea se the rate of  body 
we i ght  gai n i n  the fema l e rat ( Wade , 1976 ) . As the techn i ques used to 
j u s ti fy these concl u s i ons  were tho se cri t i c i sed by Fi s her  ( 1939 ) , the 
p resent s tudy was des i gned to re- i nvesti gate the i nfl uences of  pube rty 
o n  body we i gh t  ga i n  i n  fema l e rats . 

Monte i ro and Fa l coner ( 1966 ) s howed that at  \'lean i ng there wa s a 
g reater va ri a ti on i n  the l i ve we ight  of rodents (p res umed to be d ue to 
ma ternal i nfl uences ) than  at  l a te r a ges , wh i ch sugge sted a form of  
compensatory growth occurred post-wean i ng . As a s i mi l ar compensatory 
growth may occur fo l l ow i n g  ovari ectomy the effects of  the pre-treatment 
rate of  growth and the u l t imate body wei gh t ,  on post-treatment g rowth , 
we l�e i nve st i gated fo 11 owi ng ovari ectomy and oes trogen treatment . 

Data wi l l  be presented to te s t  the hypothes i s  that body we i gh t  i s  
control· -ed t �:ede-te-r-mi ne body 
we_i gh t .  



MATERIALS AND METHODS 

Fema l e  Sprague - Dawl ey ra ts , o r i g i nal l y  o f  the S i monsen stra i n ,  
were bred a t  Massey Un i ve rs i ty .  L i tters were adj us ted  soon after b i rth 
to 10 p ups  per femal e .  An i ma l s were randomly a s s i gned to treatment and 
s l a ughter gro ups . B i l ateral ovar i ectomy , wi th ful l  s ham s urgery for 
contro l s ,  wa s carri ed o ut by a conventi onal fl ank  techn i q ue us i ng 
hypothermi a for the newb orn rats ( day 2 )  and e ther anaesthe s i a  for the 
ol der rats  (weeks 4 & 7 ) . Rats we re weaned at 3 weeks of age and 
randoml y d i s tri buted amongst  10 l arge col ony cages ho used  i n  a l i ght  
and tempera ture contro l l ed room ( 14h  l i g h t ,  l i gh ts off  at  7 . 00pm ; 
temperature 24oC±1 0) . A pel l eted rat d i e t  and tap wa te r  were offered 
ad libit um .  

A g ro up of ra ts wh i ch were ova ri ectomi sed  at wee k  7 ,  were i nj ec ted 
da i ly wi t h  oestrad i o l  benzoate ( EB ,  2 �g/day i n  arach i s  o i l , total vo l ume 
0 . 05ml ) s ubc utaneo us l y  i n  the nape o f  the neck , from 10 weeks of  age , 
for 2 week s  o r  5 weeks b efore s l a ughte r :  a control  gro up was i njected 
dai ly wi th arachi s o il  (see Table 8. 1, page 183) . 

-

Comp l e teness  o f  ovari ectomy was ascerta i ned at s l a ughter  ( a t  7 ,  
9 ,  1 2  and 15 weeks ) by v i s ual  i ns pect ion and by ana lys i s of  utlri ne 
wei gh ts . 

Rats we re we i g hed week ly  ( to the neare s t  gram)  unt i l s l aug hte r  
and exami ned da i l y  for vagi nal open i ng .  

B I OMETRICAL CONS I DERAT IONS 

The l ognorma l d i s tr i b uti on  o f  body wei gh t  ( Bl i s s ,  1 967) was 
ver i fi ed  i n  the present  experiment . Fi g ure 1 . 1a s hows that the 
untransfo rmed ·mean body wei ght  was ,  for OvX W4 a n ima l s ,  s trong ly 
corre l ated w i th the  s tandard dev i ati on ( r=+0 . 9 73 ) .  Howeve r ,  after the 
transfo rmati on  of  the data to l ogar i thms mean  and s tandard devi a t i o n  
were unre l a ted ( r =+0 . 086 ). The regres s i o ns were cal cul ated after 
we i gh ti n g  each standard devi ati on wi th i ts deg rees of  freedcm .  
Chapte rs 2 a nd 6 furthe r d i s cus s  t he  normal i sa ti o n  o f  rat body wei g ht 
.e��r-a�ants., especiall y  Fig. 2.4 page 35 and footnote on the faci ng 
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As stated i n  the i ntro duct i on to thi s c hapter the commonl y used 
techn i q ue of  appl yi ng an  ana lys i s  of vari a nce to the l i ve wei ghts a t  
each age can be di smi s sed a s  be i ng s ta ti s t i c a l l y  unsound . The method 
o f  i ncrements , o r  ca l c ul at i ng the a vera ge da i l y  gai n ,  i s  d i s c us sed  i n  
Chapter  10 where i t  i s  a l so s hown to be a s tat i s ti ca l l y  q uest i onabl e 
method o f  ana lys i s .  Th us a regre s s i on approach to the ana l ys i s  wa s 
i n ve st i gate d .  

Fo l l ow i ng the transformati on  o f  body we i ght  to l ogari thms , 
unwei ghted  pol ynomi a l  c urv i l i near  regres s i ons  were fi tted to the mean  
week ly treatment gro up body we i ghts by sequenti a l  addi ti on  of powers 
of h i gher o rder .  However th i s  method of  s tat i s t i ca l  ana l ys i s  was 
i nappropri a te for seve ral  rea son s :  

1 .  Seq uenti a l  s l a ughte r ,  nece s s ary i n  the des i gn o f  the expe ri ment ,  
res ul ted i n  the earl i e r  we i g h i ngs hav i ng a greater i nfl uence on  
the fi tted c urves than  later wei gh i ngs . 

2 .  Data from 4 unt i l 15  weeks o f  age was adequate l y  expl a i ned by 
l i near ,  q uadra t i c and c ub i c terms whereas data from 3 unti l 7 
weeks was expl a i ned  by a l i near  eq uat i on . Such  d i scordant  
eq uat ions  are d i ffi cul t  to compare . 

3 .  Di fferences co ul d  not be shown between the coeffi ci ents o f  the 
pol ynomi al e quat i ons for di fferent gro ups whereas a na l ys i s  of 
va ri ance s howed c l ear  d i fferences between these  body wei ghts 
at s l a ughte r .  

Al tho ugh pol ynomi a l  funct i on s  have conven i ent mathemati ca l  
properti es  the i r b i o l og i ca l  i nterp retati on  i s  obvi o us l y  d i ffi c ul t . 
Furthermore , the coeffi c i ents o f  the powers of  t ime a re s tati st i ca l l y  
dependent , so that s ubseq uent  s tati st i ca l  a na l yses a re d i ffi c ul t  from 
both the  techn i ca l  and  i nterpretat i ve vi ewpo i nts . Si mi l ar conc l us i on s  
were rea ched ,  and d i s c ussed , by van 1 t Hof et a l .  ( 1976 ) . 

These probl ems were reso l ved by the use o f  two tech n i q ues  that 
had not ,  to the a utho r 1 s  knowl edge , been p rev i o us ly  comb i ned i n  the 
one anal ys i s .  
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The fi rs t i nnovat i on wa s the use o f  a l i neari s i ng equati o n ,  
i n i t i a l l y  descri bed by Zucker & Zucker i n  a ser ies  o f  p ub l i cati ons  
(1941, a and  b ; 1942) and  recent ly  de scri bed by Bl i ss (1970), where 
the l ogar i thm of  body we i ght  i s  p l otted a ga i n st  the rec i procal o f  
age , from b i rth , i n  wee ks . L i near regre s s i on fol l ows . The i ndependen t  
vari abl e (age ) i s  a s s umed free from error so the effects on  var i ance 
of trans formi ng age to the rec i procal can  be i gnored . 

The second di vergence from common pract i ce fol l ows from the 
i dea that the growth of an i nd i v i d ual a n ima l  ( the i nd i v i dual c urve ) 
i s  i n  many way s more i nformati ve than the mean curve from a gro up 
of a n ima l s (the mas s  c urve ) . Th i s  i mportant  po int  i s  d i scussed 
i n  deta i l i n  Chapter 6 .  The fi r s t  s tat i s ti c i an to i mp l ement th i s 
i dea ,  i n  a n i mal exp eri menta t i on , a ppears to have been Wi s hart (1939). 

I ns tead of  fi tti ng a l i ne to the mean we i gh ts for each treatment 

. gro up Wi s ha rt fi tted l i nes to each i nd i v i d ua l  an imal ' s  l i ve wei ghts . 
A s tati s ti cal  advantage of fi tti ng l i ne s  to i nd i v i d ua l s ,  a nd then 
combi n i ng the data for a gro up of an ima l s ,  i s  that the wi th in 
an ima l  vari a ti o n  i s  separated from the between an imal vari a t i on i n  
the comb i ne d  ana lys i s .  

The refore , by a combi nat i on of Wi s hart's method and the 
Zucke rs ' eq uati on , a l i ne was fi tted to each i ndi vi d ua l  rat ' s  weekl y 
body we i ghts . L i neari ty was s tat i sti ca l l y  confi rmed when seq uent i a l l y  
fi tted powers o f  h i gher  order gave no greater expl anat i o n  of the data 

8 

es ·wet"e '!ndysed as data-'_s_..... ___ , 

Groups were compa red  by ana l ys i s 
of vari a nce and mea n  s quares were s ubdi v i ded to g i ve compari sons for 
i nd i v i d ua l  degrees o f  freedom .  We i ght i ng us i ng the i nverse o f  the 
vari ance was cons i dered but as the s l opes a nd  constants were e st imated 
for des cri pti ve rather than for comparati ve reasons  wei ghti ng 



based up bn vari ances was cons i de red  unj ust i fi ed . Al tho ugh the more 
conservati ve we i ght i ng , by deg ree s  of freedom , was adopted an 
unwe i ghted ana lys i s o f  var i ance i nd i cated e s senti a l l y  the same 
d i fferences between the treatment  gro ups . Al so , for i nt ui ti ve reasons , 
one wo ul d choose we i ghti ng by deg rees o f  freedom. For exampl e ,  i f  
the vari ances of two esti mates  o f  a parameter ( s l opes o r  constants ) 
were e qua 1, but one e st imate was based upon 3 and the o th er upon 10 
meas urements , o n e  wo ul d s ti l � te nd to p l ace more confi dence i n  the 
e s t imate based upo n  10 meas urements . I n  Chapter 6 the res i d ual s 
abo ut the fi tted l i nes  are s hown to s how a h i gh ly s i g n i fi cant degree 
of ser ia l  correl at ion . Th i s  fi nd i ng adds further we i gh t  to the above 
a rg uments for the use of the more conservat i ve we igh ti n g . The abo ve 
method o f  compar i n g  the treatment gro ups is con servati v e  and was ,  
upon refl ecti o n , fo und to be somewhat c rude ; Chapter 1 0  descri bes and 
i l l ustrates the more refi ned techn i q ues d i s c us sed by Bl i ss ( 1967, 
Chapte r  1 3 ) . 

An examp l e  o f  the s ucce s s ful l i neari sati on obta i ned by the 
l og - rec i p rocal eq uat i on i s  i l l us trated i n  Fi g 1 . l b .  

The cal c ul ated l i near  eq uat i o n ,  

l og body wei ght  = b I age + l og A 

yi e l d s  two parameters , 

a )  The s l ope (b ) cal l e d by Z ucker and Z ucker ( 1942 ) a g rowth 
i ntens i ty factor, \'lh i ch wi l l  here i n  be cal l ed the rate of body we i g ht 
g a i n .  

b )  the con stant ( l o g A )  termed the i nherent s i ze factor by Zuc ke r  
a n d  Zucker ,  b ut i s  ea l ed t h e  ul timate body we i ght  i n  th i s work . 

Body wei gh ts we re transfo rmed to 100 t imes the l ogari thm 
to the base 10 for computati on .  
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TABLE 1 . 1a 

Wei g hted treatment  means and s tandard errors for the s l opes ( rates of body 
wei g ht gai n )  and constants ( ul t imate body wei g hts ) of the l i n ear  eq uat i on s  
re l a ti ng l og body wei g ht to the rec i proca l  of age . 

Trea tment 

P re-Ovx 

OvX 

E B-OvX 

SOU RCE  OF 
VARIAT I ON 

PAI RS 

TREATMENTS 

ERRO R 

DF 

13  

13  

13  

S l ope s ( ±S E )  

-3 79 . 0 3  ± 9 .  1 -

-494 . 3 1 ± 16 . 5 2 

- 264 . 08 ± 10 . 22 

Con s tants  (±S E )  

267 . 95 ± 2 . 45 

285 . 64 ± 2 . 1 1 

261 . 83 ± 1 0 . 73 

+ LOG1 o x 100 

Wei g hted pa i red ana l ys i s  of var i a nce of  the above da ta . 

DF -s l opes ( MS )  Consta nts ( t�S )  

Pre -Ovx v s . Pre -OvX v s . Pre -OvX Pre-Ovx v s  
OvX EB-OvX vs  OvX E B-OvX 

1 3  2575 . 0  2799 . 4  9 2 . 98 106 . 7 3** 

1 89493,5*** 7 7 74 3 . 3*** 2192 . 4*** 166 . 92* 

1 3  2594 . 0  1 61 2 . 8  64 . 93 26 . 59 

* P <  0 . 05 ,  ** P < 0 . 01 ,  *** P < 0 . 00 1  

(MS )  mean sq uare 

1 0  



FIGURES 1.2a, b� c, & d. 

PLOTS OF LOG BODY WEIGHT AGAINST THE RECIPROCAL OF AGE FOR RATS: 

1.2a - SHAM OPERATED AND OVARIECTOMISED AT WEEK 4, 
1.2b- SHAM OPERATED AND OVARIECTOMISED AT WEEK 7, 

(dashed line - extrapolated pre-ovariectomy growth line) 

1.2c - OvX W7 RATS, AND THOSE GIVEN EB FROM WEEK 10, 

(dashed lines- extrapolations of pre-treatment growth lines) 

1.2d - OVARIECTOMISED RATS OF FIGURES 1.2a & 1.2b, 

(dashed line - extrapolated pre-ovariectomy growth line) 

(dotted line - growth line of OvX W7 rats if their growth 

rate had equalled that for OvX W4 rats) 

1 6 5 
AGE,..._ ... ) 
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Al though  the u l ti mate body wei g h t  i s  hypotheti cal , be i ng the 
wei gh t  at i nfi n i te a ge , Zucker e t  al ( 1 �4 1 ) have s ho wn that body we i gh t  
i ncreases l i near ly a s  a function o f  a g e  u p  to 7 0  weeks . The we i gh t  
a t  s uch  an a ge , when expre ssed as  a rec i procal , c l os e ly  approaches 
the u l ti mate we i ght  so i t  i s  reasonab l e to extrapo l ate beyond the 
pe ri od mea s ured  i n  the present study .  Th i s  po i nt i s  further d i scus sed 
i n  Chapter 6 ,  a nd i s  i nves ti gated u s i ng unpubl i s hed data i n  ChapteriO .  

R ESULTS AND D I SCUSS ION 

The res u l ts and d i scuss i on a re presented under 5 headi ng �: 

1 .  Body We i ght  

2. Puberty and arowth 

3 .  Ovar i ectomy , u l t i ma te we i g ht  and rate of  body wei ght  ga i n  

4 .  Wean i ng we i gh t ,  we i ght  g a i n and  u l t ima te we i gh t  

5 .  General di scu ss i on 

1 .  BO DY WE I GHT 

The a na l ys i s of the body wei gh t  data i s  s ummari sed i n  Tabl e 1 . 1  
( a  & b )  and i l l us trated i n  Fi gure 1 . 2 .  The advantage of  the 
l i neari s i ng equati on when compari n g  g roups of  wi de ly  d ifferent body 
wei ghts can best be s een i n  Tab l e 1 . 1a where s l opes and constants are 
compared befo re ova ri ectomy , after ovari ectomy and fol l owi ng EB 

treatment . The cond i ti on of l i neari ty c l early maxi mi ses  the i nformat i on  
avai l a bl e  from a l i mi ted range of  val ues of  the i ndependent vari a b l e. 

I f  both pre-treatment  and post- treatment measurements are made 
on i ndi v i dua l s th en l i neari ty a l l ows wi th i n  a n i ma l  com r.ar i sons , g i v i ng 
i n creased p rec i s i on ( Tab l e 1 . 1a ) . For exampl e ,  pre -ovari ectomy and EB 

treated rats had ul t i ma te wei gh ts wh i ch cou l d not be d i st i ngu i shed 

1 2  
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1 .  
2 .  
3 .  
4 .  
5 .  

TABLE 1 . 1 b 

We i g hted treatments means and s tandard errors for the s l opes and 

constants of the l i near equati ons rel at i ng l og body we i g ht  to 

the rec i proca l  of age . 

Trea tment No 

S ham 02 15 
S ham W4 1 2  
S ham W7 15  

. OvX  02  31  
OvX  W4 33 
OvX \�7 20 

S l ope -t SE  

. - 395 . 87 ± 4 . 29 
-394 . 7 2 ± 2 . 93 
- 387 . 85 ± 3 . 37 
- 45 2 . 58 ± 2 . 53 
-438 . 1 7 ± 2 . 68 
-482 . 56 ± 6 . 0  

Constant  ± SE  

271 . 63 ± 0 . 82 
273 . 6 1 ± 0 . 7 5 
269 . 97 ± 0 . 52 
2 79 . 64 ± 0 . 52 
283 . 25 ± 0 . 54 
286 . 85 ± 0 . 88 

Ana l ysi s of var i a nce of the a bove data and compari sons , by 
s u bd i v i si on of  the between treatmen t  vari ati on , for s i ng l e degrees 
of freedom 

Sou rce of var i ati on d . f  

Treatment 5 

S ham 02 vs . S ham v!7 1 

S l ope ( MS ) 

. 130029 . 8*** 

2830 . 9+ 

Con stant  ( r�S ) 

4483 . 6*** 

99 . 7+ 

S ham W4 vs . S ham ( 02+VJ7 ) 1 281 . 9  3 1 2 . 4* 
OvX 02  vs . OvX W7 1 48801 . 6*** 284 1 . 2*** 
OvX W4 vs . OvX ( 02+W7 ) 1 92516 . 2*** 0 . 1  
S hams vs . OvX * 

E rror 

1 554062 . 7*** 17625 . 7*** 

1 2 1  1387 . 3  4 7 . 1  

+ 0 . 05 >P  < 0 . 2 ,  * P < 0 . 05 ,  *** P < 0 . 001 
(MS ) mean square 

injected and 
.
contro 1 anima 1 s cfi d not di fTer; they were therefore

'
' 

-:.. .... bo--.... 



us i ng confi dence i nterva l s based on the group means and s tandard e rrors . 
I n  the we i ghted pa i red ana l ys i s  of  vari a nce , ' pa i rs '  contri buted 72 . 5  
percent of  the total vari a t i on and the d i fference between pa i rs was 
s i gn i fi cant  ( P<O . O l ) . The ba s i s  of th i s  d i fference between pa i rs i s  
d i scussed i n  deta i l i n  sect ion  3 .  The removal of  thi s l arge component 
of the vari a t i o n  from the wi th i n group  var i ati on enab l ed the 
demonstrati on of a s i gn i f i cant reduct i o n  i n  u l t imate body wei ght  by EB . 
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Ova ri ectomy res u l ted i n  an i ncreased rate of  ga i n  and an i ncreased 
u l t i mate body we i g ht compared to contro l s ( Tab l e  l . l b, and Fi g 1 . 2 ) . 
Oes trogen treatmen t reduced both the ra te of ga i n  and the u l ti mate body 
we i gh t  ( Fi g  1 . 2c ) .  These res u l ts s upport the hypothes i s  that the effect 
of  ovari ectomy on body we i gh t  i s  due to the remova l of  oestrogen . As 
EB reduced the u l t i mate body we i gh t ,  compared wi th that predi cted from 
the pre -ovar iectomy growth c urve ( da s hed projecti on on Fi g 1 . 2c ) , i t  
wou l d  seem that 2 llg EB/day i s  s upraphys i o l ogi ca l  for the rat . S i nce 
EB l owered the u l t i mate body we i ght bel ow that predi cted before 
ovar i ectomy I . cannot s upport �Jade ' s  ( 1976 ) con c l  us  i on that oestrogen 
trea tment wi l l  not depress  body we i ght  be l ow tha t of a n  untreated fema l e 
rat .  

Desp i te random a l l oca ti on of  ra ts to treatment groups there wa s 
a s i g n i fi cant d i fference i n  u l ti mate body we i ght  between control groups  
( Ta b l e l . lb )  a l though the  magni tude of  th i s  di fference was  sma l l . Wee k  4 
contro l s had a h i gher u l t i ma te body wei ght  than the day 2 and week 7 
contro l s .  No expl ana t ion  for thi s d i fference can be o ffe red . 

Ul t i ma te body we i gh t  i ncreased l i nearl y wi th age at ovar i ectomy 
( Tab l e l . l b , , compa ri son 3 ,  OvX 02 v OvX W7 ) wi th the quadra t i c  e ffect 
be i ng non- s i gn i fi cant . Both the l i near  ( compari son 3 )  a nd the quadra ti c 
( compar i son 4 ,  OvX W 4 v OvX  02 + OvX W7 ) effects of  age at  ovari ectomy 
on  rate of  ga i n  were s i gn i fi cant . 

I f ,  i rre specti ve o f  age a t  ovari ectomy ,  the --pos t-ovari ectomy 
rate of  ga i n  tended to be i nvar i a b l e  then the post-ova ri ectomy u l t imate 
wei gh t  s hou l d  decl i ne wi t h  i ncreased a ge a t  ova ri ectomy i . e .  i n  Fi g 1 . 2d 
from ( c )  to ( b ) . But u l t i ma te wei ght d i d not decrease wi th i ncreased 
a ge at ova ri ec tomy as the post-o va ri ectomy rate of  ga i n d i d vary wi th 
age at ovari ectomy . 



2 .  

1 5  

I f  u l ti mate wei ght tended to be i nvari ab1� then the rate o f  ga i n  
s ho u l d i ncrease wi th i ncreased a ge a t  ovar i ectomy . Th i s  i s  confi rmed and  
i l l u s trated by Fi g 1 . 2d where OvX  W7  rats have a h i g her  rate of  g a i n 
than OvX W4 rats , g i vi ng a s i mi l a r u l t i ma te body we i ght . OvX 02 rats 
had a h i gher rate of ga i n  than  OvX W4 a n i ma l s but a l ower u l t imate body 
we i gh t ,  i mp ly i n g  a l ower wea n i ng wei ght .  Th i s  cou l d be due to the stre s s  
o f  neonatal s urgery reduc i n g  t h e  wean i n g  wei g h t ,  cau s i ng compensa tory 
growth pos t-wean i n g ,  and g i vi ng the h i g her  than pred i cted rate o f  ga i n .  

Oestrogen treatment reduced the u l t imate wei ght  bel ow that 
pred i cted i n  the  s ame a n ima l s before ovari ectomy . But the reduct i on  i n  
the rate of  ga i n  wa s more dramati c ( F i g .  1 . 2c ) .  

These res u l ts suppo rt the hypothes i s  that rats wi l l  grow towards 
a predetermi ned u l ti mate body wei ght  rather than  at a predete rmi ned 
rate of  body we i gh t  gai n .  

PUBERTY AND GROlHH 

The po i nt of  i nfl exi o n  near puberty i n  the body we i ght -age curve 
of fema l e  rodents i s  c l a i med  to i nd i cate that the rate of growth s l ows 
at p uberty ( Brody , 1945 ; Kennedy , 1969 ; Wade , 1972 ) . Furthermore , 
Kennedy ( 1969 ) quotes Monte i ro & Fal coner ( 1966 ) who state that t he 

. g rowth c urve o f  the mouse can  be d i vi ded , a t  i ts i nfl exi on , i nto an 
i n i t i a l  expone nti a l  phase and a second asymptoti c phase . However , 
a fter de scri b i n g  the two d i s ti nct phases Monte i ro & Fal coner fi tted 
o n l y  one equa t i on , the l og i s t i c ,  to the mean week l y  l i tter we i gh ts from 
b i rth to 8 weeks . From the i r data a p l o t  i s  nei ther symmetri ca l  about  
the  a ge of  puberty nor the  ea 1 cu l  ated po i n t of  i nfl ex i  on . No tes ts of  

. goodness  o f  fi t o f  the  l og i s t i c  curve to thei r data were g i ven but they 
noted that the po i nt of i nfl ex ion  wa s not prec i se ly  dete rmi nab l e .  

An i nfl ex i on  may be apparent i n  the body we i ght-age curve , but 
the s pec i fi c  growth curve , wh i ch i s  approx imated  by the l ogari thm of 
body we i ght  p l o tted as a funct ion of  a ge , has no i nfl exi on at  puberty 
a s  the s pec i fi c  growth rate progre s s i vel y  decreases wi th i ncreased a ge . 
Mi not ( 1908 ) s tated that t i s s ue s  progres s i ve l y  l ose  thei r power to 



g row and  he concl uded that the po i nt o f  i nfl ex i on i n  the body wei ght­
age curve was o f  no parti cu l a r  s i gni fi cance . The s pec i fi c  growth c urve 
h as the advantage of s imp l i c i ty a nd i ts use i s  d i ctated by the need to 
transfo rm body we i ght  to l o gari thms to a l l ow the use o f  s tat i s ti ca l  
procedures based  o n  the norma l d i stri buti on ( see Fi g 1 . 1b ;  Medawar ,  
1945 ; Reeve & Huxl ey , 1945 ) . 

change i n  speci fi c growth rate at puberty ( vagi na l  open i ng occurre� 
± 2 days ) .  F i gu re 1 . 2a a l so s hows that the i ncreas e  i n  spec i fi c  g 
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te s tarted at  t he t ime of ovari ectomy rather than at  p uberty . Wade an� 
Z cker ( 1970 ) deal t wi th untran sformed body wei g hts and found that th 
induct i on of precoci ous  puberty d i d  not change growth rates . 

I f  p uberty d i d affect the rate o f  g a i n ,  and thus  the u l ti ma te 
body we i gh t ,  rats s l aughtered  at  week 7 wou l d be expected to have h i gher 
projected u l ti ma te body we i gh ts than those s l aughte red  at l a ter  ages . 
But age a t  s l aughte r  di d not a ffect  the rate s  of ga i n  o r  the u l ti ma te 
body we i g hts of  ovari ectomi sed or i ntac t  rats . Th i s  s upports both the 
l i neari ty of  the transformati on a nd the absence of a major  effect o f  
puberty on  body we i gh t .  

These res u l ts s upport t h e  concl u s i on that the ovary i r.h i b i ts 
body VJe i  g ht  i ncrease  before puberty and probab ly  before 4 weeks  of  a ge .  

3 .  OVARI ECTOMY , ULTIMATE WE I GHT AND RATE OF BODY WE I GHT GA I N  

I t  has  been proposed o n  the bas i s  o f  the effects o f  oe strogen or 
ovari ectomy on body wei ght  i n  g roups of  a n ima l s of di fferent hormona l  
s tatus that oestro gen wi l l  on l y reduce body we i ght  i n  • overwe i ght • groups ; 
s i mi l a rl y ,  o vari ectomy , i s  sa i d  to h ave no e ffect on body we i gh t  i n  
g roups that are a l ready overwe i ght O�ade , 197 2 ,  1976 ) . Regre s s i on  
techn i ques a l l owed these hypotheses to be tes ted for i nd i vi dua l  ra ts rather 
than. g ro ups . 
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F I GURES 1 . 3a & b .  

F I GURE 1 . 3a 
THE PRE-OVARI ECTOMY RATE O F  BODY WE I GHT GAI N  

v s  THE CHANGE I N  RATE OF BODY W E I GHT GA I N  FOLLOWI NG OVAR I ECTOMY AT WEE K  7 .  

F I GURE 1 .  3b 
THE RATES OF BODY WEI GHT GAI N  OF OVA R I ECTOMISED RATS 

vs THE CHANGE I N  THE I R  RATES OF BODY WE I GHT GA I N  FOLLOWI NG EB TREATMENT . 



Esti mates of  u l t imate body wei ght  and rate of  ga i n  were a va i l a b l e  
pri or to ovari ectomy , fol l owi ng o va r iectomy ( W7 ) , and a fter EB 
trea tment ( Tabl e 1 . 1a ) . There was a non- s i gn i fi cant corre l at i on between 
the pre-ova ri ectomy a nd pos t-ovar i ectomy u l t imate body we i ghts 
( r  = - 0 . 094 1 ) .  Howeve r the corre l a ti o n  between the change i n  u l t i ma te 
body we i ght  fo l l owi ng ovari ectomy a nd  the pre-ovari ectomy u l t imate 
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body we i ght  was s i gn i f i cant ( r  = - 0 . 479 , P<0 . 002 ) as  wa s the co rre l a t i o n  
betwee n  t h e  change i n  rate of  ga i n  fol l owi n g  ova riectomy a n d  the pre­
ovari ectomy rate of ga i n  ( r · =-·0 . 583 , P<0 . 00 1 ) ,  Fi g .  1 . 3a .  These 
s i gn i fi cant corre l at i ons sugge s t  that a process s i mi l a r to compensatory 
growth occurs fol l owi ng ovari ectomy as ra ts of  a l ower pred i cted pre­
ovari ectomy u l t imate body we i gh t  tend to h ave a greater pos t-ovar i ectomy 
i ncrease i n  ra te o f  ga i n  than ra ts o f  h i gher pre -ovari ectomy ul ti mate 
body we i g h t .  The l ac k  of corre l a ti on  between the pre -ovari ectomy and 
post-ovari ectomy u l ti mate body wei ghts s u ggests that there i s  an opti ma l  
ce i l i ng s i ze towards wh i c h , envi ronment permi tti ng , ra ts grow . 

As the rate of  ga i n  fo l l ow i n g  ovari ectomy was i nfl uenced by the 
pre-ovari ectomy rate of ga i n  ( F i g  1 . 3a ) ,  i t  wou l d be expected that the 
decrea se i n  rate of  ga i n fo l l owi n g  E B  treatment wou l d  be i nfl uenced by 
the pre -trea tment  rate of  ga i n . · Th i s  hypothes i s  was convi nci ng ly uphe l d 
( Fi g  1 . 3 . b )  when the corre l at i on  between the change i n  rate of ga i n  
and the pre - treatment rate of  ga i n  was pos i t i ve a nd h i gh l y  s i gn i fi cant 
(r =+0 . 835 , P<0 . 00 1 ) .  As di s c us sed prev io u s l y ,  for the u ntreated rats , 
the corre l at i on  between the change i n  u l ti ma te body we i gh t  and the pr�­
treatment u l t imate body wei gh t  wa s s i gn i fi cant (r  =+0 . 9 1 3 ,  P<0 . 00 1 ) but  
the  rel ati on s h i p between pre-treatment and post-treatment  u l ti mate body 
we i gh ts ( r  =+0 . 189 ) wa s non- s i gn i fi cant . * 

N i l son  e t  al ( 19 35 )  and  Pa l me r  et al ( 1946 ) se l ected a s tra i n  of  
rats o f  h i g h  food conve rs i on effi c i ency and h i gh body we i gh t ,  whose  
body we i gh t  re sponse to  growth hormone ( a  s t imu l atory treatment )  and  to 
thyro i d hormone ( an  i nh i b i tory treatment ) was compared wi th a stra i n o f  
ra ts se l e cted for l ow body we i gh t  and  l ow food  convers i o n  effi ci e ncy . 
The h i gh body we i g ht  s tra i n  wa s l es s  re spons i ve to g rowth hormone and 
more respons i ve to thyro i d  hormone than the l ow body we i ght  stra i n .  
I n  the present study i nd i v i dua l  rats rather  than stra i n s were compared 
but  
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treatment  (ovari ectomy ) and  more respons i ve to an i n h i b i to ry trea tmen t  
( EB )  than i nherentl y sma l l er rats . 

4 .  WEAN I NG WE I GHT , WEI GHT GA I N  AND ULT I MATE WEI GHT 

20  

The equati on  of  Zuc ker  & Zucker ( 1 942 )  l i neari zed the body wei gh t­
�ge curve from wee k 4 onwa rds , wi th the week 3 body wei ght  ( the wean i ng 
wei gh t )  bei ng excl uded a s  a n  out l yi ng va l ue . Th i s  excl us i on a l l owed the 
wean i ng we i ght  to be a vari ab l e i ndependent  of the regres s i on s ta ti s ti cs .  

Data from the present study i s  i l l u s trated i n  Fi gs . 1 . 4a & c .  
Da ta deri ved from a study ( Tarttel i n ,  Shryne & Gors ki , 1975 ) i n  wh i c h  
rats , h a vi ng a l arger range of  wean i ng wei g h ts , were wei ghed from 
wean i ng unt i l 18 weeks  of a ge i s  s hown i n  F i gs 1 . 4b & d .  I n  both s tud i es , 
corre l a t i ons  between wean i ng we i gh ts and u l t ima te wei gh ts were non ­
s i gn i fi cant , but s i gn i fi cant  corre l ati ons were seen between  wean i ng 
we i gh t  and  rate o f  g a i n ( Fi g  1 . 4c ,  r =-0 . 6 1 8 ;  Fi g 1 . 4d ,  r =-0 . 687 ) . 
Th i s  cou l d  be i nterpreted to mea n that potenti a l  di fferences i n  u l t i ma te 
wei gh t  due to di fferences i n  wean i ng wei g h t  were abol i s hed by compensati ng 
d i ffere nces i n  the post-wean i ng rate of g a i n .  About  40 percent o f  the 
vari at i on i n  rate of gai n wa s a s soc i ated wi th wean i ng wei g h t  di fferences . 
' Ca tch - up growth ' occurs fol l owi n g  an experi menta l ly  reduced rate of  
ga i n ,  b ut  the above compensato ry growth fol l ows di fferences i n  body 
v�i ght  at wean i ng between  rats due to the i r pre-wean i ng envi ronment .  
Monte i ro & Fa l coner ( 1 966 ) concl u ded that compensatory growth occurs i n  
the mouse on l y  unti l puberty .  The a bove res u l ts i nd i c ate that ,  i n  the 
rat ,  compensatory g rowth s ta rts wel l  befo re puberty ,  i s  not a l te red by 
puber·ty and conti nues thro ughout acti ve growth . Wi ddowso n  & Kennedy 
( 196 2 )  reached s i mi l a r conc l u s i ons  from g roups of  rats rather than 
i nd i v i dua l s .  

I n  the present study wean i n g  wei g h t  i nfl uenced rate o f  ga i n but 
not u l t i ma te we i gh t .  Th i s  i mpl i e s  that rate o f  ga i n  i s  vari ab l e to 

. g i ve a p redetermi ned u l t imate body we i gh t .  McCance & Wi ddowson  ( 19 74 )  
a gree that ra te of  ga i n  pos t-wea n i ng i s  determi ned by pre-wean i ng rate 
of  ga i n ,  but they a s s ume that a rat can somehow mon i to r  th i s  pre -wean i ng 
rate o f  ga i n ,  o r  s i ze ,  wh i ch i s  a n  unnece s s ary a s sumpt ion  i f  u l ti ma te 
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bodY we i ght  i s  prede termi ned . 
Rats can  be se l ected for a predetermi ned adu l t body wei ght  

( Rob i nson , 1965 ) . I f  u l t i ma te body wei gh t  i s  geneti cal l y  determi ned then 
wean i ng we i gh t  need not be  detected because  pos t-wean i ng growth , towards 
a predetermi ned we i gh t ,  wi - l l be i nverse ly  rel ated to wean i ng wei g h t  and  
wi l l  produce compensatory g rowth . 

GENERAL DI SCUSS ION  

The l i near regres s i on of l og body wei gh t  on the  rec i proca l  of  
a ge prov i des  a method of  descri b i ng body we i gh t-age changes wh i ch i s  
both conve n i e n t  and stati s ti cal l y  va l id .  The method permi ts wi th i n ­
a n i ma l  compar i sons where severa l  week l y  we i ghts are obta i ned from 
i nd i v i dual s of known age before and a fter treatment . 

Zucker & Zucker ( 1 942 ) s howed that the i r equati on l i neari sed  
the body we i gh t  curves of  ra ts undergo i ng s ucce s s i ve pregnan c i es . The 
present study s hows that the pos t-ovari ectomy body wei gh ts o f  
i ndi vi dua l s c a n  a l so b e  l i neari sed . The fac t  that control , p regnan t ,  
a n d  ovari ec tomi sed rats a l l fo l l ow a s i mi l a r  growth curve , exp l a i ned 
by an equat i o n  wi th on l y  two parameters , i nd i cates the prec i se and 
o rderly contro l exer- ted on body wei g h t  i ncrease  a nd the robustness  of 
the l i neari s i ng techn i que . 

I n  both the present s tudy and that of  Zucker & Zucke r ( 1942 ) , 
the wean i ng wei ghts d i d not l i e on  the regre s s i on l i ne descri b i ng 
body we i ghts a t  l ater a ges . I t  i s  c l ear  tha t there i s  a pos t-wean i ng 
change i n  s pec i fi c  growth ra te . Zucker et al ( 1941 ) showed that the 
l ogari thm of body wei ght  i s  l i ne arl y  rel a ted to the l ogari thm of 
concepti on a ge , from b i rth to 6 weeks  of age , and the rec i proca l of 
age from 4 week s  of  a ge o nwards . The two phases  overl ap , wh i ch does 
not s upport the concept of an i nfl exi o n  or  s udden change i n  growth 
rate at puberty .  Cl earl y the change i n  growth rate occurs g radua l l y  
and  i s  i n i ti a ted before puberty . 

Wade ( 19 76 , p . 2 37 ) concl udes that ,  1 • • •  ovarian hormone s  do not 

re strain eating or body weight prepubertally . 1 He quoted Grunt ( 1964 ) 



and  Wade & Zucker ( 19 70 )  i n  s u pport  o f  h i s  sta tement . I n  the s tudy by 
Grunt  ( 1964 ) the fi rst pos t-opera ti ve wei gh i ng was at  60 days o f  a ge ,  
cl ear ly  a pos t- pubertal age , when the ovari ectomi sed ra ts were heavi er 
than contro l s .  I t  i s  d i ffi c u l t to understand how concl u s i ons  about  pre­
puberta l growth c an  be  drawn from thi s i nves ti gati on . Wade & Zucker 
( 19 7 0 )  sequen ti a l l y  tes ted for d i ffe rences between the untransformed 
body wei ghts o f  ovari ectomi sed and contro l  rats by mu l t i p l e  Mann.:.Wh i tney 
U tes ts . Thi s nonparame tri c test i ng i s  conservat i ve i n  that i t  does  
not use a l l t he i nformat i o n  ava i l ab l e and  i s  l es s  l i ke l y  to  detect rea l  
d i ffe rences ( second order e rror ) . 

The present study s hows that the ovary does  res tra i n  body wei g h t  
before pube rty . The h i gh c i rcu l at i ng l evel of  oestrad i ol i n  pre -puberta l 
fema l e  rats i s  reduced by ovari ectomy ( Rabi i & Ganong ,  1976 ) so 
o va r i ectomy , pos s i b l y  by the same mechan i sm po s tu l ated fo r mature rats , 
s t i mu l ate s  we i gh t  gai n .  The fi nd i n g  that compensatory growth starts 
from wea n i n g ,  rather than p uberty ,  and conti n ues una l te red through 
puberty and i n to adul thood , s upports the hypothes i s  that  mechan i sms 
contro l l i ng adu l t body wei ght  are funct i onal before puberty .  

2 2  

Growth recovery fol l owi ng wean i n g , pos t-ovari ectomy growth and 
post-oestrogen growth a l l have common e l ements . Al l three effects i nvol ve 
compensatory growth and thus the remova l , or part i a l remova l ,  of  
d i fferences i n  u l t i mate body wei ght  between i nd i v i dua l  rats . Wean i ng 
removes the • ma ternal  • effects and equa l i ze cond i ti ons between 
i nd i vi dua l s .  Ovari ectomy removes d i fferences between  i nd i vi dua l s i n  
the i r oes tro gen producti o n , and treatment wi th a supraphys i o l og i ca l  
do s e  of  oes trogen wou l d s i mi l a rl y  remove d i fferences i n  res ponse 
between i nd i v i dua l s .  The res ponse to equal i s ati on i n  these three 
s i tuati on s ,  a nd fol l owi ng o vari ectomy at di fferent ages , i s  that the 
rate of  ga i n i s  a l tered to equa l i se the u l ti mate body we i gh t  of 
i nd i v i dua l s .  

I t  h a s  been proposed by Wade ( 19 76 ) that the degree o f  body 
we i ght  response to - ova ri ectomy or  oes trogen treatment  i s  governed by 
whe ther or  not  a rat i s  obese or • overwe i gh t • . However ,  the present 
res ul ts s how that the body we i ght  res ponse  i s  dependent upon the g rowth 
ra te and thus  the u l ti mate bo dy wei g h t ,  rather than the body 
compos i ti on at  the ti me o f  treatment . 



That i nd i v i dual s ,  s tra i n s , a nd breeds may di ffe r  i n  the i r 
response to body wei gh t  st imul ants or depres sants shoul d be  cons i dered 
i n  s i tuat i ons where s ub stances a re bei ng tes te d  for e ffects on body 
we i gh t .  For examp l e ,  fema l e  rat s  grow at  a s l ower rate than mal e  rats 
so fema l es may be more sensi ti ve to body we i gh t  stimu l ants and l es s  
respon s i ve to i nh i b i tory substances than mal es . 
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C HA P T E R  TWO  

LAMB L I VE  WE I GHTS : 

NORMAL I SATION , L I NEAR I SATION , AND COMPENSATORY GROWTH 
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' I N T R O D U C T I O N 

A common practi ca l  and experi menta l  u se  for body we i gh i ngs 
(l_. i ve we i ghts ) i s  to meas ure growth or  pe rformance i n  the a gri cu l tura l l y  
i mportant domesti c a n ima l s .  I n  the ca l cu l a t i on of s ta ti s ti cs from l i ve 
we i ght  data the d i s tri but ion  of  the o ri g i na l  untransformed wei g h i ngs  i s  
u s ua l l y  a s s umed to be normal . . The u se of the average da i l y  ga i n  fol l ows 
from th i s  a s s umpti on . For ra t body we i g hts a l ognorma l d i s tri buti on  
was s hown to be  a s uperi or exp l anati on  of  the  vari at ion  abo ut  the means . 
Despi te the common use made o f  l i ve we i g ht mea surements the l i terature 
concern i ng the norma l i s a t i on of  l i ve wei g hts i n  domesti c a n i ma l s i s  
surpri s i ng l y  sparse . The l i near i s ati on o f  l i ve w2i ght-age growth 
c urves i n  these spec i es has  l i kewi se been the s ubject o f  l i ttl e recent 
pub l i s hed research . The advantages o f  l i nea ri sati on h ave been d i s cu s sed , 
for the l a boratory ra t ,  i n  Chap te r  1 .  The l i neari sat ion  o f  the g rowth 
curves of domesti c a n i ma l s s hou l d bes tow s i mi l a r advantages . 

For these rea sons the l i ve we i ght mea s utements _ col l ected from 
s heep by Wa l l ace ( 1948 ) were re -ana l ysed to s tudy the di stri buti on  
and  l i neari sat ion o f  l i ve we i gh ts , a nd to tes t  for the  occurrence 
of compensatory growth i n  a s pec-; es  other than  the rat .  The res u l ts 
a l so proved val uabl e i n  an unexpecte d way as they caused a reappra i sa l  
o f  s i mi l a r  work i n  the ra t whi ch h ad h i the rto been con s i dered comp l eted . 

MATERIALS AND METHODS 

The data that i s  ana l ysed i n  th i s chapte r  i s  h e l d i n  the Mas s ey 
Uni vers i ty L i brary a s  a ppendi ces to Wal l ace ' s  publ i s hed the s i s .  

The ori gi na l  exper iment s tud i e d  the e ffects o f  d i ffer i ng p l anes 
of n utri ti on  duri ng pregnancy and  l a c tat i on on  the growth and 
deve l opment  o f  l ambs . The l ambs (9  s i ng l es , 1 1  twi ns , 2 twi ns  where 
on ly  one partner s urvi ved , and a set  of tri p l e ts ) were the offspri n g  
o f  Border-Le i cester x Chev i o t  ewes mated to  a s i ng l e Suffo l k ram and  
were the  res u l t of two years breed i n g .  The l ambs we re fed vari a b l e 
amounts of  s uppl ementa ry rat i ons . I n  the present ana l ys i s the effec ts 



of  n utri tion a re used , rather t han ana l ysed , s i nce the vary ·i n g  nutri ti on  
gave the  l ambs a l a rge range of  b i rth wei ghts . 

For the i nves ti gati on o f  compensato ry growth the offspri n g  o f  
o n e  ewe i n  one season ( l ambs L . 48 a n d  L . 49 ) have been excl uded from the 
a na l ys i s  s i nce Wa l l ace noted that th i s  ewe refu sed food and that  she  
decl i ned :i n wei gh t  from 104  l bs to 68 l bs duri ng the ear ly  part of  
l acta ti o n .  The a dverse effect  of  th i s  c a n  b e  seen i n  the growth curves 
of  these two l ambs ( Fi g  2 . 2 . ) .  

The l i ve wei ghts o f  the l ambs were recorded , i n  pounds , from 

2 6  

bi rth to  16 weeks of  age  (wean i ng ) . Two va l ues recorded i n  Wa l l ace ' s  
appendi ces were c l ear ly mi s - recorded or  wrong l y  transcri bed . The se  were , 

L . 6 we i ghed at 35 days o f  a ge , we i gh t  g i ven as  1 4 . 9  ana l ysed as  24 . 9  
L . 34 we i ghed at 63  days o f  age , wei g h t  g i ven as  29 . 2  ana l ysed a s  39 . 2  
For further  detai l s  on  the experi menta l  condi ti ons , res u l ts ,  a nd  

t he  conc l u s i on s  reached by Wal l ace , the ori g i na l  work a nd i ts appendi ce s 
· s hou l d be consu l ted . 

B IOMETR ICAL CONS I DERAT IONS 

A ) NORMAL I SAT ION  

Fi gure 2 . 1  s hows the mea n  week ly  l i ve we i ghts and the i r  standard 
devi at i ons on three s ca l e s  (me tameters ) ,  

a )  the ori g i na l  ar i thmeti c metameter , 
b )  for the data trans formed to l ogari thms to the ba se  10 , and 
c )  after the addi t ion of  a con s tant  te rm ,  to g i ve a con s tant 

ori g i n ,  for the data trans formed to l ogari t hms to the base 1 0 .  
O n  the ar i thmeti c s ca l e standa rd devi at i on  i ncreased l i near ly wi th 

the mean  ( r  = +0 . 99 12 ) . Th i s  confi rms prev ious  f i nd i ngs  for rat l i ve 
we i gh t .  Fol l ow i n g  the transforma ti on of  the data to l o gari thms mean 
and s tandard devi ati on we re , unexpectedl y ,  s t i l l  s trong ly  corre l ated 
( ( b )  i n  Fi g 2 . 1  ) .  But the corre l ati on was negati ve ( r  = -0 . 9462 ) ,  
s tandard devi a t i o n  decreas i ng wi th i ncrea sed l i ve w e ight . As can be 
seen from ( b )  i n  Fi g 2 . 1 th i s corre l ati o n  was removed by the i ntroduct i o n  
o f  a th i rd parameter as  s ugges ted by B l i s s ( 1967 ) .  S i nce both the 
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con stant a nd  the s l ope o f  the ari thmet i c  p l o t  d i ffered from zero a 
common ori g i n  for the l og tran sfo rmati on s hou l d be ca l cu l ated . Th i s  i s  
obta i ned by d i v i d i ng the con stant by the s l ope ( i . e .  1 . 1 14/0 . 158 = 7 ) , 
from the ari thmeti c  p l ot , and add i n g  the res u l tant ( 7 )  to a l l the 
or i g i na l  measurements before tak i n g  l ogari thms . The transformati on 
( �ermed the t hree pa rameter l ognorma l } removed the s i gn i fi cant  
corre l ati on between mean a nd  standard devi ati on s hown on  the ari thmeti c 
sca l e .  Al l the  regre s s i ons were unwe i ghted a s  rough l y  equal  numbers 
o f  measurements were ava i l ab l e at a l l a ues . 

28 

B )  L I NEARI SATION OF THE PRE-WEAN I NG WE IGHT-AGE CURVES OF I ND I V I DUAL LAMBS 

For an i ndi vi dual rat a p l ot  of the reci procal of age a gai nst  the 
l oga ri thm o f  l i ve wei ght  resul ted i n  a l i near re l at i on s h i p from 4 weeks  
o f  age onwards . The pre -weani ng g rowth of a l amb represents a di fferent 
s ta ge of  g rowth to pos t-weani ng rat growth and thus wou l d  be expected  
to fol l ow a di fferent pattern exp l a i ne d  by a di fferent equati on . So 
d i fferent l i neari s i ng tran sformat ions  wou l d be expected i n  the l amb . 

For i nd i vi dual l ambs the ori g i na l  ari thmet i c s ca l es for we i gh t ,  
the dependent  vari abl e ,  a n d  age , the i ndependent  vari a b l e ,  gave a 
rea sonabl e l i near fi t .  Howeve r ,  a pr i ori , a n d  on  the res u l ts o f  p l o tti n g  
means  a nd  s tandard de  vi at i  ons , 1 i ve · wei a h t s  were transformed to 

• v 

l ogari thms and  regressed a gai nst  a ri thmeti c age . Th i s  a l so re su l ted i n  
a good fi t .  However the best  fi t was obta i ned  by transformi ng age to 
i ts l og ,  a doub l e  l og - l og  p l ot  re s u l ti ng i n  corre l ati on coeffi ci ents 
that i n  3 1  out  of the 36 i ndi vi dua l s were above 0 . 99 .  Equati ons and 
corre l ati on coe ffi c i ents are g i ven  i n  the append i ces (Appendi x :  Tabl e 
2 . 1 ) .  To avoi d the l o gari thm o f  zero 1 . 0 was added to a l l a ges , ma ki n g  
b i rth equal  to 1 . 0 ,  before tak i ng l ogari thms . 

I n  Chapter 7 i t  wi l l  be s hown that the res i dua l s ( the d i fferences 
between the observed and expected va l ues ) abo ut  the l og - l og p l ot are 
systemat i c ,  s uggesti ng that the l og - l o g  p l o t  i s  not the bes t ,  or 
compl ete , de s cri ption of  the growth i n  l i ve wei ght  of the l amb . 

For the young rat a l og - l o g  p l o t  was fou nd by Zucker e t  al ( 194 1 a ) 
to g i ve the best fi t to l i ve we i ght s  o bta i ned from b i rth to 6 weeks  o f  
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age . However i n  the rat zero t ime was taken as  conception  wh i l e  for 
the l amb b i rth has been taken as zero ti me . But i t  i s  s urpri s i ng that 
i n  s uch di ffe rent  s pec i es post-nata l  to wea n i n g  l i ve wei gh t  i ncrease  
s hou l d be  best  exp l a i ned by a s i mi l a r equat ion . 

Exampl e s  of  the succe s s fu l  l i neari sat ion  of the wei ght-age 
c urves for s i ng l e l ambs , twi ns , and tri p l ets are i l l u strated i n  Fi g 2 . 2 . 

The c l osest approx imat i on to the norma l d i stri buti on fol l owed 
the transformat i on  of l i ve we i ghts to a three parameter l ognorma l 
metameter , so l i ve we i ghts transformed to th i s  sca l e  were a l so regre ssed 
aga i nst l og a ge . The three parameter tran sforma ti on gave s i mi l a r 
corre l at ion  coeffi c i ents to tho se obtai ned from the two parameter  
transformat ion . The s l opes , constants � and correl a ti on coeffi ci ents 

3 0  

a re g i ven i n  t he  Append i x  ( Tabl e 2 . 1 ) .  However the two pa ramete r  
transformat ion  i s  both s i mpl er to app l y ,  a n d  to comprehend , and i n  the 
present case i t  was used i n  prefere nce to the mo re comp l ex three parameter 
transformati o n . Some other rea sons for us i ng the two parameter 
transformat ion  a re d i s cus sed i n  Chapte rs 6 and 7 . 

Pos t-wean i n g  we i gh i hgs  we re a va i l a b l e from severa l i nd i v i dua l s  
to whi ch the two parameter l og - l og p l o t  a ga i n  s eemed to g i ve a good  fi t .  

C )  B I RTH t�E I GHT O R  CONSTANT FOR DEMONSTRAT I NG COMPENSATORY GROWTH? 

I -n Chapte 1 ,  fol l owing Gustomary practi ce � th& recordeq w�j·n� :.:J 
we i g ht  wa s u sed  to ascerta i n the degree of compensa tory growth i n  the 
rat .  However a s  the cons tant  i s  the ca l c u l a ted bi rth wei g h t  i n  the 
l og - l og equati on  the b i rth wei ght  i s  eas i l y ava i l a b l e i n  the l amb ( the  
constant i n  t he  rat • s l og -rec i proca l equati on  bei ng at i nfi n i te a ge ) . 
So the cons ta nt  was reg ressed  aga i n s t  the rate of wei ght ga i n  ( the 
s l ope ) .  The res u l t wa s ,  i n i ti a l l y ,  somewha t  s urpri s i ng .  

It  can be seen from Fi gs 2 . 3 ( a )  and 2 . 3 . ( b ) , that for i nd i vi dua l  
l ambs the corre l a t i o n  between rate o f  gai n and the measured o r  observed 
b i rth we i g ht  was -0 . 6 785 wh i l e  tha t between rate of wei gh t  ga i n and  
the con stant ( the ca l cu l a ted  or expected bi rth we i gh t )  wa s h i gher at  
- 0 . 8 129 . The vari ati on i n  b i rth wei ght account ing  for 46% and  66%  o f  
the vari at i on  i n  rate o f  we i g ht ga i n  res pecti vel y .  The adva ntage 
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of u s i ng the ca l cu l ated cons ta n t , rather than the recorded b i rth we i gh t ,  
i s  obvi o u s . 

RESULTS AND D I SCUSS IONS  

Al though a n  ar i thmeti c p l o t  showed s tandard devi a ti on i ncreas i ng 
wi th l i ve wei gh t  the two parameter l ognorma l p l o t showed the wi th i n  

. group vari a ti on to be decreas i ng wi th i ncreas i ng l i ve we i ght . Th i s  
sys temat i c hetero9ene i ty of the vari ati on was s u spected to be due to 
a non-ra ndom effect ,  compensatory growth , caus i ng di fferences between 
an ima l s to be reduced , on the l og scal e ,  wi t h  i ncreased l i ve we i gh t .  
Al though the three parameter l ognormal d i s tri buti on wa s theoreti ca l l y  
the s uperi or  transformati on to a c h i eve norma l ·i ty , i n  the present case  
it  was pos s i bl e  tha t the  addi t i o n  of  an emp i ri cal  constant woul d  ma s k  
compensa to ry growth . 

To d i scover  i f  pre-wean i ng - compensatory growth was occurri ng , a nd 
what effect  the three p arameter trans forma ti on  had on  the detect ion  o f  
compensato ry growth , ccns tants and  rates of  ga i n  ca l cu l a ted  o n  both two 
and three parameter sca l es , were regre s sed . The data ( s l opes a nd 
cons tants ) i s  g i ven  i n  the Appendi x ( Tab l e 2 . 1 )  and i l l u s trated i n  the 
text ( Fi g s  2 . 3 . b  and 2 . 3 . c ) . 

On the two a nd three-parameter s ca l e s  compensatory growth was 
i ndi cated . Appare nt ly  the p l anes of  nutri ti on the ewes were s ubject 
to duri ng  l actati on , a l though wi de l y  d i vergent , sti l l  a l l owed s uffi c i e nt ·  
nutri ti o n  for a l l l ambs ( s i ng l es , twi ns , and  tri p l ets ) t o  d i sp l ay 
compensato ry growth . That compensatory g rowth occurs fo l l owi ng b i rth 
suggests that the experimenta l l y  i mposed nutri ti onal s tres s  had a greater 
i nfl uence on l amb g rowth duri ng pregnancy than i t  d i d  duri n g  l actati on . 

The three parameter  trans fo rmat i o n  gave a muc h  reduced 
corre l a t i on  between b i rth we i gh t  and rate of we i ght ga i n  compared to 
the two-parameter case . Th i s  wa s beca use the addi t i on  of 7 . 0  to the 
smal l e r b i rth we i gh ts doubl ed them , wh i l e  the l arger b i rth we i ghts 
were onl y  i ncreased by hal f ,  wi th l ater we i gh i ngs be i ng i ncreased by 
progres s i ve l y  sma l l er amounts . Th i s  cause d ,  o n  a l ogari thmi c s ca l e ,  
the s tandard devi at i on o f  the i n i ti a l we i g hts to be red uced wh i l e  
those  o f  the l arge r we i ghts rema i ned compara ti vely unaffec te d .  The 



three-parameter transformat i on seems to a c t ,  i n  the present examp l e ,  
by parti a l l y  remov i ng the effect of  b i rth we i ght  on . the s tandard 
devi a ti on . The three parameter trans formati on i s  usefu l , u n l e s s  one 
i s  concerned wi th the sources of  the between an ima l  vari ab i l i ty .  

34 

The three parameter l ognorma 1 di s tr i  buti on i s  undoubted l y a 
va l ua b l e s ta ti s ti ca l  too l i n  s i tuati ons where vari ance prob l ems a re 
present , but i t  shou l d be used wi th c a ut i o n .  For exampl e ;  i t  co u l d be 
erroneous l y  concl u ded from F i gure 2 . 3c that  on ly 10% of the vari a t i on i n  
rate o f  we i gh t  ga i n  i s  a s soc i ated  wi th b i rth we i gh t ,  s i mp ly  because the 
three- paramete r t ransformati on l argel y  equa l i sed the b i rth wei gh ts . 
Conversel y ,  i f  the des i red  res u l t was to compare groups of  ani ma l s ,  
wi th the effec t  o f  the i n i ti a l we i g hts removed , then the three-pa rameter 
l ogno rmal trans fo rmati on may be advanta geous as  a s i mp l e ,  but rough , 
a l ternati ve to , or  ai d i n ,  covari ance a na l ys i s .  For exampl e ,  the 
vari a ti on i n  rate of we i ght  ga i n due to i n i t i a l  we i gh t ,  a l though not 

, was reduced from abou 66% to about 10% _by the t�ree-.P,,�i�;tefi;::�r 
trans  forma ti on . 

I t  was prev i ous l y  conc l ude d ,  for rats ovari ectomi sed a t  four  week s  
·Of age , that t he  trans format i on  of  body wei ght  to a two-parameter 
l o�normal metameter removed the s i gni fi cant corre l a t i o n  between mean and 
s tandard dev i a t i o n  shown on the ari thmet i c sca l e (Chapter  1 ,  Fi g 1 . 1 . a ) .  
However post wean i ng compensatory growth was demons trated i n  a d i fferent  
treatmen t  group , the i ntact  control s .  Here a negati ve corre l a ti on between 
mea n  and s ta ndard devi at i on , on the two-parameter l og sca l e ,  wou l d be 
e xpected i f  the f i ndi ngs from the sheep data app l i ed equal l y  to the rat . 

As pred i cted the i ntac t  contro l rat data d i d show a s tron g  
negati ve corre l a t i on between the mean  week ly  wei ghts a n d  the i r s tandard 
dev i a t i ons ( Fi g 2 . 4. r= -0 . 8982 ) . By add i ng 45 . 0  to a l l the ori g i na l  
meansurements , before tak i ng l og s , th i s corre l a ti on was removed 
( F i g 2 . 4b , r ;::; + . 1 709 ) , So the compen s atory g rowth of  i ntact rats was 
refl ected i n  a decreased s ta ndard devi a t i on wi th i ncreased mean l i ve 
we i gh t .  

I n  the case  o f  both rat and ov i ne l i ve wei gh t  measurements 
compensatory g rowth may cause  the wi th i n group vari at i on to be 
hete rogeneous , but i t  is  probab l � that  the two -parameter l o gnormal 
metameter i s  the underl yi ng norma l i s i ng d i s tri buti on o f  the random 
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vari at i o n  (or at l east that part not dependent upon b i rth we i ght ) . 
The present regre s s i on s  o f  we i gh t  on age used i ndi v i d ua l  an i ma l ' s  
week l y  we i ghts , rather than the week ly  group  means . However the 
fi ndi n g  that the three -pa rameter l ognormal metameter norma l i sed the 
mean l i ve we i ghts i s  defi n i te l y  germane when group means are to b e  
compared  o r  regresse d .  Al though  the three- parameter l ognorma l metameter 
has been app l i ed to human body wei ghts ( see  Ai tch i son & Brown , 1 966 ; 
B l i s s 196 7 )  the trans formati o n  seems to have been overl ooked i n  the 
ana l ys i s  of the l i ve wei g hts of other an i ma l s .  

Th i s  chapter demonstrates that the techn i ques deve l oped , and 
expl o i te d ,  for rat � i ve we i gh t  data can be  appl i ed to the l i ve we i ghts 
o f  s heep . I t  s eems that for s heep l i ve we i ghts the demonstrati o n  o f  
norma l i ty and l i neari sat i on by l ogari thmi c trans formati o ns has no t 
prev i o u s l y  been expl i c i tl y  de scri bed . The sens i ti v i ty of  these 
techn i ques i s  h i g h l i ghted  by the ca l cu l ated bi rth wei g h t , or con s ta n t ,  
accounti ng for 2 0 %  more of  t h e  vari ati on i n  rate of wei ght gai n than 
the recorded bi rth we i ght . Both b io l og i ca l and stat i s t i ca l  
exp l anati ons for th i s  s trengthened rel at i on s h i p are pos s i bl e .  B i rth 
we i gh ts obta i ned  from wet membra ne-covered newborn an i ma l s may be  
g reater than we i gh ts obta i ned from the dry a n imal a few hours l a ter .  
So i f  a l l the b i rth wei ghts a re not obta i ned i mmed i ate l y  fo l l owi n g  
b i rth a l arge amount o f  vari ati on  coul d b e  generated . B ut  Fi g 2 . 1  
shows no i nd i cat i o n  that the vari ati on i n  b i rth we i gh t  was greater than 
that pred i cted from the overa l l re l ati on s h i p between mean and standard 
devi a ti o n .  But , s tati s t i cal l y ,  the p redi cted b i rth we i gh t  i s  deri ved 
from a l l i7 wei g h i ngs and wou l d  be expected  to prov i de a better  
e s t ima te than a s i ng l e recorded wei ght . 
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I N T RO D U C T I O N  

I t  was s hown i n  previ o us chapte rs that  compensatory growth i n  
l ambs , before wean i ng ,  and i n  rats , fo l l owi n g  weani ng , cou l d  be 
demons trated us i ng l i neari sed we i ght-age growth curves for esti ma ti n g  
rate o f  wei ght  ga i n .  Th i s  res u l t  cou l d be  of  practi ca l  s i gn i fi cance 
i n  the a na l ys i s  of some growth exper iments by a l l owi ng a more prec i s e 
ana l ys i s , and s ubdi vi s i on ,  o f  the between group vari ati on . No attempt 
was made to app l y  these f i nd i ngs to Wal l ace ' s  data , due to the 
ava i l ab i l i ty of  data of a more i mmedi a te i nterest and to the l ow numbers 
of  a n i ma l s i n  Wa l l ace ' s  exper i ment . 

I n  l ongi tudi nal growth experi ments the i n i t i a l  we i ghts ( i . e .  
b i rth we i ghts , wean i ng we i ghts , or s i mp l y  the fi rst we i gh ts )  l a rgel y 
dete rmi ne the subsequent growth rates . So the expe ri menter  has from 
the i n i ti a l we i g hts some knowl edge as to the probab l e s ubsequent growth 
rates of the a n i ma l s .  To take advantage of th i s  pri o r  knowl edge , 
when the a n ima l s a re bei ng a l l o tted to trea tment groups , the match i ng 
of gro ups or  pa i rs i s  someti mes  empl oyed , frequentl y so l e ly  o n  the 
bas i s of one i ni ti a l  we i g h i n g . However i n  many s i tuati ons  a l i mi ted 

\ 

number of  a n i ma l s o r  subjects a re ava i l ab l e ,  a l l o f  wh i ch are to be 
i nc l u ded i n  the e xperi ment ,  so ma tch i ng wou l d be far from exact . 
Another obj ecti o n  to match i ng so l e l y  on  one i n i t i a l wei ght  i s  that , 
a l thoug h  there may �e a s tron g  rel at ionsh i p  between i n i t i a l we i ght  and 

. growth rate , i nd i v i dua l s  of  the same i n i t i a l  \'le i :gh ts can , s ubsequentl y ,  
have very di fferent growth rates. . A fundamenta l  stati st i cal  object ion  
i s  that . s uch  match i ng i nvol ve s  the non- random a l l o ca ti on of  i ndi vi dual s 
to tre atment� wh i ch i ntroduces potenti a l  sources of b i as to the 
exper i ment . B i l l ewi cz ( 1965 ) concl uded tha t  ' There i s  little doubt · 

that in the statistical sense matching wastes information , . . . .  ' a n d  
h e  found h i s computer s i mu l a t i ons  to ' . . .  show that match ing improves 

the precision o f  the experiment but that for quantitative response 

variables the improvement is smaller than that which can be achieved 

by covariance analysis ' .  

The data used i n  th i s  chapte r was co l l ected  by Dr M . F .  Ta rtte l i n  
and Prof R . E .  Munford duri n g  the Spri ng a n d  Summe r o f  1974-75 a t  
R� pl ey Ri se on  a Massey Un i ve rs i ty farm . The experi ment  attempted to 
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p roduce • androgen i sed • l ambs by treati ng the pregnant ewes wi th 
te stosterone propi onate ( TP ) . The l ambs were wei ghed week l y  ( i n  
k i l ograms ) from b i rth and weaned a t  16 weeks o f  a ge .  

A conventi onal method of  ana l ys i s ,  mul ti p l e one way ana lyses  
of vari a nce o f  the untransformed we i gh ts at each of the 1 7  we i gh i ngs , 
i nd i ca ted that mal e l ambs were heavi e r  than femal es ; no stati st i ca l l y  
s i gn i fi cant  effects o f  T P  treatment o n  l i ve we i ght  cou l d b e  s hown . 
But i n  Chapte r  1 th i s  method of a na l ys i s  wa s s hown to be s tat i st i ca l l y  
unsound and  i neffi c i ent . So us i ng the methods descri bed i n  Chapters 
1 & 2 ,  and some exten s i on s  of  them , the data was re-ana l ysed . 

Us i ng an  anc l ys i s  of covari a nce , as  recommended by Bi l l ewi cz , 
the model to be i nves t i gated wa s ;  i f  the effect  of b i rth we i ght wa s 
removed wou l d TP treatme n t ,  sex , or b i rth s tatus i nfl uence the s l ope 
o f  the pre -wean i ng growth curve s . 

B I OMETRI CAL CONS I DERAT I O NS 

Fi gure 3 . 1 i l l u s trates  the mean  week ly  l i ve we i g hts and t he i r 
s tandard devi a ti o ns , fo r a l l seven teen we i gh i ngs from the s i xty one 
l ambs , on  

a )  
b )  

a nd c )  

The 
ca l cu l a ted  

three metamete rs ; 
the meas ured ari thmet i c s ca l e  
a s  l ogari thms to the base  10 ( two pa rameter  l ognorma l ) 
o n  � three parameter l ognorma l s ca l e .  

res u l ts i n  F.i gure 3 . 1 can  be s een to be compa rab l e to tho se  
from the  data of Wal l a ce ( Chapter 2 Fi g .  2 . 1 ) .  On the  

ari thmet i c s ca l e the  s tandard devi a t i on i ncreased wi th the mean , the  
rel at ion s h i p aga i n be i ng convi n� i n gl y l i near ( r= +0 . 995 7 ) .  Fo l l owi n g  
the tran sfo rmati on o f  t he  data to  l ogari thms t he  vari a t i on about  the 
means decrea sed wi th i nc reased mean l i ve we i gh t  ( r= = 0 . 96 64 ) , 
confi rmi n g  the res u l ts i n  Chapter  2 .  The addi t i on  of  a constant 
ca l cu l ated from the a ri thmeti c p l o t  ( constant/ s l ope = ca l c u l a ted 
constant ; 0 . 4/0 . 15 = 2 . 5 )  fo l l owed by the tak i ng of  l ogar i thms 
( g i v i ng a t hree pa ramete r l ogari thmi c trans formati o n )  removed the 
p rev i ou s l y s tati s t i ca l l y  s i gni fi cant  corre l a ti on betwee n  means and 
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standard devi a ti ons  ( r= +0 . 2469 ) .  
The techn i ques and tra n s fo rmati ons  us ed  i n  Chap ter  2 ,  for the 

data o f  Wal l ace ( 1948 ) , were app l i ed .  Name l y ,  s l opes and  constants 
for i nd i v i dua l  a n i ma l s were computed , by reg res s i n g  1 00 ti mes l og 
l i ve we i ght  and l og a g e .  To avo i d  the l ogar i thm o f  zero 1 . 0 wa s 
added to a l l the ages before tak i ng l ogari thms . Sl opes , constant , 
and corre l at i on  coeff i c i ents a re g i ven for the ma l es and fema l e s 
i n  Tab l e 3 . 1  o f  the Appendi ces . I t  was noted i n  Chapter 2 that 
the three parameter  l ogari thmi c tra n sformat ion  cou l d be of  use where 
groups o f  a n ima l s a re be i ng compared . Thus l i ve wei g h t  ( l og ( l i ve 
we i g ht + 2 . 5 ) )  was regressed a g a i nst  l og a ge .  The s l opes , con s tants 
and corre l ati on coeffi ci ents fo r the i nd i v i dua l  an i ma l s are a l so s hown , 
i n  Append i x  Tab l e  3 . 2 .  

The three an i ma l s  wi th t he l owes t  correl ati on  coeffi c i ents 
(ca l cu l a ted  wi th l i ve we i ght  transformed to a two parameter 
l ogari thmi c metame te r )  a l l  s howed an earl y retardat i o n  of  l i ve wei ght  
i ncrease fol l owed by compensato ry growth ( Fi g  3 . 2 ) . Th i s  res u l t 
deserves i l l u stra ti on as a l ow corre l ati on  coeffi ci ent  cou l d have 
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been due to the i mposed treatment  a l teri n g  the overa l l re l at i on s h i p 
between l i ve we i gh t  and age g i v i ng a systemat i c  pattern o f  departu res  
from l i nea ri ty ,  rather than  the expl i cab l e ep i sodi c devi ati ons  d i sp l ayed . 
Furthermore Fi g 3 . 2 . s hows the recorded b i rth we i ghts to be greate r  than 
the con s tants ( i . e . - when x=O ) . I t  cou l d be argued that bi rth wei ghts 
shou l d be excl uded from the reg re s s i on s . Bi rth we i ghts  are probab ly 
more representat i ve of  the  pre - nata l  pop u l a t i on of wei ghts , whi ch  a re 
s ubject to very di fferent  -i nfl uences  than po st- nata 1 wei ghts , a n d  may 
fol l ow a di fferent re l ati ons h i p  to t i me . 

I t  was s hown i n  a previ o u s  chap te r  that  the ca l c u l a ted b i rth 
wei ght  ( the con stan t )  accounte d  for a much g reater percentage of  the 
vari a ti on  i n  rate of  ga i n  than d i d the reco rded bi rth wei ght . So the 
ana l ys i s of covari ance used the con sta nt  as the covari a te and the s l ope 
( rate of gai n )  as the response . Unfo rtunate ly  sub-cl a s s  numbers were 
unba l anced mak i ng a three way a na l ys i s  of  covariance i mposs i b l e ,  us i ng 
the computer  pro grammes ava i l ab l e .  Methods for such a n  anal ys i s have 
however been formu l ated ( Gros sman and Ga l l , 1968) . So s l opes and 
con stants were ana l ysed by a o ne way ana l ys i s of covari ance . 



RESULTS AND D I SCUSSION 

Tab l e s  3 . 1  and 3 . 2 of  the Appendi ces s how that the corre l at i ons 
between l og l i ve we i ght and  l og a ge were greater than 0 . 990 for 45 
of the 61  l ambs . Th i s  resul t i s  s l i g h tl y i nfer ior  to that obta i ned 
from the data of Wal l ace (Append i ces , Tabl e 2 . 1 ) . Th i s  was a s  
expected as  t he pasture graz i ng o f  t h e  Mas sey l ambs a n d  ewes was 
uncon trol led · compa red to the i ndoor hou s i ng and  contro l l ed nutri t ion  
o f  Wa l l ace • s  a n i ma l s .  But  the h i gh co rrel ati on s  obta i ned were actua l l y  
better  than ant i ci pated  a s  near droug h t  condi ti ons preva i l ed duri ng 
the s ummer of  1974- 75 . These res u l ts s upport the wi de appl i cabi l i ty 
o f  the l i near i s i ng techn i que s i nce the l ambs , both ma l e  and femal e  
(and  a ndrogen i sed ) , of d i ffe rent breeds , i n  di fferent  countri es , 
under very d i fferent nutri t i ona l  regi me s , and bei ng s i ng l es , twi ns , 
and tri pl ets , a l l grew i n  l i ve wei gh t  i n  gene ral  accordance wi th a 
s i ng l e re l a t i ons h i p to t i me .  Th i s  re s u l t i s  espec i a l l y  i mportant  
because i f  these factors o r  trea tmen ts h ad  a ffected t he  s hape of  the 
g rowth curves , to cause s i gn i fi ca n t  departures  from l i neari ty ,  l i near­
i s a ti on woul d be  of l i mi ted val ue for the ana l ys i s  of between group 
va ri ati on ; the fi tti ng of di fferent rel at ions h i ps to d i fferent  groups 
mak i ng compa r i sons i mpos s i b l e .  On the other hand the ab i l i ty to detect  
departures  from l i neari ty i s  a l so a va l uab l e too l a s  i t  a l l ows outly i ng  
po i nts , or  i ndi v i du� l s ,  to  be i denti fi ed . 

The fu l l  a na lys i s  o f  cova ri ance o f  the s l opes and  cons tants , 
ca l cu l a ted  fo l l owi ng a two pa rameter l ogari thmi c tra n sformat i on of  
l i ve we i ght , i s  shown i n  Ta bl e 3 . 1 � A one  way ana l ys i s  of va ri a nce 
for s l ope and  constant (Tabl e 3 . 1 ) i nd i cate d ,  at the 5% l eve l of 
p robab i l i ty ,  no s i gn i fi cant  overa l l d i fferences for e i ther s l ope or 
consta n t ,  a l though the 10% l eve l wa s exceede d .  So the re was no 
concl us i ve ev i dence that the covari a te ,  or the respon se , was i nfl uenced 
by treatment , sex , or  b i rth s tatus . The strong re l at ionsh i p between 
s l ope and con s tant ,  a s s umed a pr i or i , wa s demons trated  by the 
s ta ti st i ca l l y  s i gn i fi cant  and negati ve ave rage wi th i n g roup corre l a t i o n  
( r= -0 . 8325 ) . The regres s i ons wi th i n  t h e  trea tment groups were not 
s i gn i fi cantl y d i fferent a l though a d i fference i s  sugge sted by the 10% 
l �vel of s i g n i fi cance be i ng exceeded . After fi tti ng the regres s i o n  

* Analyses of variance programme wri tten by Dr . 
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TAB L E  3 . 1  
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ANALYSES OF VAR IANCE AND COVAR IANCE , FOR THE SLOPES ( Y )  AND CONSTANTS ( X )  
FROM THE L I NEAR EQUAT I ONS R ELAT I NG LOG L I V E  WE I GHT ( ON A TWO PARAMETER LOG 
METAMETER ) TO LOG AGE . LAMBS OF TARTTEL I N  AND MUNFORD ( 1 974 - 75 ) . 
� = ��LE , F = FEMAL E , TP  = TP TREATED , C = CONTROL , S = S I NGLE , 

TW = T\H N ,  C s t  = CASTRATE . 

TREATMENT X MEAN Y MEAN ADJ . Y t�EAN ± S EM CORRELAT ION  

F s 
f TW 
F s 
F TW 
M s 
M HJ 
M s 
M TW 
M TW 

TP 60 . 36 67 . 02 69 . 43 1 . 059 - . 8337 
TP 53 . 43 70 . 43 69 . 03 1 . 1 52 - . 8849 
c 45 . 7 1  7 5 . 68 70 . 05 2 . 051  - . 5460 
c 53 . 6 2  65 .86  64 . 57 1 . 407 - . 58 1 9  
TP 61 . 57 73 . 55 76 . 61 1 . 1 23 - : 9372  
TP  55 . 01 63 . 39 62 . 86 1 . 983 - . 8570 
c 61 . 23 7 2 . 1 1  75 . 00 1 . 427 - . 4287 
c 52 . 94 7 0 . 66 69 . 00 1 . 543 - . 9397 
Cst 49 . 73 7 0 . 52 67 . 10 1 . 255 - . 9340 

AVERAGE W ITH I N  GROUP R EGRESS ION , CORRELAT I ON = - . 8325 
TOTAL ESTIMATES , I GNOR I NG GROUPS , CORRELAT ION = - . 6405 

M EAN SQUARE FOR EACH VAR IABLE 

SOURCE Df 

TOTAL 60  

BETWEEN  8 
\'JITH I N  5 2  

F RAT IO  

SLOPES 

4 2 . 450 

7 3 . 348 
3 7 . 696  

1 . 94 5  

CONSTANTS 

99 . 6 1 4  

182 . 422 
86 . 874 

2 . 099 

ANALYS I S  OF  W ITH I N  GROUP VAR IANCE OF Y 

SOURCE Of VAR IAT I ON DF SUMS OF  
SQUARES 

MEAN SQUARE F RAT I O  

D U E  TO  AV . REGR . 
DEV . FROM AV . REGR . 

1 
5 1  

BETWN . I ND .  GRP . REGRS . 8 
DEV . FROM I ND .  R EGRS . 43 

1358 . 666 
601 . 553 

165 . 864 
435 . 689 

1358 . 666 
1 1 . 795 

20 . 733 
10 . 132 

1 1 5 . 188 

2 . 046 

ANALYS I S  OF VAR IANCE OF Y ,  AFTER F I TT I NG REGRESS ION  ON  X 

SOURCE OF VAR IAT I ON 

TOTAL 
BETWEEN  GROUPS 
W ITH I N  GROUPS 

OF 

59 
8 

5 1  

OR I G I NAL MEAN SQUARE = 3 7 . 69 

MEAN SQUARE 

25 . 455  
1 1 2 . 543 
1 1 . 794 

F RAT IO  

9 . 541  

PERC E NT REDUCTI ON OF ERROR = 68 . 7 1 1  



TABLE 3 . 2  
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ANALYSES O F  VAR IANCE AND COVAR IANCE , FOR THE SLOPES ( Y )  AND CONSTANTS ( X )  
FROM THE L I NEAR EQUAT I ONS R ELAT I NG LOG L I V E  WE I GHT ( ON A THREE  PARAMETER LOG 
METAMETER ) TO LOG AGE . LAMBS OF TARTTEL I N  AND MUNFORD ( 1 974 - 5 ) . 

( symbo l s for trea tment  a s  i n  TABLE 3 . 1 ) . 

TREATMENT X MEAN Y MEAN ADJ . Y  MEAN ± S EM CORRELAT I ON 

F s TP 78 . 6 1 54 . 50 55 . 95 0 . 937 - . 6871  
F TW TP 7 3 . 94 56 . 1 5 55 . 52 1 . 0 1 2  - . 7052 
F s c 68 . 98 59 . 10 56 . 28 1 . 796 - . 3 292 
F nl c 7 2 . 66 53 . 74 5 2 . 54 1 . 248 - . 5956 
M s TP 78 . 82 6 1 . 1 9 6 2 . 73 0 . 983 - . 8817  
M TW TP 7 5 . 20 50 . 08 50 . 02 1 .  747 - . 8551 
M s c 78 . 50 59 . 92 6 1 . 31 1 . 252 - . 1 354 
M TW C 73 . 01 56 . 89 55 . 86 1 . 362  - .  9077 
M n� Cst  7 1 . 68 55 . 33 5 3 . 69 1 . 096 - .  7877 

AVERAGE WITH I N  GROUP REGRESS I ON , CORRELAT ION = - . 6860 
TOTAL EST IMATES , I GNOR I NG GROU PS , CORRELAT ION = - . 3807 

MEAN SQUARE FOR EACH VAR IABLE 

SOURCE DF SLOPES CONSTANTS 

TOTAL 60 2 3 . 641  45 . 3 54 

BETWEEN 8 6 7 . 01 2  76 . 857 
W ITH I N  52 1 6 . 969 40 . 507 

f RAT I O  3 . 949  1 . 897 

ANALYS I S  OF THE W I TH I N  GROUP VAR IANCE Of Y 
SU�1S OF 

SOURCE OF VAR IAT I ON DF SQUARES MEAN SQUARE F RAT I O  

D U E  TQ AV . R EGR . 1 4 1 5 . 3 55 415 . 355 45 . 354 
DEV . FROM AV . REGR . 5 1  467 . 056 9 . 157  

BETWN . I ND . GRP . REGRS . 8 89 . 587 1 1 . 1 98 1 . 27 5  
DEV . FROM . I ND .  REGRS . 4 3  377 . 469 8 . 778 

ANALYS I S  OF VAR I ANCE OF  Y ,  AFTER F I TT I NG REGRESS I ON ON X 

SOURCE OF VAR I AT I ON OF  

TOTAL 

BETWEEN GROUPS 
W ITH I N  GROUPS  

59  

8 
5 1  

OR I G I NAL ERROR MEAN SQUARE = 16 . 96 

MEAN SQUARE 

20 . 556  

9 3 . 223  
9 . 1 57  

F RAT I O  

1 0 . 1 7 9  

PERCENTAGE REDUCTI ON OF ERROR = 46 . 034 
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the  wi th i n  group vari at i on for rate of ga i n was reduced by 68 . 7% 
g i vi ng a h i gh l y s i gn i fi cant di fference between groups . Fo l l ow-up  
compa ri sons  between the adj u sted  means s howed TP  treatment to  have 
s isni fi cant ly  ( P< . 05 ) i ncreased the growth rate of fema l e twi n l ambs . 

A l though one wou l d  expect fema l e  l ambs to s how a greater 
response to androgen i sat ion  than ma l e  l ambs , i f  a ndroge n i s ati on 
bestows a mascu l i ne pattern o f  growth upon the fema l e ,  one cou l d  
expl a i n the fema l e ' s  greater res ponse  i n  a nother way . I t  may be  
recal l ed ,  from the  resu l ts presented i n  Chapter  1 , , that  a growth 
s t imu l us seems to g i ve a greater  response i n  a s l owl y g rowi ng a n i ma l ; 
a rat ' s  res ponse to ovari ectomy was negati ve l y  rel a ted to i ts 
pre-ova ri ectomy growth rate . Thus as  ma l e  l ambs grew fa s ter than 
fema l es  they wou l d  not be expected to s how as  l a rge a res ponse to 
TP treatme n t ;  TP treatment had no s i gn i fi cant  effect i n  ma l es . 
S imi l a rl y s i ng l e l ambs grew fa ster than twi ns ; s i ng l e s  s howed a 
damped re s ponse to TP . 

The ana l ys i s  of cova ri a nce of Tab l e 3 . 2  eval uate s  the s l o pes  
a nd constants (Append i ces , Tab l e 3 . 2 )  that  were ca l cu l a ted fo l l owi ng 
the trans formati on of l i ve wei g h t  to a three pa rameter l ognormal 
metameter .  When compared to the ana lys i s of  cova ri ance of  Tab l e 3 . 1  
severa l  fea tures of  i n terest  and d i fferences between the ana lyses , a re· 
appare nt .  The ana l ys i s  of vari a nce of  Tabl e  3 . 2  s hows that a h i g h l y  
s i gn i fi ca n t  di fference i n  s l ope was �resent before t h e  e ffect  o f  
b i rth we i gh t  was remove d .  Th i s demonstrates the u s e  o f  the three 
parameter transformati on  as a rough  a l ternati ve to an a na l ys i s  of 
covari a nce . As s hown i n  the l a s t  chapter th i s  effect  i s  due to 
the three parameter tra ns forma ti on res u l ti n g  i n  l es s  of  the vari at i on  
i n  rate of  we i gh t  ga i n  bei ng exp l a i ned  by the  ca l cu l a ted  b i rth wei gh t  
(Tab l e  3 . 1 ,  r = -0 . 8325 ; Tab l e  3 . 2 , r= - 0 . 686 1 ) .  But the ' F ' va l ue 
for s l ope fol l owi ng covari a nce was i ncrea sed for the t hree parameter 
case , a l bei t by a sma l l amount ( Tab l e 3 . 1 ,  F •  9 . 54 ;  Tab l e 3 . 2 ;  
F= 10 . 18 ) . 

The corre l a ti on s  between the comparab ly  ca l cu l a ted s l opes 
and con s tants obta i ned from the da ta o f  Wa l l ace ( r= - 0 . 8 129 ) and  
that for the  Mas sey l ambs ( r= � . 8325 ) a re a l most i nd i st i n gu i s hab l e .  



Th i s  s imi l a ri ty s ugges ts that  pre-wean i  ng compensatory growth ( as  
defi ned i n  Chapter  10 ) may be i nherent to  the  growth of  l ambs . 

The advantages of  l i neari s at i on  can be c l earl y s een from the 
a na l ys i s  of  thi s experi ment  as l i neari sat i on a l l ows more i nformat i ve 
s tatements to be made about the overa l l g rowth of a n i ma l s and  o f  
compari sons between a n i ma l s .  For exampl e ,  mu l ti p l e one way an a l ys i s  
o f  vari a nce , bes i des be i ng sta ti s t i c a l l y  quest ionab l e ,  wi l l  o n l y  
i ndi ca te that at a certa i n  age a d i ffe rence i n  we i ght  occurred . 
L i neari sat ion  provi des for more prec i se ,  and val uab l e ,  conc l u s i ons  
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to  be reached ; for exampl e ,  ' a n i mal s  we re g row i ng at  di fferent g rowth 
rate s ' or ' a n i ma l s di ffered i n  s i ze but grew at s i mi l ar rates • .  I n  
add i ti on the a b i l i ty to d i  s ti ngui  s h  the s i gn i fi cant ly  i ncreased growth 
rate of androgen i zed fema l e twi n  l ambs i l l u s trates the i ncreased 
s en s i ti v i ty of  l i neari s i ng techn i ques , fol l owing  covari ance ana l ys i s ,  
compared to the mo re tradi t i onal  methods of ana lys i ng l on g i tudi na l  

. g rowth experiments . 
S i nce R . A .  Fi s her  fi rs t descri bed the a na l ys i s  o f  covari ance 

i t  h as been s hown to be va l uabl e i n  many s i tuations . But  the use  of  
cova ri ance i n  l ong i tudi na l  growth stud i es i s  not a common pructi ce . 
Work by Ba i l ey et a1 { 1958 ) i s  frequent ly  quoted as ev i dence that  
cova ri ance bestows l i tt l e  o r  no  a dvantage i n  the  ana l ys i s  o f  short 
term growth experi ments . However Ba i l ey et al . u sed  the recorded 
i n i ti al \'Je i ght  of the i r da i ry hei fers as  the covar i ate . Al though chey 
cal cu l ated a l i near  regre s s i on o f  we i gh t  on age no use was made o f  
the i ncreased prec i s i on of  the regre s s i on to esti mate a n  i n i ti a l we i g ht  
to act a s  t he  covari ate . I t  i s  pos s i b l e  tha t ,  as  i n  the present 
examp l e ,  a n  e s t imated  i n i t i a l wei gh t  wou l d  expl a i n  more of  the 
vari ati on i n  g rowth rate than the recorded wei g ht .  I n  l onger 
experi ments a reducti on i n  error vari a nce has  been shown by the u se  of 
covari ance for cattl e ( Ki nca i d e t  al . 1 945 ) and p i gs ( Wi s h art 1939 ; 
Ashton et al . 1 955 ) u s i ng l i ve we i g h t ga i n  i n  a prev i o u s  per iod  and 
i n i ti a l l i ve we i g h t ,  re spe cti ve l y ,  as  the covari ate . In  these 
s i tuati ons a much greater exp l anati on  of  di fferences i n  rate o f  
wei ght ga i n  wou l d  probabl y res u l t i f  a n  e st imated i n i ti a l wei ght , 
o r  the s l o pe of  the regre s s i on l i ne ,  wa s the covar i ate .  
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In the present  chapte r  some advantages resu l ted from the 
use of the three parameter  l ogno rmal transfo rmati on . I n  the next 
chapter  a s i tuat i o n  where defi n i te a dvantage accrued wi l l  be descri bed . 



4 9  

C H A P T E R  F O U R  

THE R EGRESS I ON O F  L I VE WE I GHT AND AGE 

I N  CATTLE 

I Monozygous twi n he i fers a t  Ruakura 
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I NTRODUCT I ON 

Chapters one to three have s hown that the ana l ys i s  of  the growth 
curves of rats and sheep i s  fac i l i tated by the use of transformat i on s  
of we i g ht  a nd age . The app l i ca t i o n  of  these techn i ques to the growth 
of cattl e wi l l  be i nvesti gated by re�anal ys i ng the l i ve we i g ht data 
co l l ected a t  Rua kura a nd pub l i shed by Hancock ( 1 95 1 ) . 

I t  wa s stated by Hancock ( p . 1 7 )  that  
"Especially under New Zealand pastoral conditions growth rates are 

highly i rregular . . . . " and  tha t "The accurate measurement of body s i ze 

and growth of large herbivorous animals , and espec ially ruminants , i s  

difficult because of uncontrollable variations due to ruminal , intestinal 

and bladder contents . Another diff iculty is  due to the fact that 

individual animals do not grow at a constant rate at any stage . "  

Hancoc k proposed to " . . .  overcome the inaccuracies of  measurements by 

using averages of repeated observations to determine ' true ' size a t  

any given time " . 

Hancock as sayed the effi c i e ncy of u s i ng monozygou s twi ns i n  growth 
tri a l s a nd found , u s i ng runn i ng averages , that the fl uctuati ons of the 
va r i a nces between a nd wi th i n sets of twi n s  cau sed est imates  of the twi n 
effi c i ency to vary w ide l y .  Twi n effi c i ency for the a bsol u te ra te o f  
l i ve we i g ht ga i n  var i ed between 4 a nd 2 1 , depend i ng o n  the number o f  
peri ods i nc l uded i n  the ca l cu l at i o ns . T h i s l arge var i ab i l i ty cou l d  
i nd i cate that  the method of u s i ng runn i ng averages d i d  not g i ve re l i a b l e 
est i mates of  the ra te of we i gh t  g a i n .  T h i s h i g h  vari ab i l i ty has even 
l ed to doubts , perhaps  i l l -founded , a s  to the usefu l ness  of monozygous 
twi ns  i n  g rov1th tri a l s ( Smi th , 1 9 73 ) . 

T he  l i near i s at i o n  of the we i g ht-age g rowth c urves of  i nd i v i du a l  
he i fers wou l d  ques t i o n  Hancoc k ' s  s tatement that hei fers d o  not grow a t  
a cons ta nt  rate a nd a l so h i s u s e  o f  runn i n g  averages rather than the 
or i g i na l  l i ve we i g hts . The vari at i ons i n  l i v e  we i gh t  of  i nd i v i du a l  
rumi nants may not be whol l y  ' uncontro l l a b l e ' , a s  Hancock descri bed 
them , but may change i n  a wave- l i ke manner  ( Ba ker and Gui l bert , 1 9 42 ) . 
Th i s i n tri g u i ng pos s i b i l i ty ,  wh i c h i s  further d i scus sed i n  Chapter 7 ,  
wou l d a l so count a ga i n st  the u s e  of  runn i ng averages . 
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So , u s i ng the Rua kura data . p ub l i s hed by Hancock ,  the 
l i near i sa t i o n  of the growth curves of i nd i v i du a l  he i fers wa s attempted . 
Us i ng the est imated s l opes and con s tants twi n effi c i enc i es were then 
ca l cu l a ted u s i ng the mean squares w i thi n and  between  sets of twi ns 
obta i ned from an a n a l ys i s o f  covar i a nce . 

I t  wi l l  be shown , u s i ng the tec hn i ques devel oped here i n ,  tha t 
b i rth and wean i ng we i g hts a re grea tl y i nfl uenced by the envi ronmen t  
wh i l e  the mature we i gh t  i s  l 3rge l y  pre-determ i ned or geneti ca l l y  
contro l l ed .  Thus b i rth we i ghts l arge ly  determi ne l ogari thmi c g rowth 
rates due to compensa tory growth . A l though these are not ori g i nal  
f i n d i ngs  the tech ni ques devel oped i n  thi s wor k  do a l l ow a c l ear and 
s impl e demonstrati on of  these effects . The re l evance of these fi nd i ngs  
to  the methods used for the  se l ecti o n ,  for breed i ng , of mea t produc i ng 
a n i ma l s i s  a l so d i scu s sed . Tayl or  ( 1968 ) recogn i sed that se l ect i ng 
a n i ma l s for h i g h average da i l y ga i n s l eads to i ncrea ses i n  mature we i g ht . 
Therefore he devel oped a cr i teri a of  se l ect i o n  wh i c h  he bel i eved 
wou l d  bend g rowth curves ( o r  l eave a n ima l s tha t  mature ear ly i n  l i fe ) . 
Thus  the i dea that growth c urves can  be ben t  by sel ect ion  wi l l  be 
cr i ti ca l l y  exami ned . 

THE DATA 

The i denti cal twi n hei fers , born i n  the wi nter of 1 944 , were taken 
to Ruakura at  7-10 days of  age and fed on m i l k  unti l wean i ng ( a t  1 6 - 18 
weeks  of a ge ) . Fol l owi n g  wea n i n g  
supp l emented wi th hay a n d  s i l age . 
1 95 1 ) . 

they were g i ven pas ture graz i ng 
( For · further deta i l s  see Hancock 

The l i ve we i g ht measurements  ( i n pounds ) publ i shed by Hancock 
were the i nd i v i d ua l  l i ve wei ghts from twen ty he i fers ( te n  sets of  twi n s )  
but cons i s ted of the mov i ng averages of consecu ti ve week ly  mea surements 
centred at 4 ,  16 , 28 , 40 , 52 , 64 , 76 and 88 weeks ofage . 
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B I OMETRI CAL CONS I DERAT I ONS 

The s tat i st i ca l  techni ques empl oyed were those prev i ou s l y  
appl i ed to both rat a n d  s heep l i ve we i gh ts . For the l i ve we i ghts on  
both ar i thmeti c and l ogari thmi c metameters , means and  s tandard 
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devi a ti ons  were ca l cu l a ted at each o f  the e i g h t  ages , a nd then regres sed . 
F i g ure 4 . 1  shows that on an ar i thmet i c s ca l e  mean and s tandard dev i a ti on 
were strong l y  pos i ti ve l y  corre l a ted ( r  = +0 . 95 1 ) ,  whi l e  on  a two 
parameter l ogari thm i c  sca l e mean  a nd s tandard dev i a t i on were negat i ve l y  
rel ated ( r= ' - 0 . 876 ) . To achi eve norma l i ty the three parameter l ognorma l 
metameter was empl Jyed by add i ng a constant ( 4 . 385/ . 07 7 7  � 60 )  to a l l 
the l i ve we i g hts before ta k i n g  l ogar i thms . Fo l l owi ng a three parameter 
l ogari thm i c tran sformati on means  and standard devi at i on s  were 
s tat i s t i c a l l y  unrel ated ( F i g  4 . 1 ,  r = - 0 . 473 ; P > . 20 ) , confi rmi ng the 
resu l ts from other spe c i es i n  prev i ous  cha pters . 

So to atta i n  both  norma l i ty and  homogene i ty of the vari a t i on l i ve 
wei ght was transformed to l ogar i thms . Apart from the knowl edge g a i ned 
i n  prev i ou s  chapters there was l i tt l e ba s i s ,  a pri ori , for the 
sel ecti on of a transformati on of age  that wou l d  achi eve l i neari s ati on . 
However a s  l og age l i nea ri sed the _  g rowth curves of l ambs , a re l a ted 
s peci es , l og age was the i n i t i a l  and  seemi n g ly  successfu l  choi ce . 
Therefore each a n ima l � s  l i ve we i g hts were transformed to both two and 
three parameter l og s ca l es ,  mul t i p l i ed by 1 00 ,  and regres sed aga i n st  
l og age . The res u l tant  s l opes , constants , a nd  correl a t i on coeffi c i ents 
for both s ca l e s  are g i ven i n  the  Append i ce s  ( Tabl e 4 . 3 ) . The re l at i o n s h i ps 
between we i ght and age for two sets  of  twi n s  a re i l l u s tra ted i n  F i g .  4 . 2 ( a )  
for the two pa rameter transformat i o n , and for the same a n i ma l s i n  F i g .  
4 . 2 ( b )  for the three parameter tra n s format i o n  of l i ve wei g h t . On both 
sca l es the corre l at i on  coeffi c i ents were comparabl e to those prev i ou s l y  
obta i ned from rats a n d  s heep . Poss i bl e  systemati c departures from 
l i neari ty are evi dent from the average  wei g hts  obta i ned a t  4 and 1 6  
weeks of  age . I t  wa s noted i n  s heep ( Chapters 2 and 3 )  that the b i rth 
wei ght  wa s con s i s tent ly  above the wei g ht  c a l cu l a ted from the regres s i on ; 
i n  the Ru akura hei fers the avera ge  wei gh t  a t  4 weeks was a l so a bove the 
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FIGURE 4 . 2A 

LOG LIVE WEIGHT vs LOG AGE 

T 17 Y • 62 .163X + 17.1 . 795: R = 0 .9965 

T 18 Y • 62 . 111X + 172.238: R = 0 .9973 

T 1 Y • 77 .042X + 132.26: R = 0 . 9957 

T 2 Y = 85 .164X + 117..84: R = 0 .9966 
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F IGURE 4 ; 2s 

LOG (LIVE WEIGHT + 60 L.Bsl vs LOG AGE 

T 17 Y • 72. 225X + 150.34: R = 0 . 9980 

T 18 Y � 72.273X + 150. 68: R = 0 . 9982 

T 1 Y • 62 .851X + 162 .009: R • 0 .9925 

T 2 Y • 67 . 131X + 154.226: R = 0.9940 
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l i ne .  An i ma l s were weaned at 16  weeks to 18  weeks ; the average l i ve 
wei g ht from th i s  peri od is bel ow the ca l cu l a ted va l ue . 

To obta i n  est imates o f  the twi n effi c i e ncy s l ope s and con s tants 
were subj ected to ana lys i s  of covari a nce wi th the s l ope ( ra te of  g a i n )  
the var i a te a nd the constant  a s  the cova ri a te .  

RESULTS AND D I SCUSS I ON 

COMPENSATORY GROWTH 
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The ar i thmet i c  mea ns and standard devi at i ons were pos i ti ve ly  
correl ated but fol l owi ng t h e  transformat ion  of  l i ve we i g ht  to a two 
parameter l ogar i thmi c metameter mean s  and s tandard devi at i ons  were 
negati vel y correl ated . Th i s  re su l t i s  contrary to wha t  Hughes  ( 1 976 , 
p . 1 1 6 ) , i n  a revi ew of  the l i terature concern i ng l i ve we i gh t  measurement 
i n  cattl e ,  recently stated , 

" The s i ze of the experimental error ( standard deviation ) has been 

found to increase somewhat with the age of cattle . . . . .  Weight by itself 

does not appear to increase the size of the error . • . . .  " 

But the pre sent resu l ts are con s i s tent wi th the author ' s  v i ew of 
the mu l t i p l i ca ti ve nature of l i ve we i g ht  growth ( see Chapter 1 0 ) , agree 
wi t h  s i mi l ar f i ndi ngs in  other spec i es , a nd suggest that post-nata l 
compensatory growth a l so occurs i n  h e i fers . Fi gure 4 . 3  i l l u s trates 
the strong negati ve rel a ti on s h i p ( r  = - 0 . 9667 ) between s l ope and con sta n t ,  
on  a n  average wi th i n  group basi s ,  for t h e  three parameter case . Th i s  
res u l t i s  a l so i ndi cati ve of  compen s atory growth . I n  l ambs the 
corre l ati on between the rates of g a i n and the constants was a bout 0 . 80 
whi l e  the comparab l e correl a t i o n , for the two parameter case , ( i gnorn i ng 
groups ) i n  monozygoti c hei fers wa s a bout 0 . 96 ( Appendi x Tabl e 4 . 1 ) . The 
h i gh corre l a ti on for the monozygoti c twi ns  i nd i cates that env i ronmental  
factors control b i rth we i g h t  whi ch  i n  turn l argel y contro l s the 
subsequent rate of we i gh t  g a i n .  These resu l ts a l so suggest t hat  mature 
body s i ze i s  heri tabl e whi l e  growth rate i s  l a rge l y  determi ned by the 
b i rth we i g h t .  Compensatory growth was demonstrated i n  a no ther way by 
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Kna pp & C l  ark { 1947 ) when they s h owed a steady ri se  i n  the heredi tary 
con trol over bov i ne we i g ht ga i n ,  from 1 0  to 54  to 84 percent , i n  
three succes s i ve 84 day peri ods from wean i ng .  Dona l d  ( 1 960 ) , u s i ng 
one-egg twi ns , two-egg twi ns , fu l l  s i bs ,  ha l f  s i bs ,  a nd  unre l ated 
i nd i vi d ua l s ,  e st imated the genet i c and envi ronmen tal components of  the 
vari ati on  i n  untran sformed l i ve wei ghts and concl uded that " . . . . about 
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weaning time environmental variation reaches its maximum . "  Dona l d ' s  
i nterpreta ti on d i ffers from that of t he present  study as  the tra nsformed 
l i ve we i g ht  age curves  of i nd i v i dua l s s howed a convergence , from bi rth , 
a nd thus a steady decrea se i n  var i a ti on , wh i ch wa s a l so shown by the 
l ogari thm i c  p l ot of  means and s ta ndard devi at i ons . Th i s d i fference i n  
i nterpreta ti on cou l d  be expl a i ned by Dona l d  us i ng the wean i ng wei ght  
where an add i ti ona l component of vari ati on , t hat  assoc i a ted wi th 
i nd i v i dua l  responses to wean i ng , cou l d h ave i nfl ated the vari a ti on  
at thi s age . But overa l l a s teady decl i ne i n  the envi ronmenta l  i nfl uences 
cou l d  be occurri ng wi th on l y  a tra n s i tory ri se at wean i ng .  ( See Chapter 5 
where i n th i s poi nt  i s  further stud i ed ) .  The majori ty of  evi dence l ed 
Di ckerson ( 1 954 ) , i n  h i s rev i ew o f  the l i terature , to state that 
" . . . .  �ature size is  a ffected mor� than early growth by the individual s ' 

genotype and less by ma ternal and other envi ronmental factors " .  

However the re su l ts obta i ned by Dona l d i l l ustrate the poor e st imate 
of heri tab i l i ty obta i ned by us i ng on ly  the wea n i ng wei g ht  to se l ect for 
body s i ze .  Wean i ng a nd b i rth we i g h t  have been advocated as cri teri a for 
sel ecti ng for mature body s i ze .  The above re s u l ts , and the i r d i s cu s s i on , 
i ndi cate why est ima tes of heri ta b i l i ty for weani ng we i g ht are l ow ,  
averag i ng 0 . 27 ( N i co l l ,  1975 ) or  0 . 30 ( P re ston & Wi l l i s ,  1 970 ) , compared 
to those  obta i ned at l a ter ages . For exampl e  Preston & Wi l l i s ' s  rev i ew 

· g i ves 0 . 52 as  the es timate for post-wean i ng rate of l i ve wei g ht  ga i n  and 
0 . 70 for f i na l  we i g hts . 

Wi th i n  a col ony o f  l a boratory rats genet i c vari a ti on i n  u l ti mate 
we i gh t  wou l d ,  on a l og ari thmi c sca l e ,  seem to be sma l l compared to the 
envi ronmenta l l y  contro l l ed vari a ti ons  i n  wean i ng we i gh ts . Thus the h i gh 
corre l ati ons  between the  wean i ng we i ghts and  the pos t-wean i ng g rowth rates  
of rats may be i nd i cat i ve of the cons ta ncy of  the u l t i mate we i g hts  
between a n i ma l s .  I n  the rumi nant data ana l ysed here i n  the geneti c 
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constancy seen i n  the l abora tory a n i ma l s shou l d  be absent , so tha t 
the h i g h  corre l ati ons  between rates of ga i n  a nd cal cu l a ted bi rth wei g hts  
cou l d  i nd i cate that  the  compensa tory mechan i sms i n  rum i nants may be 
s uperi or to tho se of the ra t .  

SELECT I ON FOR BODY S I ZE 
The present res u l ts ques t i o n  the u se  of b i rth we i g ht  a s  a n  

adequate cr i teri a for se l ecti ng for adu l t s i ze i n  cattl e ,  as  proposed ­
by Ka s sab  ( 1 964 ) . . The re l evant correl a ti ons  between bi rth we i g hts and 
subsequen t we i g hts , from the l i tera ture rev i ewed by Ka s sa b , s how a 
dec l i ne wi th age i n  hei fers , espec i a l l y  i n  the data col l ected by Ka s sa b ,  
i nd i cat i ng compensatory growth . I n  bu l l ca l ves the corre l ati ons  
pers i s t wi th age , perhaps  i nd i cat i ng a sex d i fference for compensatory 

. growth i n  cattl e .  ( I n  Chapters 2 and 3 no sex d i fference i n  the 
compensatory growth s hown by s heep  wa s noted . Wi ddowson ( 1 976 ) d i d  
note a sex d i fference i n  the compensatory growth o f  rats ; ma l es showed 
a re l ati ve fa i l ure o f  ' catch- up ' compared to femal es . ) Ka s sab does 
not comment  upon the c l ear decrease  i n  the correl ati ons  wi th oge , i n  

'· 

h i s  fema l e  a n ima l s ,  even though the est imates  for fema l e s  were based 
upon twi ce the number of  an ima l s that were i nc l uded i n  h i s ma l e  groups . 
Despi te th i s  d i fference between the sexes he proceeded to pool the 
ma l es and fema l e s to obta i n  the rather mean i ng l es s  tota l corre l a t i on , 

· i rre specti ve of sex . B i rth wei g hts are rel at i ve ly poor i nd i cators of 
the i nherent  growth potenti al of  a young a n i ma l  as  they most ly  refl ect 
the materna l  i nfl uences . I n  other words , b i rth wei g hts  te l l the 
agri cu l tura l i s t what has  ha ppened i n  utero not what i s  a bout  to happen 
at pasture . So se l ect i on for mature s i ze wou l d  be more prof i tab l y  
made i f  more than two wei g h i ngs  were obta i ned , at l ea s t  the b i rth and 
weani ng we i g hts , from i ndi vi dua l s .  

Thi s study a l so i nd i cates that  sel ect i ng for a h i g h  rate of 
gai n may not be i denti ca l  to se l ecti ng for ma ture we i g h t .  Sel ecti on 
for a h i g h  rate of l ogari thmi c ga i n  wou l d  a l so ,  becau se of  compensatory 
growth , l ead to se l ecti on for l ow bi rth or wea n i ng we i g hts . The 
j u sti fi c a t i on for se l ecti ng a n i ma l s for h i g h  ra tes of ga i n  o r  h i g h  



mature we i g hts i s  not c l ear ly estab l i s hed . What the breeders of mea t  
produc i ng a n i ma l s wou l d  seem to des i re i s  an a n ima l  that i s  ear l y  
maturi ng , or h a s  a parti cu l arl y rap i d  e a r l y  growth rate , wi t hout a n  
i ncreased mature s i ze .  T he  outcome of  se l ecti ng for avera ge da i l y  

. g a i n has , a s  Tayl or ( 1 968 , p . 287 ) o bserves , '' . . .  gone towards changing 

mature body weight '' . But the evi dence su pporti ng the i dea tha t one 
can 1 bend 1 g rowth curves by sel ecti n g  for a n i ma l s of  a s i mi l a r mature 
we i g ht but of  d i fferent ear ly  growth rates seems tenuou s .  T he a uthor 
i s  unaware of  publ i s hed data descri b i ng , i n  l a bora tory a n ima l s , 
sys temati c a ttempts to 1 bend 1 growth curves by sel ecti on . However 
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Gray and Add i s  ( 1 948 , p . 40 ) found "A straight line relation between the 

log body-weight and the rec iprocal o f  age . . .  for data derived from 1 1  

dif ferent colonies , 1 ;  suggesti ng . that  geneti ca l l y d i fferent  a n i ma l s 
do have growth curves of  s imi l a r  s ha pes . I t  seems odd tha t experi ments 
to confi rm the fea s i b i l i ty of the objecti ves  of l i vestock breeders 
have not been g i ven pri ori ty by mamma l i a n geneti c i sts . For examp l e 
s tra i ns of rats of geneti ca l ly  d i fferent mature we i g hts or growth rates 
cou l d  be used to tes t  for d i fferences between the stra i ns  i n  the 
res i dua l s a bout  the l og -reci proca l equa ti on ( see Chapters 6 and 7 ) . 
Di fferences between s tra i n s i n  the patterns of  the res i dua l s wou l d  
confi rm the feas i b i l i ty of sel ecti on  ba sed on the s hape of  growth curves . 
Attempts h ave been made ( i . e .  i n  mi ce  by Ki dwel l ,  Howa rd and La i rd ,  1 969 ) 
to stud y the i nheri tance o f  the parameters of  the Gompertz equati on , 
wi thout a grea t deal  of success . Perhaps se l ecti on ba sed u pon the 
re s i dua l s  a bout the l i nes rather than the va l ues of  the parameters 
wou l d  have been more succe ssfu l . 

Fi tzh u g h  and Tayl or ( 1971 ) present a method of se l ecti ng earl y 
maturi ng a n imal s - those that reac h  a h i g h  percentage of the i r  mature 
l i ve we i g h t  a t  an ear ly age . Th i s  method of sel ection seems to overcome 
the probl em of se l ect i on  for wei g h t  at a parti cu l a r  age , or se l ect i ng 

. for l i ve wei g ht  ga i n ,  l ead i ng to se l ecti on for mature we i g h t . But  
the method , as  descri bed by F i tzh u g h  and Tayl or , has i ts d i ffi cu l t i e s .  
I n  an earl i er study by Tayl or and Young ( 1 967 ) vi rg i n twi n cattl e were 
fed on 6 l evel s of constant  food i ntake unt i l 7 years of a ge yet 
surpri s i ng l y  some treatment groups , e s pec i a l l y  tho se on  the 
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h i gher feed i ng l evel s ,  conti nued to i ncrease  in wei g ht  des p i te the i r  
constant food i n ta ke . Breed i ng cows , under North Amer i can range 
cond i ti on s , were s hown by Ur i c k  e t  al . ( 1 9 7 1 )  to be s ti l l  i ncreas i ng 
i n  l i ve wei ght  a t  1 1  years of a ge .  These re su l ts i l l u s tra te tha t the 
concept of a measura b l e  mature we i g ht  i n  cattl e is d i ffi cu l t to 
substa nti ate . But ma ture we i g h t ,  as wa s shown i n  the rat ( C hapter 1 ) , 
can be e st imated . Perhaps F i tzhugh and Tayl or shou l d  have recommended 
the u se  of a we i g h t ,  at a fi xed age or i ts estimate , rather than 
i ntroduc i ng the concept of a ma ture we i g ht . Thi s concept wa s traced 
by Fi tzhugh  and Tayl or to Brody ' s  work ; aga i n  the profound i nfl uence of 
Brody on  agri cu l tura l research i s  ev i dent . 

I t  wa s stated by Fi tzhugh  and Tayl or that the i r  method 
" . . . .  might also be applied with advantage to data i nvolving frequent 

observations but where the mean growth curve is so i rregular that the 

normal type of growth curve could not be meaningfully fitted "  ( p . 7 1 7 ) . 
Th i s s ta tement i s  no t soundl y based . For examp l e  i n  the i r  own work 
F i tzhugh  and Tay l or combi ne adjacent l i ve we i g hts s i nce "The genetic 

corre lations between growth rate and we ight or degree of maturity tended 

to change abruptly . . . .  To reduce the se trans ient gene tic associations . . .  

average we ight or degree of maturity at the mid-point of the age interval 

was used . . . .  " ( p . 7 2 2 ) . Thus  the i r  resu l ts demonstrate that combi n i ng 
wei g h ts l eads  to g reater genet i c  corre l ati ons . That f i t ti ng growth 
curve s , or u s i ng transformed we i g ht-age sca l e s , wh i c h  comb i ne a l l l i ve 
we i g h ts , g i ve s u per i or est ima te s  of mature we i g hts or  bi rth we i ghts  has 
a l s o  been s hown i n  the present work . 

Mature we i g h t  can not be meas ured prec i sel y s o  that d i v i d i ng a l l 
l i ve we i g hts  by the mature l i ve we i g h t  then ana l ys i ng the res u l tant 
degrees of maturi ty ,  as  suggested by Tayl or  and F i tzhugh , l eads to the 
error a s soc i ated wi th mature we i g ht be i ng i ncorpora ted i nto the errors 
i n  the e st imates of  the degrees  of maturi ty at  each age . For exampl e  
i f  the mature we i gh t  i s  too h i g h a l l the d egrees of  ma turi ty wi l l  be 
too l ow and the v i c e  versa . Desp i te the i r s tati n g  that l ogari thm i c 
tran sformati ons of wei ght are des i rab l e F i tzhugh and Tayl or appear to 
use  u ntransformed l i ve wei g h ts to e s ti ma te the degree of maturi ty .  



On a n  ar i thmeti c sca l e  the vari a t i on i n  l i ve we ight  i ncrea ses  wi th 
i ncrea s i ng s i ze so tha t the error attached to a ma ture we i g ht  wou l d 
neces sar i l y  g i ve l arge errors i n  the degrees of  ma turi ty at  i mmature 
ages . Smi th e t  a,l . ,  ( 1 976 , p . 39 1 )  found tha t ,  "Corre l ations among 

degree s of maturity tended to be lower than corresponding correlations 

between body weights . "  showi ng that ' the l arge vari at i on  i n  ma ture 
we i g hts does i ndeed i nf l ate the vari ati on i n  degrees of ma turi ty 
compared to the vari ati on i n  the actua l  immature we i g hts . A superi or 
approach  wou l d  be for the data to be tra nsformed to l ogari thms and 
the mature wei ght  then estimated from a l l the data . T h i s i mproved 
es tima te cou l d  then be used to c a l c u l ate the degrees of l ogari thmi c 
maturi ty .  
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There i s  some ev i dence that the s e l ec ti on for degree of ma turi ty 
i n  l i ve we i ght  may be a s soc i a ted wi th undes i ra bl e  tra i ts .  McCa rthy ( 1 974 ) 
d i scusses  h i s  evi dence that se l ec t i on for h i g h  body wei ght  a t  an  earl y  
age gave fa tter m i c e  than se l e ct i o n  for h i g h body we i g ht  at  a l a tter 
age . S e l ect i on for degree of ma turi ty may not be des i ra b l e to the mea t  
producer .  Maturi ty i s  characteri s ed by a h i gh rate o f  fat depo s i t i on 
so that the fi nd i ng that ear ly  maturi ng a n i ma l s have a n  i ncre� sed fa t 
depos i ti on  at  an ear l y age i s  not whol l y  unexpected . A l so as  fat i s  
the mos t  vari ab l e component i n  the body i t  wou l d  be expected to be the 
body componen t mo st sen s i t i ve to se l ecti on  pressure . For exampl e i n  
p i g s , Webb and Ki ng ( 1 976 )  s howed tha t 1 1  years  se l ect i on  aga i n st  ba:kfat 
thi ckne s s  reduced the thi ckness  by a bout 40% . Cl ear l y the se l ect ion  of  
mea t produc i ng a n ima l s for degree of maturi ty shou l d  not proceed wi thout 
adequate a na l ys i s  of  c hanges i n  body compos i t i on .  

A t  the Fourteen th Easter School a t  Notti ngham i n  1968 , McCarthy 
que sti oned whether i t  was poss i b l e  to • be nd • growth curves , by se l ect i ng 
an ima l s for rap i d  earl y growth rate , wi t hout i ncreas i ng ma ture s i ze .  
S i nce that time desp i te a l arge amount of research the evi dence on th i s  
poi nt , to the author , rema i ns i nconcl u s i ve .  For examp l e D i c kerson e t  al . ,  

( 1972 ) g i ve the growth curves , from bi rth to 26 weeks of  a ge ,  for 7 
breeds of  s h eep . These growth c urves do no t i ntersect but fo l l ow the 
same pattern , wi th the pos s i bl e excepti on of the Corri eda l e whose bi rth 
we i g ht seems l a rge compared to i ts su bsequent we i ghts . S i mi l ar ly  
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Smi th e t  al . ,  ( 1 976 ) show the growth c urves for seven types of cattl e ;  
aga i n  the growth curves do not i ntersec t . I t  cou l d be argued tha t these 
breeds of sheep and cattl e were not s e l ected for earl i ne s s  of ma turi ty 
and so wou l d  no t be expected to show g rowth  curves of d i fferent shapes . 
Conversel y i f  there i s  a rea sonab l e amount  of  vari at i on i n  earl i ne s s  of 
ma tur i ty one wou l d  expect to see breed d i fferences i n  th i s c haracter . 

There seems to be l i tt l e evi dence i n  the l i terature to s upport 
the i dea that i t  i s  poss i b l e  by se l ect i on to ' bend ' or c hange the 
s hape of mamma l i an growth curves . Samue l  Brody ' s  demonstrati on tha t the 
growth curves of d i fferent s peci �s have s i mi l ar shapes suggests tha t 
the s hape of the �rowth curve i s  an  i n tri n s i c  property of growth . As 
there i s  apparentl y l i ttl e vari ati on  between spec i es i n  the s hape of 
growth curves the  wi thi n spec i e s  vari at i o n  may be very sma l l .  Bowman ' s  
{ 1 968 , p . 2 93 ) i n vi tati on to undertake s u c h  " . . .  unexciting but worthwhile 

research . . •  " i s  accepted i n  Chapter 7 where , i n  ra ts , the effect of 
stra i n  on the s hape of the g rowth curve  i s  stud i ed . 

T� I N  E F F I C I ENCY 

I n  es t imat i ng the twi n effi c i ency va l u es the corre l a ti on between 
s l opes and con s tants wa s ut i l i sed i n  an ana lys i s  of covari ance . The 
overa l l re l at i on s h i p  between  s l opes and con stants wa s nega ti ve , the 
growth l i nes be i ng convergent , wh i c h wou l d seem to be due to compensatory 
growth . Thus , a s  d i scu s sed earl i er i n  th i s  chapter , the major i ty of  
the var i ati on i n  b i rth we i g ht wou l d s eem to  be due to  envi ronmental 
effects . The remova l of the effec t of bi rth wei g h t  on ra te of we i g ht 
ga i n  by covari ance shou l d  t herefore g i ve an estima te of the vari a ti on i n  
rate of wei g ht ga i n  due to d i fferences i n  mature wei g h t .  Th i s s hou l d not 
be ta ken a s  an  e s ti mate of the geneti c vari at ion i n  mature we i g ht due to 
both the bi rth wei g ht bei ng subj ect  to genet i c  vari at i on and the 
compensa tory g rowth not bei ng compl ete . Both the se  factors wou l d  tend 
to g i ve an  undere s timate of the genet i c var i ati on i n  mature we i g ht . 
s o  the wi th i n twi n  pa i r  mean  square ( Mw) and the between twi n pa i rs 
mean  square ( Mb ) obta i ned from the a n a lys i s  of covari ance were u sed to 



e st imate the twi n effi c i e ncy by the formu l a  g i ven by D i c k  and l�h i ttl e 
( 1 95 1 ) , where 

var between/var wi th i n = 0 . 5  ( Mb/Mw) - 1 )  

From Append i x  Tabl e s  4 . 1  and 4 . 2  i t  can be seen that e st ima tes 
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of twi n effi c i ency for s l opes  and constants , u s i ng ana l ys i s of vari ance , 
range from 1 to 3 .  But fol l owi ng covar i a nce the e st ima te of twi n  
effi c i ency for l i ve wei g h t  transformed to a 2 parameter l ogari thm i c  
sca l e  wa s 5 . 5  ( Append i x  Tabl e 4 . 1 )  wh i l e  for the three pa rameter case 
the e st imate wa s 8 (Append i x  Tab l e  4 . 2 ) .  The i ncrea sed val ue for the 
three parameter case i s  espec i a l l y  noteworthy and g i ves an e st imate of 
twi n eff i c i e ncy equal l i ng that obta i ned by Hancuck for the absol u te 

. g rowth rate over the same peri od ( 4-88 weeks ) .  However i f  the compl ete 
set of  mea surements , ra ther than the runn i ng averages , were ava i l a bl e 
the effi c i ency est imated from the res u l ta nt s l opes a nd constants woul d 
proba b ly  be greater . ( Ev i dence to s upport th i s sta tement wi l l  be 
pre sented i n  Chapter 5 ) . A refi nement of  the present tech n i ques , 
s hown i n  Chapter  10 , i nvol ves  the remova l of the systemati c var i ati on 
a bo ut  the l i ne i n  an ana lys i s  of var i a nce . I n  the present case th i s  
s hou l d  further reduce the wi th i n -pa i r  var i ati on and i ncrea se the 
twi n effi c i ency . 

These resu l ts reaffi rm tha t the n umber of a n i ma l s requ� red to 
demonstrate a stati sti ca l l y  s i gn i f i cant  d i fference . i n  l i ve wei g ht  
growth coul d be  reduced by e i g h t  t imes  o r  more by the u se of monozygot i c  
twi ns . Al so by the use o f  l i neari sed g rowth curves each a n i ma l  cou l d 
serve a s  i ts 
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I NTRODUCT I ON 

Th i s chapter  embod i es a n  ana l ys i s of  a l a rge amount  of prev i ou s l y  
unpubl i s hed l i ve wei g h t  da ta col l ected at  �1a s sey Un i vers i ty from 
da i ry he i fers born from 1964  to 1 968 . J u st i fi cati on for the a na l ys i s  
o f  thi s  data cou l d b e  based pure ly o n  the g rounds ment i oned by 
Brumby a nd Hancock ( 1 956 ) , " . . . .  due to the extremely limited 

information available in this field , together with the high cost and 

appreciable time lag in obtaining such data , publication of these re sults 

is con sidered justi fied . . .  " Both the l arge amount of i nformat i on , from 
65 pa i rs of twi ns , and  the nutr i t ion , pasture grazi ng from wea n i ng ( wh i c h  
d i ffers from European methods of  hu sbandry \'/h ere the maj or i ty of 
publ i s hed monozygot i c  twi n growth data has been col l ected ) , further 
i ncreases  the va l ue of the present  da ta . 

The present ana lys i s  shows some advantages wh i c h resul t from 
l i neari s i ng he i fer • s  l i ve we i g ht -age cu rves .  The wi th i n  and between 
twi n vari a ti on i s  compa red over the 5 years and the l a rge vari ab i l i ty 
i n  twi n effi c i enc i es between years i s  s hown to be l a rgel y  due to 
d i fferences between twi n p� i rs rather than due  to d i fferences wi th i n  
twi n pa i rs .  The effect of the frequency of measurement  on the prec i s i on 
of these est imates i s  al so i l l u s trated . 

P l ots of ar i thmeti c and l ogari thmi c means and the i r s tandard 
dev i a t i ons , for the l i ve we i g hts  at the d i fferent ages , are u sed to 
quanti fy compensatory growth . The a n ima l s • g rowth l i ne s  wi l l  be shown 
to converge but they do not converge at a constant rate , compensa tory 
growth appeari ng to occur at  a con stant ly  decreas i ng ra te . Compensa tory 
growth wi l l  be demon strated i n  another way , and the author fee l s a more 
refi ned manner , by the regres s i on of rate of wei ght  ga i n  on b i rth we i g ht 
( both ca l cu l a ted from the regres s i on equat i on  rel at i ng l og l i ve we i g ht 
to the l og tangent of  age) . D i fferences wi thi n i denti ca l  twi n pa i rs 
shou l d  be due so l e l y  to envi ronmenta l  effects  so the re l a ti vel y l arge 
wi th i n  pa i r  d i fferences i n  bi rth  wei g ht  cou l d be a scr i bed to d i fferences 
i n  the pre-nata l  e nv i ronmen t .  Compensato ry g rowth l a rge l y  e l i mi na tes  
these  envi ronmenta l  effects a s  the corre l a ti ons between bi rth wei g hts 
a nd ra tes of ga i n  (wi th i n  pa i r s , \'li th i n  years ) were very cl ose to u n i ty .  
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These fi nd i ng s  are fo l l owed by a gen era l d i scu s s i on of the p hys i o l ogy 
of compensatory growth i n  mammal s . 

THE DATA 

The we i g h i ngs  of the �1as sey I dent i ca l  Twi n Da i ry Herd , co l l ected 
by Mr Geoff Raven of the Da i ry Hus bandry Department , \'/ere k i nd l y  made 
ava i l a bl e by Professor D . S .  F l ux . The l i ve w� i g hts were recorded i n  
pound s ,  at the i nterva l s  s hown i n  Tab l e 5 . 1  

Year 
born · 

1964 
1965 
1966 
1967 
1968 

TABLE 5 . 1 

MASSEY MONOZYGOT I C  TW I NS , SCHEDULE  OF WE I GH I NGS 

AGE (weeks ) 

1 - 8 week ly we i g h i ng s  12  - 96 month ly  
1 - 1 2  I! . .  16 - 96 1 1  

1 - 24 1 1  1 1  28 - 96 11 

1 - 12  11  ..  16 - 96 1 1  

1 - 1 2  1 1  1 1  1 6  - 84 1 1  

we i g h i ngs 
11  

1 1  

1 1  

11  

The l i ve we i g hts from a tota l of 65 twi n pa i rs wer� ana l ysed . 
F i fteen pa i rs were c l a s s i f i ed as e i ther J ersey crosses , S ho rthorns , or 
Fres i ans . So 50 pa i rs were c l ass i fi ed as Jerseys and 1 5  pa i rs as 
non-Jerseys . 

Some data from a n ima l s born i n  1 969 wa s ava i l a bl e but fol l ow i n g  
wea n i ng ( at  1 2  to  16 weeks ) the twi ns  were grazed away from t he  
u n i vers i ty farms a nd  were not  we i g hed . When wei g h i ng wa s resumed the 
a n i mal s cou l d  be seen to have not ga i ned wei g ht duri ng the i r  a bsence 
from the u n i vers i ty farms . Thi s data cou l d  be of va l ue for s tudyi ng 
the effect of rea l imenta ti on i n  monozygous twi ns but i s  u n s u i tab l e for 
the present purposes . 

No experimenta l trea tments were appl i ed to any of the he i fers 
d ur i ng the i r  f i r s t  two years  of l i fe .  
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B I OMETR I CAL CONS I D ERATI ONS 

For an ima l s c l a s s i fi ed as Jerseys , and wi thi n years , the mean 
l i ve wei g hts at  each  age 0ere p l o tted aga i n s t  the i r standard dev i a t i ons . 
The p l ots  for di ffere nt yea rs were very d i fferent . For a n ima l s born i n  
1966 the regress i on equat i on descr i b i ng the p l ot of the means and 
standard dev i a ti ons , for the u ntransformed data , from b i rth to 64 
weeks  o f  age wa s ,  

Y = 0 . 06093 X - 6 . 63 2 7  
whi l e  i n  t he  a n ima l s born i n  1968 the rel ati ons h i p ' s  equat i on was , 

Y = 0 . 1 2640 X - 0 . 5868 
So to obta i n  a constant o ri g i n  and to achi eve normal i ty ,  by a 

three parameter l ogar i thmi c transformati on  ( see Chapter 2 ) , 1 1 0  wou l d  
have had to have been added to t he  l i ve wei g hts from an ima l s born i n  
1966 wh i l e  the addi ti on of 4 . 5  wou l d have g i ven a constant ori g i n  to 
the p l ots for an ima l s  born i n  1968 . The l a rge di fferences i n  these 
re l a t i o ns h i ps between means and s tandard dev i at ions , between years , d i d 
not a l l ow the ca l cu l a ti on of a s i ng l e  correcti on to a constant or i g i n 
for a l l years . As compari sons between years were of i nterest  the data 
was ana l ysed u s i ng a two parameter l og tran sformati on of l i ve wei g h t  
even t hough  wi thi n years t h e  appropriate three parameter l og transformati on  ' 
wou l d have been super i or ( Chapter 4 ) . 

Hancock ( 1 951 )  wa s a t l e to show tha t the average percentage 
dev i at i on s  from the mean set we i ghts ( for 10 sets of monozygoti c twi ns ) 
decl i ned rap i d ly  u p  to 12 week s  o f  age and  then decrea sed s l owl y to 76 
weeks  df age when the stage of p regnancy cau sed a ri se  i n  the dev i a ti ons . 
The p l o ts of means  and standard d ev i at i ons  ( Fi g .  5 . 1 ;  Tabl e 5 . 2 ) d i ffer 
from the p l ots of the wi th i n set  devi at i ons  presented by Hancock a s  
both wi thi n and between s e t  var i a ti ons a re i nc l uded i n  the present  p l ots ; 
of wh i c h the between set var i at i on  prov i de s  the greater proporti on 
(Tab l e 5 . 3 ) . However the present  mea sure of vari a t i on ( i . e .  for the 
Jerseys born in 1 966 , F i g 5 . 1 )  a ga i n decl i ned sharp l y  to wean i ng ( 12 - 1 6  
weeks  of age ) , bu t then i ncreas ed after wean i ng ( presumabl y d ue  to  the 
between set vari at i on  s i nce Hancock showed the wi thi n set vari at i on 
d i d  not  i ncrease a t  thi s age ) fol l owed by a stati st i ca l l y  s i gn i fi cant  
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s l ower decl i ne i n  var i a t i on ( compared to that before 16 week s  of age , 
Tabl e  5 . 2 ) unt i l the onse·t of pregnancy . The changes i n  s tandard 
dev i a ti on were s imi l ar i n  other yea�s a l though not a s  c l ear ly  defi ned , 
partl y becau s e  the mea su rements i n  other years were ta ken at  month l y  
i nterva l s  from a n  earl i er age ( Ta bl e 5 . 1 ) , and pos s i b ly  due to 
d i fferi ng e nvi ronmental cond i ti ons  i n  the d i fferent years . 

TABLE  5 . 2  

Ma s sey Monozygot i c  Twi ns ( Jerseys born i n  1 966 ) 

Regres s i on equati ons a nd the corre l a t i ons between the mean l i ve we i g hts 
and the i r  standard dev i at i ons , fol l owi ng l i ve we i g ht ' s  transforma t i on  
to  l ogar i thms , over the  p er i ods  i nd i cated , 

CORRE LAT I ON 
AGES n SLOPE ± S . E . M .  CONSTANT ± S . E . M .  r 
(weeks ) COEFF I C I ENT 

1 ) 1 - 16 1 6  -0 . 1 1 08 ± 0 . 0167  27 � 923 ± 3 . 344 -0 . 87 1 4  

2 ) 1 7 -64 1 8  - 0 . 0410 ± 0 . 0085 1 4 . 1 46 ± 2 . 086 -0 . 7696 

3 )  68-92 7 0 . 0058 ± 0 . 0649 1 . 604 ± 1 7 . 904 +0 . 040 1  

Ha ncoc k fou nd that d i fferences between a n ima l s i n  the i r s tage 
of  pregnancy caused the wi th i n  pa i r  vari a t i on to i ncrea se fo l l owi ng 
concepti on . The corre l at i ons  between means and standard dev i at i ons  
from the present s tudy i nd i cate ·tha t fo l l owi ng 64 weeks of age the 
vari ati on i n  l i ve we i g ht d i d  not cont i nue to decrease , on a 
l ogari thmi c bas i s ,  conf i rm i ng Hancock ' s  fi ndi ngs . So for th i s  
rea son , and because pregnancy a l so a l tered the shape of the growth 
curves , the regres s i on s  of l i ve wei ght  on age were ca l c u l ated from 
the l i ve we i g hts up to 64 weeks of age . 

For i nd i v i dua l  h e i fers i n  the Ma ssey herd p l ots of ar i thmeti c 
l i ve wei g ht  agai ns t  age showed an  a l most l i nea r rel ati ons h i p from 
b i rth to 64 weeks of age , I t  wa s found that u s i ng l ogar i thmi c 
metameters the s l ope c hanged con stantl y ,  and i ncreased , g i v i ng a 
c urvi l i near rel ati ons h i p .  A s u i tabl e me tameter for age s t1ou l d have 
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compared t o  the l ogar i thmi c ,  a contracted s ca l e at t h e  i n i t i a l  ages , but 
an expanded scal e at  l ater ages , to reduce the curvature (a pos i ti ve 
quadrati c )  towards l i neari ty .  The  l og tangent transforma ti on po ssesses  
these prope rti es . A l i near rel a t i on s h i p between the  l og tangent of  
age ( one week be i ng equated to  ha l f a degree ) a nd  t he  l og of l i ve we i g h t  
wa s i ndeed found . Whether the l og tangent metameter wou l d  prove of 
val ue i n  o ther s i tuati ons , for o ther data , i s  probl emat i ca l . For each 
data set va ri ous rel at i ons h i p s s hou l d  be tes ted ; app l yi ng transformat i ons 
a pri ori s hou l d  be avoi ded . 

The s l opes and constants for i nd i v i dua l  hei fers , ca l cu l ated 
fo l l owi ng the transformat i on of l i ve wei g h t  to l ogari thms and age 
(weeks/ 2 )  to i ts l og tangen t ,  are g i ven i n  Appendi x Tabl es 5 . 1 0 
( Jerseys ) and 5 . 1 1 ( non -Jerseys ) .  S l opes a nd constants were then 
subjected to anal yses of vari ance . The s l opes were a l so adj u sted for 
d i fferences i n  the constant by ana l yses of  covari ance . No compar i sons 
of the wi th i n  group regres s i ons  are g i ven i n  the Append i ces  Tabl e s  as 
such compa ri sons , wi t h  on ly 2 a n i ma l s  per grou p , are not poss i bl e  
mathema ti ea l l y .  

A COMPAR I SON OF TRANS FORMED AND U NTRANSFORMED R EGRESS I ONS  

Average da i ly ga i n  i s  somet imes  ca l c u l ated by a regres s i on of  
ari thmet i c we i g ht on  ar i thmeti c age ( Chap ter  1 0 ) . Th i s method of  
ana lys i s wa s compared wi th the  transformed regres s i ons  u s i ng the 
measurements from the Jerseys born i n  1966 . T hese an i ma l s were chosen 
a s  they were the mos t  frequentl y wei g hed he i fers a nd the i r  transformed 
regres s i on s  had yi e l ded the uncorrected ' F ' va l ues of the greatest  s i ze .  

A compari son of these a r i thmeti c ( Append i x  Tab l e 5 . 9 )  and l og ­
ari thm i c  ( Append i x  Tabl e 5 . 6 )  a n a lyses  reveal s the advantages o f  a 
l ogari thmi c ana l ys i s .  S i nce , for the ar i thmeti c regre s s i ons , the 
corre l at i ons  between s l opes and cons tants , a l t houg h  negat i ve , were 
non- s i g n i f i cant , compensatory g rowth cou l d  not be demons trated 
stati s t i ca l l y .  Therefore i n  the ana l ys i s of covari ance the ' F '  va l ue  for 
s l .ope was on ly  s l i gh t ly  a l tered by fi tti ng the regress i on on b i rth  wei ght . 
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From the ana l yses of var i a nce  the ' F '  ra t i os for s l ope and constant 
were , respect i vel y ,  15  and  8 times greater u s i ng the l ogar i thm i c  �ca l e .  
Al thoug h  the ' F '  va l u e for the corrected s l opes wa s on l y  30% greater 
for the tra n sformed regre s s i ons the tra nsformat i ons u s ed c l ear l y  g i ve 
g reater twi n eff i c i enc i es tha n cou l d  be  ca l cu l a ted on the ori g i na l  
a r i thmeti c sca l es .  

RESULTS AND D I SCUSS ION 

R ELAT I ONSH I PS BETWEEN THE  EST IMATED S LOPES AND CONSTANTS 

7 2  

For the R uakura i dent ica l  twi n s  there wa s a strong negati ve 
corre l ati on between the ca l cu l ated bi rth  wei g h ts and the s ubsequent 
growth rates ( i . e .  Fi g 4 . 3 ;  R = -0 . 9667 ) . S i mi l ar h i g h negati ve 
corre l at i oris were present " i n  the Ma s sey i denti cal twi n data . The 
he i fers born i n  1 966 showed the h i g hest  corre l ati on (R = - 0 . 990 ) , 
pos s i bl y  because of the g reater number of mea surements a l l owi ng a 
better esti ma te of the s l opes and constants ( F i gure 5 . 2a ) . The  rea sons 
for the comparat i ve ly  poor average wi th i n group regres s i on for the 
1 968 group ( F i gu re 5 . 2b )  are di s cu s s ed i n  a s u bsequent secti on . 
Fi g ure 5 . 3  s h ows the s l opes and con stants for a l l the years combi ned 
i n  a s i ng l e p l ot .  The s l opes and con s tants for the a n ima l s born i n  
d i fferent years are , c l ea rl y ,  c l o se l y  a s soci a ted . 

COMPAR I SON O F  J ERSEYS AND NON-JERSEYS 

There was no obv i ou s  d i fference between Jerseys and non-Jerseys 
wi th respect to the l og - l og tangent equati on ' s  a bi l i ty to descri be 
g rowth . However th i s  po i nt was not c l ose ly  exami ned , or con s i dered , a t  
t h e  time of ana l ys i s .  P l ots of the res i dua l s about  the l i ne s  u s i ng the 
techn i ques descri bed i n  Chapters 6 and 7 ,  and a numer i ca l  tes t  for 
the i r  add i ti v i ty ( C hapter 1 0 )  wou l d  probabl y be u s eful  to i l l u s trate 
a nd detect pos s i b l e  d i fferences i n  the shape of the growth curves . 
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Append i x  Ta bl e 5. 1  i nd i cates s imi l ar i t i e s  and d i fferences between 
the l i ve we i ghts ofJ ersey and non-Jersey he i fers . Al though the Jerseys 
were s l i g ht ly  sma l l er than the non-Jerseys  at  bi rth ( u s i ng the 
ca l cu l a ted bi rth wei g ht )  th i s d i fference wa s non-s i g n i fi cant by ana l ys i s  
o f  var i a nce . The ra te of g a i n ( the s l ope )  wa s a l so l e s s  for Jerseys , 
a l though  aga i n  the  d i fference wa s s tati s ti ca l l y  non - s i g n i fi c ant . The 
corre l a t i ons between s l opes and constants { i gnorn i ng twi ns ) i n  Jerseys 
( -0 . 87 9 )  and non -Jerseys ( - 0 . 867 ) were very s i mi l ar and there wa s 
no d i ffe rence between the se regres s i on s  { Append i x  Ta bl e 5 . 1 ) . Due to 
the h i gh correl at i on s  between s l opes and cons tants the error mean 
square wa s reduced by 76% fol l owi ng covar i ance so the non-Jerseys 
cou l d be shown to have a h i g her rate of ga i n than the J erseys , i f  
the breeds were born a t  s im i l a r wei ghts . Aga i n  the advantages of the 
a na l ys i s  of covar i a nce , when l i ve we i gh t  da ta i s  ana l y sed , are appa rent . 

Due to the d i fference i n  growth rate between Jerseys and non­
Jerseys the non -Jerseys were exc l uded from the  su bsequent ana l yse s . 
Th i s  wa s prima ri l y  becau se  there were unequa l  numbers of non-Jerseys 
i n  the d i fferent years ; the i r i nc l u s i on wou l d have cau sed f l uctuati ons 
of the between set vari at i on depend i ng on  the i r number i n  any 
parti cu l ar yea r .  

COMPAR I SONS BETWEE N  Y EARS ( I GNOR I NG TWI NS )  

Append i x  Tab l e 5 . 2  s hows that by ana lyses of  vari ance no 
d i fference cou l d  be found between the s l opes and cons tants for the 
Jersey hei fers born i n  di fferent  years . The corre l at i ons  between s l opes 
a nd constants were h i gh , the average wi th i n  group corre l ati on bei ng 
-0 � 9205 . Al thoug h  there wa s no d i ffere nce between the i nd i v i du a l  g roup  
regres s i ons ( of  s l opes on con s tants ) the 1 0% l evel of s i gn i fi cance was 
exceeded . When the effec t  of bi rth wei g ht ( the con s tant )  wa s removed 
s i gn i fi cant d i fferences between the rates of ga i n  i n  d i fferent years  
were revea l ed .  The  d i fferences  appear to  be  due to the hei fers  born 
i n  1 964 , ' 6 5 ,  and ' 66 hav i ng s i gn i fi cant ly  greater rates of g a i n than 
tho s e  born , at a s i mi l a r  wei g h t , i n  1967 and 1968 . 
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TA B L E  5 . 3 

MASSEY MONOZYGOTI C  TWI NS 

Summary of Ana l yses  o f  Vari a nce (ANOVA) and Anal yses of  Covar i a nce ( ANCOVA ) 
for he i fers born i n  di fferen t  years . 

Between and wi th i n set  mean  squares for s l opes and con stants for the 
regre s s i ons of  l og l i ve wei ght � l og tangent age (weeks/ 2 ) . 

A N O V A  A N C O V A  AV E R A G E  
W I T H I N  

G R O U P  
S L O P E  ( y ) C O N S TA N T  ( X ) ( y )  U P O N  ( X ) .C O R R E L AT I O N 

MS HS MS MS MS MS 
( n )  BETWEEN l� I TH I N  B ETWEEN W I TH I N  BETl�EEN W ITH I N  ( r ) 

YEARS pa i rs I F l  I F I I F l  

1964 13 23 . 06 1 . 1 19 147 . 7  1 0 . 06 . 4 . 1 1 3  0 . 148 
20 . 6  14 . 68 27 . 76 -D . 9369 

1 965  13  13 . 94 0 . 658 171 . 3  5 . 2 5  2 . 002 0 . 242 
21 . 2  32 . 6  8 . 27 - 0 . 8127  

1 966 7 24 . 81 0 . 57 9  345 . 9  3 . 97 0 . 401 0 . 1 02 
42 . 8  87 . 1  3 . 92 - 0 . 9210  

1967  6 7 . 43 1 . 286 94 . 5  6 .  72  0 . 787 0 . 164 
5 . 8 1 4 . 1  4 . 79 -0 . 9453 

1 968 1 1  18 . 49 0 . 932 238 . 5  9 . 85 2 . 704 0 . 538 
1 9 . 8  24 . 2 1 5 . 03 - 0 . 6893 

ALL 
YEARS 50  18 . 38 0 . 934 1 93 . 2  7 . 58 4 . 1 1 3  0 . 27 6  

1 9 . 7  2 5 . 49 14 . 89 - 0 . 8428 
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BETWEEN S ET AND W I TH I N  SET MEAN  SQUARES ( W I TH I N  YEAR S )  

Text Tab l e 5 . 3 summar i ses  the ana l yses o f  vari ance and covari a nce 
of Append i x  Tabl es 5 . 3 to 5 . 8  where the wi th i n  and between set 
vari at i on  i s  s ubdi v i ded . The l a rge d i fferences between years for the 
1 F 1 va l ues , i n  both the ana l yses  of vari ance and covar i ance , a re 
c l ear l y apparent . A c l ose i ns pec ti on  of  the wi thi n and between set 
mean squa res i so l ates the source of these d i fferences to th� between 
twi n set  mea n squares . The approx ima te rat i o s  of the m i n imum to the 
maxi mum mean squares were for the s l opes ( between 3 :  wi th i n  2 ) , con stant 
( between 8 :  wi thi n 5 ) , and from the ana l yses  of cova ri ance ( between 
1 0 :  wi th i n  5 ) . The between set mean squa res were therefore a l most 
twi ce as  var i a bl e a s  the wi thi n set mean squares . I n  o ther words the 
va l ue of i denti ca l  twi ns for exper imentati on ( usi ng the present method 
of ana l ys i s )  depends on  the var i ab i l i ty between twi n pa i rs as the 
wi thi n twi n pai r mean squa res , i n  d i fferent years , were s i mi l a r .  

The wi th i n  twi n pa i r  mean square for the 1 968 he i fers ( 0 . 538)  wa s 
unusua l l y  l a rge . Th i s wa s not due to the error term , before covari ance , 
bei ng l a rge , but was due to the poor wi thi n group corre l at i on  
( r  = -0 . 6893 ) for the regress i on of  s l opes a nd  con s tan ts . The p l o t  
o f  these va l u es ( F i g  5 . 2b )  s hows that fou r  twi n  pa i rs were a berrant . 
Al thou g h , for these pai rs , the  s l opes and the constants  were s i mi l a r 
they were pos i ti ve l y  corre l ated ; a l l other pa i rs s howed negati ve 
corre l a t i ons . Wi th i n the four a berrant pa i rs the d i fferen ;es between 
the e s t imates were sma l l compared to the errors attached to each 
est imate . Thu s , for these pa i rs , a l though  the errors  a ttached to the 
est imates overl ap , the ana lys i s of  covar i ance g i ves  equal we i ght to 
each wi thi n pa i r  regress i on . Thus  the average wi th i n  g roup  corre l at i on 
was , because  of these four pos i t i ve corre l at i ons , muc h  sma l l er than 
for other years . The overa l l correl at i on  ( i gnori ng twi n pai rs ) of 
r = -0 . 91 3 , perhaps s hows a • true • refect i on of the rel a t i on s h i p between 
the s l opes  and co ns tants . 

Text Tabl e 5 . 3  a l s o shows that  the grea test  twi n effi c i ency i s  s hown 
by the ca l cu l a ted bi rth wei g h t . Th i s  a ga i n  demonstrates the l a rge 
envi ronmenta l  i nfl uence on the b i rth wei g ht . The a rgument to j u st i fy 
thi s s ta tement i s  a s  fo l l ows . I n  utero , d i fferences o f  envi ronment 



between twi n pa i rs wou l d be expected to be grea ter than d i fferences 
wi th i n  twi n  pai rs . A l though on a l ogari thmi c scal e the d i fferences 
wi thi n twi n  pai rs at  b i rth are l arge ( compa red to those at l a ter ages ) 
the d i fferences at b i rth between pa i rs a re much greater .  So the 
envi ronmenta l  vari at i on between pa i rs added to the genet i c vari at i on 
between pa i rs g i ves the l arge ' F ' rati o of the constan t .  ( The ' F ' 

rat io  of 87 for the constant i n  1 966 wou l d  a ppear to g i ve the l a rgest  
reported twi n eff i c i ency for l i v e  wei g ht ) . T he  uncorrected s l opes , 
bei ng h i g h l y  negati ve l y  corre l ated  wi th the constants , a l so s how l arge 
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' F '  rati os . But the uncorrected s l opes conta i n  two oppos i te i nfl uences , 
the vari at i on due to the b i rth we i g hts d i ffer i ng ,  g i v i ng convergence of  
the  l i nes , and that  d ue to the  mature we i g hts d i fferi ng , g i v i ng 
d i vergence . _The corrected s l opes o n ly  refl ect  the d i vergence o f  the 
l i nes . So from the ' F ' va l ues for uncorrected s l opes and  constants one 
can pred i ct ( a s sumi ng the corre l a ti ons  between s l opes and constants to 
be s i mi l a r )  the s i ze of the corrected s l ope ' F '  val ue . For exampl e 
i f  the u ncorrected ' F '  for s l ope i s  l arge compared to that for the 
constant then the corrected ' F '  for s l ope shou l d al so be l a rge � Tab l e 5 . 3  
1964) , wh i l e  i f  the uncorrected s l ope ' F '  i s  sma l l compared to the constant ' s 
' F '  the corrected ' F ' for s l ope s hou l d  a l so be smal l (Tab l e 5 . 3 ,  1 9 67 ) . 

I t  i s  worthy of note that the grea tes t twi n effi c i enc i es are i n  the 
1966 group . I t  can be  seen from Tabl e 5 . 1  that these a n i ma l s were th� 
mos t frequentl y we i g hed of a l l the a n ima l s .  Thus the wi th i n and the 
between a n ima l  mean squares are the smal l e s t  for both the corrected and 
uncorrected est imates for a l l the years . The u ncorrected between a n ima l  
mean squares are  a l so the l argest for both s l opes a nd  constants . But  
the corrected between an ima l mean square i s  sma l l g i v i ng the sma l l 
corrected ' F '  for s l ope . But the advantage of more frequent wei g h i ng 
can be c l ear ly  seen . T h i s  tendency can a l so be seen from Tabl es 5 . 1  and 
5 . 3  a s  the groups wi th the greater number of early wei g h i ngs  tend to 
have the g reates t u ncorrected ' F '  va l ues . 

The corrected and uncorrected mean squares from the Ruakura and 
Mas sey an i ma l s ,  for the l i nes ca l cu l ated u s i n g a two parameter l og 
trans format i on of  l i ve we i g ht , are not str i ct l y comparab l e as age wa s , 
i n  t�e Mas s ey s tudy tra n sformed to i ts l og tangent ,  and i n  the Rua kura 



s tudy to i ts l ogar i thm . Desp i te th i s  a compari son of the uncorrected 
mean s quares for s l opes and constants ( u s i ng the two parameter 
trans formati on of  l i ve we i g hU from the Rua kura and Ma ssey an ima l s i s  
i nformati ve . I f  one compares these mean s q uares i n  Append i x  Tabl e 
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4 . 1  and  Text Tab l e 5 . 3  the between pa i r  mea n  squares a re of s im i l a r 
magn i tude . But  the wi thi n pa i r  mean square s  for the Ruakura twi ns  were , 
compared to the max imum va l ue  i n  the Massey twi ns , 

1 )  for the s l opes 6 . 544 compared to 1 . 286 i n  1967 , 
2 )  for the con stants 20 . 371  compared to 10 . 06 i n  1968 . 

Thi s g reater wi th i n  pa i r  var i at i on wou l d  seem to be because the est imates  
of s l opes and con stants from the  Rua kura a n imal s were based u pon on l y  
8 mea s urements compared to a mi n imum o f  2 0  for the Ma s sey data . 

D I SCUSS ION 

L I V E  WE IGHT-AGE GROWTH CURVES  

Mar1y of the conc l u s i ons reached 
tran sformed we i g ht-age sca l es . 
ana l ys i ng l i ve wei ght growth i n  

i n  th i s work depend on the u s e  of  
So  a d i s cu ss i on of the methods of  
cattl e i s  part i cu l a r l y  re l evan t .  The 

use of  the average dai l y  ga i n  i s  d i scussed and cri t i c i sed i n  Chapter 10 , 
a s  i s  the use  of  s i gmo i d  equa t ions . 

The methods of ana lys i ng growth curves that were popu l a ri sed by 
Brody ( 1 928 , 1 945 ) have been wi de ly  used and advocated by agri c u l tural 
sc i enti s ts . Al though some workers have noted tha t the i r data was 
poor ly  expl a i ned by these  equat ions  the a s sumpti ons and the data upon 
wh i c h  Brody 1 s  equati ons were based do not seem to have been que s ti oned . 

B rody ( 1 9 28 , p . 58 )  conce i ved of growth where ' . . . . . .  segments of 

constant growth rate are separated by relatively abrupt breaks , the 

abruptnes s  of the breaks being of the order of metamorphosis in cold­

blooded an imals . "  Thi s c l a i m  of a brupt changes i n  the course of whol e 
body growth i gnores homeorhes i s ,  a bas i c  property of  h i gher an i ma l s ,  
wh i ch counters such sudden c hanges . ( Homeostas i s  may be an i nsuffi c i ent  
term to descri be the co ntro l of  body growth . Kennedy ( 1 967 ) prefers 
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the term homeorhes i s  s i nce , c l as s i ca l l y , homeos tasi s i mp l i e s a steady 
s tate whereas growth i nvol ves a pathway of change . Kennedy ( p . 338 ) a l so 
preferred homeorhes i s  s i nce " . . . .  it avoids confusion with phys iological 

homeostasis , and because the requirements of growth may sometimes differ 

fro!Jl , and even be sacri ficed to , those of homeostasis . " ) 

The l i ve we i ght  g rowth curve of  th2 rat was di v i ded i n to 2 phases  
by Zucker e t  a1/ 1941a ) , but wi th a trans i t i on zone between the two phases  
rather than  a sudden change i n  g rowth rate . The present empha s i s on  
the  importance of wean i ng to l i ve  we i g ht growth i s  contrary to  the 
emphas i s  on  puberty , as an  abrupt brea k ,  descri bed by Brody . Brody 
d i v i ded l i ve wei g h t  growth , i rrespecti ve of  s pec i ( s , i nto se l f­
acce l erat i ng and se l f- i nh i b i t i ng phases  ( wh i ch were themse l ves d i v i ded 
i nto further cyc l e s ) , the poi nt of  i nfl exi on be i ng puberty . However 
contrary to Brody ' s  qu i te defi n i te s tatements the appl i ca t i on of h i s 
formu l ae to var iou s  dome sti c a n i ma l ' s  growth has  proved equi voca l . I n  
S hrops h i re s heep Mi tc he l l ( 1962 ) , u s i ng Brody ' s  equati ons , found an  
i nfl exi on  a t  1 - 2  months wh i ch wa s con s i dera b ly  before puberty wh i ch 
occurred on  average a t  5-7  months  from bi rth . I n  Hol s te i n cattl e 
M i tche l l s howed an i nf l ex ion  a t  6 months  of age , aga i n  earl i e r than 
normal puberty i n  da i ry cows . Furthermore cattl e and s heep d i sp l ay seasonal 
reproduct i ve rhythms so  puberty wou l d obv i ou s l y  be affected by the 
season of  b i rth desp i te the wei g h t  a ttai ned . 

Ha ncock ( 1951 ) a ttempted to a pp ly  Brody ' s  formu l ae ,  to the l i ve 
wei ght growth of he i fers , but found  that the d i v i s i o n  of  the sel f­
acce l erati ng phase i n to 3 cyc l es  ( from b i rth to 8, 8- 16 , and 1 6 -24 weeks 
of age } was forced by breaks , a scr i bed by Hancock to changes i n  
nutri ti on . For the l i ve wei ght  growth of  Duroc-Jersey p i g s  Mi tchel l 
stated " . . . .  the data were not we l l  described by the Brody growth curve s "  

whi ch s ums u p  the evi dence presented  above . For a further d i scu s s i on 
of  the Brody growth c urves see Chapter 6 .  

The rat l i ve we i g ht data co l l ected by Donal dson , from the W i s tar  
I nsti tute co l ony , was  u sed by Brody a s  ev i dence to s upport h i s " se l f­
i nh i b i ti ng and se l f-acce l erati ng ' phases and the i r  i ntersecti on at 
puberty . However a s  early as 1926 Osborne and Mendel noted tha t the 
growth curves of rats ra i sed u po n  i mproved d i ets d i d not conta i n  post-
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weani ng po i nts of i nf l ex i on . Zucker e t  al . ,  ( 1941a ) showed i n  fema l e  
rats an i nf l exi on at wean i ng ( 3 . 3  weeks ) ra ther than a t  puberty .  They 
conc l uded that Brody ' s  equati ons  d i d  not descri be ' norma l ' ra t g rowth 
due to the equa tions  bei ng ba sed u pon data _ '  . -. .  obta ined at a time when 

little was known concerning nutri tional requirements ' .  

Thus for both domesti c a n i ma l s and for rats there i s  l i ttl e 
j u sti fi cati on , from l i v e iAJe i "ght measurements themsel ves , for d i v i d i ng 
pos t-nata l body growth i nto pre - and post-pubertal peri ods and fi tti ng 
d i fferent equa ti ons to each per i od . 

But fo l l owi ng Brody ( 1928 , 1945 ) 1 t i s  common ly  s tated that the 
post-nata l  l i ve we i g h t  growth c u rve  of  cattl e i s  s i gmo i d  i n shape 
(McDona l d ,  Edwards and Greenha l g h , 1 969 ; p . 2 31 : Ray , 1 970 ; p . 2 7 :  
Butterfi e l d  and Berg , 1 976 ; p . 1 6 :  and E l s l ey ,  1 976 ) . I t  i s  no ta b l e tha t 
these a u thors d i d  no t cons i der t he i r  statements warranted referenc i ng ; 
common knowl edge , presumabl y ,  be i n g  thei r source . For i nd i v i dua l  
hei fers i n  the Ma ssey herd , from b i rth to  64 weeks of age , the p l ots 
of ari thmeti c  we i g h t  a ga i n s t  age were e s sent i a l ly l i near .  E l s l ey 
( 1 976 , p . 32 5 ) admi ts that the g rowth curves of i ndi v i dua l  an ima l s ,  i n  
some experi ments , may not be s i 0mo i d  but he s tates that the bu l k of 
the ava i l a b l e data s hows a s i gmo i d  pattern . I n  other words the ma s s  
curve i s  s i gmo i d  whereas the gr�wth curve of  an  i nd i v i dua l  does not 
neces sar i l y  fo l l ow t he mas s  curve . But the mass curves of three breeds 
of da i ry cattl e ( data of  Morr i son , 1956 ) do not show a s i gmo i d  cu rve 
of the exaggerated form shown , for examp l e ,  by McDona l d e t  a1 . , ( 1969 ) . 

Su pport for the present author ' s  doubts as to the s i gmo i d  na ture 
of the post-nata l g rowth curves of catt l e comes from a paper by Brown 
e t  al . , ( 1 97 1 ) vvho fi tted van Bertal anffys ' ,  Brodys ' ,  Gompertzs ,  the 
Log i st i c ,  and R i chard s '  , model s to the post-natal wei g h t-age curves 
of 151 Jersey and 1 47 beef fema l es . They concl ude that "A point of 

inflection ( PO! ) was not indicated in 5 0 %  of the data suggesting that 

a sigmoid curve may not be necessary to describe the postnatal weight­

age curve s in cattle . A pos tnatal PO! may only repre sent compensatory 

effects of various environmental re strictions , if so , simpler models may 

prove useful in growth analysis . " These i mportant  conc l u s i on s  deserve 



confi rma t i on  and the deduct i .on that s impl er growth mode l s  may be app l i ca b l e 
s upports the u se of the s impl e transformat i ons  o f  wei g ht  a nd age u sed  
i n  the present work . 

8 1  

Emphati c statements and a s s umpti on s  that ' . . .  the growth curve of  

mammals and birds follows a sigmoid pattern . "  ( E l s l ey ,  1 97 6 ; p324 ) shou l d  
be avoi ded . 

COMPENSATORY GROWTH 

The rel ati on s h i p s  between means a nd s tandard dev i a ti ons ( F i g .  5 . 1  
Tabl e 5 . 2 )  i nd i cate that post-nata l  compensa tory growth i n  the he i fer  
may proceed a t  a ra pi d rate to wean i ng ,  then a t  a reduced ra te fol l ow i n g  
wean i ng . T h u s  wea n i ng seems to be a cruc i a l s tage i n  t he  l i ve we i g ht  
growth of t he  hei fer . However i n  t he  rat compen satory growth seems to 
occur ma i n l y  fo l l owi ng weani ng . Th i s i s  pos s i bl y  becau s e  i n  l i tter beari ng 
a n ima l s the number of pups per l i tter contro l s the amount of mi l k  supp l i ed 
to each pup and i s  therefore a major dete rmi nant  of wean i ng s i ze 
( Kennedy , 1 9 57 ) . Th i s  po i nt  i s  further d i scus sed  i n  C ha pter 9 .  But  for 
ca l ves  or l ambs compensatory growth seems to occur dur i ng l actati on 
( before wean i ng )  a s  i n  these a n i ma l s ' '  . . . . . .  the capacity o f  the offspring 

largely governs the actual yield of  milk produced . "  ( Wa l l ace , 1 948 ; p 1 52 ) . 
The ca l f  o r  l amb i s  born at a much grea ter p hys i o l og i ca l  age  than the rat . 
For examp l e  the ca l f ' s  eyes are o pen a t  b i rth whi l e  a rat p up ' s  eyes 
open from abou t 1 4 - 1 6  days of a g e . Thus wea n i ng i n  the ra t and b i rth i n  
the rumi n a nt may be rou g h ly  equ i va l ent phys i ol og i ca l  a ges . 

The demonstra ti on i n  both l ambs and  he i fers that , on a l ogari thmi c 
s ca l e ,  the rate of  we i g ht ga i n  fo l l owi ng b i rth i s  nega t i ve l y  rel ated to 
the b i rth we i ght , ra i ses an i nteresti ng ques t i on . The d i fferences i n  b i rth 
we i g ht between i nd i v i du a l  an i ma l s i mp l y  that the pre-nata l  growth l i nes  are 
d i vergent wh i l e ,  u nder s i mi l a r  condi ti ons , the post-na ta l growth l i nes  
are convergent . I t  seem paradox i ca l  that duri n g  foeta l l i fe ,  when t he 
nutri ti ona l dra i n of the foetus on  the dam i s  s l i ght , the  growth l i nes of 
you ng rum i nants shou l d d i verge wh i l e  dur i ng l ac tation , when the nu tri t i ona l  
dra i n  on the  dam i s  g reatest { Mi tchel l ,  1 9 6 2) , the growth l i nes  converge . 
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Hammond ( 1944 )  hypothe s i sed tha t t h e  foetal metabol i c  rate i n  earl y 
pregnancy was s imi l a r to that of the dam ' s  nervous sys tem so that duri ng 
ear ly pregnancy the g rowth of the foetus wou l d  not be advers ly  affected 
by restri ct i ng the ca l or i c i ntake of the dam . He drew s upport for 
th i s i dea from the work of  Wa l l ace  ( 1948 )  who cou l d  show no effect of  
maternal nutri t i on on the we i ght of  s h eep foetu ses at 9 1  days of  
gestati on . But ,  as  Everi tt ( 1 968 , p 144 )  poi nts ou t ,  the  degree of  
nutri ti ona l  s tres s i n  Wa l l ace ' s  tri a l s ' . . . . .  w a s  not particularly great . '  

The re-ana l ys i s  of Wa l l ace ' s  res u l ts i n  Chapter  2 ,  where no c l ea r  effect  
of p l ane of n utri ti on on  the corre l at i ons  between rates of ga i n  a nd b i rth 
we i g hts wa s demon stra bl e , supports Everi tt ' s  c l a i m .  Everi tt revi ews 
h i s own experi mental evi dence , and that of others , wh i ch i nd i cates that 
the l evel  of  nutri ti on does affect ov i ne foetal we i g ht i n  ear ly gesta t i on . 
B ut  b i rth wei g ht  i s  mo re affected by a per i o d  of nutr i ti ona l  stress 
du ri ng l a te ge stat i on than a s i mi l ar stress  i n  ear ly  gestati o n . Thus 
Hammond 's theory of the i nv i o l ate nature of ear l y foetal g rowth has 
been quest i oned . The greater effect i n  l a te gestati on cou l d  be due to 
the amount  of nutri ent requi red by the foetu s i ncreas i ng exponent i a l l y  
a s  gestati on  progresses . At 75  days o f  gesta t i on the ov i ne fo2tus 
we i ghs  l es s  than 200 g rams but at  term ( about 150 days ) the foetus can 
we i gh 5000 grams . C l ear ly  a greater nutri ent requi rement exi sts i n  l ate 
pregnancy so  that a nutri ti ona l  stress of con s tant magn i tude cou l d  be 
expected to have a g reater effect dur i ng the l ater phase of pregnancy . 
But i f  the same nutri ti ona l  stress i s  i mposed fol l owi ng b i rth ( a s i n  
the study of  Wa l l ace , see Chapter 2 )  the g rowth l i nes of i nd i v i dua l s 
then converge . 

One i s  forced to conc l ude tha t i t  mu st  i n  some way be 
advantageous to the s pec i e s  for the young a n i ma l  to be r e tarded dur i ng 
foeta l l i fe rather than fo l l owi ng b i rth . The effecti ve post-natal  
mechan i sms of  compensatory growth obv i ou s l y  a l l ow for retardati ons i n  
g rowth rate dur i ng pregnancy to be made up , but they do not expl a i n  why 
retardati on  s hou l d occur duri ng pregnancy . I t  seems that duri ng 
pregnancy the s urv i va l  of the mot her , and th u s  of her foetu s , i s  
paramount ; so the mother ha s pr i or i ty i n  the part i t i on of  nutr i ents 
( Hammond ) .  But fol l owi ng a succe s s fu l  partur i ti on the c h i ef funct i on  
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of t he  dam i s  to g i ve her  young maxi mum nutri t i on , even a t  t he  expense 
of  her own wel l -bei ng . The effecti ve  post-na ta l  compensatory mecha n i sms 
can then take  advantage of th i s  s u p p ly  of nutr i ents . But  i f  the dam has  
l ost her foetus  she has  not • wa s ted • her body reserves , and has these 
reserves ready for another pregnancy and l acta t i on .  Such mechani sms 
wou l d  be e s pec i a l l y  i mportant i f  the rumi nant , as suggested by Houpt 
( 1970 ) , evo l ved  when the earth was s u bject to a per i o d  of d ry c l i mat i c 
cond i t ions . 

A po i nt that has not been i nves ti gated , to the author • s  
knowl edg e , i s  whether o r  not , i n  cows and s heep , compensatory growth 
occurs i n  u tero . Does compensatory g rowth funct �on  i n  utero to correct 
a retardat i on  i n  growth i ncurred i n  earl y gestation by acce l era t i ng the 
rate of growth i n  l ate gesta t i on ?  The exper i ments of Ever i tt ( 1968 ) , 
a l though not a imed di rect ly at  thi s poi nt � seem to show that a 
d i mi nu ti on i n  growth rate occurr i n g  d uri ng ear ly  gesta t i on i s  not 
e l im i na ted desp i te rea l i men tati on  d ur i ng l ate gesta ti on . The a bsence 
of  compensa tory growth i n  suck l i �g rats i s  descri bed i n  Chapter 7 and 
d i scussed i n  Chapter 9 .  As b i rth  i n  rumi nan ts and wean i ng i n  rats 
appear to be equ i va l ent phys i o l ug i c a l  ages the abs ence of compensatory 
growth before b i rth i n  rumi nants cou l d be expected from these res u l ts 
i n  rats . 

These con s i s tent ly h i gh corre l at i ons between b i rth we i g ht 
and the s ub sequent rate of ga i n ,  for Loth the average wi th i n  twi n and 
the tota l ( i gnori ng twi n s )  regres s i on s , are s uggest i ve of very effect i ve 
compensato ry mechan i sms i n  rumi nants . Th i s  has been s tated by others , 
for exampl e Everi tt ( 1 968 , p145 ) conc l udes that " . . .  the phenomenon of 

compensatory growth . . .  i s  espec ially important in the growth and 

production of domesticated species . . . .  ' . Another a rgument  sugges t i n g  
that compa red to rats rum i nants h ave  super i or  mechani sms of compensatory 
g rowth i s  presented i n  Chapter 4 .  The superi or  mechani sms for the 
preservati on  �f mature we i g ht i n  rumi nants , by compensatory growth , 
can a l so be  a rgued from an evo l u t i onary standpoi nt . 

Houpt ( 1 970 , p l l9 ) s ta tes  tha t , 
' Paleontologists suggest that much of the evolution of  

ruminants as  a separate branch of  mammals occurred during prolonged dry 
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periods of the earth ' s history . I t  is  likely that the special digestive 

tract modifications present in modern ruminants were developed in 

response to such environmenta l pressures and that the ability to survive 

a long pe riod of semi-starvation is the result of these adaptations . '  

To ta ke fu l l  benefi t from favou ra b l e changes i n  n utri ti on due 
to c l i mat i c c ha nges ( i . e .  due to ra i ns fol l owi n g  pro l onged d roughts ) ,  
enhanced mechan i sms for compensatory growth may have been espec i a l l y  
advantageou s t o  the s urv i va l  o f  r um i nants . These assumpt i ons are 
supported by stud i es i n  Northern Au s tra l i a  ( Vercoe and Fri sch , 1 974 ) where 
Zebu and Zebu-cross  �att l e ,  fed on  a l ow qua l i ty ra ti on , were l e s s  
a ffected by starvati on , a nd  fol l owi ng rea l i mentation ate  more , g rew 
faster and more effi c i ently , than S horthorns . The trop i ca l  breeds 
seemi ng ly  po ssess  compensatory mechan i sms s uperi or to those of E u ropean 
breeds , presuma b l y  due to se l ecti on pres sure for these tra i ts be i ng 
ma i ntai ned i n  the trop i cs . 

An experi ment by Brumby and Hancock ( 1956 ) , u s i ng d i zygou s and 
monozygou s  da i ry twi ns  to est ima te the geneti c vari at i on i n  body s i ze 
by three methods , i s  perti nent to th i s d i scus s i on .  The e sti ma te of 
geneti c var i a ti on deri ved from t:1e wi th i n - set  vari ati ons  of d i zygous and 
monozygou s  sets was a s sumed to be ' . . . .  uncomplicated by the s imi larities 

of environment common to the twin sets but containing mos t  of the non ­

additive genetic var iations . ' .  T he three  e sti mates of  geneti c vari a t i on 
were s im i l ar for mi l k  and mi l k - fat  prodJct i on but  for mea s urements of 
body s i ze the e sti ma te deri ved from wi th i n - set vari at i on s  of d i zygous 
and monozygou s twi ns wa s much l es s  than the vari ati on between twi n sets . 
Th i s  d i fference between the esti ma tes wa s a scr i bed to the pre-na tal 
envi ronmen t great ly  a ffecti ng growth but not m i l k  product i on . Th i s  
fi ndi ng of a l arge apparent ly non -geneti c d i fference between twi ns  i n  
the i r pre-natal g rowth i l l u stra tes the i mporta nce of po st-nata l  compensatory 
growth to cattl e .  Russe l l ( 1 976 ) c l earl y demonstrated compensatory 
growth i n  cattl e s i nce the l arge d i fferences i n  bi rth wei ght  between 
s i ng l e and twi n ca l ves  ( a  twi n  be i n g  about  75% the we i gh t  of  a s i ng l e )  
were overcome by 18 months o f  age ( a  1 %  d i fference rema i ned ) . 
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Thu s  du r i n g  pregnancy , nutri t i onal  stress can  retard t he  we i gh t  
ga i n  of  the foetal rumi nant , b u t  l acta t i on supp l i es s uffi c i ent n utr i ent 
for post- nata l  compensatory growth to g i ve a partl y restored wean i ng 
we i ght  even i f  the nutri t i ona l  s tress conti nues . Fol l owi ng wean i ng the 
you n g  an imal cou l d rema i n  at  a l ow body wei ght  unti l favourab l e cond i t i ons  
a l l ow for a s u rge of growth , a l l owi ng reproducti ve and ponderal maturi ty .  

S o  i n  the hei fer and the l amb var i at i ons  i n  b i rth wei ght  a r e  l a rge l y  
compensated for by the convergence o f  the pre-wean i ng growth curves , 
g i v i ng ,  by wea n i n g , a reduced vari ati on i n  the l ogari thm of l i ve wei g h t .  
Thi s pre -wean i ng compens atory growth may b e  v i ta l to the ful l expres s i on 
of  the geneti c potent i a l  for growth . A restr i ct ion i n  growth before 
wean i ng may not be ab l e to be comp l ete l y  overcome by the apparentl y 
s l ower pos t-wean i ng phase of  compensatory growth . Mos t  research has 
i nd i cated tha t restri ct ions  i n  growth fo l l owi ng wea n i ng can be overcome 
( Hansson and C l aesson , 1 960 ; Bondari and Wi l ham , 1977 ) . 

I n  a s eri es  of exper i ments , u s i ng monozygoti c twi n cattl e fed on  
wi d e l y  d i fferi ng pl anes of nutri t i o n  from 1 to  25 months of age , Han s son 
and C l ae sson ( 1 960 ) were ab l e  to demonstrate a l most comp l ete compensati on 
i n  body we i gh t  fo l l owi ng real i mentati on . They concl uded that , 

' Within a wide limit of variation in the level of nutrition the 

young animals  continue to grow , but they do so at different rates and . . .  

reach practically the same final body development at maturi ty . . . .  heredity 

directs the development of the body to approximately the same body s ize 

and conformation at maturity , to a large extent independent of the 

feeding intensity . '  

Bondari and Wi l ham ( 1977 ) fed beef s teers from one month after 
wean i ng (wean i ng at 200 days ) with e i ther a h i g h  or  l ow p l ane  of 
n u tr i ti on . After 100 days l ow p l ane  an ima l s were rea l i mentated . At 
s l aughter , after  a further 1 00 days , both groups of a n ima l s ( of the same 
age ) had s imi l ar carca s s  wei g hts , but the l ow- h i g h group had s i gn i fi cantl y 
l es s  fat .  The a uthors conc l uded that ' Compensatory growth in this study 

is obviously of economic importance . . . · .  ' 

Al l den ( 1970 , p 1 1 74 ) , i n  h i s  l i terature rev i ew of  compensatory 
g rowth , s tates that ' However , there i s  no evidence to show that a calf 

subjected to nutritional deprivation from a very early age of suckling 
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w i l l  eventually become a cow of  smaller s tature . '  S imi l ar ly  Roy 
( 1970 , p34 ) advances an a rgument i n  su pport of the earl y wean i ng o f  
ca l ves  when he states that ' . . .  much lower we ight gains have been accepted 

during the first 3 months of l ife on the basis  that such calves will be 

able to catch up as a result of subsequent compensatory growth . ' The 
re s u l ts from the p resent work do not s upport these concl u s i ons . 

B ut  the i m portance of the post-natal  per i od was s hown by Everi tt 
( 1 972 ) who fed s teer ca l ves , members of i denti ca l  twi n  sets , on ad 
l i b i tum or res tri cted mi l k  i n takes from b i rth to 16 weeks oJ. age . The 
l a rge d i fferences i n  l i ve wei ght  between treatments , at wean i ng , were 
i ncomp l ete ly  recovered  at 400 days of age .  I n  a seri es of s i mi l a r stud i e s> 
a t  Ma s sey, Davey ( 1 974 ) reached conc l u s i on s  agree i ng wi th those of 
Ever i tt ' . . . .  the period from birth to 4 weeks of age is  critical , so 

that low live weight gains over this  period could have a permanent 

effect ' .  ( Davey , 1 974 ; p138 ) . The present  study su pports these fi nd i ngs  
of  Everi tt and Davey and fu rthermore suggests that the po s t-nata l  peri od 
i s  ' cr i t i ca l ' because at t h i s ti me compen satory growth , to e l i mi nate 
pre-natal d i fferences i n  body s i ze ,  i s  p roceed i ng a t  a very rap i d rate . 

Surpri s i n g l y  l i tt l e i s  known a bout  the phys i o l og i ca l  me:han i sms 
contro l l i ng the i ncreased effi c i ency of food ut i l i s at i on attendan t  u pon 
compensatory growth . Meyer and C l awson ( 1964) , i n  a we l l  contro l l ed 
exper iment , i nvest i gated some effects of 5 l evel s o f  nutr i t i on i n  rats 
( for 2 1  day s )  and i n  sheep ( for 42 days ) fol l owed by rea l i mentati on Jn 
an  ad l i bi tum d i e t .  Wi l son  and Osbourn ( 1 960 )  bel i eved that a decrease 
i n  ma i ntenance requi rements occurred d ur i ng s tarvat i on whi ch i nfl uenced 
the effi c i ency of ga i n  dur i ng real i menta t i on . The f i n d i ngs of Meyer 
and C l awson ( 1 964 ) however agreed wi th t hose of Cummi ng and Morr i son 
( 1960 ) who s howed that a reduct ion  i n  heat producti on of  a s tarved 
an i ma l  cou l d  be  due to a reducti on i n  both  acti v i ty and heat i ncrement 
due to the l ow food i n take . Cummi ng and Morri son concl u ded that food 
i n take s t imu l a ti on was not a major  i nfl uence i n  compensatory growth . 
Al l den  ( 1 970 ) , i n  h i s  rev i ew of the l i terature concern i ng compensato ry 
growth , found no  genera l agreement  as to the contri buti on of  i ncreased 
food i n take to compensatory growth . Sa u b i det and Verde ( 1976 ) res tri cted 
s teers on s p l a nes of nutri ti on then rea l i mentated t hem ad l i b i tum . 



Bu t the food i ntakes , u po n  real i mentati on , were s imi l ar l ead i ng these 
a uthors to Wri te ' This led us to  di scard compensatory feed intake as a 

possible explanation for compensatory growth . '  Thu s there seems to be 
l i ttl e ba s i s for expl a i n i ng the h i g h  growth rates of compensatory 
g rowth by a decreased energy requ i rement for ma i ntenance o r  by an 
i ncreased food i n ta ke . 

U s i ng young  growi ng rats S i n ha et a1 . , ( 1 973 ) found that d i eta ry 
restri ct ion  depressed p l asma pi tu i tary growth hormone ( GH ) ; but 
refeed i ng cau sed the hormone l eve l s to rebound . However recentl y 
Mos i er e t  al . ,  ( 1 978)  cou l d  fi nd no marked hormonal c hanges assoc i ated 
wi th compensa tory growth i n  young  rats . Th i s l ed these workers to 
concl ude that ' Normal GH and SM ( somatomedin)  concentrations in plasma 

do not in themselve s assure catch-up growth . The pos s ibility that 

othe r ,  as yet unknown humoral or me tabolic factors are involved i s  

suggested . '  I n  l ambs t he  feed i ng of a l ow protei n d i et  d i d  not  a ffect 
p i tu i tary or serum GH , a l thoug h  serum i ns u l i n  l evel s were decrea sed 
( Juhns and Bergen , 1 9 76 ) . Cl ear l y the endocri nol ogy of compensatory 
growth i s  s ti l l  to be d efi ned . 
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Th i s d i scu s s i on i nd i cates  the maj or prac ti cal i mpo�tance of 
compensatory growth . For exampl e the mechan i sms whereby the man i p u l a t i on 
of nutri ti on  i nduces the mul t i p l e rel ease of  eggs a t  ovu l at i on ,  commonl y  
known a s  ' fl u s h i ng ' ,  cou l d be el uc i da ted when the mechan i sms of 
compensa tory growth are unders tood . The phys i o l og i ca l  bas i s  to fl u s h i ng 
and to compensatory growth , a l thou g h  pos s i b ly  hormona l ,  rema i ns to be 
determi ned . But the au thor bel i eves that the untang l i ng of the 
mechan i sms i nvol ved i n  compens atory growth wou l d  prove to be of great 
practi ca l  val u e  to both an ima l  breeders and meat producers . 
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C H A P T E R S I X  

. FURTHER ANALYSES OF RAT L I VE WE I GHTS 



I NTRODUCTION  

Th i s  c hapter conta i ns further deve l opments and exten s i ons of  the 
b iometr i ca l  techn i ques descr i bed i n  earl i er chapters . These more 
exhau st i ve methods wi l l  then be used , i n  the present and the fol l owi ng 
chapter , to further . e l uci date the changes i n  body s i ze wi th age i n  the 
l aboratory rat .  

8 9  

B l i s s ( 1 970 ) cr i ti c i sed the l og - rec i procal equ a t i on preferri ng to 
use  an a sympto ti c equa t ion to mathemat i ca l l y  descri be the post-wea n i ng 
l i ve we i g ht  growth of  the rat .  Thus the present chapter , i n  Secti on One , 
conta i ns a compari son of the se two equati on s .  Secti on Two dea l s wi th 
an unexpected fi ndi ng , and to the author an extreme ly  i nterest i ng 
d i scovery , encountered duri ng the compari son of the equati ons i n  Secti on 
One . Secti on Two s hows tha t there are l o ng-term sys temat i c  vari a ti ons i �  
l i ve we i ght  about the genera l  trend wh i ch cannot be exp l a i ned by a 
s i mp l e l i near equat i on . 



C H A P T E R S I X  
SECT I ON ONE 

THE ZUCKE R LOG- REC I P ROCAL E�UAT ION  COMPARED TO 
THE BRODY ASYMPTOT IC  EQUAT IO N .  

The l og -rec i proca l  equat i o n  was , i n  1 962 , used by t he  Nat i ona l  
Academy of Sc i ences Commi ttee on  An i ma l  Nutri t i on to represent the 
post-wean i ng growth i n  l i ve wei ght  o f  the l a boratory ra t .  The report 
g i ves f i ve i ndependent references whi ch  a l l confi rmed the Zuckers • 
equati o n . Du nn et a l . ( 1 947 ) were s a i d  by the Comm i ttee ( 1 962 , p . 53 )  
to have " . . . .  reported that in situations of excellent growth the 
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curve arched above a straight line . "  However  the arti c l e by Dunn et a l . 
( 1 947 ) doe s not s how that " . . . .  the curve arched above the straight 

line . "  \�hat  Dunn et al . ( 1 947 ) hoped to convey \va s that u s i ng the 
Anderson-Smi th d i et ( the opti ma l  d i e t  for ra t growth accord i ng to 
Osborne and Mendel ) the pos t-wea n i ng growth of a rat cou l d be reso l ved 
i nto two phases ; before and after 14 weeks of age . However both phases  
cou l d be f i tted wi th the  l og - rec i proca l  equat i o n . So even  thoug h doubt  
was ca s t  u pon the abi l i ty to  expl a i n  post-wean i ng rat growth by one  
l i ne the l og - reci procal equat icn  was not actua l l y  quest i o ned by the i r 
paper . De sp i te the major i ty o f  the publ i s hed ev i dence confi rmi ng the 
l og -rec i procal equat i on B l i s s ( 1 970 , pp . 1 2 1 - 1 24 )  wrote tha t the wei ghts  
of  mal e rats agreed wi th the  Zuckers • formu l at i on up to  1 30 days , 
" . . .  but then curved systematically about the regression . "  

B l i s s preferred a n  asympto t i c  regres s i on of the form u sed by 
Brody ( 1945 ) . Bri efl y ,  th i s  method i nvol ves  the ca l c u l a t i on of  an  
asymptote from wh i c h  the observed we i ghts  are  then s ubtracted , tran sformed 
to l ogar i thms , and p l otted aga i n s t  the observed ages . Brody • s  methods 
have rece i ved l i ttl e recent cri t i ca l  exami nat i on . Th i s  i s  s urpr i s i ng 
s i nce Brody negl ected the  stat i s ti ca l  approach  to curve f i tti ng i n  
favour of  an  approach where the equa ti ons  were f i tted becau s e  the i r 
parameters posses sed " . . .  definite , rational , physical meaning " . 
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B l i s s cri t i c i sed the l og - rec i proca l  equat ion  on the grounds that 
the var i ati on abou t the l i ne i ncreased wi th age . He then fi tted the 
a symptot i c  formu l a  to the ma s s  curve and s howed a s im i l a r effect . The 
var i ati on abou t the l i ne i ncreased wi th age , "Because of differences 

in the ( growth ) rate , the vari ance about the mean we ight increased 

progressively with age . "  Thus B l i s s suggested that the vari ati on 
abou t the l i ne was sys temati ca l l y  heterogeneou s i n  both the l og ­

rec i procal and the a symptoti c regres s i ons ; yet he preferred the 
a symptot i c method . B l i s s ' s  expl a nat i on of  the sys temat i ca l l y  
heterogeneous error a s soc i ated wi th the a symptoti c p l o t , that the g rowth 
l i nes  d i verged , i s  not convi n c i rig . The or i g i na l  data ( Ta bl e 1 6 . 1 ,  p . 122 ) 
s how that the percentage d i fferen ce i n  the range of  wea n i ng wei g hts 
( 46 to 7 4  g )  was l a rger than that at 2 10  days of age ( 480 to 620 g ) . 
Th i s wou l d  cause the growth l i nes , on a l ogar i thmi c sca l e ,  to converge . 
To i nves ti gate these apparent i ncon s i stenc i es  the var i a t i on about the 
l og -rec i proca l and a symptoti c l i n es  was re-anal ysed u s i ng the a n i ma l s 
numbered 1 to 5 i n  B l i s s ' s  Tab l e 1 6 . 1 .  

Both l og - rec i procal and a symptoti c regress i ons  were therefore 
fi tted to the l i ve wei g ht-age c urves of i nd i v i dual a n i ma l s .  The 
a symptot i c regre s s i ons  were ca l cu l ated u s i ng the asymptotes supp l i ed by 
B l i s s .  The percentage of the var i ati on i n  l i ve wei g ht  exp l a i ned by 
the l og - rec i procal equa ti on  i n  the 5 an i ma l s ranged from 99 . 3  to 98 . 4  
percent wh i l e  the percentages of the vat· i at i on expl a i ned by the a symptoti c 
regres s i ons  ranged from 98 . 6  to 96 . 6  perce n t .  For eac h of the 5 a n i mal s 
the l og - reci procal equa ti on exp l a i ned a greater percentage of the 
var i at i on i n  l i ve wei ght . 

The two equati ons  were a l s o  compared by pl otti ng the res i dua l s 
( the observed m i nus  the expected va l ues ) a bout the regre s s i ons for 
i ndi v i dua l  an i mal s aga i nst  a ge . B l i s s contended that systemat i c  
dev i at i ons  from the l og -reci proca l  l i ne occurred on l y  after 130  days of 
age ; but F i gure 6 . 1  s hows that systemati c departures from l i neari ty 
are con s i s tent ly present over the enti re range of ages . The vari at i on 
about the l i ne for the a symptot i c p l ot a l s o  s howed ser i a l  corre l at i on  
between the  res i du a l s ,  a s i tuat i o n  not  con s i dered by B l i s s .  The  
vari at i on about the l i ne wa s much grea ter overa l l for the asymptot i c 



method and i ncrea sed marked ly wi th age . The sma l l e r  overa l l res i dua l  
vari at i o n , a nd  the absence of  an i ncreased re s i dual var i at i on wi th age , 
makes the l og -reci procal pl ot the better descri pti on of  the data . 

The greater res i dua l s a t  the l ater ages  i n  the a symptoti c case  
mu st  ar i s e  wi th i n a n i ma l s and  cannot  be , a s  B l i s s c l a i med , a between 
a n i ma l  effect . The i ncreased res i dua l s at  l a ter ages are due to the 
vari at i on i n  ari thmeti c we i ght  ( W )  becomi ng greater a s  the l im i t i ng 
a symptoti c wei g ht (A )  i s  approached . Therefore the vari a ti on in  l og 
(A-W)  a l s o  i ncreases rap i d l y  a s  W approaches A .  The examp l e  quoted by 
Zucker ( 1 94 1a , p . 459 )  to i l l u s tra te thi s po i nt i s  a good one , 
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" As suming an A of 270 gm . , a 1 gm . change in a r2.t weighing approximate ly 

240 gm .  should accordi ng to thi s  function ( the asymptotic)  represent 

the same change in growth s tatus of the animal as an 8 gm. change in 

a rat weighing approximately 30 gm . As a rat approaches the limit 

we ight the normal f luctuations around the equ i l ibrium we ight determined 

for that t ime by its i nherent growth curve should be l imited to fractions 

of a gram and f inally approach 0 . " 

The  a symptoti c equat i o n  i nvo l ves an  add i t i on a l  parameter , the 
a symptote . The e st imate of  the d symptote i s  s ubject to error wh i ch ,  
because of  the e st imat i on procedure , affects the other s tat i st i cs  of  the 
regre s s i on potenti a l l y  g i v i ng them a l arger error than that of the more 
s i mp l e l og - rec i proca l  equat i on . The l og -rec i proca l equat i on i s  a l so 
to be preferred a s  i t  requ i re s  l es s  cal cu l a ti on , espec i a l l y  i f ,  a s  B l i s s 
suggests , a n  asymptote req u i re s  to  be ca l cu l a ted i terat i vel y .  

I n  u s i ng the a symptoti c form ul a  B l i s s a s s umes that the wei g h t  of  
the rat • p l ateaus • by 300  days of age . B ut  i n  Chapter  10  ev i dence w i l l  

. 

be presented to s how that a t  no  t i me can a • true p l ateau • o r  asymptote 
be sa i d  to be reached i n  a rat • s  l i ve wei ght  growth . 

The s er i a l  corre l at ion  between the res i dual s a bou t the l og ­
reci proca l  p l ots wa s a n  unexpec ted  f i nd i ng . The extremel y  h i gh 
corre l at i ons  between l i ve we i ght  a nd  age , common ly  approach i ng 0 . 999 , 
g i ve a very sma l l amount  of unexp l a i ned vari at i on wh i ch  was a s s umed to 
be random . The Zuckers a l so made t h i s a s s umpti on ,  but B l i s s drew 
attenti o n  to ser i a l  corre l a ti on a bout  the fi tted l i ne s . Th i s s t i mu l a ted 
the ana lyses  of Sect i on Two of t h i s Chapter and tho se  of C hapter 7 .  
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S UMMARY 

I n  th i s s ect i o n  s everal s tat i s ti cal  analyses , and some practi cal  
rea son s , were presented to s how that the l og -reci procal equa t i on , 
rather than a n  equati on of the asymptoti c type u sed by Brody , prov i des  
a s uperi or descri pti on o f  post-wean i n g  l i ve we i g ht growth i n  the 
l aboratory rat .  



C HA P T E R  S I X  

S ECT I ON TWO 

THE " L I NEAR" RELAT I ONSH I P  BET\�EEN THE LOGARI THM 
O F  RAT L I VE  WE I GHT AND THE REC I P ROCAL OF AGE : 
THE PRESENCE OF SYSTEMAT I C  OSC I L LAT I ONS  ABOUT 

THE F ITTED L I NE .  
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I NTRODUCT ION  

An  ana l ysi s of l i v e  we i g hts , i n  a t i me seri e s , i s  u s ua l l y  
cons i dered compl eted when the genera l  trend has  been fi tted . But ,  a s  
Sha l l ( 1954 ) forci b ly  argue s , f i tt i ng the genera l  trend s hou l d be 
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l ooked upon as  mere l y  the fi rst  s tep . Sha l l d i scu s sed a t i me ser i es , 
recorded i n  the e i g hteenth century by Count  P h i l i bert Gueneau de 
Montbei l l a rd of h i s son • s  hei ght c hanges  from b i rth to s eventeen yea rs 
of age , and detected peri od i c i ty i n  the dev i ati ons from the trend of the 
g rowth curv e ;  a yearl y  ( 1 3 month ) osc i l l a t i on operated i n  the young  
French boy • s  g rowth . 

Sha l l ( p . 2 3 1 ) s tres ses that a t ime s er i e s  may conta i n  one or  a l l 
of  three components . 

1 )  A general trend . 
2 )  An osc i l l a t i o n  about the trend . 
3 )  A random component . 
Sha l l descri bed t he general trend a s  the l i ne dep i ct i ng the track 

of  a rai l way on a cont i nental mao ; the general d i rect i o n  of the 
ra i l way i s  s hown but the sma l l  var i ati ons do not appea r . The ta s k  i s  to 
dec i de whether or not the sma l l var i at ions  are random . 

S ha l l s tates emphati ca l l y  ( p . 2 2 5 )  that for the fi tted general trend 
" . . . .  no demonstration of closenes s  of fit can ever prove the curve to be 

that one which is  in any sense the unique • true • curve . "  Th i s i dea , 
due to i ts i mportance , h a s  been repeated l y  s ta ted i n  the l i tera ture , and 
w i l l  be re i terated i n  the present work . ( But  a l thoug h  one cannot prove 
a curve to be the • true • one , c urves can be rejected for both b i o l og i ca l  
a nd  stati s t i ca l  rea sons ) .  

Zucker and Zucker ( 1942 ) j u s ti fi ed the i r  growth equati on u s i n g  
two cri ter i a for adequacy of  fi t .  T he  f i r st  cr i ter i on be i ng that the 
rat i o  of t he standard dev i ati on to the mean at  each age s hou l d be 
cons tant .  Al though Zucker and Zucker s tate that i n  the i r data th i s  
cri teri on wa s fu l fi l l ed ,  the da ta from i n tact  rats , presented i n  
Chapter 2 ( F i gure 2 .4 ) ,  que st ion s  the genera l i ty of the i r  s tatement . 
The s econd of  the i r  tes t i ng cri teri a ,  the agreement between observed a nd 



cal c u l a ted va l ues , was rejected by Zucker and Zucker ( 1 942 , p . 45 3 )  
" • . . . . because deviations are of  constantly decreasing biological 

significance . . . . " A l thoug h  th i s  may be true for ar i thmeti c devi at i ons , 
for l ogar i thm i c dev i ati ons th i s wou l d  not be  so ; the res i dua l s s hou l d  
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have been tested . The tests  for adequacy of f i t ,  for the ma s s  curves , 
performed by Zucker and Zucker were therefore i ncompl ete . For t h i s reason , 
and a l so  because i n  the present case  l i ne s  were fi tted to i nd i v i dua l  
an i ma l s ,  a compl ete re -exam i nat i on of the  adequacy of f i t of the  l og ­
rec i proca l  equati on wa s neces sary .  

Zucker et al . d i d  attempt to fi t the i r equa ti on to i nd i vi d ua l  
rat • s. l i ve wei ght c u rves ( 1 94l b ,  p . 130-2 ) a nd  conc l uded t hat  . . . . . . rats 

of our colony adhere to a single slope with moderate error . "  The i r  ma i n  
i ntere s t  was the " . . . .  growth performance of the rat . " w i t h  respect to 
nutri t i on . Thi s may have ca u sed a b i a s toward the pos i ti on that 
i nd i v i dua l s ,  under i den t i c a l  nutr i ti onal and  envi ronmental cond i t i o n s , 
s hou l d  g row at the s ame rate . They observed i nd i v i dua l  rats to grow 
'' . . .  in a series o f  parallel lines on log-rec iprocal paper . "  

Th i s concl u s i on , tha t i nd i v i dua l  l i nes were para l l e l , may be the 
rea son  why the Zuc kers ana, l ysed only the s tandard devi ati ons and mean s  of 
the ma s s  curves . That the sca tter abou t an i nd i v i dua l  • s  curve wou l d  be 
refl ected i n  the ma s s  curve ( o r the mean arid s tandard dev i ati on at each 
age ) ha s been u sed i n  th i s thes i s  as  a ba s i s  for se l ecti ng a norma l i s i ng 
metameter for l i ve we i g ht . B ut  i n  rats , l ambs , and hei fers the 
tra n sfo rmati on of l i ve we i g ht to l ogari thms can produce a negati ve 
rel at i o n s hi p  between mean s  and s ta ndard dev i a t i ons . Th i s wa s due to the 
convergence of the l i nes for i nd i v i dua l a n i ma l s becau se  of compensatory 
growth . As i nd i v i dua l  l i nes are c l earl y not paral l e l the errors a bout 
the ma s s  curve are poor pred i ctor s  of the sca tter about a n  i nd i v i dua l  • s  
l i ne .  

An exampl e  may more c l earl y i l l u stra te thi s argument . I t  i s  
pos s i b l e that on a c hosen metameter , a l thoug h  the coeffi c i ent of vari at i on  
at each  age i s  con s tant , an  ana l ys i s  of i nd i v i dua l  curves wou l d  s how the 
vari at i on to be i nc reas i ng wi t h  age ; the constant coeffi c i ent o f  
vari at i on i n  the mas s curve bei ng due to the counter- ba l anc i ng effect o f  
the i nd i v i dual l i ne s  converg i ng .  Thi s i l l u s trates the dangers o f  u s i ng 



the mean s  a t  each age to se l ect the nonna l i s i ng and l i neari s i ng 
metameter for i nd i v i dua l  l i nes . A better  cr i ter i on may be to s e l ect 
the metameter on  the ba s i s  of the re s i dua l s a bout the l i ne s  f i tted to 
i nd i v i dua l  a n i ma l s .  Pro b l ems can be s een to ar i se i f ,  i n  the ana l ys i s  
o f  growth curves , the between a n i ma l  vari ati on  i s  not sepa rated from 
the wi th i n  a n i ma l  var i ati on . The confu s i on resul ti ng i f  these sources 
of  vari ati on are no t d i fferenti a ted wa s s een i n  the prev i ou s  sect i on 
where Bl i s s seems to have mi s i nterpreted the l i ve we i g ht data he 
ana l ysed . These po i nts wi l l  be empha s i sed i n  the pre sent s ecti on by a 
compar i son of some properti es of t he ma s s  a nd i nd iv i dua l  c urves f i tted 
to the same data . 
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Several sets of  l i ve wei g h t  mea surements , from rats s u bj ect to 
var i ou s  trea tments , w i l l  be re-ana l ysed to i nve sti gate po s s i bl e  non -- ra ndom 
fl uctuat i ons  i n  the res i dua l s about  i nd i v i dua l  ani ma l s ' l og -rec i proca l 
l i nes . · The bi o l og i ca l  s i gn i f i cance of the res u l ts i s  then d i scu s s ed . 

TH E D�TA 

Ser i a l  corre l at i ons  between the res i dua l s about  the l og - reci proca l  
p l ots for i nd i v i dua l  a n i mal s were i nve st i gated us i ng wee k l y  wei g h i ng s , 
from wean i ng ,  co l l ected at Ma s s ey over two peri ods of t ime , by 

1 )  Sommerv i l l e and Tarttel i n  ( 1977 )*from fema l e  rats 
a )  neo - nata l l y  ovar i ectomi sed a nd treated wi th 

testosterone propi onate • 

b )  neo-natal l y  ovar i ectom i s ed and treated w i th o i l ,  
c )  neo-nata l l y  s ham ovar i ectomi sed and treated wi th 

te stosterone propi onate 
and d )  neo - nata l l y  s ham ovari ectom i sed and  treated wi th o i l ,  

( 90 �g of testo sterone propi onate _ a nd  ovari ectomy 
both on day 2 )  a nd we i g hed week ly  to 18 weeks  of age , 
g rou ps la and l b  were a l so  we i ghed 3 t imes a week 
to 2 1  weeks  of  age . 

*· unpubl i S:hed. 'observations ---� 



2 )  Tartte l i n  and C l ar k ( 1 97 5 )  from fema l e  rats i njected wi t h  
a )  90 �g  of te s to sterone prop i onate . on days 3 a nd  5 

fo 1 1  owi ng b i rth , 
and  b )  o i l i nj ected a t  the s ame ages , 

and  we i ghed week l y  u nti l 1 4  weeks  of age . 
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The a n ima l s u s ed i n  these two experi ments at  Ma ssey were kept 
u nder very s i mi l a r  cond i ti ons to those  descr i bed i n  Chapter 1 .  Other 
we i gh i n g s  obta i ned from ra ts at  Massey by Twi ne and Tarttel i n  ( 1 976 ) and 
by the author ( those of  Chapter 1 )  were a l so re-ana l ysed for the pre sent 
purposes . 

Weekly we i g h i ngs , to 18 weeks of a ge , of i ntac t fema l e  rats ( treated 
wi th o i l ,  1 0 ,  30 , 90 and 270 �g of testos terone propi onate at 2 days of 
a g e )  from the col o ny at the Un i vers i ty of Ca l i forn i a  at  Los Ange l es  
( U . C . L . A . ) were k i nd l y  s uppl i ed by Or M . F .  Tarttel i n  and were u ti l i s ed 
to a scerta i n the general i ty of the resu l ts obta i ned from the Ma ssey an ima l s .  
The management of the U . C . L . A .  a n ima l s ,  descri bed by Tartte l i n  e t  a l . 

( 1 975) , wa s s im i l a r  to that for the Ma s sey a n ima l s .  

B I OMETR I CAL CONS I DERAT I ONS  

S hal l ( 1 954 ) fi tted a pol ynomi a l  equa t ion  to t he  cubi c term , to 
data , t hen tested the re s i dua l s for departu res from randomnes s .  The 
present growth curves cou l d  have been s im i l a r ly  ana l ysed but the parameters 
o f  a pol ynomi a l  equa t i on are d i ffi cu l t to i nterpret b i o l og i ca l l y ( s ee 
Chapter 1 ) . Thi s d i ffi cu l ty of i nterpretati on wou l d  extend to the 
res i dua l s about s uch  a curve . The j u s ti fi ca t i on of the l og -rec i proca l  

mathema ti c i an , or  the worker who prefers another growth equati on . 
H owever to quote Kenda l l  ( 1 97 3 , p . 53 ) 
" • . • .  trend- fitting and trend e stimation are very far from being a 

purely mechanical proce ss  • . . .  there i s  great scope - even a necessity ­

for personal j udgement . To a scientist it  i s  always felt as a departure 

from correctness  to incorporate subj ective elements into his work . 

MASSi Y I ER S ITY 
Ll RARY 



The student of time series cannot be a purist in that sense . What he 

can do , o f  course , is  to make available the primary data on which he 

worked and explain unambiguously how he treated them; anyone who 

disagrees with what has been done can then carry out his own analysis . " 

The present data i s  ava i l a bl e ,  as punc hed cards , from the 
Department of P hys i o l ogy and Ana tomy , for such a purpose . 

The stati st i ca l  ana l yses of  thi s c hapter were executed on the 
Ma ssey Un i vers i ty I BM 1620 compu ter us i ng a vers i on of the FORTRAN 
regre s s i on program BAR3 wh i c h was wri tten at the Un i vers i ty of N ew 
Eng l and by E . J .  Burr i n  1969 . The da ta was punched onto cards . BAR3 
transformed the l i ve wei g hts to l ogari thms to the ba se  10 and ages  
( i n  weeks ) to  the i r reci proca l s and then ca l cu l a ted and pri nted the  
regre s s i on equati on s .  U s i ng these equat i ons  BAR3 then ca l cul ated the 
res i du a l s and produced the sca ttergrams on the l i ne pri nte r ,  some of 
whi c h  a re reproduced i n  the text . 

DURB I N-WATSON TEST FOR I NDEPENDENCE OF RES I DUALS 

l OO 

Al t hough i t  can be seen from the Text Fi gures that the res i dua l s 
a bout the l og -reci procal  l i n es show sys temat i c patterns i t  wa s 
cons i dered neces sary to numeri ca l l y  conf i rm th i s subj ecti ve i mpre s s i on . 
I n  1 9 50 J .  Du rbi n and G . S . Watson proposed a sta ti sti c a l  test for the 
i ndependence of res i dua l s ,  s ubsequent ly termed the Durbi n-Watson tes t .  
The Durb i n -Watson s ta ti st i c ( d )  i s  defi ned i n  terms o f  the observed 
res i dua l s a s  

n 2 d = L ( e ·  - e . 1 ) 
i + 1 

1 1 -
n 

I L 
i = 1 

e� 1 

The te s t  i s  rel a ted to the fi r s t  autocorre l a t i on coeffi c i ent  ( r1 ) of the 
res i dua l s a s  

d = 2 ( 1 - r1 ) 
Thus  i f  the correl a t i on between the res i d ua l s i s  h i g h  ( i  ; e .  when they 
a re non- random )  then ( d )  i s  n ea r  z ero and i nd i cati ve of  po s i ti ve ser i a l  
correl a t i on ; i f  the re s i dua l s are uncorrel ated ( d )  i s  nea r 2 .  
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Pl ots of the res i dua l s agai nst age  for the Ma s s ey an imal s 
i nj ec ted wi th o i l on  days 3 a nd 5 (Tartte l i n  and C l ark )  and t hose  s ham 
ovar i ectomi sed a nd i nj ec ted wi th oi l ( Sommerv i l l e and Tarttel i n )  a re 
s hown i n  Fi gures 6 . 2a and 6 . 2b . The v i s u a l  i mpres s i on of  seri a l  
corre l at i on between the res i dua l s about the l og -rec i proca l l i ne s  of 
i nd i v i dua l an ima l s wa s confi rmed by sta t i s t i ca l l y  h i g h l y  s i gn i f i c a nt  
Durbi n-Watson Tests  ( i nd i cati ng pos i t i ve seri a l  corre l at i on 5  between 
the res i dua l s ) . 

Cal cu l ati ons  of Durb i n -Wa tson stati s t i c s  were a l so performed by 
the program BAR3 run on the Ma ssey I BM 1 620 compu ter . 

RESULTS AND D I SCUSS I ON 

DATA FROM THE MASSEY COLONY 

The l i ve we i g ht  data co l l ected by Sommervi l l e  and Tarttel i n  was 
the  f i r st  data to be systema t i ca l l y  te sted for the presence of seri a l  
corre l a t i on s  between t h e  res i dua l s  a bout the l og -rec i proca l p l ots for 
i nd i v i d ua l  an imal s .  Both Durbi n-Watson s tat i sti cs and p l otted 
scatterg rams confi rmed i n  a l l 4 treatmen t  g roups tha t i nd i v i dua l  
an ima l s showed patterns i n  the i r  resi dua l s ,  when pl o tted aga i n st  age , 
that  were s i mi l ar to those of Fi gure 6 . 2 b and  were s tati s t i ca l l y  
s i gn i fi cant . As i t  was pos s i b l e that the observed patterns i n  the 
res i dua l s were due to systemat i c  
sets  o f  data were a l so ana l ysed . 
femal e rats wei ghed by Ta rtte l i n  

errors of mea surement  several other 
The res u l ts from the normal i ntact 

and the a uthor have been i l l u strated 
i n  F i gure 6 . 2a .  Aga i n  the i nd i v i d ua l s from the other treatment g roups  
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i n  the i r study showed compara bl e pattern s i n  thei r res i dua l s .  Re-ana l ys i s 
of the data from the Massey rats descri bed i n  Chapter  1 ,  and the data 
obta i ned by Twi ne and Ta rtte l i n  ( u npub l i shed observat i ons ) , a l so yi e l ded 
patterns of re s i dua l s cons i s tent wi th those of  F i gures 6 . 2a and 6 . 2 b .  
The s tr i k i ng s imi l ar i ty between the p l ots from four d i fferent experi ments 
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u s i ng the Ma ssey a n ima l s ,  spann i ng three years , i nd i cates tha t the seri a l  
corre l at i ons were not a n  a rt i fac t  due to sys temat i c  errors o f  mea surement ; 
they were c l ear l y  a repeatab l e b i o l og i ca l  p henomenon . Further support for 
th i s i nterpretat i on of the  resu l ts was obtai ned from p l otti ng the 
res i dua l s aga i n st  the l ogari t hm of body wei ght rather than aga i ns t  age . 
I f  the dev i ati ons were due to errors of measurement be i ng di fferen t  at  
succe s s i ve ages  then as  the a n ima l s were of d i fferen t wei g hts at  the  
var i o u s  ages the  res i dua l s wou l d  not  be  expected to  show seri a l  
corre l a t i ons to  t he  same extent when p l otted aga i nst  t he  observed body 
we i ghts . But seri a l  corre l at i on wa s aga i n  present , perhaps to a n  even 
grea ter degree . The re s i dua l s for the neo-nata l ly  ovari ectomi s ed 
an i ma l s kept by Sommervi l l e  are p l otted a ga i nst  age ( Fi g 6 . 3a )  and aga i ns t  
l og body we i g ht ( Fi g 6 . 3 b )  to i l l u strate th i s i dea . 

For a g roup of rats , p l ots of the re s i dua l s a bout the i nd i v i dua l  
l i nes , as  a fu nct i o n  of age ,  show that at  earl y ages  the  range of  the 
res i dua l s i s  greater than a t  l a ter ages ( F i gures  6 . 2a ,  6 . 2b ,  and 6 . 3a ) . 
Compensatory growth wou l d aga i n  seem to be i nd i cated s i nce when the 
res i dua l s are p l otted aga i nst  l og body we i g ht the range a t  a g i ven body 
we i g h t  i s  l es s  vari a bl e than tha t a t  a g i ven age ( Fi gures 6 . 3a and b1 : t he 
sugge s ti on bei ng that at  earl y ages there i s  a greater range i n  body 
we i ghts  ( on a l ogari thmi c s ca l e )  and thus  a grea ter spread of res i dua l s 
s i nce the re s i dua l s are re l a ted to we i g ht more c l ose ly  than to age . 
To fi t a mathemat i c a l  fu nct ion  to the res i dua l s ,  l og body we i g ht wou l d  
serve as a better i ndependent vari a bl e than wou l d  age , due to the superi or 
homosceda sti c i ty of the res i dua l s wi th respect to l og body wei g ht . Log 
body wei g ht i s  a l so to be  preferred s i nce the form of the rel a t i on s hi p 
between the res i dua l s and l og body wei g ht  appears to be a s i mpl e wave­
l i ke functi on , compared to the more comp l e x  functi on evi dent when a ge  
i s  the i ndependent vari ab l e .  

The concept of an  u l t imate body we i g ht  ( devel oped i n  Chapter 1 )  
imp l i es that a t  a g i ven body wei ght the i dea l  rate of ga i n ,  to ach i eve 
the u l t i mate we i g ht ,  i s  to a h i g h  degree predetermi ned , i rrespect i ve 
of the age of the a n i ma l . Thu s i f  retarded an ima l s are rea l i mentated 
on a n  u n l im i ted food suppl y thei r rate of ga i n  s hou l d  be more c l ose l y 
rel ated to the i r body wei g h t  than  to thei r age ; thi s has been demon strated 
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(Wi ddowson a nd McCance , 1 963 ) . 
Therefore i t  i s  l og i ca l  that the swi ngs around the general trend 

of l i ve we i g ht i nc rea s e  s hou l d  be more c l ose l y rel ated to we i ght , 
rather than to age ,  i f  one  accepts that the g rowth rate , o r  the pa ttern 
of growth , depends more on  an a n ima l � s phys i o l og i ca l  age tha n i ts 
c hronol og i ca l  age . S i ze here be i ng a measure of the s tage of devel opment  
or physi o l og i ca l  age of t he  �a t .  

A vari ety o f  reasons  i nd i ca te that p l otti ng the res i dua l s about 
the l og-rec i procal equ a t i on aga i n st  the l ogari thm of body we i g ht i s  
s uper i or to p l otti ng the resi dua l s  aga i nst age . 

STRA I N  DI F FERENCES I N  PATTERNS OF GROWTH? 

The o n ly  other set of body we i ght  mea surements from i nd i v i dua l 
rats , of another co l ony ,  that were ava i l a b l e to the author were those 
made a t  U . C . L . A .  by Tarttel i n  et al . ( 1 975 ) . Thi s data proved va l uab l e 
to the present work  i n  severa l vJays . The res i dual s ( pl otted aga i n st  
l og body we i g ht ) about t he  l og -rec i procal l i ne s  are i l l u s trated for 
the  rats i nj ected wi t h  e i ther oi l ( F i g 6 . 4a ) , 10 �g ( F i g  6 . 4b ) , 30 �g 
( Fi g 6 . 5a ) , 90 �g ( F i g 6 . 5 b ) , or .  wi th 270 llg ( Fi g s  6 . 6 .  a a nd b ) of 
testosterone prop i ona te . two days fo l l owi ng bi rth . 

The p l otted res i dua l s c l ea r l y  s how sys temati c dev i a ti ons  bu t t he 
patterns of the dev i at i ons  a re fu ndamenta l l y  di fferent from t hose for 
t he Mas sey a n i ma l s .  I n  the U . C . L . A .  rats  there i s  not the ear ly  
dec l i ne from 4 weeks o f  a ge  to a nad i r  at  about 6 weeks of age wh i c h 
was seen i n  the Ma s sey a n ima l s ,  i nstead a s teady r i se from the sma l l es t  
wei g hts occurs . T he U . C . L . A .  s ham rats reac hed a peak i n  the i r  
res i dua l s ,  i n  terms o f  body wei g ht  expres sed a s  l og 1 o x 1 00 , a t  abou t 
2 20 .  The Ma ssey ra ts peaked l a ter ,  a t  around 230 ( Fi g 6 . 10a ) , thus for 
the  U . C . L . A .  s ham rats a greater par� of the l a tter downward trend i n  
t he res i dua l s wa s ava i l a b l e .  I n  these an i ma l s some evi dence of a 
turn i ng poi nt at  around 2 50 was evi dent whi l e  the Ma ssey a n ima l s ,  due  
td thei r l a ter peak , a re seen to be st i l l  on a dec l i n i ng phas e .  These 
d i fferences between the co l on i es cou l d  be due  to a number a factors . 
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For examp l e Zuc ker e t  al . ( 1941a , p 433 ) wri te , 
"As far as post-weaning growth is concerned , animals raised in 

large l itters are too smal l  at weaning for the log reciprocal equation 

fitted to the subsequent course of the ir growth , and , strangely enough , 

those raised in small li tters are too heavy , and come down onto the log 

reciprocal  equation from above . "  

Desp i te the p l au s i b i l i ty of th i s  a rgument i t  can not expl a i n the 
d i fference between the co l oni es . The p l ots of res i dua l s aga i nst  age , 
for the Ma s sey an ima l s ,  i nvari ab l y s how the res i d ua l s to be i n i ti a l l y  
a bove the fi tted l i ne i rre s pect ive  o f  the wean i ng wei ghts o f  the a n i ma l s .  
Furthermore the p l ots of the res i dua l s aga i n st  � og body wei g ht i nd i cate 
that i f  a n  a n ima l  were l arge at  4 weeks  of age i t  wou l d  tend to be bel ow 
the  fi tted l i n e , and i f  i t  were sma l l ,  to be a bove the fi tted l i ne ;  
the comp l ete opposi te to the effect descri bed by Zucker e t  al . ( 1 941a ) . 

The d i ets u sed a t  U . C . L . A .  a nd a t  Ma s sey di ffered . The Zuckers 
s howed , by re-a n a lys i ng data from the l i terature , that d i et  cou l d have 
a major i nf l u ence on the shape of g rowth curves . Al thou g h  the d i et 
s eems a l i ke l y  ca u s e  of the di fferi ng patterns of g rowth the d i ets 
u sed at  Ma s s ey and U . C . L . A .  were formu l ated to g i ve adequa te nutri t i on . 

I t  i s  pos s i bl e  that the d i fference between Massey and  U . C . L . A .  
rats represents a stra i n  d i fference i n  the pattern of growth . Al t houg h  
the an ima l s a re repu ted l y  both of the S imonsen stra i n  of Sprague Dawl ey 
ancestory , they have probab ly been subjec ted to d i fferi ng s e l ect ion  
pres sures and therefore now represent s ub-stra i n s of the  Sprague Dawl ey . 
Aga i n ,  a l thou g h  a n  a ttra ct i ve hypothe s i s ,  there seems l i ttl e ev i dence 
for such major  stra i n  d i fferences i n  patterns of growth ( a s  d i scussed 
i n  Chapter  4 ) . 

I n  sp i te of the conc l u s i on · from the precedi n g  paragra ph , whi c h  
was ba sed u pon a rev i ew of  t h e  l i terature , the poss i b i l i ty of  stra i n 
d i fferences i n  patterns of  growth was i nvest i gated . Therefore l i ve 
wei ght meas urements from a l b i no rats  from the fol l owi ng sou rces were 
re-ana l ysed , 

1 )  the U . C . L . A .  Sprague Dawl ey rats , 
2 )  the Sprague Dawl ey rats of  Acheson e t  al . ( 1959 ) , 

a nd 3 )  the  S herman rats of Zucker e t  al . ( 1 941b ) . 
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The fol l owi ng proposa l  seemed a l og i ca l  s tarti n g  po i nt for the 
ana lyses . I t  was hypothes i sed that  the U . C . L . A .  pattern of  g rowth 
was an abbrev i ated ver s i on of the Mas sey pattern ; the d i fference 
be i ng that the whol e pa ttern wa s d i s p l aced to the l eft i n  the U . C . L . A .  
a n i ma l s .  A l og i ca l  consequence of  thi s i n terpreta ti on of the re su l ts 
i s  that a t  ear l i er ages , or  sma l l er l i ve we i g hts , the re s i dua l s for 
t he U . C . L . A .  an ima l s shou l d  c l imb back  towards the fi tted l i ne . As 
the wean i ng we i g hts were ava i l a bl e from the U . C . L . A .  ra ts the 
hypothes i s  cou l d  be d i rectl y tested . 

I n  Chapter 1 the l i ve we i g hts a t  wean i ng (week 3 )  were 
exc l uded from the regres s i ons  for s tat i sti ca l  r�asons , a s  out l i ers , 
a nd because they had been s imi l ar ly  exc l u ded by Zucker - and h i s  
co l l eagues . A s  the wean i ng we i g hts defi ni te l y  were outl i ers from 
the Mas sey regres s i ons , and s i nce d i fferences between stra i ns were not 
s u spected , the wean i ng wei g h ts were ori g i na l l y  a l so exc l uded from 
the regres s i o ns  for the U . C . L . A .  a n i ma l s .  At the t ime no s tati sti ca l  
c heck  on whether the week 3 we i ghts were outl i ers was performed for 
the U . C . L . A .  data . 

Therefore the data from the U . C . L . A .  a n ima l s i nj ected wi th 
o i l on day 2 was re-ana l ysed wi th the wean i ng wei g hts now i nc l uded i n  
the regre s s i ons . The re s u l tant re s i dua l s a bout the l og -rec i proca l  
l i ne s  fi tted to the l i ve we i g hts of i nd i v i dua l  anima l s  are s hown 
p l otted agai n st  l og l i v e  we i g ht i n  Fi gure 6 . 7a .  There i s  a suggesti on  
from th i s  fi gure that  the  re s i dua l s may be  fol l owi ng an  upward trend 
at the sma l l es t  ob served we i g hts . The evi dence i s  however s uggesti ve 
rather than concl u s i ve . B ut  c l earl y ,  for the U . C . L . A .  data , the 
or i g i na l  exc l u s i on of the week 3 wei g h ts from the regres s i ons  cannot 
be j u sti fi ed s tat i sti ca l l y .  

Th i s  i nconcl u s i ve re s u l t  wa s however not wi thout i ts benefi ts 
a s  i t  st imu l a ted the fo l l owi ng l i ne of reason i ng and ana l ys i s .  The 
next sect ion  of thi s chapter wi l l  s how that the pattern of  growth i s  
s h i fted to the r i g ht i n  androgen i sed rats . Therefore i f  an i n i ti a l 
downward swi ng i n  the re s i dua l s wa s to be found i n  the U . C . L . A .  
a n ima l s  i t  shou l d  occur i n  the an ima l s treated wi th the l a rgest dose 
of  tes tosterone . Fi gures 6 . 7 b  confi rms these deduct i ons ; the 
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res i dua l s for the rats treated wi th 27G �g of the testosterone 
propi onate on day 2 do s how an i n i ti a l downward trend when p l o tted 
aga i n st  l og body wei ght . The i r o i l i nj ected contro l s do not show thi s 
effect to the s ame extent ( F i g  6 . 7a ) . The d i fferent  patterns of  
growth fer  the  Mas sey and  U . C . L . A .  co l on i es therefore seems to  be due  
to  the  same ba s i c  pattern be i ng transposed i n  t ime . The  patterns of  
growth therefore i nd i cate that the  Ma ssey ra ts may be  a l a te maturi ng 
stra i n  compared to the U . C . L . A .  a n ima l s .  Thi s fi ndi ng accords wi th 
the average age at vag i na l  o pen i ng ( a  measure of matu: i ty)  bei ng a t  
35 days i n  the U . C . L . A .  col ony ( Tarttel i n ,  pers . comm . )  compared to 
43 days i n  the Massey col ony ( see C hapter 1 ) . 

The pattern of  growth around l og - reci procal  l i nes was a l so 
s tu d i ed u s i ng l i teratu re data . But s i nce measurements from i nd i v i dua l  
an i ma l s are rare l y  publ i s hed i t  wa s neces sary to u s e  average we i ghts 
obta i ned from groups of a n ima l s .  An o bv i ous source of  da ta was the 

�mean week ly  l i v e  wei ghts from ma l e  and fema l e  rats , pub l i s hed by Zucker 
et a l . ( 1 94 1 b ) , to whi ch the l og -rec i proca l  equati on  was fi rst appl i ed .  
Other data was cons i dered �hat of Smi th and B i ng , 1 928 ; Hughes and Tanner , 
1970 ) but s i nce i t  was based u pon decre as i ng numbers of  a n ima l s ( mi xed 
cro s s - secti ona l and l ong i tu d i na l data ) i t  proved to be h i g h l y  vari ab l e .  
The data of Acheson et al . ( 1 959 )  wa s a l so u sed s i nce , l i ke Zucker 
( 1 94 1 b ) , these workers used the same an ima l s for a l l we i g h i ngs . 

The author 1 s  pers i s tence i n  th i s matter wa s rewarded when , for 
the ma l e  data of Zucker et a l . ( 1941 b )  the res i dua l s ( F i g  6 . 8 ) a bout 
the f i tted l i nes  s howed a pattern very s i mi l ar to that obta i ned from 
the Mas s ey rats . Acheson et al . ( 19 59 )  wei ghed ma l e  and fema l e rats 
frequentl y unt i l 1 10 days of  age ( see C hapter 7 for further detai l s ) .  
When the compl ete range of thei r measurements was fi tted wi th the l og­
rec i procal equ a t i on the pre-weani ng wei g hts were we l l  a bove the fi tted 
l i ne .  Thus  on l y  post-wean i n g  we i g hts ( 2 1 to 1 10 days ) were used i n  
the fol l owi ng a na l yses . 

From the data obta i ned by Acheson 1 s  group p l ots of the res i dua l s 
for ma l es aga i n st  l og l i ve wei g ht were very d i fferent from those for the 
fema l es ( F i gure  6 . 9 ) . The pattern for the ma l es wa s s imi l a r to that 
for the a n ima l s ra i sed at  Ma ssey and for the Zuckers 1 a n ima l s 
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whi l e  the fema l es  possessed a pattern s i mi l ar to tha t s hown by the 
U . C . L . A .  a n ima l s .  

I t  mu st  be  empha s i sed that these resul ts were obta i ned from 
mas s  c urves , so d i rect compar i sons  wi th the earl i er res u l ts , from 
i nd i v i dual curves , may be mi s l ead i ng . 

THE E FFECT OF NEO-NATAL TESTOSTERONE ON THE PATTERN OF  L I VE WE I GHT 
GROWTH I N  FEMALE RATS . 

An i ntere s t i ng featu re of  the data col l ected by Tarttel i n  

116 

and h i s  col l eagues i s  tha t tes tosterone pro p i onate trea tment affected 
the pattern of the res i dua l s .  The turn i ng poi nts , or  maximum po s i t i ve 
res i dua l s ,  seem to occur a t  greater body we i gh ts wi th i ncrea s i ng 
dose s  o f  hormone . For examp l e the o i l  i njected con trol s •  max i mum 
( expres sed as l og 1 0 x 100 ) i s  a t  220 , that  for the 1 0  � g a t  225 , the 
30 � g  at 230 , a s  i s  the 90 � g ,  whi l e  that for the g rou p that rece i ved 
270 � g of tes tosterone prop i onate seems to turn after 235 ( Fi g ures 
6 . 4  to 6 . 6 ,  a and b ) . I t  seems that the hormone pro l ongs the earl y 
growth p hase and the effect seems to be do se  dependent . A s i mi l ar 
effect can be seen i n  the data co l l ec�ed at  Ma s sey by Tarttel i n  and 
the a uthor , where te stosterone prop i o nate  treatment del ayed the 
max imum peak from 230 in contro l s to a round 235 in the treated a n ima l s 
( F i gures 6 . 1 0a and  b ) . 

Neo-nata l  androgen treatment  cou l d  have another effect ;  reduc i ng 
the range of the res i dua l s at  a g i ven body wei ght . The res i dua l s 
a ppear to be  l es s  vari abl e a s  the dos e  o f  a ndrogen i s  i ncreased , 

· especi a l l y  i f  the outlyi ng an i ma l  i n  the 270  �g  group  i s  exc l uded 
( see the next paragra ph ) . Th i s  resu l t  i s  not apparent  from the fi nd i ngs  
of Tarttel i n  and  C l ark ( F i g ure s  6 . 1 0a and  b ) . But a smal l er dose  of  
androgen was used i n  thei r study and the hormone was i nj ected not on  
day 2 but on day 3 when androgen may have a l esser effect  on s ubsequent 

. growth ( Tartte l i n  et a1 . 1 97 5 ) . 
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I n  F i g ure 6 . 6a one an ima l  i s  an outl i er ,  compared to the 
rest of the g rou p ,  as i ts res i dua l s s how an  early peak a t  2 1 5  and 
a de scent to 235 . , Th i s suggests that the a n ima l  was e i ther not 
s uccessful l y  i nj ected wi th androgen or that i t  was a runt . Therefore 
th i s  an ima l  wa s exc l uded and  the res i dual s were rep l otted ( Fi gure 6 . 6 b ) . 
I n  the 90 �g group ( F i gu re 6 . 5b )  a g roup  of  res i dua l s a l so appear to 
be outl i ers and  cou l d a l so be excl uded and the data repl otted . So 
t he pattern of resi dua l s  can  a l so be u sed to detect a n ima l s or groups 
o f  poi nts that d i ffer from the norm . Al thoug h  thi s method a l l ows 
pos s i bl e  outl i ers to be detected the actua l  reject i on of  a berrant  
ob servat i ons  from regres s i on s  shou l d be based on numer i ca l  tests 
( see Bl i s s , 1967 ; pp . 442 -4 ) . 

I ND I V I DUAL AND MASS CURVES 

Sys temat i c  departures from l i neari ty a round the l og l i ve we i g ht  
v s . rec i procal of age p l ots for i nd i v i dua l  a n ima l s have been amp ly  
i l l u strated . A l so of con s i derab l e i nterest  was the vari ab i l i ty about 
the  combi ned or  mas s  c u rve ; was i t  a l so systemati c ?  

I t  was  apparent from Sec t i on 1 of  th i s Chapter t hat  t he  fa i l u re 
to s eparate the between -an i mal vari at i on  from the wi thi n-a n i ma l  vari ati on 
l ed to confu s i on .  Therefore , u s i ng the data from neo -nata 1 l y  
ovari ectomi sed fema l e rats col l ected by Sommerv i l l e  and Tarttel i n ,  
l og -reci proca l l i ne s  were computed both for eac h i nd i v i dua l  a n i ma l  
a nd  for the mas s  curve for a l l an imal s .  For compl etene s s  F i gure 6 . l la 
s hows the untran sformed growth curves for these an i ma l s whi l e  F i gure 
6 . 1 1b  g i ves  the transformed val ues  for the s ame an ima l s .  When p l otted 
aga i nst l og body we i gh t  the res i dual s a bout  i nd i v i dual l y  f i tted 
t ransformed l i nes ( F i g  6 . 1 2a ) ,  when compared to those for the mas s  
c urve ( Fi g  6 . 1 2 b ) , c l ear ly  show that the between-an i ma l  vari at i on i s  
l arge compared to the wi thi n-an i ma l  vari at i on . Of greate s t  i mportance 
i s  the obv i ous i mpres s i on that the re s i dua l s a bout the ma s s  curve 
do  not g i ve the same c l ea r  pattern of systemati c vari at i on  s hown for 
the res i dua l s a bout  the i nd i vi dual  l i ne s . I t  coul d be concl uded from 
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F i g 6 . 1 2b  tha t no  ser i a l  corre l a t i on exi sted a nd that s i nce the errors 
were random the l og - rec i procal  equati on cou l d  therefore be s a i d  to 
prov i de  a comp l ete exp l anat i on for pos t-wean i ng l i ve we i ght  growth i n  
the ra t .  

These re su l ts  i l l u s trate both the va l ue o f  fi tti ng l i ne s  to 
i nd i v i dua l  a n ima l s ' g rowth curves and  the way that mas s  curves can 
concea l rather than revea l . S ha l l ( 1954 , p .  226 ) re i terates the 
i mportance of thi s effect ;  a v i ew that i s  commonl y  not u nderstood , 
a pprec i ated , or  heeded by many authors a nd for these reasons i s  
repeatedly restated i n  th i s work ,  

"Workers h;:;.ve o ften made a kind of average curve from 

measurements on different individuals at different ages . Such a 

combined set of data i s  quite adequate for the study of  the distribution 

of sizes of individuals  at di fferent ages but is quite useless , and 

in fact misleading , for s tudying the growth of individuals  or the 

proces s  of growth itself .  Although sharp changes in the growth rate 

of individuals  may occur at age s  wh ich are approximately the same for 

different people , the s tudy of the curve of combined sizes obtained 

from various individual s  wi l l  lead to the damping out of such change s . "  

Brody ( 1945 , p . 549 ) a l so s tres sed t he i mportance of the study 
of the i nd i v i dua l  " The average differed i n  fundamental characteristics 

from the separate curves .  Significant undulations observed in 

the average were absent in the individual growth curve . Undulations 

and changes i n  skewnes s  are often the result of  the averaging process , 

unrelated to the biology of growth . In brie f , the growth proces s  in 

an individual is  not the smooth sigmoid curve represented by average 

curves . The average curve represents properties of the mathematical 

averaging process often absent in individuals . "  

Medawar ( 1945 ) descr i bes a s i tuati on where dramat i c d i fferences 
between the mean and i nd i v i dua l  c urves occurs , "At puberty , for 

example , the growth of individual boys shows a marked spurt , whose 

t ime of onset is normally distributed through the male population 

about a mean  value of approximate ly 14� years .  The ' adolescent growth 

c omponent ' of the mass-curve of male growth , to which Robertson fitted 

the logis ti c  equation , does not occur in the curve of individual growth ; 



it  i s  essentially a trans formed curve of normal distribution , 

indicating the time of onset in development of the adolescent spurt . "  
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What i s  probab ly the c l eares t exampl e i n  the l i terature of 
d i fferences between i nd i v i dua l  and mass curves , and the mos t  startl i ng ,  
i s  a hypothet i ca l  case concei ved of by Medawar  ( 1950 ) . He hypothe s i ses  
that  if  a change i n  a var i a bl e from one  l evel to  another were step- l i ke 
( i e . i nvol ved two 90° changes ) , and the steps occurred at  d i fferent 
ti mes from the a verage , then the combi ned change wou l d  actua l l y  
resembl e a s i gmo i d  curve ! 

The or i g i na l  genera l statement  o f  these i deas , and probab ly  
the  most  extreme vi ew ,  can  be  traced to Cl aude Bernard and  h i s  c l a s s i c 
11 I ntroducti on to the Study of Exper imental Med i c i ne , "  

"By de stroying the biological character of phenomena , the use 

of averages in physiology and medicine usually gives only apparent 

accuracy to the results . • . . .  So in physiology , we must never make 

average descriptions of experiments , because the true re lations of 

phenomena disappear in the average . . . . .  In the cases just cons idered , 

averages mus t  therefore be re j ected , because they confuse , while 

aiming to unify , and distort while aiming to s implify .  Ave�ages are 

appl icable only to reducing very slightly varying numerical data about 

c learly de fined and absolute iy s imp le cases . . . . .  " 

A B I OLOGI CAL EXPLANAT I ON FOR THE SW I NGS I N  THE RES I DUALS 

Attempts to mathemati ca l l y  descri be normal changes i n  body 
s i ze duri ng act i ve growth have occu p i ed the t ime of  many men . But the i r  
a n a lyses have u sua l l y  a s s umed that under un i form env i ronmenta l 
cond i ti ons body s i ze wi l l  i ncrease  as a s i mp l e funct ion  of age ; the 
theoreti ca l  g rowth curve i s  a s s umed to be a smooth curve . Therefore 
a ny dev i at i on from thi s s impl e rel a t i o nsh i p  wou l d  be ascri bed to ei ther 
envi ronmental  effects or  random errors . Th i s wa s the v i ew he l d ,  
perhaps na i ve l y ,  by the author before the res u l ts of  th i s chapter were 
obtai ned . These res u l ts c l earl y show that i n  i nd i v i dua l  a n ima l s 
a l though the rel ati ons h i p  between l og l i ve we i ght  and  the reci proca l 
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of age i s  essent i a l l y  l i near there are systemati c departures from th i s 
rel ati onsh i p ;  i nd i cati ng that the l og -reci proca l p l ot  i s  far from a 
comp l ete exp l anat i on of the post-wean i ng growth i n  l i ve we i g ht  of  the 
l abora tory ra t .  

I f ,  a s  current research suggests , body s i ze i s  c l ose l y  mon i tored 
and contro l l ed ,  i n  both the l ong a nd the s hort-term , one wou l d  expect 
body s i ze to o sc i l l ate or weave as i t  i ncreases duri ng norma l acti ve 
growth . Al though thi s i dea seems l og i ca l  no -one s eems to have recent ly 
cons i dered thi s poss i bl i ty .  The l i terature from the  fi rst part of thi s 
century abounds w i th d i scus s i ons of the cycl i cal n atu re of growth 
( rev i ewed by Zuckcr et a l . 1 94 la ) . Two poi nts of v i ew were current 
at that ti me , one that growth cyc l e s  were consecu ti ve i n  t ime ( the 
v i ew of  Brody ) the other that cycl e s  were s imul taneous i n  t ime ( the 
v i ew of Robertson ) .  But ' processes ' or ' mechan i sms ' wou l d more 
prec i se l y  descri be what these authors meant  when t hey u sed the term 
' cycl e s ' . But from the present  work pos t-wean i ng l i ve wei g ht c hanges 
i n  the rat can be shown to be  expl a i ned by a l i near process  and a 
l ong-term cyc l i ca l  osci l l a ti on  around th i s trend . Th i s shou l d not 
neces sari l y  be taken to i mp l y  that severa l di fferen t  mechan i sms ( e i ther 
s i mu l taneous or consecut i v e )  are contro l l i ng the l i ve we i g ht changes . 
A more s imp l e  exp l anati on wou l d  be that the l i near trend i nd i ca tes 
the i dea l  state that homeorhes i s  i ntends whi l e  the o sc i l l a t i ons  
i nd i cate the  actua l errors from thi s i dea l . But  th i s s i mp l e exp l anati on 
seems contrary to the evi dence of the i l l u stra ti ons wh i ch cl ear ly  
s how t hat  t he  re s i dual s for a l l the i nd i v i dua l s ,  wi th i n  a treatment 
grou p , fol l ow a s i mi l a r pattern of change when pl otted agai nst  e i ther 
l og body we i g ht  or age . I f  the re s i dua l s �epresented the mechan i sm 
contro l l i ng s i ze ' hunti ng ' for the i dea l  t hen one wou l d  not expect 
the pa tterns of the re si dua l s  for i nd i v i dua l s to fol l ow such s i mi l ar 
pattern s . The res i dua l s for d i fferent a n i mal s wou l d  probab ly  fo l l ow 
d i fferent patterns . The proposa l  that pos t-weani ng growth occurs i n  
' cycl es ' ,  i n  the s ense u sed by Brody or Robertson , may be the best 
i nterpretati on of  the present re su l ts . 

' I deas advanced by Zucker et al . ( 1 94 1a )  c a n  be adapted to hel p 
expl a i n  the observed pattern of  growth . Zucker et a l . u sed two equat i ons 
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to descri be norma l post-natal l i ve wei g ht changes i n  the rat .  A l og­
l og equati on expl a i n i ng the changes  up  to  6 weeks of  age and  the  l og­
reci proca l equa t i on  descri b i ng those fol l owi ng 4 weeks  of age . The  
trans i t i on from one equati on to the  oth er was equated wi th the  c hange 
from wha t  Zucker e t  a1 term h i s to-d i fferent i ati on ( ce l l hyperp l a s i a ) 
to auxano-d i ffere nti a ti on ( ce l l hypertrop hy ) and wi th the nutri ti ona l  
changes a s soci ated wi th wean i ng .  These i deas  may hel p expl a i n the 
pattern of  change i n  the res i dua l s ,  in the Ma ssey an ima l s ,  where the 
i n i ti a l  downward trend cou l d be  due to the decl i ne i n  cel l hyperp l a s i a  
occurr i ng before the mechani sms contro l l i ng cel l hypertrophy are 
fu l ly functi ona l . The ri s i ng p hase cou l d represent cel l hypertrophy 
be i ng max imal  wi t h  
cel l hypertrophy . 
res i dua l s ( p l otted 

the decl i n i ng phase s howi ng a rel at i ve s l owi ng i n  
Whether the damped s i nuso i dal pattern of the 
aga i nst l og body we i gh t ) conti nues ( i e .  that further 

cyc l e s  occur ) rema i n s  to be e s tabl i s hed . A l ater r i se  above the l i ne , 
perhaps due to a re l a ti ve r i se  i n  the rate of  fat depos i ti on ,  i s  
pos s i b l e .  

There i s  other evi dence to support the di v i s i on , at the t i me s  
i nd i cated by the present work , of l i ve wei g ht growth i nto two post­
nata l  phases . Evan s , in  a ser i e s  of  c l a s s i c exper iments ( rev i ewed by 
S impson , As l i ng ,  and Evans , 1 950 ) , hyophysectomi sed suck l i ng and 
wean l i ng rats at  severa l  ages to fi nd that  "The capac ity to inc rease 

in s i ze was lost at a constant age , approximately 3 0  days chronological 

age . "  ( S impson e t  al . 1950 ; p . 23 ) . Th i s  age  i s  a wee k  or so before the 
dec l i n i ng phase of the res i du a l s ,  i n  the Mas sey an ima l s ,  i s  reversed . 
I t  may be tha t the p i tu i tary takes some ti me to organ i se growth 
fol l owi ng as sumi ng control of changes i n  s i .ze . Th i s  evi dence adds 
further support to the swi ngs i n  th� res i dua l s bei ng of  phys i o l og i ca l  
s i gn i f i cance . As the re s i dua l s appear more c l os e ly  re l ated to we i g ht 
than to age the a s s umpti on of  S impson e t al. , that the abi l i ty to 
i ncrease  i n  s i ze i s  l ost at ' a  con stant age ' ,  seems questi onab l e .  The 
res i dua l s suggest that the p i tu i tary ' s  control may beg i n at a constant 
wei g h t  or phys i o l og i ca l  age . Th i s po i n t , whi ch seems to have not 
been d i rect ly tes ted exper imenta l l y ,  cou l d  be el u c i dated by hypophy­
sectomi s i ng rats of  wi del y  d i fferent  wean i ng wei ghts  to see i f  wei ght  
i ncrease d i d cease  at a f i xed wei ght  or  a t  a fi xed age . 
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CONCLU S I ONS 

The ana lyses of  th i s chapter  c l ear ly  i l l ustrate that the post­
wean i ng pattern of l i ve we i g ht  growth in  the rat can be measured as  
the  res i dua l s around l og - rec i proca l l i nes . There are c l ear d i fferences 
i n  these p atterns between stra i n s of rats and , wi th i n  s tra i ns , between 
the sexes . These d i fferences seem to be caused by the same bas i c  
pattern o f  growth be i ng tran sposed i n  t ime ( phys i o l og i ca l  or 
c hrono l og i ca l ) .  

The sex d i fference i n  the pattern of growth cou l d be  rel a ted to 
ear ly  matu r i ty i n  fema l e a n i ma l s s i nce the swi ngs  i n  the res i dual s ,  o t' 
perhaps the c hanges i n  the rates of  cel l hyperp l a s i a  and hypertrop hy , 
occur before those i n  the mal e .  The earl y d im i nut i on of the ra tes of  
these proces ses g i v i ng the  re su l ta nt  smal l er s i ze of  the  fema l e .  B ut  
there seems to  be  a sex by stra i n  i n teract i on i n  t he  magn i tude of th i s 
effect .  For exampl e ,  i n  the Ma s s ey col ony the sex d i fference appears 
to be sma l l whi l e  the data obta i ned by Acheson 1 S . group suggests a 
l arge d i fference . The effect of  neo-na ta l  ovari ectomy or testos terone 
treatment supports thi s v i ew of the na ture of  the d i fferences as i n  
these trea tments the pattern of res i dua l s wa s advanced i n  t ime ;  perhaps 
towards the mal e pattern? 

The effect of neo-natal ovar i ectomy was a l so of i n terest  s i nce 
at fi rst the author he l d th� op i n i on tha t the swi ngs i n  the res i dua l s 
cou l d  be due to the effects of sex stero i d s . The ear ly rel ati ve 
decl i ne i n  growth i n  the Ma ssey femal e a n ima l s bei ng an effect of 
oestrogen , the subsequent upward swi ng therefore bei ng the 1 escape 1 
from th i s i nh i b i t i on . However the occurrence of the same bas i c  pa ttern 
i n  the re s i dua l s for ovar i ectomi sed , ·  mal e ,  and i n tact fema l e a n i ma l s 
contrad i c ts thi s theory . · The sex s tero i d s  may a l ter the pos i t i on of  
the  bas i c  p attern but they do not seem to  have  a s  great  an effect on 
the pattern 1 s  shape . 

Fri sch ( 1 974 )  h a s  proposed that puberty i s  tri ggered by a 
c hange i n  the rate of  metabol i sm when an a n i ma l  reaches a 1 Cri t i ca l  
we i ght 1 •  T h i s  a s serti on wa s cha l l enged by Tanner ( 1 974 )  s i nce h e  found 
that i n  young g i rl s the menarche was more c l ose l y  re l a ted to s ke l eta l  
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a ge  than  c hrono l og i ca l  age but that  th i s rel a t i ons h i p d id  not perta i n 
for other events marki ng puberty ( breast  devel opment ,  pub i c  ha i r  
appearance ) . As Donovan ( 1 974)  po i n ts out the re l a ti on s h i p  between 
Fr i sc h • s  • cr i ti ca l  wei g ht •  and t he menarche need not be cau sa l . S i nce  
the res i dua l s  were c l o s e ly  re l ated to wei g h t , a s  i s  vag i na l  open i ng 
i n  the rat ( Kennedy , 1 969 ) , i t  wa s natural to attempt to re l ate the 
patterns of g rowth of i nd i v i dua l s to thei r age at puberty (measu red 
by vag i na l  open i ng ) . Fortunate l y  Sommerv i l l e  kept records of the 
vag i na l  open i ng dates from her a n ima l s ,  but the t ime of vag i na l  
open i ng d i d not seem to be rel ated to any part i cu l ar phase of the 
pattern of growth as i t  occurred duri ng both the re l at i ve dec l i nes  
a nd ri ses  i n  the  rate o f  growth . Th i s  evi dence s upports a theme of 
th i s  the s i s ,  that puberty i s  a m i nor event i n  terms of  t he l i ve we i gh t  
g rowth o f  the ra t .  

The d i fference . between s trai n s , i n  the i r  pa ttern o f  growth , wa s 
an unexpected fi nd i ng wh i c h the au thor fi nds  d i ffi cu l t to expl a i n .  
The Mas sey rats reached we i g hts comparabl e to tho se of the U . C . L . A .  
s tra i n  yet the patterns o f  growth to a tta i n these wei g hts were very 
d i fferent .  Al though Acheson • s  fema l e rats reached 2 1 0  grams at  1 10 
days of age and the we i g hts of the U . C . L . A .  fema l es reached 300 g rams 
at thi s a ge , the pa tterns of the re s i dua l s i n  these two s tra i ns were 
very s i mi l ar .  There seems , therefore , no c l ear i nd i cat i on  that the 
pattern o f  growth i s  rel a ted to the  f ina l  s i ze of a s tra i n .  The 
resu l ts s how di fferences between i nd i v i dual s i n  the i r patterns of 

. growth . The stra i n d i fference i n  these patterns i nd i cates that 
the pattern of growth has a geneti c basi s .  Contrary to the negati ve 
fi ndi ngs d i s cus sed i n  Chapter 4 i t  seems that t he se l ect i on of 
domesti c an i mal s for pattern of  growth ( degree of maturi ty ) may prove 
to be pos s i b l e .  

F i na l l y ,  to return to the i n i t i a l secti on o f  th i s Chapter , i t  
i s  c l ear from the pre sent anal yses that i nd i v i dual  growth curves y i e l d 
more i nformati on than do mass curves .  The ana l yses of th i s Chapter 
were h i ndered by the l ack of pub l i s hed data from i nd i v i dua l  an ima l s ,  a 
s i tuat i o n  that has been depl ored i n  the pas t ,  yet shows no s i gns  of  



bei ng remed i ed .  As th i s  Chapter began wi th the work of Sha l l i t  i s  
a pt  to end wi th h i s  adv i ce to the pub l i s hers of data , 

"Adequate growth curve s for a score of individuals would be of 

more value for investigating changes  in shape and size than hundreds 

of curves founded on the mean values of different groups at different 

ages . "  

Shal l ,  ( 1950 , p .  473 ) 
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I NTRODUCT I ON 

The rat l i ve wei ghts ana l ysed i n  prev i ous  chapters were obtai ned 
at week l y  i nterva l s .  As suggested i n  Cha pte r  10  more frequent l i ve 
wei ght measurements , fo l l owed by the app l i ca ti on of the techni ques of 
stati st i c a l  a nalys i s devel oped i n  th i s thes i s ,  s hou l d  g i ve more prec i s e 
estimates of  growth rates and l i ve wei g hts . 

Acheson e t  a l . ( 1 959 ) seem to be the on ly  au thors who have 
publ i s hed comprehens i ve l ong i tud i na l data where body l engths  and we i g hts 
were frequent ly  measured on the same a n i ma l s .  Hughes and Tanner ( 1 970 )  
i n i t i a l l y  mea sured 7 1  ma l e  and  48  fema l e  rats  but  by the end  of the i r 
study o n l y  38 ma l e  and  24 fema l e rats rema i ned . Such mas s  curves , based 
on d i fferent i nd i v i d ua l s at d i fferent ages , present d i ff i cu l ti es of 
ana lys i s and i n terpretati on that are not present i n  pure l ong i tud i na l  
data . For the present  purposes , regrettab l y ,  the mea surements from 
i ndi vi dua l s were not  g i ven i n  Acheson ' s  work ; only the means a t  each 
age bei ng pub l i s hed . S imi l ar measurements g i ven i n  the o l der l i terature 
have not been re- ana l ysed s i nce the d i ets u sed i n  many earl y stud i e s 
have been cri ti c i sed a s  bei n g  n u tr i ti ona l l y  i nadequate ( Zu c ker et al . ,  

1 941b ) . Zucker and h i s associ ates showed that the body we i ght-age cu rves 
from muc h  earl y data d i d  not conform to the l o� reci proca l equati on ; 
i t  i s  proba b l e  that the body l ength-age c urves , and perhaps even the 
a l l ometr i c re l at i o n s h i ps wou l d  a l so be affected . So the data col l ected 
by Acheson and hi s a s soc i ates was u sed to i nvesti gate severa l  top i cs , 
germane to the present work , wh i ch have e i ther been poorl y researc hed 
or have comp l ete l y  escaped i nvesti gati on . 

A l though  l i ve wei g ht i s  t he  mos t  frequentl y used i ndex of body 
s i ze concurrentl y taken measurements of l i near d imens i on s  not on ly  g i ve 
add i t i ona l  i nformat i on but i n  some cases may prov i de a s uperi or i ndex 
of body s i ze ( Tanne r ,  1 976 ) . To quote Ac heson e t  a l . ( 1959 , p292 ) , 

' It is  urged that free use of total length . . . .  would add much 

to the value of nutr itional , endocrinological and other experiments in 

which growth is  studied . To date , weight increment has too frequently 

been the only measure of growth . '  
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El even years l a ter , des p i te the huge vol ume of recent l i terature 
concerni ng l i ve we i ght  changes i n  the rat ( see Wade , 1 976 ) , H ughe s  and 
Tanner ( 1970 , p349 ) were forced to say that ' Previous studies on body 

dimensions of rats are not numerous ' .  

Many attempts have been made to f i t equati ons  to l i ve we i g ht-
age g rowth c urves , but the re l a t i o n s h i ps o f  l i near d i men s i ons  to ti me 
have not been a s  c l ose ly  scrut i n i sed . Because  of the constant 
rel at i on s h i p  between an i nd i v i dua l  rat ' s  we i g hts and l engths , sa i d  to 
perta i n  from wean i ng ( Freudenberger , 1 932 ) , one wou l d  expect body we i g hts 
and  l engths to s how re l a t i o n s h i ps of the same form , wi th respect to age . 
Th i s wa s recog n i sed and theoret i ca l ly  ana l ysed by La i rd et al ( 1 968 ) . 
I n  the  rat the reci proca l of age  and the l ogari thm of  l i ve wei g ht fol l ow 
a l i near rel a t i on s h i p after 4 weeks of age  ( Chapters 1 and 6 ) . The 
l ogar i thm of  l i ve wei gh t  and the l ogari thm of concept i on age were s hown 
by Zucker and h i s  a ssoc i a tes  to be l i near ly  rel ated from b i rth unt i l 6 
weeks  of age ; th i s f i nd i ng has  not ,  apparently ,  been s ubsequen t ly  
conf i rmed . Thus  p l otti ng the  l ogari thm of  l ength a ga i n st  the  rec i proca l 
of b i rth age , from 4 weeks onwards ; and the  l ogari thm of l ength a ga i ns t  
the l ogari thm o f  concept i on age , from b i rth to 6 week s  o f  age , s hou l d 
g i ve the l i near rel at i onsh i p s  found for body we i g hts . These rel a t i on s h i ps 
a re of  g reat i mporta nce i f ,  as  suggested i n  1 959 by Acheson a nd h i s 
col l eagues , l i near measurements are to be u sed i n  experimentati on for 
the rout i ne meas urement  of body growth . Such l i near rel a t i o n s h i ps 
bestow many advantages duri ng the ana lys i s  and i nterpretat i on o f  data , 
a s  was shown i n  Chapter 1 for body wei g h t .  

Al l ometry was the n ame g i ven by J u l i an Huxl ey ( 1 932 ) to a method 
of s tudyi ng the rel a ti ve growth of body pa rts by pl otti ng the l ogar i thms 
of  body d imens i on s  aga i nst  one anothe r .  The techn i que , a nd especi a l l y 
i ts stati st i ca l  v a l i d i ty ,  wi l l  be exami ned i n  C hapter  8 .  Desp i te the i r 
frequent measurement  of body wei ghts and  l engths  Acheson e t  a1.( 1959 ) 
and , for exampl e ,  Hug hes and Tanner ( 1970 ) , d i d  not make u se of a l l ometry 
to s tudy changes i n  body s ha pe wi th age . Of great i nterest  i n  the 
present  re-ana l ys i s  was whether sex d i fferences i n  body wei g hts , body 
l ength s , a nd a l l ometri c rel ati onsh i ps were present , a n d  i f  s o ,  a t  wha t  
a g e  they became e s tab l i s hed . 
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As Acheson a nd h i s  a s s oc i ates  made da i l y  mea surements from 16  
to  40 days fol l owi ng b i rth the i r measurements were e s pec i a l l y  va l uab l e 
for s tudyi ng the s er i a l  corre l a ti ons between the re s i dua l s a bou t the 
fi tted l i nes , u s i ng the methods devel oped i n  Chapter 6 .  The da i l y 
measurements a l l owed s hort-term fl uctuat i ons  or rhythms to be detec ted ; 
obvi ou s l y  thi s wa s not pos s i b l e  us i ng the week ly measurements of  
prev i ous  c hapters . Such  rhythms were not con s i dered by Acheson and  
h i s  co l l eagues and  no  s i mi l ar s tud i es i n  l a boratory a n ima l s ,  where 
da i l y  measurements h ave been made , are  cu rrently known to the author . 
There fore the i nves t i g a t i on of l i ve wei g h t  data for s hort- term 
fl uctuati ons i n  growth rate s eems to be a n ew avenue of study . 

To suppl ement  pub l i s hed data a s i mp l e experi ment  was dev i sed 
where ma l e  and fema l e rats were frequent ly  we i g hed , from bi rth to 
50 days of age .  

To summari se : the a i ms of  the s tudy were to i nvesti gate the 
re l a t i onsh i ps 

1 )  
2 )  
3 )  
4 )  

and  5 )  

between ,  
the l ogar i thm o f  l i ve we i g h t  a nd the reci proca l  of age , 
the  l ogar i thms of age , we i � ht  and the l i near d i mens i ons , 
the  l ogar i thms of  l engths and we i g hts ( a l l ometry ) , 
the  pa ttern of  the res i dua l s a bou t these l i near 
regre s s i ons , 
s tudy the s ex d i fferences i n  these rel at i on s h i ps . 

EXPER I MENTAL PROCEDURES 

The fol l owi ng i s  a bri ef summary of  the materi a l s and methods 
used by Acheson e t  al . ,  ( 1 9 59 )  i n  the i r ori g i na l  pa per . Ten ma l e  and 
thi rteen fema l e Sprague Dawl ey ra ts were housed i n  g roups of not  more 
than three per cage at 69°F ( 20°C )  and fed a commerc i a l rat d i et .  
The l i near measurements ( i n  cen timetre s ) and body we i g hts ( i n  g ram s ) 
were obta i ned da i l y  from _ the consci ous a n i ma l s from 16 to 40 a nd a t  
50 , 60 , 70 , 90 , and  1 1 0  days from bi rth ; g i v i ng 3 0  measurements  for 
eac h  var i ab l e  from eac h a n i ma l . Lengths  were measured u s i ng a 
mea sur i ng board devel oped by the a uthors . Means and s tandard 
dev i a ti ons for ta i l  l engths and  total l engths ( body p l us  ta i l )  
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were obta i ned d i rect ly  and appear i n  the tab l es pub l i s hed by Acheson 
et al . ,  ( 1 959 ) . Body l engths were not d i rectl y mea sured by Acheson et al . 

( 1959 ) but were obta i ned for the present ana l yses by subtracti ng the 
mean va l ues  for ta i l  l ength from those for to ta l l ength . 

The mal e and  fema l e  rats for the experiment at  Ma ssey were 
ra i sed , housed, and fed i n  a way comparabl e to the an imal s descri bed i n  
C hapter 1 .  Mal es and  fema l es  were hou sed i n  separate cages . The 
experi ment ( i n i t i a ted by Or M . F . Tarttel i n )  used a n ima l s subjected to 
three treatments ; the offs pri ng of fema l e  rats that had ei ther been 
fed a rat i on con ta i n i ng tes to s terone prop i o nate dur i ng l a te 
pregnancy (days 1 5  - 2 1 ) or had been i nj ec ted 1vi th the androgen at  
the  s ame time , and the offspri ng of un treated contro l fema l es . For  
the  da i l y we i gh i ng s  ( from 30  to 50 days of age)  \ve i g h i ng s  were p l a nned 
to be at the same t i me ( 12 noo n )  on eac h day but the we i gh i ng on one 
day , at a bout day 36 i n  mos t  rats , wa s made earl y i n  the morn i ng ( 9  am ) . 
Th i s  wei g h i ng gave wei g hts tha t were cons i stently severa l grams greater 
than e xpected so these we i g hts were exc l u ded from the fo l l owi n g  ana lyses . 
The a n ima l s were wei g hed to the nearest  tenth of a gram , i t  i s  u sua l  
practi ce i n  mos t  l a boratori es  to wei g h rats to t he  nearest  gram . 

B I OMETRI CAL CONS I DERAT I ONS 

The transforma ti on of l i ve we i g ht to l ogar i thms ha s been shown 
i n  th i s work to be des i rab l e for both s tati s ti ca l  a nd theoreti ca l  
reason s .  A case can be made for l i near d i mens i on s  of t he body be i ng 
anal ysed wi thout tran sformati on  a s  i t  can be argued that they are 
proporti onal to the c ube roo t  ( approx imated by the l ogari thm )  of 
vol ume (we i g ht ) . T h i s arg ument  can be extended by suggesti ng that 
an  i ncrease in wei ght  is due to a mu l ti p l i cat i ve effect  ( to be 
ana l ysed l ogari thmi ca l l y )  but a c hange i n  l ength i s  due to a n  addi t i ve 
effec t  ( to be ana l ysed ar i thmeti ca l l y ) . The author he l d these v i ews 
unti l they were made untena b l e by the experi menta l evi dence of Hughes  
and  Tan ner ( 1 970 )  and  Acheson e t  a l . ( 1 959 ) s hown i n  Tab l e  7 . 1 .  



TABLE 7 . 1  

Means and standard dev i a t i on s  for vari ous  l i near 
d i men s i ons i n  rats 
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SOURCE VAR I ABLE  MEAN ± STANDARD DEV IAT I ON 

Hughes & Tanner Ta i l  l ength ( b i rth ) 20  mm ± 2 
11 11 11 11 ( 1 90 days ) 200 mm ± 20 

11 11 Nose-rump l en g th ( bi rt h )  5 0  mm ± 2 . 5  
11 11 11 11 11 ( 90 days ) 220 mm ± 9 

Ache son et a l  Tota l l ength ( 1 6 days ) 170  mm ± 6 . 5  
11 11 11 11 ( 1 1 0  days ) 440 mm ± 16 

Tabl e 7 . 1 .  i nd i cates  that  the s ta ndard devi at i on  i ncreases 
progre s s i ve l y  wi th the mean ; a l ogari thmi c transformat i on i s  therefore 
i nd i ca ted . 

These res u l ts therefore forced a recons i derati o n  of the 
bi o l og i ca l ly based a rguments p resented wh i ch wou l d theoreti ca l l y  d i scount 
such a transformat i on . I t  wa s suggested tha t  wei ght  i ncreases a s  a s i mpl e 
cubi c funct ion  of l ength . Th i s  wi l l  be questi oned l a ter  i n  thi s chapter 
as  p l ots  of l og body l ength aga i ns t  l og body we i ght c hanged s l ope 
conti nuous ly .  Therefore l ength  i s  n o t  neces sari ly  norma l ly  d i s tr i buted 
on a n  ar i thmeti c metameter . The second a rgument ,  that l ength i nc rease 
is  an add i ti ve proces s , can a l so be ques ti o ned as the rate of  i ncrease i n  
l ength a t  a n  age i s  obvi ou s l y  not i ndependen t  of the l ength a t  tha t age . 

J u st i fi cat i on for the transformat i on of l engths to l ogari thms 
cou l d  be based so l e l y  on the emp i ri ca l  grounds tha t a l i near re l ati on s h i p 
wi th a g e  or we i gh t  resu l ts . Th i s  j u sti fi cat i on i s  aff i rmed i n  th i s 
chapter  a s  suc h l i near re l at i o n s h i ps wi l l  be demonstrated . 

Means and s tandard dev i a ti ons  for body l engths may not a l ways be 
corre l a ted s imp l y  becau se the s pread of the data i s  i ns uffi c i en t .  For 
exampl e ,  over a s i mi l ar range of ages a s i gn i fi cant rel ati onsh i p may be 
obta i ne d  between the  ari thmet i c means and s tandard devi a t i ons  for l i ve 



AGE 

16 
to 
1 10 
days 

16 to 
38 days 

TABLE  7 . 2  
Percentages of  the vari a t i or. ( R2 ) exp l a i ned by l og concept ion  age , the rec i proca l o f  b i rth age , 
and by a l l ometry , for the peri ods  s hown , for body we i g h t  ( body wt ) , total  l ength , and  for ta i l  l en gt h . 

EQUAT I ON 

LOG vs 
LOG 

LOG v s  
REC I P .  

LOG v s  
LOG 

SEX  BODY 
WT 

F 87 . 2  
M 92 . 6  

F 96 . 6  
M 96 . 1  

F . 98 . 4  
M . 99 . 4  

X = AGE 

TOTAL. TAI L  
LENGTH LENGTH 

94 . 1  9 1 . 2  
9 5 . 2  94 . 5  

93 . 7  98 . 6  
93 . 6  96 . 4  

99 . 7  99 . 0  
99 . 8  99 . 3  . 

F = FEMALE RATS 
M = MALE RATS 

DER I VED FROM THE DATA OF ACHESON ET AL . ( 1959 ) 

ALLOMETRY 

BODY WT vs  BODY WT vs  
TOTAL L ENGTH TAI L  LENGTH 

99 . 6  98 . 2  
99 . 0  98 . 9  

- "'-... 

98 . 3  96 . 4  
99 . 4  98 . 0  

I-' 
w 
w 
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wei g hts , but not for the l engths of the same a n i ma l s ,  because  the l i ve 
wei ght� have a greate r  range . Th i s  effect may be present i n  the res u l ts 
i n  Chapter  8 for we i g hts and l ength s . 

RESULTS AND D I SCUSS ION  

A fundamental d i fference between the two data s et s  of thi s 
c hapter i s  that mea surements from i nd i vi dua l s were ana l ys ed i n  the author ' s  
s tudy wh i l e  Acheson and h i s  co l l eagues publ i s hed onl y mean measuremen ts 
a t  each age . Thu s the curves f i tted for the l i near measurements wi l l  be 
the ma s s  curves . 

RELATI ONSH I PS TO AGE 

Each  vari ab l e was i n i ti a l l y  transformed to l ogar i thms a nd 
regres sed a ga i nst l og concepti on a g e ,  ( bi rth a g e  + 2 1  days ) then aga i n s t  
the rec i procal of b i rth age , for t h e  enti re range o f  mea surements ( 16 to 
1 10 days ) . The resu l t for l i ve wei g ht  confi rmed the fi nd i ng of Zuc ker 
et al . ,  ( 1941a ) ; more than one equat i on wa s needed to adequate ly  descri be 
the c hanges  i n  l i ve we i g ht over th i s  range of  ages as  the f i ts for both 
equati ons were general l y  poor (Tab l e 7 . 2 ) .  L i near d i men s i o� s  were a l so 
found to s how poor re l a ti onsh i ps to t ime over th i s  range  of  ages . The 
l og -reci proca l  equa ti on prov i ded the superi or expl a nat i on of the compl ete 
range of data , espec i a l l y  fo� fema l es where t he rec i proca l of age expl a i ned 
98 . 6% of the vari a t i o n  i n  the l ogar i thm of  ta i l  l ength . I n  contra s t  
t o  the regre s s i ons a ga i ns t  time t h e  expl anat ion  of body we i ght  by tota l 
l ength a nd by ta i l  l en gth  was exce l l en t ,  e s pec i a l l y  i n  ma l es (Tab l e 7 . 2 ) . 
Thus over the compl ete range of a ge s  l engths and  wei g hts were more 
c l ose ly  re l a ted to each  other than to age . Thi s res u l t seems rel evant 
to a f i ndi ng of Chapter S i x  where the pattern of growth ( the res i dua l s 
a round l og - reci proca l l i nes ) was s hown to be more cl ose ly  rel a ted to the 
p hys i o l og i c a l  age ( represented by the  l og of  l i ve we i g ht ) than to the 
chronol og i ca l  age of the an ima l . I n  the present  �ase l ength  ( a measure 
o f  phys i o l og i ca l  a ge ) exp l a i ns a g reater  proportion of the var i at i on i n  
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l i ve wei ght than  does chronol og i ca l  a g e . 
As the Zuckers recommended that  the l og - l og equat i on s hou l d be 

fi tted up to 42  days of a g e ,  a nd Acheson a nd h i s eo-workers g i ve d a i l y  
we i gh i ngs  to 4 0  days , i t  was conven i ent  to tes t  the l og - l og equat i on  
over  thi s ran ge of a ges . But  the measurements at  39 and 40 days of a ge 
were fou nd to be we l l  a bove the ca l c u l ated l i ne ,  espec i a l l y  for ma l e  

1 3 6  

a nd fema l e  tota l l ength s . For exampl e ;  i n  the regres s i on of ma l e  total 
l ength  a ga i n st  the l ogari thm of age the expected total l ength at  40 days 
was 145 . 804 wh i l e  the observed va l u e of  147 . 567 g i ves a res i dua l  of 1 . 76 3 , 
whi c h , when compared to the RMS res i dua l  ( 0 . 5 1 2 ) , shows the poi n t  to be 
a pos s i b l e  outl i er .  As i t  wa s propos ed to regress a l l pa i rs of  vari a bl es  
i t  wa s s impl e r  to have  equal  numbers i n  a l l regres s i ons , thu s the day 
3 9  and day 40 mea suremen ts were dropped from a l l the regres s i on s , 
whe ther or not they were outl i ers , wi t h  respect to age , i n  the i r 
parti cu l a r  case . 

So for the measurements made from 1 6  to 38 days of age  vari a b l es  
were regressed a g a i nst the  l ogari thms of  conception age , and for a l l ometry 
aga i nst  one a nother . l "he regres s i on stati s ti c s  are g i ven i n  pai rs for 
fema l e s ( a )  a n d  for ma l es ( b )  i n  Append i x  Ta bl es 7 . 1 and 7 . 7 .  

LOG L IVE WE I GHT vs LOG CONCEPT ION AGE 

Append i x  Tab l e 7 . 1  and  Text F i gure 7 .l a  confi rm , apparent ly  for 
the fi rs t  t i me s i nce the ori g i na l  pub l i cati on of Zucker et a l. , ( 1 94la ) , 
that the l og of  l i v e  we i gh t  i s  l i near ly  rel ated to the l og of  concepti on  
a g e , up to  a bo u t  6 weeks  of age , i n  both  ma l e  a nd fema l e rats . But 
a l t hough the mu l t i pl e  corre l a t i on coeffi c i ents ( R2 ) s how tha t  i n  fema l es 
98 . 4% ,  a nd i n  mal es  99 . 4% ,  o f  the vari a t i on i n  l i ve wei ght  i s  expl a i ned 
by l og concept i on  age the Durb i n  Watson s tat i st i cs i nd i cate that the 
res i dual s are s trongl y  correl ated (Append i x  Tabl es 7 . la a nd 7 . l b ) . The 
p l otted res i dua l s c l ear ly i nd i cate the presence of systemati c departures 
from l i neari ty ( F i g  7 . 1 b ) . 

I n  the Ma s sey exper iment  35 l i ve wei ghts were obta i ned from each 
i nd i v i dua l  a ffordi ng a defi n i ti ve test of  the l og-l og equati on . The 
u n transformed g rowth curves for control  ma l es ( F i gu re 7 . 2 a ) , contro l  
femal es ( Fi g ure 7 . 3a )  and  for the femal e  offspri ng o f  dams that were 
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fed tes tosterone prop i ona te ( F i g u re 7 . 4a )  a ppear to be of very s i mi l ar 
s hape . The an ima l s s hown i n  each i l l u s trat i on are a l l from the s ame 
l i tter .  Beneath the untran sformed curves are the curves obta i ned by 
transform i ng both concepti on age and  l i ve we i ght  to l ogar i thms ( F i g s . 
7 . 2b ,  7 . 3 b , 7 . 4b ) ; the curves have cl ear ly been l i n eari sed . Tabl e 
7 . 3  s hows the mu l ti p l e corre l at i on coeffi ci ents ( R2 ) for the regres s i on s  
of  l og wei gh t  on  l og concepti on a g e  for the an imal s s hown i n  the F i gures . 
The grea test  amoun t  o f  unexpl a i ned vari at i on  i n  the 18 a n i mal s •  
regre s s i ons  was ha l f  a percent and the sma l l es t  8 hundredths  of a 
percen t ( i n  a n ima l  46 ) . For a n i ma l  46 the mean square ascr i bed to t h e  
s l ope of  t h e  l i ne , by ana l ys i s  of  vari ance , y i e l ded an  1 F 1  va l ue of  
4 1 2 1 2 . 5  when  compared to  the s ca tter about the l i ne ; desp i te such  
c l ear s ta t i s t i ca l  g rounds for a s s um i ng the re l a ti on s h i p to  be  s tri ct ly  
l i near even i n  an ima l  46  t he  Durb i n-Watson • d •  va l ue was 1 . 030 
{ p < · 01 ;  for 32 d . f . ) i nd i cati ng s er i a l  corre l a ti on i n  the res i dua l s .  
The cau se  of  the s i gn i f i cant Durb i n-Watson s tati st i cs can be seen when 
the res i dua l s about the l og - l og l i ne s  fi tted to i nd i v i dua l s are p l o tted , 

a nd 

and 

1 )  vs Age 
a )  for mal es 
b )  for fema l es 

2 )  vs  Log l i v e  wei g h t  
a )  for ma l es 
b )  for femal e s  

3 )  for pre-na ta l l y  androgeni s ed 
a )  � � og l i ve we i gh t  

J 

b )  � age_ 

( Fi g ure 7 . 5a ) , 
( F i gure 7 . 5 b ) , 

( Fi gure 7 .  6a ) ,  
( F i gure 7 . 6b ) , 

fema l es 
( F i g ure 7 . 7a ) , 
( F i gure 7 . 7b ) . 

The pattern revea l ed i n  the s e  fi gure s  c l early s hows the comp l ex i ty 
of  the ear l y  g rowth phase  i n  the rat .  What a ppears from the untransfo rmed 
and the tran sformed g rowth curves to be a s impl e l ogar i thmi c or 
exponent i a l  i ncrease i n  l i ve we i g h t  i s  s hown by exami n i ng the res i dua l s 
a bout the g enera l  trend to i nvo l ve a systemat i c wave- l i ke o sc i l l a ti on  
i n  the growth rate . 

I n  both sexes the  b i rth we i g hts  are above the fi tted l i ne , g rowth 
then fal ters  for a few days , p resumab ly  due to the neonate adapti n g  to 
i ts new env i ronment .  A surge of  g rowth then fol l ows but , cur i ous l y ,  



TABLE 7 . 3 

MULTI PLE  CORRELATION  COEFF I C I E NTS : 

from the l i near regres s i on s  of l og l i ve we i g ht on l og 
concept i on age for i nd i v i dua l rats kept at  Mas sey and 
wei g hed from b i rth  to a bou t 50 days of  a ge 

t�ALES FEMALES FEMALES FED TP 

RAT R 2 
NO . 

40 . 9992 
41 . 9973 
42 . 9976 
43 . 9985 
44 . 9986 
45  . 9975  
46  . 9992 
47 . 9980 

RAT 
NO . 

48 
49 
50 
51 
52 
53 

R2 RAT R2 
NO . 

. 9967 29 . 9974 

. 9967 30  . 9967 

. 9970 3 1  . 9950 

. 9970 32 . 9959 

. 9966 

. 9965 
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th i s surge  i s  ha l ted at about 8 to 12 days of age when the rate of  g a i n 
aga i n s l ows . Th i s downward trend conti nues unti l about wean i ng when a 
new surge of growth occurs wh i c h  proceeds unt i l  a bout 35 to 40 days 
when another d i mi nut i on  i n  the rate of ga i n  i s  ev i dent . I t  i s  o bv i ou s l y  
tempti ng to rel ate these swi ngs  i n  the res i dua l s to the onset and 
decl i ne of  l actati on , the devel opment of  homeothermi c mec han i sms , the 
change of  d i et at  wea n i ng , and the onset of  hypophyseal con trol of  
hypertroph i c  growth fol l owi ng the hyperpl a st i c phase of growth . B ut  
s i nce the  present resu l ts a ppear to  be novel , and thus  unconfi rmed , 
and ba sed upon few a n i ma l s ,  these rel a t i o n s h i ps have not been i nvesti g ated 
i n  deta i l .  The s tra i n  d i fference i n  the pattern of growth s hown i n  
C hapter 6 ,  a l bei t for a l a ter phase  of growth , a l so wa rns aga i n s t  
over-genera l i sa t i ons  based upon a sma l l samp l e from o n l y  one stra i n  o f  
the l a boratory rat .  These effects a re con s i dered i n  more depth i n  
C hapter 9 .  

Untreated fema l e s ( of F i g u res  7 . 5 b and  7 . 6b ) and pre-nata l l y  
a ndrogen i sed fema l es ( F i gures 7 . 7a and 7 . 7 b )  c l ear ly s how d i fferent 
patterns of growth . The most  obv i ou s  d i fference bei ng that the treated 
fema l es  s how no earl y decl i ne i n  g rowth rate . Th i s  effect cou l d  be an 
' ag i ng '  effect so that the ear l y  i n i t i a l downward trend i n  the growth 
rate i s  a bsent i n  the treated an imal s .  Another pos s i b i l i ty i s  that 
androgen i nterferred wi th the normal hormona l  ba l ance of pregnancy 
g i v i ng a retarded b i rth we i g h t .  A compari son of the ma l e and fema l e 
offspri ng fol l owi ng androgen treatment may c l ari fy th i s  poi n t .  The 
i n i t i a l  u pward phase extends to a g reater we i g ht than i n  contro l s and 
the fol l ow i ng downward trend a l so c onti nues  for l onger i n  the trea ted 
a n ima l s .  The l a c k  of a del eter i ous  effect of wean i ng s hou l d  be noted . 
The u pward trend of the ' second wave ' may be s horter i n  the contro l s 
whi l e  the fi nal  downward trend may s tart a t  a greater we i g ht  i n  the 
androgen i sed an ima l s .  The genera l i mpres s i on i s  tha t  the pattern of  
growth has  been advanced i n  t ime ( s h i fted to the  ri g ht ) i n  the 
androgen i s ed a n ima l s .  The pattern i s  c l ear ly  d i fferent from that of 
mal es and s ti l l  c l os e l y  resembl e s  the fema l e pattern e s pec i a l l y  wi th 
respect to the f i na l  downward trend . 
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P l otti ng the re s i dual s a g a i nst  age ( F i gures 7 . 5a and 7 . 5 b )  g i ves 
patterns for ma l es and fema l es  that  d i ffer .  Ma l es s how an earl i er 
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pea k ,  at a bout 8 days of age , compared to a bout 12 days i n  the fema l es . 
But when p l otted a ga i n st  l og l i ve wei ght  t h i s sex d i fference d i sappears 
( F i gures 7 . 6a and 7 . 6 b ) .  A very s imi l ar pattern of g rowth , u s i ng l og 
l i ve we i g ht  as  the X var i a b l e ,  c a n  be seen for both sexes u p  to the 
l a st  downward swi ng i n  the res i dua l s .  The fi na l  u pward stroke of the 
res i dua l s  does , however , pers i s t to a greater  wei g ht i n  the ma l es . Th i s 
impl i e s that the l ogar i thmi c phase of growth , whi ch was descri bed i n  
Cha pter 6 as  the peri od of ce l l hyperpl as i a ,  conti nues for l onger i n  
the mal e rat .  Al so the ces sat i rin of the l ogari thmi c phase  appears more 
abrupt i n  the fema l e  compared to the s l ow turn i ng of the re s i dua l s 
d i sp l ayed by the ma l es . As d i s cu s sed i n  Cha pter 1 i t  may be qu i te wrong 
to a scr i be these c hanges i n  g rowth i n  the fema l e  to the onset of the 
oestrous  cyc l e� . I n  the Ma ssey co l ony vag i na l  openi ng occurs on average 
at 43 d ays of age wh i l e  the change  i n  the pattern of growth i s  i n i ti a ted 
wel l before thi s t i me .  And aga i n  a s i mi l ar but mod i fi ed pattern occurs 
i n  treated fema l es and i n  ma l e s s o  the rol e of  the sex hormones wou l d  
seem to be to mod i fy ,  rather tha n  to create , the bas i c  pattern o f  growth . 

THE RELAT I ONSH I PS OF L I NEAR D I ME N S I ONS TO CONCEPTI ON AGE 

The ana lyses of the l ogar i t hms of total l ength ( Tab l e 7 . 2 ) , ta i l  
l ength ( T a b l e  7 . 3 ) , and  body l ength ( Ta bl e 7 . 4 )  regressed aga i ns t  l og 
concept i on age for the data of  Acheson et p] . ( 1 959 ) are tabu l a ted i n  
the Append i ces . The l ogari thms of  total l ength and ta i l l ength show an 
exce l l ent  agreemen t  wi th the l i near rel at i ons h i p demonstra ted for body 
we i ght ; l og concepti on  age account i n g  for 99 . 7% and 99 . 0% of the vari ati on 
i n  fema l e s  a nd 99 . 8% a nd 99 . 4% i n  ma l e s ( for total and ta i l  l ength s  
res pecti ve ly ) . T h e  exce l l ent  f i ts for ta i l  l ength are s hown i n  F i g  7 . 8a . 
But aga i n  the rema i n i ng vari at i on , u sua l l y  l e ss than h a l f a per cent , 
s hows s i gn i f i cant seri a l  corre l at i on ( F i g  7 . 8 b )  as  demon s tra ted for the 
l og - rec i proca l equat i on i n  Chapter 6 .  Thus  the l og - l og equati on i s  
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not the def i n i t i ve mode l  of  rat g rowth , expl a i n i ng a l l the systemat i c 
var i at i on i n  l i ve wei g h ts , tota l l engths or  ta i l  l engths ( c . f .  Zucker 
et al . , 1 941 ) . 
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The der i ved var i ab l e ,  body l ength ( nose-rumo l ength ) shows a 
comparati ve l y poor rel a ti onsh i p  to l og age (Append i x  Tabl e 7 . 4 ) . I n  
fema l es , 5 . 9% of the var i at i o n  i s  unexp l a i ned and i n  ma l es 2 . 6% i s  
unexp l a i ned by the l og �l og equa t i on . That th i s  poor fi t i s  not ent i re l y  
due to the i ncrea sed random sca tter a bout the l i ne , resu l t i ng from 
comb i n i ng the errors from the two parent measurements , i s  apparent i f  
the res i dua l s are i n s pe c ted (Append i x  Tabl e 7 . 4 or F i g .  7 . 9b ) . 
Moreover the Durbi n Watson stat i s t i cs i nd i cate that seri a l  corre l a ti on i s  
pre sen t ,  wi t h  the re s i dua l s i nd i ca t i n g  tha t add i t i on of a q uadrat i c 
term i n  l og age wou l d  g i ve a better descri pti on ( F i g .  7 . 9a )  

F i gure 7 . 9 b  i l l u s tra tes that the poor fi t for body l e ngth i s  due 
to the pattern of body growth d i ffer i ng from that shown by the ta i l . 
An i n specti on and compar i son of F i gs . 7 . 1 b ,  7 . 8b and 7 . 9 b  revea l s that 
the res i dua l s for body l ength and body we i gh t  fol l ow a pa ttern that 
d i ffers from that s hown by ta i l  l ength . For exampl e ,  the res i d ua l s  
c l 2ar ly s how the ta i l  u ndergoes a n  enhanced growth before wean i ng wh i l e  
the growth of the body i s ,  i n  compar i son , temporari l y  s l owi ng . Body 
we i ghts reached a nad ir i mmed i ate l y  fo l l owi n g  wean i ng ( a t  2 1  days ) but 
from the res i dua l s i t  can be seen that  body l ength reached a nad i r  at 
22 days i n  ma l e s and a t  23 days i n  fema l es  ( Fi g .  7 . 9 b ) . I n  F i g .  7 . 8b 
q sma l l effect  of wean i ng on ta i l  g rowth seems pos s i b l e at  22 days . 
So the adverse effect of  wean i ng on  bone growth i s  ' cu s h i oned ' by other 
t i s s ues of  the body bei ng depl eted or  s tarved of nutr i en t ,  whi l e  bone 
growth i s  conti nued for as  l ong a s  poss i bl e  i n  the face of the 
n utri ti onal cr i s i s .  Th.i. s i s  remi n i s cent of Hammond ' s  ( 1944 ) theory 
of ' Pr i or i ty of pa rt i t i on of nutri e n ts accord i ng to meta bo l i c  rate ' . 

That the ta i l  i s  l i tt l e affected by wean i ng ,  wh i l e  the growth of 
the more ros tra l  vertebrae i s  i nh i b i ted . s uggests that the orga n i sm 
attaches a n  i mportance to the growth of the ta i l  a t  th i s  ear l y age . 
T�i s observat i on cou l d be due to the maj or rol e  of the ta i l i n  
thermoregu l a t i on i n  the rat . Abrams ( 1 966 )  revi ews the ev i dence that 
the rat ' s  a bi l i ty to contro l body temperature deve l ops between 10  and 



20 dqys of age . A rap i d  growth of the ta i l  wou l d therefore be 
des i rabl e toward the end of th i s proce s s . I t  wou l d  not be des i rabl e 
for the tai l to grow qu i c k l y  a t  a n  ear l i e r age s i nce excess  heat wou l d  
then be l ost wh i l e  the neona te was po i k i l othermi c .  

The earl i er maximum growth rate o f  the body l ength compared to 
the ta i l  l ength  i s  a l so i n  general accordance wi th the we l l  known 
cephal o�cauda l  matur i ty gra d i ent  ( Hux l ey ,  1 932 ) . But  the t i mi n g  of 
the peak i n  ta i l  l ength growth suggests that the thermoregu l atory 
exp l anati on of th i s  phenomenon may a l so be of i mportance . 

ALLOMETRY 

Us i ng Acheson ' s  data the fo l l owi ng pl ots were made for both mal e 
and fema l e a n i ma l s , over the enti re range of a ges , 

1 }  l og body we i g ht  v s  l og total l ength ( F i gure 7 . 10a ) , 
2 )  l og body we i gh t  vs l og body l ength ( Fi gure 7 . 10 b ) , 
3 }  l og body we i ght  v s  l og ta i l  l ength ( F i gure 7 . l l a ) , 

qnd  4 )  l og body l ength vs l og ta i l  l ength ( F i gure 7 . l l b ) . 

1 5 0  

The changes i n  ta i l  growth at  wea n i ng ,  wi th re spect to age , have 
a l ready been demonstrated . The a l l ometri c p l ots i nvol v i ng ta i l  l ength 
( tota l l ength i nc l udes the ta i l ) a l s o show a c hange i n  s l ope at wea n i ng 
( F i g ures 7 . 10 a and 7 . l l a a nd b ) . I n  contra st  the p l ots of l og body 
we i g ht  aga i nst  l og body l ength show no major change at wean i ng ( F i gure 
7 . 1 0 b ) . Th i s  i s  due to body l ength and body wei g ht showi ng the same 
pa ttern of growth i n  t ime as i l l u s trated i n  F i gures 7 . 1 b and 7 . 9b 
where thei r res i dual s s how a s imi l ar pattern of change wi th t i me .  
Fol l owi ng wean i ng the three pl ots o f  l og body we i g ht aga i ns t  the l i near 
d i mens i ons a l l s how negat i ve curvatu re to va�i ous degrees ; the greates t 
be i n g  for body l ength , the l ea st  for ta i l  l e ngth ( e speci a l l y  i n  mal es ) . 
The a l l ometr i c  regre s s i ons between 1 6  a nd 38 days of age s how a s i mi l ar 
n ega ti ve curvature (Append i ces  Tabl e s  7 . 5 ,  7 . 6 ,  and 7 . 7 ) . 

Further d i scus s i on of the a l l ometri c curves , espec i a l l y  empha s i s i ng 
the sex d i fferences shown , fol l ows l a ter i n  th i s  chapter . 
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SEX D I FFERENCES IN GROWTH 

A compari son of F i gures  7 . 1a , 7 . 8a and 7 . 9a c l ear ly  shows tha t 
from 1 6  to 38 days of age there we re the fol l owi ng d i fferences between 
the sexe s ; 

1 )  mal es  had greater body we i g hts , the d i fference i ncreased 
s l owl y w i th age ; 

2 }  ma l es had greater  body l engths , the d i fference i nc reased marked l �  
wi th age , 

but 3 )  the sexes d i d  not d i ffer i n  ta i l  l ength . 

These d i fferences between the sexes were ref1 ected i n  the a 1 1  ometri c 
pl ots . Fema l es had , between 1 6  and 38 days of  age , 

a )  at a g i ven  tota 1 1 ength  a s i mi l ar body wei g ht  ( F i gure 7 . 1 0a ) , 
b }  at a g i v en body wei g h t  a grea ter ta i l  l ength ( F i gure 7 . 1 l a ) , 
c )  a t  a g i ven  body l ength a greater body wei g ht  ( F i gure 7 . l Ob ) , 

and d )  at a g i ven  body l ength a greater ta i l  1 ength ( F i gure 7 . 1 l b )  
than mal e rats . 

W i th age the ma l es  devel oped a greater body we i ght  at  a g i ven total 
l e ngth and a g i ven body l ength . T he greater ta i l  l ength of  fema l e s a t  
a g i ven body wei g ht o r  body l ength rema i ned wi th age . 

D rawi ng together the ev i dence from the tempora l and a l l ometr i c  
p l ots prov i des some new and i ntere sti ng concl u s i ons . Ta i l  l engths �ere 
not d i fferent i n  mal e s  and fema l es between 16 and 38 days of age and 
sex d i fferences in body wei ght that were present before wean i ng pers i s ted 
l a rge l y u na l tered at l ea st  unt i l 38 days of age . But the l i near growth 
of the body was retarded i n  the femal e ,  thus  a l l ometry s howed that the 
fema l e  h ad a greater we i g ht  at a g i ven l ength  up to 38 days of age . 
I f  on l y  total l engths had been u sed no effect  of sex wou l d  have been 
apparent . the oppos i te natu re of  the growth of the ta i l  a nd body l engths , 
i n  the comb i ned meas urement ,  g i v i ng l i tt l e overal l change i n  body we i ghts • 
re l at i on s h i p to l ength . 

I n  Chapter 8 i t  wi l l  be s hown that ovari ectomy a t  28 days of age 
res u l ts i n  a l onger a nd hea v i e r  a n i ma l  than does  ovari ectomy at  49 days 
of age i n  t he rat .  Th i s f i nd i n g  s u pports the present fi nd i ng that 
l i near growth i s  i n h i b i ted i n  the fema l e rat before puberty .  The 
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ovary wou l d  seem to secrete b i o l og i ca l l y act i ve oe strogen s  before puberty .  
The s u rpri s i ng l ac k  of a n  effec t of sex on ta i l  g rowth from 1 6  

t o  3 8  days of age , yet a c l ear s e x  d i fference i n  the growth of  the 
more ros tra l vertebrae h a s  not , to the author 1 s knowl edge , been 
reported prev i ous l y .  Acheson et a l . ,  ( 1959 )  d i d  not ca l c u l a te the 
body l engths  so they d i d  not report  th i s effect .  Re- p l ott i n g  the d&ta 
of Hughes and Tanner a l s o  s hows that  femal es have , a t  a g i ven body 
we i ght or body l ength , a greater  ta i l l ength . 

These resu l ts suggest that the re sponses of ta i l  l ength and body 
l ength to oe s trogen d i ffer . But  Pae s i  and De Jongh ( 1 954 ) have s hown 
i n young hypophysectomi sed fema l e  rats  ( 24 days o l d and wei g h i ng 29 to 
3 5  g ) tha t fo l l owi ng 1 2  days oestrogen treatment ( u s i ng 7 doses of 
oe strogen ) ta i l  l ength growth wa s great ly reduced . Th i s c l ear 
demonstrat i on of a response of the ta i l  to  oes trogen ,  i n  a pre-pubertal 
a n i ma l , i s  contrary to Kennedy 1 s  s ta temen t  ( 1 970 ,  p320 ) , ' After weaning 

and before puberty . . • . .  Oestrogen is again without effect either on 

intake or on growth . 1  Whether Kennedy i s  referri ng  to l i near growth 
or l i ve we i g ht growth i s  not c l ear . The d i fferent responses  of ta i l  and 
body l engths  to oestrogen may be a dose rel ated phenomenon , ihe ta i l  
be i ng l e s s  sens i t i ve to oes trogen . 

Data wi l l  be presented i n  Chapter 8 to s upport the i dea that part 
of the pos t-ovari ectomy i ncreased effi c i ency of food uti l i sati on , 
i ncreased body we i ght ) and i nc reased body l ength cou l d be due to an  
i ncrea sed s k i n  s i ze and therefore a decrease i n  heat l os s . The  a l l ometri c 
re l at i ons h i p  between  body wei ght  and body l ength a l so changed fol l owi ng  
oval�i ectomy to g i ve a n  i ncreased we i ght  at  a g i ve n  body l ength , aga i n  
decrea s i n g  h eat l os s . Part of the greater effi c i ency of food u ti l i sat i o n  
of  t he  mal e  rat (Morri s ,  Pa l mer  and  Kennedy , 1933 ) cou l d a l so be d ue  to  t he  
d i fferences i n  a l l ometry demonstrated here i n . For examp l e ,  the ta i l  
of the fema l e  i s  of g reater l ength rel ati ve to body wei g h t  and body 
l ength than  i n  the ma l e  wh i ch wou l d further i ncrea se  the surface area to 
vol ume rati o of the fema l e ,  per haps  cau s i ng  i ncrea sed heat l os s , and 
therefore contri buti ng  to the decreased effi c i ency of  food u l t i l i sat i on 
in  the fema l e  ra t . 
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B I RTH , WEAN I NG ,  AND ULTIMATE WE I GHTS : COMPENSATORY GROWTH 

I n  da i ry h e i fers ( Chapter  5 )  the percentage of the vari at i o n  i n  
the rate of wei g ht  ga i n  ( s l ope ) exp l a i ned by the b i rth wei ght  ( constant )  
depended on the number of measurements made . S im i l ar ly  a b i rth we i ght  
ca l cu l a ted from a n umber of measurements was shown i n  Chapter 2 to  expl a i n 
more of the var i at i on i n  rate of  ga i n  than the meas ured b i rth we i gh t .  
As 3 5  measurements were obta i ned from each an ima l  i n  the present s tudy 
i t  was l og i ca l  that  the fi nd i ngs  of Chapter 1 ,  concern i ng compensatory 
growth i n  the rat ,  shou l d  be re-exami ned and extended . 

Log l i ve we i g hts were regressed aga i n st the rec i procal o f  age 
( i n  wee k s )  to obta i n  s l opes , constants and the es t i mated we i gh ts at 
28 days of age . Wei ghts from 26 to 50 days were u sed , the earl i er 
we i g h ts be i ng g rea tly above the fi tted l i ne .  Fi gures 7 . 12a  ( fema l es )  
and 9 . 1 2b ( ma l es )  show the extreme l y  c l ose rel ati on s h i p between the 
wei g h t  at 28 days of age and ra te of wei g ht ga i n  ( s l ope ) . I n  C hapter 1 
a bout  40% of the vari at ion  i n  the rate of we i g ht g a i n  cou l d  be 
expl a i ned by the measured wea n i ng we i g ht . But both the ma l e  and fema l e 
r a ts of  the present study s howed extremel y h i g h  corre l at i ons  between 
the s l opes and the cal cul a ted day 28 we i g hts wi th a bout 80% of  the 
va ri a t i on i n  g rowth rate be i ng exp l a i ned by the wea n i ng wei g hts . The 
rel a t i onsh i ps between the day 28 wei ghts and the u l t i mate wei g hts are 
shown i n  F i gures 7 . 13a ( fema l e s )  and 7 . 1 3 b  (ma l es ) . The l a c k  of 
dependence between the se two e st ima te s  c l early s hows that wea n i ng 
we i g ht i n  the rat i s  l a rg e ly  contro l l ed by externa l  envi ronmenta l 
i nfl uences . 

Wi ddowson ( 1 976a ) p resents a re-analys i s of  her c l a s s i c experiment 
on  compens atory growth i n  the rat , where suckl i ng rats were cross ­
fos tered to  g i ve l a rge and sma l l l i tters , wh i ch i nd i cates  tha t 
compensatory g rowth i n  the ma l e  i s  i ncompl ete compared to that of the 
fema l e .  The present resu l ts do not su pport Wi ddowson • s  concl u s i on ,  
they s how that the day 28 wei ght  expl a i ns a s im i l ar proporti on  of  the 
var i a t i on i n  the subsequent  growth rate of both ma l e  and fema l es . 
Furthermore day 28 we i g ht  and u l t i ma te wei ght are l a rge ly  unrel ated i n  
both sexes . 
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J i nks  and Broad hurst ( 1 963 )  stud i ed the i nheri tance of body 
wei gh t  i n  the ra t u s i ng the refi ned tec h n i ques of the d i a l l e l cro s s . 
Wei ghts  were o bta i ned from the offspr i ng a t  b i rth , 2 1 , 50 , and 100 days 
of age . Heri tabi l i ty at  b i rth a nd at  1 00 days was h i gh wh i l e  i t  wa s 
l ower a t  50 days and compl ete l y  absent a t  21  days of  age . Monte i ro and 
Fal coner ( 1 966 ) measured a smal l amount of g eneti c var i a ti on at  wean i ng 
( 3  weeks  of  age ) but a l arge amount  of genet i c var i a t i on  at  1 wee k  o f  
a g e  i n  m i ce . Fo l l owi ng severa l re-ana l yses of the i r  data J i nks and 
Broadhurst  cou l d  s how ' . . . .  no entirely satisfactory explanation of the 

absence of heritable differences  in body weight at weaning ' .  However 
l i tter s i ze and ma ternal a b i l i ty were ment i oned as po s s i bl e  factors 
i nvo l ved . As wean i ng wei gh t  i s  l argel y  env i ronmenta l l y determi ned , 
whi l e  u l t imate we i g h t  i s  genet i ca l l y  contro l l ed ,  po s t-wean i ng compensatory 
growth natura l l y  fo l l ows . T h i s evi dence c l early s upports the present 
fi nd i ngs  of very h i g h corre l at i ons between weani ng wei ght  ( or current ly  
day 28 we i g ht )  and the  subsequent rate of  we i g ht g a i n a nd the  l a ck of  
corre l a ti on between  wean i ng we i g ht and u l t i mate wei g h t . 

Few s tud i e s  have attempted to ana l yse the source of the vari at i o n  
i n  wean i ng wei g h t . I n  the ear� i er s tudy , descri bed i n  Chapter 1 ,  no 
sys temati c measurements were taken before weani ng . However  i n  the present 
study tri -week ly  wei ghts were ava i l a bl e  from bi rth to wean i ng .  These 
we i g h i ngs  were therefore trans formed to l ogari thms and regres sed aga i ns t  
the l ogari thm of concepti on age  t o  obta i n ,  for eac h  a n i ma l , e s t imated 
b i rth wei g hts a nd s l opes ( the  pre-wean i n g  g rowth rates ) .  The 
expl a na t i ons  of the vari a t i on i n  l i ve wei g h t  ( R2 ) were frequentl y over 
99 . 5% .  

B i rth we i g ht was s i g n i f i cant ly  i nfl uenced by genotype i n  the study 
of  J i nk s  and Broadhurst . Therefore i f  the genes control l i ng body s i ze 
equa l l y  i nfl uence both b i rth wei ght and u l t i mate wei ght  one wou l d  expect 
a pos i ti ve corre l at i on between these two we i g hts . ( Es ti mates of the 
u l t i ma te and day 28 wei g hts were those  previ ous l y ca l cu l a ted u s i ng the 
l og-rec i proca l equa t ion  app l i ed to the we i g hts obta i ned from 26  to 50 days 
of age . Therefore for i nd i v i d ua l  a n ima l s e stimates of b i rth we i g ht  and 
pre-wean i ng growth rate were o btai ned from d i fferent  measurements to 
those u sed to est ima te post-wea n i ng growth rate and the day 28 and 
u l t ima te wei ghts ) .  But for the fema l e  rats ( over a l l three treatments )  
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l es s  than 2% of  the vari at i on i n  u l t i ma te we i g ht was exp l a i ned by the 
ca l cul ated b i rth wei g ht  ( F i gure 7 . 14a ) . S im i l a rl y ,  for fema l e  rats , 
the pre-wean i ng growth rate was negat i ve ly  corre l a ted wi th the post­
wea n i ng growth rate ( i . e .  an ima l s wi th a rap i d  pre -wean i ng growth rate 
tended to have l ow post-wean i ng growth rates ) but the pre -wean i ng 

. g rowth rate expl a i ned on ly 19% of the vari ati on in  the post-wean i ng 
growth rate ( P  < . 05 ) . In compar i son the ca l cu l a ted wei gh t  a t  day 28 
exp l a i ned a l most  80% of the vari a ti o n  i n  the post-weani ng g rowth rate . 
McCance and Wi ddowson ( 1 974 )  hypothe s i sed that the rate of growth 

· fo l l owi ng wean i ng i s  determi ned by e i ther the actual we i g ht  at wean i ng 
or the pre-wean i ng growth rate . The present anal yses suggest that the 
actual we i g ht  at  the i n i ti at ion  of  compensatory growth , rather than 
the path by wh i ch the we i g ht wa s a tta i ned , contro l s the s ubsequent 
growth rate . 

Throughout thi s thes i s  i t  has  been repeated l y  s hown that on a 
l ogari thmi c metameter growth rate i s  negati vely rel ated to i ni t i a l  we i g h t .  
B u t  i n  the present study t he ca l cu l a ted bi rth we i gh t  was excepti ona l  
a s  i t  expl a i ned on l y  4% of the var i a ti on i n  the pre-wean i ng growth rate . 
Th i s  means that d i fferences i n  l i ve we i g ht  between an ima l s at  bi rth 
were l arge ly  ma i nta i ned u nti l wea n i ng and that there shou l d  be a s trong 
pos i ti ve correl ati on between bi rth wei ght  and wean i n g  we i g h t  ( or  i n  
the present case  the day 28 we i g ht ) . F i gure 7 . 14 b  confi rms th i s i dea 
as the bi rth wei ght exp l a i ned over 62% of the vari at ion  i n  the day 28 
wei ght  (P < . 00 1 ) and the pre-wean i n g  g rowth rate exp l a i ned on l y  16% 
of the var i a ti on i n  the day 28 we i g h t  (P � . 05 ) . The l a ter correl a ti on 
was a l so pos i t i ve ,  i nd i cat i ng , on  a l ogari thmi c sca l e ,  the d i vergence 
of  the pre -wean i ng growth l i nes . 

Therefore the vari a ti on i n  wei g ht at  day 28 was mai n l y  due to 
pre-natal i nfl uences but the day 28 wei g ht was a l so pos i ti ve ly  rel ated 
to the pre-�'/ean i ng growth rate , presumab ly  a post-natal effect of the 
l i tter s i ze or the l ac tati onal or  motheri ng abi l i ty of the dam . The 
range of  l i tter s i zes was 3 to 13 offspri n g , a greater range may 
i nfl ate the amount of vari at i on i n  day 28 wei ght due to pos t-nata l  
i nfl uences . These resu l ts c l ear ly  s how that the mechan i sms contro l l i ng 
compensato ry growth are not deve l oped unt i l a bout wean i ng i n  the ra t 
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a s  d i fferences between a n ima l s a t  b i rth appear to be ma i nta i ned 
unti l wean i ng .  

EV I DE NCE FOR FOUR DAY CYCLES OF  BODY GROWTH I N  THE RAT 
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I t  wa s noted earl i er th at when l og ta i l  l ength wa s p l otted aga i n st  
l og concepti on age t hat  t he  res i dua l s devi ated quadra ti ca l l y  a bout  the 
f i tted l i ne . I t  may have been prudent to drop the f i rst few ( pre­
wea n i n g )  mea surements as  they seem to repre sent a pre-wean i ng growth 
phase , a nd tes t  the post-wea n i n g  data for l i neari ty ;  i n i ti a l l y  th i s  
wa s not done . De spi te the rema i n i ng c urvature a c l os e  i n specti on  of  
the  ma l e data revea l s the po s s i b i l i ty of  s hort-term growth cyc l es  
( F i g u re s  7 . 8b , 7 . 1 5a ) .  I f ,  i n  Fi gure 7 . 1 5a , one s ta rts at  18 days 
of age and i nspects the va l ues  to 3 5  d ays , the ma l e  tai l l engths  that 
are mos t  bel ow the general downward trend are at 22 , 26 , 30 and 33 days , 
wh i l e  those most  above the genera l  trend are at 2 1 , 24 , 29 , 3 2  a nd 35 
days . Both the max ima and m i n i ma i nd i c ate that the meas urements 
fl uctu ate cyc l i ca l l y  wi th a phase of  a bo ut  4 days . I n  add i ti on  the 
1neasurements tend to occur i n  s tep- l i ke sequences at 19 , 20 and 2 1 ; 
22 , 2 3  a nd 24 ; 30 , 3 1  and 3 2 ; a nd a t  3 3 , 3 4  and 35 days . The po i nt at 
28 days i s  the o n l y  one to d i s rupt thi s pattern . For the fema l e ta i l  
l en g th re s i dua l s ( F i g  7 . 8b )  a s hort-term cyc l e  cou l d  be presen t ,  the 
var i a ti on appears to be wave - l i ke .  After 35 days , a pproximate l y  the 
t ime of  puberty i n  the rat ,  the patterns are d i srupted i n  both ma l e s 
and fema l e s . 

The re s i du a l s  for body l ength s how evi dence of  cycl i c i ty ,  the 
i n i t i a l ' s teppi ng ' ,  i n  the fema l es  ( F i g . 7 . 9b )  bei ng notab l e .  
Res i dua l s  for total l ength , i n  fema l es , s howed a c l ear ly  cyc l i ca l  
pattern . Thu s they have been pl otted , for compari son , wi th the 
res i du a l s for ma l e  ta i l  l ength ( F i g .  7 . 1 5a ) .  For the femal es ( F i g . 7 . 1 5 b )  
nad i rs can b e  i denti f i ed a t  1 9 , 23 , 27 , 3 1  a nd 3 5  days wi th peaks  a t  
1 7 , 2 1 , 25 , 29 , and 3 2  days of  age . These cyc l es seem to b e  o n e  day 
beh i nd ,  or out of pha se from , the ma l e  cyc l es i n  ta i l  l ength ( F i g  7 . 1 5 a )  
T h i s i s  an i mportant fi nd i ng ( prov i d i ng that a l l t h e  a n i ma l s were born 
a nd wei ghed on the same days ) ,  wi th re spect to the aet io l ogy of the 
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the cycl es � as i t  counts aga i ns t  t he cyc l es bei ng due to systemat i c 
errors of mea surement  or  to a reg u l a r ly  fl uctuati ng env i ronment .  

Appe nd i x  Tab l e s  7 . 1 and 7 . 7 s how that the re s i dua l s for body 
wei g ht were approx imate l y three t i me s  greater , rel at i ve to the means , 
than those for the l i ne a r  d imens i on s � I n  add i tion the l a rge l ong-
term fl uctu at i ons  i n  the re s i dua l s for body wei ght , espec i a l l y  that 
occurr i ng befo re wean i ng , made i t  d i ffi cu l t  to detect pos s i bl e  s hort­
term fl uctuat i ons i n  g rowth rate . The major  l ong-term fl uctuati on 
i n  the res i du a l s wa s therefore e l i mi nated by ana lys i ng on l y  post­
wean i ng we i g h i ngs . I ns tead of the l og - l og equat ion  the l og -rec i proca l  
equat i on wa s used s i nce ,  for Acheson • s  fema l e  �at l i ve wei g ht data from 
post-wea n i ng ages , t h i s rel a ti on s h i p appeared to be l i near  ( Fi gure 6 . 9 ) . 
The res i dua l s a bout t he l og - rec i proca l l i ne for body wei gh t  s how 
sys tema t i c s hort-term swi ngs ( F i gure  7 . 16a ) as do those for body 1 ength 
( Fi gure 7 . 1 6 b ) . The max ima a nd m i n i ma of  the cyc l es appear  to be of  
a bout 4 days durati on . 

Un l i ke the pub l i s hed data of  Acheson the i nd i v i dua l  rat wei g hts 
were ava i l ab l e from the Ma ssey experiment and cou l d  be tested for 
s hort-te rm r hythms . The res i ciu a l s a bout the l og -reci procal l i nes  
fi tted to  the da i l y we i ghts ( from a bout  30 to  50 days of age ) of 
i nd i v i dua l  a n i ma l s ,  a re p l otted a g a i ns t  age i n ,  

1 ) 
2 )  

and 3 ) 

Fi gures  7 . 1 7a , 
fi gures 7 . 18a ,  
F i gures 7 . 19a , 
fema l e  rats . 

b ,  c '  
b ,  c ,  
b ,  c �  

a nd d for four  ma l e  ra ts , 
and  d for four fema l e  rats 
a nd d for four pre-nata l l y androgen i sed 

The pos i t i ve quadrat i c for androgeni s ed fema l es , the negati ve 
quadrat i c  for ma l es ,  and the l arge l y  stat i onary trend for the fema l e s  
a ga i n s hows the ba s i c  d i fferences i n  the patterns of g rowth between 
the sexes and trea tments . The  fema l es  can be s een to s how a greater 
amount of vari at i on , than the ma l es ,  a bou t the general trend . Th i s 
p i ctori a l l y  i l l u s tra tes the g re ater amount of u nexp l a i ned var i a t i on 
i n  the fema l es compared to the ma l es (Tabl e 7 . 3 ) . The androgen i sed 
fema l es a ppear to be i ntermed i ate between  the s exes i n  th i s  regard . 

The pa i rs of a n i ma l s s hown i n  F i gures 7 . 1 7 to 7 . 19 were l i tter­
mates and the members of a pa i r  were housed i n  the same cage . 
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Therefore i f  the s hort-term swi ngs i n  the res i dua l s were due to 
env i ronmenta l  i nfl uences the pattern of res i dua l s shou l d  be s imi l ar i n  
these pa i rs o f  a n i ma l s .  

A c areful study of  the pea k s  and troug h s , espec i a l l y  for the 
fema l es , l eaves the i mpres s i on that  the swi ngs  i n  the res i dua1 s a re out 
of phase . For the mal es  there i s  some ev i dence that the pea ks a nd the 
troughs  occu r on the s ame days i n  the a n i ma l s i l l u s trated . Al though  
the  pa tterns of res i dua l s from the ma l es do not s how conv i nc i ng 
ev i dence of  s hort-term cyc l es  the norma l a nd the treated fema l es both 
s how 4 day cyc l es of l i ve wei g h t  growth . Unfortunate ly  vag i na l  smears 
were not ta ken so that i t  wa s not pos s i bl e  to corre l ate the changes 
i n  wei g h t  wi th the events of the oe strous cyc l e .  But i t  seems u n l i ke l y  
that the a n i ma l s had s tarted cyc l i ng at  t h e  earl i es t  ages s hown and 
the fi rst  few oestrou s cyc l es i n  the rat a re u s ua l l y  i rregu l ar .  Thus 
the presence of s hort- term growth cyc l es , desp i te the l ac k  of ev i dence 
for them i n  the Ma s s ey ma l e s appears to be confi rmed . The i r  aet i o l ogy 
rema i n s to be determ i ned . 

There wa s a l a rge negati ve q uadrat i c e l ement rema i n i ng i n  t he 
res i dua l s for the ma l e  rats . For Acheson • s  body we i g ht and body 
l ength data the remova l of curvature i n  the general trend a l l owed a 
c l earer p i c ture of the short- term changes i n  the res i dua l s to emerge . 
Therefore the remova l of the qu adra ti c trend i n  the Ma s s ey ma l e  
a n i ma l s  may have he l ped the detect ion  of s hort- term rhythms . Th i s  
avenu e  of  s tudy wa s not fol l owed . A defi n i ti ve experi ment to 
a s certa i n  the aeti o l ogy of the se  s hort-term cyc l es i n  the fema l es  
wou l d  be to ovari ectom i se suc k l i ng or wean l i ng a n ima l s ,  we i g h  them 
da i l y ,  a nd then te s t  for cyc l e s  i n  the res i dual s a bout the genera l 
trend of  g rowth . 

CONCLUS I ONS  

The ana lyses of th i s  chapter demonstrate , a pparent l y for  the 
fi rst t ime , that i n  the rat body d imen s i on s  a nd body wei ght  adhere 
to the same genera l re l at i ons h i p  to age from 16  to 38 days of  a g e :  
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the l ogari t hms of l engths  a nd wei ght�  are l i near ly  re l a ted to the 
l ogar i thms of  concept i o n  age . The d a i l y  mea surements obta i ned by 
Acheson were wel l s u i ted to test both the l og - l og a nd the l og ­
reci procal  equati ons . However des p i te these rel at i on s h i ps for the 
mas s  curves the i nd i v i dua l  curves cou l d conce i va b ly  fol l ow a d i fferent 
pattern of c hange . But  the l i ve wei g ht  changes of i nd i v i dua l  a n i ma l s 
from b i rth to 50 days o f  age , obta i ned from the Ma s sey col ony ,  were 
a l so wel l d escri bed by the l og - l og and  l og -rec i proca l  equa ti ons . 

I n  C hap ter S i x  i t  was s hown tha t there were sys tema t i c  
fl uctuati ons  i n  growth ra te about  the fi tted l og -reci proc a l  l i ne .  
The res i du a l s about the l og - l og p l ots of i nd i v i du a l  a n i ma l s '  growth 
curves pre sent ly  d i s p l ay s i mi l a r  f l uctuati ons . Fo l l owi ng bi rth , 
growth s l owed for a few days , then accel erated , s l owed aga i n  to 
wean i ng , then accel erated aga i n  after wean i ng and s l owed once more 
after a bout  40 days of age . These c hanges i n  l i ve we i g ht do not seem 
to have been descri bed prev i ou s l y .  But s imi l a r changes i n  the growth 
rates of l i near d imen s i ons  have been noted by Hughes and Tanner ( 1970 ) 
who p l otted the abso l u te growth ra tes (mm/day)  for ta i l  l ength and 
nose-rump l ength aga i n s t  post-concepti on age . Hughes and Tanner 
( p36 7 } noted 

1 No se-rump and tail  length shm.; a curious earlier feature . 

Both increase in ve locity from 23  d to a small peak at 30 d ,  fall 

to 40 d and then increase to their ma jor peak . Thi s occur s in both 

sexe s .  It is unl ikely to be due to sampling error . '  

The i r  graphs  of the abso l u te vel oc i ti es  of l i ve wei ght  ga i n  d i d  
not g i ve a s imi l ar earl y pea k i n  growth rate but the i r  l i ve we i gh t  
graphs  ( p359 )  do s how a n  ear l y  nee-natal c hange . The apparent 
d i fference between the growth of the body ' s  wei ght  and l ength cou l d  
be due to the ari thmet i c sca l e not revea l i ng changes wh i Gh a 
l ogari thm i c sca l e wou l d revea l . T h i s aga i n  emphas i ses a recurrent  
theme 'o f  t h i s  work , th i s t ime re s ta ted by Mered i th and Mered i th ( 1 958) . 

' As emphasised by Minot over 60 years ago , biologic growth i s  

depicted more adequately through ' percentage increments ' than through 

' absolute increments ' .  Thi s  perspective i s  i l lustrated by noting that 

while two absolute increments of 1 . 0 kg are identical mathematically , 
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they are not identical b iological ly when one is added to an organism 

weighing 4 . 0  kg and the other augments an organism weighing 4 0  kg . '  

Thu s e qu i va l ent abso l ute ( ar i thmeti c )  growth rates at  b i rth and 
a t  1 00 days of age a re c l ear ly  not equ i va l ent b i o l og i ca l l y .  I n  the 
present work  the use of l ogari thmi c s ca l e s empha s i ses the i mportance 
of  the earl y g rowth phase a nd shows the changes i n  l i ve wei ght  on 
t h i s sca l e to be of a regu l ar cyc l i ca l  nature . These effects are 
not c l ear ly apparent when  ar i thmet i c s ca l es are empl oyed wi th l i ve 
wei g ht ( Tan ner and Hug h es ) but they are seen wi t h  ta i l  a nd nose-rump 
l engths . 

The a dverse effects of wea n i ng o n  growth rate a re common l y  
a l l uded to . But  for the au thor ' s  data , p l ots o f  the res i dua l s a bout 
the l og - l og eq uati ons s how the oppos i te effect . Fo l l owi ng wean i ng a 
s urge of growth occurred whi l e  before wean i ng a rel a ti ve decl i ne i n  
g rowth rate was ta ki ng p l ace . Some a uthors ( Hughes and Tanne r ,  1970 ) 
advoca te l a te wean i ng i n  rats ( a t  30 days of age ) but  the dec l i ne 
i n  growth rate wh i ch sta rts before weani ng s ugges ts that earl y wean i ng 
may ha l t  t h i s decl i ne i n  growth rate a nd be benef i c i a l  i n  terms of 
u l ti mate we i g h t .  Further work i n  t h i s area i s  necessary but the 
pre -wean i ng decl i ne i n  growth ra te cou l d  be a s soc i ated wi th competi ti on  
between l i tter mates a nd the  dam for  food . An i nves ti g a t i on of the 
res i dua l s a bout  the growth curves of  i nd i v i dua l  rats weaned a t  
vari ous ages , i n  d i fferent  s i zed l i tters , and wi th the ava i l abi . i i ty 
of so l i d  food a l so contro l l ed ,  cou l d shed some l i ght  on these processes . 

The deve l opment of  the mechan i sms control l i ng compensatory growth 
was i nves ti ga ted , u s i ng the data from the Massey col ony ,  by s tudyi ng 
the correl at i ons between the ca l cu l a ted var i ab l e s ; b i rth we i g hts , 

. pre-wean i ng g rowth rate s , day 28 wei g hts , post-wean i ng growth rates , 
and u l t ima te wei g hts . Compensatory growth fel l owi ng day 28 was s hown , 
wi th no sex d i fference i n  the effect ,  when about 80% of  the vari at i on 
i n  post-wean i ng growth rate was expl a i ned by the day 28 wei g h t .  As 
b i rth wei g ht  a nd pre-wean i ng g rowth rate d i d not s how a s tat i st i ca l l y  
s i gn i fi ca n t  re l at i o n s h i p b i rth we i g h t  and day 2 8  we i ght  were shown 
to be stro ng l y  posi t i ve l y corre l a ted . There was a wea k  corre l a t i o n  
between day 28  we i g h t  a n d  pre -wean i n g  growth rate . I t  seems that 



compensatory growth i s  i n i ti a ted a t  a bout  the t ime of  wean i ng and i s  
contro l l ed by the actu a l  wei g ht  a t  i n i ti a t i on rather than by the 
g rowth rate before i ts i n i ti at i on . 

The a l l ometr i c rel at i ons of ta i l  l e ngth to body we i g ht  show 
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negat i ve curvature . I n  marked contras t  the same re l a ti onsh i p s  for the 
data of Hughes and Tanner ( 1 970 )  a nd Mos i er ( 1 969 ) show posi t i ve curva ture 
fol l owi ng wea n i ng . At wean i ng i n  the se stud i es , as  i n  the present  work , 
a change i n  growth rate occurred . The d i fference i n  curvature cou l d  be 
a s tra i n  d i fference as  Mos i er used Long-Evans  rats , Hughes and Tanner 
hooded rats , and Acheson u s ed Sprague-Dawl ey rats . I t  i s  pos s i b l e to 
s e l ect and breed s tra i ns of mi ce wh i c h  po ssess  d i ffer i ng body we i g ht to 
tan lengt� rat� o *(Munfctr:d an =toe �eiJl , s� foatnQtes } t whi J �  �j-���l ��-��::l 

_...__ 

wor k  i n  rats i s  rev i ewed by Rob i nson ( 1 96 5 ) . Another d i fference between 
the experi ments were the env i ronmental  temperatures ,  72- 780 F  ( Mo s i er ) , 
69°F  ( Acheson e t a l) , wh i l e  Tanner and Hug hes do not g i ve th i s i nformat i on . 
Rodent ta i l  l ength vari es  greatl y wi th env i ronmenta l temperature 
( Harr i son , 1 963 ; Chevi l l a rd et a l . ,  1 963 ; Munford a nd Cockrem , u npu bl i shed 
s tud i e s )  wh i ch cou l d  a l s o account  for part of the d i ffer i ng a l l ometri c 
re l at i onsh i ps i n  the vari ous  stud i e s . 

Bu t the i mportant res u l t i s  tha t c u rvature i s  defi n i te l y  present 
i n  the a l l ometr i c p l ots ; the rel at i o n s h i ps between the vari ab l es  cannot 
be con s i dered a s  tru l y  l i near , j u s t  a s  the re l at i on s h i ps between the 
vari  ab 1 es and t i me s how l ong-term sys temat i c  departures from 1 i n ean ty . 
T h i s emphas i ses what Reeve and Huxl ey s tated i n  1945 ( p 138) , • one of 

the most serious difficulties , and often a neglected one , in  studies of 

relative growth , is  how to decide whether the growth trend of  the da ta 

i s  adequate ly represented by a straight line on a double logarithmic 

. grid ' . They go on to say tha t workers seem so conv i nced of • . . . the 

universal signifi cance o f  the simp le al lometry formula . . . .  ' tha t stra i g ht  
l i nes  are fi tted wh en a non - l i near equ at i on wou l d  c l ear ly  prov i de a 
s u per i or expl anat i on . Breaks i n  a l l ometry ca n somet imes be exp l a i ned 
by a curvi l i near rel at ionsh i p .  Mos s  and Baer ( 1 956 ) reported that  the 
re l a t i ve growth of  certa i n  s ku l l bones wa s best exp l a i ned by two 
s tra i ght l i ne s  wi th a d i s t i nct  trans i t i o n  poi nt . Ford and Horn ( 1 959 ) 
d i sagreed ; they concl uded that the spec i fi c  growth rates changed 
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cont i nuous l y ,  wi th no  part of  the  rel a t i ve growth p l ot bei ng represented 
by a s tra i g ht l i ne ,  a conc l u s i on reached by Barton a nd La i rd ( 1969 ) 
from a d i fferent approach . Most a l l ometri c re l ati on s h i ps are deri ved 
from exper iments where the da ta i s  col l ected fo l l owi ng cro s s - s ect i o na l · 
s l a ug hter rather than by l o ng i tud i na l  stud i es on t he same i nd i v i dua l s .  
I n  cros s- sect i ona l  stu d i es the scatter a bout the l i nes i s  l a rge . 
S uch  l a rge , apparentl y ra nrlom , var i a ti o n  may obscu re the pos s i b l e  
systemati c dev i at i ons occurr i ng .  The advent o f  e l ectroni c compu ters 
a l l ows the easy ca l cu l a t i on a nd d i sp l ay of a l l the res i dua l s a bo ut  
t h e  f i tted l i ne s , a l l owi ng a n  easy c h e c k  for departures from l i neari ty 
o r  systemat i c trends . The techn i ques descri bed by R i chards and 
Kavanagh ( 1945 ) for tes ti ng fo1� l i nea r i ty i n  a l l ometry cou l d  a l so be 
u s efu l . 

The u s e  of  tota l body l ength a s  a n  i nd i cator of the growth of  
the body as  recommended by Acheson , i s  of  doubtfu l va l ue as  i t  comb i nes 
ta i l and body l engths wh i ch  s how fundamenta l d i fferences i n  the i r  
re l a ti ons h i ps to age . I t  has  been sa i d  that ' It seems unl ikely that 

the growth of the tail in an appreciable way should differ from the 

growth of the rest of the skeleton ' ( Reu ter , 1 976 ; p380 ) . The  a bove 
ev i dence quest i ons  th i s  a s s umpti on and thus the concl u s i ons  reached by 
Reu ter concern i ng body growth a s  they were based u pon ta i l  l engths . 
S i mi l a r ly  Mos i er ( 1969 , 1 9 7 1 ) u s ed ta i l  growth as  an i ndex of  whol e 
body grm>�th . 

The sex d i fferences i n  growth found before p uberty s upp l ement 
and  extend the fi nd i ngs of Chapter  1 .  The c l ear sex d i fference i n  body 
l ength u p  to 38 days of age , wi th no d i fference between the sexes i n  
ta i l  l ength over th i s range of ages , seems to i nd i cate tha t the ta i l ' s  
re spon se  to sex hormones d i ffers  from tha t  of the other vertebrae . 
I n  Chapter 8 a c l ear i nh i b i ti on of  body l ength by oestrogen  treatmen t ,  
a n d  a marked growth i n  l ength fo l l owi ng ovari ectomy , wi l l  b e  demonstrated 
Thus oes trogen wou l d  appear to be  the hormone i nh i b i ti ng bone growth i n  
the fema l e rat .  The a bove ev i dence suggests e i ther tha t oestrogen 
does not i nh i b i t  bone g rowth d i rect l y ,  s i nce bone i n  two s i te s  d i ffers 
markedl y  i n  i ts re sponse to oe strogen , or that the respon se of bone 
to oes trogen i s  s i te dependent . 



The greatest d i fference between the sexes was between the body 
l ength-age curves ; fema l e s  h av i n g  a markedl y  reduced body l ength , a 
trend wh i ch deve l oped from a sma l l d i ffe rence at wean i ng to a l a rge 
d i fference before puberty . Thi s i nh i b i ti on cou l d be due to the pre ­
puberta l  ovary � pre-pubertal ova ri ectomy fo l l owed by da i l y  mea surements 
of  body l ength may settl e th i s poi nt . The sma l l d i fference i n  body 
we i g h t  at wea n i ng was ma i nta i ned to puberty and appeared to i nc rease  
s l i g ht l y ( the ma l e  s l ope a l thoug h  h i g her , wa s non-s i gn i fi cantl y so ) .  
An a l l ometri c p l o t  showed that the fema l e d i d  have an i nh i b i ti on  of 
l i near  growth rel a t i ve to growth i n  body we i g h t :  before puberty at a 
g i ven l ength the fema l es were heav i er than the ma l es . 
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These resu l ts do not s upport the conc l u s i ons reached by Hughes and 
Tanner ( 1 970 , p368 ) 

' Our measurements show little sign of sex dimorphism in shape . '  

They rea ched thi s conc l u s i on desp i te a p l ot of  ar i thmeti c ta i l  
l ength aga i nst  a r i thmeti c nose- rump l ength  revea l i ng c l ear sex d i morph i sm .  
Re- p l otti ng the i r data , l ogar i thmi ca l l y ,  s hows sexu a l  d i morph i sm i n  the 
re l a ti onsh i ps of  l i ve wei ght  to nose -rump l ength , nose-rump l ength  to 
ta i l  l ength , and  l i ve we i g ht  to tai l l ength . 

Systemat i c departures from the fi tted l i nes , descri bi ng the 
general  trends ,  have been s hown for l i near d imens i ons i n  the present 
c hapter , as  they were for body wei ghts i n  the previ ous chapter . But i n  
the present chapter , due to the more frequent measurements , dev i a ti ons 
cou l d be seen to fo l l ow 2 patterns , 

1 )  there i s  what  i s  termed the l ong -term vari at i on a bout the 
l i ne s ;  i . e .  a quadrat i c curvature for ta i l l ength , or the 
more comp l ex a pparent ly s i n u so i da l  pattern for body we i ght , 

2 )  there appears to be  a regu l a r short-term cyc l i ca l  pattern of 
var i a t i on wi th a phase l ength of a bout 4 days , for both 
pre - pu berta l ma l es and fema l e s , a nd for both body wei ghts and 

I 

the l i near measurements . 
The demonstrat i on of  short- term cyc l es i n  mean  data i s · surpr i s i ng ,  

one wou l d  expect the cyc l es  of i nd i v i dua l s to be out of  phase , thus 
o bscur i ng the cyc l es .  That  s hort-term cyc l es were found i n  the mean  
mea surements s u gge st  e i ther t hat  t he  cycl es  were rel ated to  age  o r  were 



due  to envi ronmentaf i nf l uences a ffecti ng a l l a n imal s equa l l y .  B ut  
the l i ve wei g hts from i nd i v i dua l Massey a n i ma l s a l so showed cyc l es a nd 
the  cyc l es were o u t  of phase i n  d i fferent  a n ima l s .  Th i s que st i on s  the 
env i ronmental exp l a na ti o n  of the cyc l es  but does not he l p exp l a i n  the 
synchro nous nature of the cyc l es  i n  the data of Acheson et al . ,  ( 19 59 ) . 

S hort-term cyc l es i n  bone growth have recentl y been detected by 
Tarn e t a L , ( 1974 ) . They s howed that f l uctuati ons i n  the growth rate 
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of bone cou l d  be mea sured i n  both rats and rabbi ts fo l l owi ng regu l a r  
mu l t i p l e i nj ect i ons  o f  radi o - l a be l l ed tetracycl i ne .  The peri od o f  the 
o sc i l l a ti ons  seemed to be con s tan t ,  b ut  the peri od ( 24 to 36 hours i n  
rats ) wa s much  s horter  than the peri od reported here i n .  Carl son ( 1 977 ) 
f i tted pol ynomi a l s to a h i g h  order then d i fferenti ated , to g i ve the 
s p ec i fi c  growth rate , a nd he fou nd that the s pec i fi c  growth rate i n  
c h i c kens  d i d  not decay u n i fo rml y wi th ti me a s  i t  conta i ned ' bumps ' .  
T h i s ev i dence questi ons  the trad i ti ona l  v i ew of un i mpeded body wei g ht 
g rowth wh i c h Mi tche l l ( 1 962 , p54 1 ) env i sages  ' . . .  the smooth course that 

growth must pursue , rather than the zig-zag pattern secured by a point­

to-point diagram . ' 

The demonstra t ion  that cyc l i ca l  var i a t i ons , both l ong-term and 
short-term , i n  body wei g hts and l engths  occu r ,  whatever the i r  aet i o l ogy ,  
has  fa r-reach i ng i mpl i ca ti ons  for research where wei ghts or d i mens i ons  
are measured . For exampl e the vari ab i l i ty of l i ve-wei ght  measurements  i n  
dome s t i c  an i ma l s i s  l eg i on ( Hughes , 1 976 ) . That some of th i s var i ati on  
cou l d  be  cyc l i ca l  seems to  have been con s i dered by few workers . 

But sequen ti a l  da i l y  wei gh i ngs of cattl e have s hown t ha t  l i ve we i g ht  
c h ange s  fo l l ow a cycl i ca l  pattern ( Maymore a nd  Si rcana , 1930 , quoted by 
Ba ker and Gu i l bert , 1942 ) . Ba ker a nd Gu i l bert wei g hed seven he i fers and 
one s teer on  69 consec uti ve  days u s i ng both 12  hou r  fasti n g  ( s hrunk 
wei g hts ) and ad  l i bi tum ( fu l l we i ghts ) feed i ng reg i mes . They fi tted l i nes  
to  each  i nd i v i d ua l ' s  we i ghts  to s how that s i gn i fi cant  runs  i n  the s i g n s  
of  the  res i dua l s occu rred . F or  both per i od s  ( s hrunk  and , fu l l )  s i gn i fi cant  
' F '  rati os were obta i ned when  the rati o s  of the vari ances common to 
i nd i v i dua l s and that due  to i ndi v i dua l  d i fferences were compared . Thus  
i n  both s hrun k  a nd ful l peri ods s i gn i fi cant  sys temat i c osc i l l a ti ons i n  
the res i dua l s occurred . 
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Th i s work  s eems to have been mi s i nterpreted by Koc h  et a l . ,  ( 1 958) 
who s ta te that the cycl i ca l  var i at i ons i n  l i ve wei g ht  were due to 
' An animal that had an above average fill on the first weight day would 

a l so tend to have an above average fill  on the following weight day . ' D .  
C l a rk ( 1 974 )  echoed th i s i nterpretati on of Baker and Gu i l bert ' s  res u l ts .  
B u t  Ba ker and Gu i l bert found u s i ng s hru n k  we i g hts that a l thoug h  they 
e l i mi nated some of  the var i a t i on between days , common to a l l a n i ma l s ,  
t h e  pattern of change  i n  i nd i v i dua l s rema i ned . Baker a nd Gu i l bert d i d  
n o t  s how tha t  the o sc i l l at i ons were d u e  t o  rumen fi l l . 

Despi te h i s quoti ng of the work of Ba ker and Gu i l bert , D .  C l ark  
( 1 974 ) s tates ( p lO )  ' . . . .  mos t  of  the experimental error is  due t o  random 

f luctuations in live weight ' .  However regu l a r fl uctuat i ons i n  the 
average da i l y  ga i n s of young  bu l l s ,  we i g hed every two weeks , a re c l earl y 
d i scernabl e from a f i gure i n  C l a rk ' s  own Append i ces ( p 1 5 1 ) . 

I t  may be i mportant that Baker and Gu i l bert d i d not control the 
env i ronmenta l temperatu re whi ch  i n  the i r f i rst  exper imenta l  per i od var i ed 
from 550F to 81°F whi l e  i n  the s econd per i od the range was 450F to 69oF .  
The  correl a t i o n s  between the dev i ati ons  i n  l i ve we i g ht and the da i l y 
range i n  tempera ture was s i gn i f i cant  for the fi rst peri od but not i n  
the s econd . The confound i ng of th i s  effect  wi th the i mpos i ti on o f  the 
treatments ( fu l l and s hrun k  wei g hts ) does c l oud the i n terpreta ti on of 
the i r resu l ts regard i ng the effi cacy of  u s i ng shru n k  we i ghts to reduce 
the error var i ance i n  l i ve we i g hts . 

I n  the present ana l yses the systemat i c  s hort-term changes i n  l i ve 
we i g h t  cou l d  be due  to vari a ti ons  i n  food or water i ntake but  the 
s hort-term sys tema t i c  changes i n  the l i near d imens i ons  requ i re a d i fferent 
exp l anati o n .  T h e  general i ty of  regu l a r fl u ctuati ons  i n  g rowth rate wa s 
hypothe s i sed by Hux l ey ( 1 932 , p 203 ) who ca l l ed the fi nd i ng a ' . . . .  curious 

but possibly important fact ' . The au thor a l so bel i eves i n  the genera l i ty 
of  s u c h  fl u c tuat i ons . Hux l ey conc l u ded that the f l u ctuati ons  i n  growth 
rate ' s  ' . . . .  physiological bas is is at present quite unexplained . '  

However i f  growth i s  c l ose l y  mon i tored a nd control l ed then the c l a s s i ca l  
p i c ture of the contro l l ed vari a b l e weav i ng a bout t h e  i dea l  s ta te descr i bes  
the fl u ctuat i ons  o bserved . 



As Needham ( 1964 , p 1 9 )  sta tes , wi th reference to body growth , 
' A  tendency for physiological processes to oscillate is probably the 

rule rather than the exc eption ' ,  

An obvi ous further ana l ys i s  wou l d i nvol ve fi tt i ng a peri od i c or  
cyc l i ca l  regres s i on to  the  re s i dua l s  a bo ut  the genera l trend . The u se 
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of  l og body we i g ht as  the  i ndependent vari a b l e seems to  g i ve t h e  s i mpl e st  
funct i o n , a s i ne curve . B ut  the ana l ys i s i s  compl i ca ted by the damped 
n ature of both the ampl i tude and perhaps the peri od , wh i c h mu s t  be 
e s t i ma ted . For these rea sons , a nd because  of t ime ,  th i s i mporta n t  part 
of  the work wa s not i ncorporated i nto th i s the s i s .  However i n  Chapter 
1 0  the separat i o n  of th i s  sys temati c var i a t i on , from the overa l l s catter 
a bout  t he l i nes , has been ac h i e ved by an  ana lys i s  of vari ance . The 
sys tema ti c vari a t i on about the l i nes  can a l s o be compa red , te s t i ng 
i f  t h e  swi ngs a bout the l i nes  a re i n  pha s e  wi th one another . 

But  i f  i n terest centres on  the dev i a ti ons  themse l ves a ma thema t i c a l  
descr i p t i on of them s hou l d  b e  found . The max ima and  m i n i ma of the l ong ­
term swi ngs ( a bou t  t he  l og - rec i proca l l i nes ) for i nd i v i dua l s cou l d  then 
serve as data for compari son or  for regre s s i on aga i ns t  i ndependent  
vari a b l es . An  o bv i ous c ho i ce bei ng a test  for the  rel ati onsh 1 p between 
max i ma , abou t the l og - l og  l i ne s  for the Ma ssey an i ma l s ,  and the age of 
puberty . 

Another a na l ys i s  cou l d  i nvol ve the fi tti ng of  the general trend then 
a cyc l i ca l  fu nct i on to the generated re s i dua l s and then by qua s i ­
i terati ve procedures obta i n i ng the best fi t for both  equa ti ons ( s ee 
Kenda l l ,  1973 ) . An i ncreased prec i s i on i n  est imat i ng the growth rates 
( th e  gene ra l tren d s )  s hou l d be  poss i b l e  by thi s method . 

But to the a u thor the ma i n  thru s t  of th i s chapter i s  the demonstrat i on  
tha t va l uab l e i ns i ghts i nto the nature of  the mamma l i an growth proce s s  
c a n  be ga i ned by thi s s impl e approach t o  t h e  ana lys i s of  growth curves . 
The fi tti ng of mathemat i ca l  functi ons  to the trend s  i n  the res i dua l s 
wou l d  a l l ow objecti ve s ta t i s t i ca l  tes ts of what a re present l y  s u bjec ti ve 
i mp re s s i ons concerni ng the pattern of  g rowth . Therefore further 
ref i nements of  the present  techni ques a nd ana l yses  u s i ng l arger samp l e s  
of a n i ma l s ( a nd d i fferent s tra i n s of a n i ma l s )  s hou l d  g i ve c l earer 
i nd i cati ons of  the fa ctors a ffecti ng , and  the mech a n i sms control l i ng , 
mamma l i a n  l i ve we i g ht  growth . 
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I NTRODUCTION  

The  i ncreased body wei gh t  ( BWt ) of  the  ovari ectomi sed ( OvX ) 
l abora tory rat has been a ttri buted  to the deve l opment  of obes i ty 
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( Kennedy ,  1969 ; Wade , 1972 ; Red i c k  e t  a1 . 19 73 ) . Th i s  concl us i on s tems 
from Stotsenberg ( 19 1 3 )  and  S l onaker ( 1930 ) who both s tated , wi thout 
chem i c a l l y  ana l ys i ng body compos i ti on , tha t  ovari ectomi sed  rats are obes e . 
But c hemi cal ana l ys i s  has produced confl i cti ng resu l ts . Compared to 
i ntact an i mal s ,  the we i gh t  of body fat i n  ovari ectomi sed rats , as a 
percentage of body we i gh t ,  has  been reported a s  be i ng ,  

1 )  i ncreased ( De Sme t ,  1953 ; Leshne r  & Col l i er ,  1973 ) 
2 )  decreased ( Gal l etti  & Kl oppe r ,  196 4 )  

and 3 )  unchanged (Reed e t  a1 . 1932 ; Ho l t  e t  al . 1936 ; 
Bogart e t:  al . 1944 ; Nyda et al . 1948 ) . 

Oe strogen i s  the pri nc i pa l  ovar i a n  hormone a ffecti ng rat body 
we i gh t  (Tarte l l i n & Gorsk i , 1 97 1  & 1973 ) . I t  i s  a l o g i ca l  progre s s i on 
from the concl u s i o n  that ovari ectomy i ncreases  both body fat and body 
we i gh t  to Kennedy • s ( 1969 ) s tatement that i n  young rats oe s trog2n 
treatment wi l l  reduce body fat .  However the ava i l ab l e evi dence i nd i cates 
tha t  doses  of oes trogen near the phys i o l o g i ca l  range i ncrease the percenta ge 
body fat ( Loeb , 1942 ; Nyda et al . 1948 ; Eb l i ng & Ha l e ,  1966 ) .  There i s  
a l s o  some in vi tro b i ochemi cal  ev i dence that oestrogen can have a 
l i pogen i c effect  ( Gi l mour & Mc Kerns , 1966 ; Watki ns e t  al . 1972 ) . These 
res u l ts obv ious l y  requ i re veri fi cati on a s  the asserti on  that ovari ectomy 
i s  l i poge n i c  and oe strogen treatment l i po l yti c has been used to s upport 
c urrent  i deas on  the mechan i sms contro l l i ng energy ba l ance (Wade , 1 9 76 ) .  

Ha l t et al . ( 1936 ) cou l d  s how no c hange i n  body compos i ti on 
fo l l owi n g  ovari ectomy so they attri buted the i ncreased body wei ght  to 
• i ncreased growth • .  Th i s  conc l u s i on has been supported by Tang  ( 1941 ) ,  
Grunt ( 1964 ) ,  and Nyda e t  a1 . ( 1948 ) who a l l no ted e i ther i ncreased bone 
or body l engths i n  ovari ectomi sed rats . The pos s i b i l i ty that an  i ncreased 
body l e ngth cou l d  expl a i n the i ncreased body wei ght was not con s i dered by 
Wade ( 1972 , 1976 ) .  However Kennedy ( 1970 ) s ta tes  tha t the r.ature of  the 
body wei ght i ncrease  fol l owi ng ovari ectomy seems to be governed by the 
stage  i n  deve l opment  reached at  the t ime of  ovari ectomy . I n  the s tudi es  
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quoted a n i ma l s were ovar i ectomi s ed at  wi del y d i fferi n g  ages , yet no. 
cons i s tent c hange i n  body compo s i t ion  wi th a ge at ovar i ectomy i s  appare n t .  
Th i s  i ncons i s tency cou l d  a l so re s u l t from d i fferences i n  the a g e  a t  
s l a ug h ter , and the i nterva l between ova r i e c tomy a n d  s l aughte r ,  i n  these 
s tudi es . So the present experi ment was des i gned to s tudy the effec ts 
o f  both age a t  ovari ectomy and age at  s l a ughter by ovar i ectomi s i ng rats 
a t  3 ages and s l a u g hteri ng them at 4 ages . 

The l a rge between-a n i ma l  va ri a b i l i ty apparent  i n  body compo s i t i on  
data seems to be due  to rea l d i ffere nces between an ima l s ra ther than to 
e rrors from the a na lyti cal techn i ques emp l oyed . Thus i n  the p resent  study 
approx i mate ly  30 a n i ma l s were a l l ocated to each ovari ectomi sed group . 
However trad i ti onal  techn i ques for the chemi ca l  ana l ys i s  of  body 
const i tuents , a l though accurate , are s l ow ,  a s  wel l as  pos sess i ng o ther 
d i sadvan tages . The l arge number of  chemi ca l  ana lyses thi s exper iment 
e n ta i l ed neces s i tated the devel opment of  rap i d  procedures for both 
p roce s s i ng and ana l ys i ng the ti s s ues ( see the Addendum to th i s  Chapter ) .  

The rel a t i ve growth of  body parts has been s ucces s fu l l y  ana l ysed 
by a l l ometry . I n  the rat Kennedy ( 1950 ) obta i ned a l i near re l a t ·i o ns h i p 
between  l og body we i gh t  and l o g body l en g th . Changes i n  th i s  re l at i ons h i p 
a re s a i d to be g radua l  fo l l owi ng wean i ng ( Freudenberger , 1932 ) . The use  
o f  l e ngth a s  the i ndependent vari ab l e for the ana lys i s of body compo s i t i o n  
a vo i ds  severa l s tat i s ti ca l  a n d  practi ca l  d i ffi cu l ti es i mp l i c i t  i n  t h e  u s e  
o f  body wei gh t  a s  the i ndependent vari ab l e ,  or  the denomi nator i n  rati o s  
or  percentages . The stat i st i ca l  val i d i ty of a l l ome try has been q ue s ti oned , 
wh i c h  coul d account  for the l ac k  of  i nformat i on on the shape or  form of  
the body fol l ov1 i n g  ova ri ectomy or oestro gen  treatmen t .  Al l ometry a l l ows ,. 
for exampl e ,  cha nges i n  the body l e ngth to body wei ght  rel at i ons h i p and 
the i nc rea sed s k i n s i ze fol l owi ng ova r i e c tomy , found by Reed e t . al . ( 1 93 2 ) , 
to be  i nvest i ga ted . The consequences o f  these changes , parti cu l a r ly  
regard i ng the i r  effect on  hea t l o s s , wi l l  be d i scussed . 



TABLE  8 . 1 

EXPER I MENTAL DES I GN 

AGE AT SLAUGHTER (weeks )  7 9 1 2  1 5  

TREATMENT 

Contro l  

OvX  W4 

OvX 02 

OvX �17 

OvX + E Bd: 

RATS I GROUP 

6+ 8 8 1 2  

8 c: 7 8 

6* 8 8 

7 B 7 

7 

A =  Group�  i n cl uded i n  Ana lys i s  A 

B = Groups  i ncl uded i n  Ana lys i s  B 

C = Grou p s  i nc l uded i n  Ana lys i s C 

A 

+ = proces sed ti s sues  l o s t  for two rats 

* = proces sed t i s sues  l os t  for group 

t = Oestradi o l  Benzoate 21g/day 

9 

8 

6 

7 
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MATER IAL S  AND METHODS 

The husbandry ,  trea tment , and other deta i l s  re l evant to the 
rats used i n  th i s experi ment are g i ve n  i n  Chapter 1 .  The experi menta l  
des i gn ,  i nc l udi ng the number of  an ima l s i n  each treatment and s l aughter  
gro u p ,  i s  shown i n  Tab l e  8 . 1 .  Many of  the  carca sses and sk i ns from 
a n i ma l s s l a ughtered at week 7 were acc i denta l l y  des troyed duri ng 
pre pa ra t i on . Other d i scre panc i e s  between the numbers of a n ima l s i n  Tab l es  
8 . 1 and  8 . 3  are due  to  the mea s urements not bei n g  recorded from some 
an i ma l s .  

Before s l a u gh ter ,  wh i l s t the rats were deepl y a naestheti sed , no se­
ana l  l en gths were measured by the  a uthor , i n  tri p l i ca te ,  u s i ng the  fo l l owi ng 
tec hn i q ue .  The ra t was l a i d  u pon i ts back , on a rul e r ,  wi th i ts no se  a t  
the zero mark . A sma l l amount of  backward pres s ure was exerted on  the 
ta i l  a n d  a p i n wa s p l aced a l ongs i de the a nus and the meas urement obta i ned . 
Ra ts were then j u gu l a ted ,  the s k i n  ( i nc l ud i ng the paws ) was removed 
( from the ta i l ,  body , and the hea d )  and i mmedi ate ly  wei ghed . The i ngu i na l , 
retroperi toneal ,  a nd gonada l  fat depots were di s s ected free , b l otted , 
we i gh ed � . and stored separate l y  at -30°C i n  Tyrodes Ri nger . For a n i ma l s 
s l a u g h tered at  week  9 omenta l  and mesenteri c depots were a l s o separatel y 
ana l ysed ; a t  the o ther s l a u ghter t imes  these depots rema i ned wi th the 
g u t  a n d  were ana l ysed as  part of the carca s s . The g ut  was empti ed o f  i ts 
co nte nts and we i ghed . The c arcass , i nc l u d i ng the head and ta i l ,  was 
we i ghed and the n combi ned wi th the gut and a l l the organs except the 
p i tui tary and the l i ve r .  

The sk i n a nd carcas s  were separate l y  processed and ana l ysed by 
a method deve l oped by the a uthor .  The deta i l s  of th i s  method are g i ve n  
i n  the Addendum t o  thi s Chapter . Bri efl y ,  th i s  method i nvol ves  homogen i s i ng ,  
freeze-dryi ng ,  oven-dryi ng , we i gh i ng ( to obta i n  the dry ma tter ) , and then 
gr i nd i ng before s torage i n  a i r  ti ght bottl es . L i p i ds were extrac ted by a 
methano l : wate r :  c h l oroform procedure . Ash was determi ned by fi ri ng 
tri p l i cate a l i quo ts i n  a muffl e furnace . ' Prote i n '  was e sti mated a s  the 
d i fference between the dry matter and  the fat p l us the ash . The va l i d i ty 
o f  th i s  estima t i o n  was ve ri fi ed  by pr ior  exper iment ( see the Addendum ) .  



I nd i v i dual  fat depots were ana l ysed separate ly  by techn i ques s i mi l a r to 
those  used i n  the s k i n and carcass ana l yse s . I n  the depots pro te i n was 
a s s umed to be the d i fference between dry matter and l i p i d  wei ghts . For 
the present ana l yses  wet we i ghts  and component we i gh ts for each depot 
were added to e i ther the carca s s  ( gonada l , retroperi tonea l , omenta l , 
and  mesenteri c )  o r  the s k i n wei ghts ( the i ng u i na l  depo t ) .  

B I OMETRI CAL CON S I DERATIONS  

s k i n ,  carcass , and  who l e body were trans formed to  l o gari thms ( l o g )  
beca use the mea ns  and standa rd devi at i ons  were s trong ly  corre l a ted o n  
the or i g i na l  sca l e ,  but were unre l ated o r  had a grea tl y reduced 
corre l a ti o n  coeffi c i ent on  a transformed two parameter l o g sca l e (Tabl e 
8 . 2 ) .  Sk i n a s h  we i gh ts were bel ow 1 . 0 g so 1 . 1  was added to a l l these 
we i gh ts before ta k i ng l ogari thms to avo i d negati ve l o gari thms . On the 
o ri g i na l  scal e mea n  no se-ana l  l ength s  and  s tanda rd dev i a ti ons  were 
u nre l a te d .  

The conven i ent me thods u sed i n  Chapter  1 for the ana l ys i s of  bo dy 
we i gh t  cou l d no t be used for body l e ngths or  t i ssue we i gh ts as they 
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were measured o n l y  once i n  each  i ndi v i dua l , a t  s l aughte r .  The ana l ys i s  o f  
t h i s  data wa s comp l i cated by i mbal ance i n  both the number of  c l asses  and  
the  number of  observa ti ons wi th i n  the  c l as ses (Tabl e 8 . 1 ) . As  the  number 
o f  c l a s ses wa s unba l a nced var i a b l es were anal ysed i n  3 separa te 2 way 
a na l yses  of va ri ance , where , due to unequal  s ubc l a s s  n umbers , the method 
of fi tti ng con sta nts by l ea s t  squa res  wa s emp l oyed . S i gni fi cant mean  
s quares were then  subdi v i ded to  g i ve compari sons based  on one  degree of  
freedom . I t  i s  e v i dent from Tabl e 8 . 1 that some s ubcl a s ses a re i nc l uded 
i n  more than one anal ys i s ,  w h i ch wou l d i ncrea se the chances of non­
s i gn i fi cant effects be i ng des c ri bed a s  s i gn i fi cant . However i f  comparab l e 

· a n a l yse s were made effec ts were onl y descri bed a s  bei n g  s tat i s ti ca l l y  
s i gn i f i cant i f  the same s i gn i fi cant effects were demonstrated i n  each 
a na l ys i s .  The a na l yses of var i a nce a nd fol l owup compari sons are more ful l Y  

descr i bed i n  Chapter Ten . 



.
TABLE 8 . 2  

Carca s s , s k i n ,  a nd whol e body cons ti tuent we i g hts : corre l at i ons  
between means  a nd s ta nda rd dev i at i ons  on ar i thmet i c  and  
l ogari thm i c  metameters 

Con st i tuent Tota l 

Carc a s s  
Ari th . 0 . 578* 
Log . -0 . 047 

S k i n 
--Ari t h . 0 . 677** 

Log . 0 . 2  

Whol e Body 
Ar i th .  0 . 649** 
Log . 0 . 1 3 

Correl at i on Coeffi c i ents ( r ) 

Water Dry Matter 

0 . 77 1*** 0 . 429+ 

0 . 1 1 3  - 0 . 1 6 2  

0 . 7 18** 0 . 65 1** 
0 . 2 16  0 . 149  

0 . 73 5** 0 . 607* 
0 . 1 72  0 . 076 

+ 0 . 05> p <0 . 1 0 
* p < 0 . 05 

** P < 0 . 01 
*** p < 0 . 001  

Fa t 

0 . 822*** 
0 . 408 

0 . 762*** 
0 . 1 1 1  

0 .  778*** 
0 . 226 

Ash  

0 . 697** 
0 . 543* 

0 . 6 64** 
0 . 1 29 

0 . 659** 
0 . 1 3 1  
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Pro te i n 

0 . 575* 
- 0 . 076 

0 . 646•k* 
0 . 1 75  

0 .  630*"k 

0 . 085 



PERCENTAGE COMPO S IT ION 

Body compo s i t ion  i s  frequentl y exp re s sed as  a percentage , o r  as 
we i g h ts per 100 g of  body we i g h t .  However these expre s s i ons i nvo l ve the 
use of the rati o of two vari a b l es wh i c h  may thems el ves be norma l l y  
d i s tr i b uted ,  b ut  the i r rat i o  h a s  a d i s tri b uti o n  wh i c h  may b e  d i ffi c u l t 
to transform to norma l i ty .  So unl ess  a no rmal i s i ng metamete r i s  found  
ne i ther  a mean  no r a vari a nce can j u s ti fi a b ly  be  ca l c u l a ted for a n umber 
of  rati os . Th i s  makes one val ue of  the rati o as  good a n  esti mate as 
seve ra l  val ues and makes compar i sons between groups i mpos s i b l e .  As 
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body component we i ghts were l ognorma l l y  d i stri buted an attempt to expre s s  
t h e  d a t a  as  percentages wou l d actua l l y  g i ve a d i fference , rath er  than a 
rat i o .  

Sk i n and c arcass  compo s i ti on wa s i n i ti a l l y  anal ysed us i ng the 
u ntran sfo rmed da ta expressed  as percentages . However th i s  me thod of  
ana l ys i s ,  bes i de s  bei ng s tat i s ti ca l l y  unsoun d �  had  practi ca l  d i sadvantages . 
Fo r exampl e ,  i f  the s k i n a n d  the carcas s  components \'/ere expres ssed as  
a perc entage of  who l e  body wei ght i t  was d i ffi c u l t to dec i de i f  the s k i n ,  
o r  the carcas s  component ,  was proporti ona te ly  norma l i n  s i ze .  As the 
s k i n and carca s s  made up  the whol e a change i n  o ne wou l d  be refl ecte d ,  on  
a pe rce ntage ba s i s ,  i n  the  o ther .  S im i l a r rea son i ng appl i e s to  a l l 
compo s i ti cnal a n a l yses where a change i n  one component wi l l , on  a 
percentage ba s i s ,  a ffec t  a l l o the r components . 

The ana l ys i s of body compos i t i on u s i ng percentages can be  
c h a l l e nged bo th s tat i st i ca l l y  a nd  p ract i c a l l y .  However percentages a re 
the commonest mode of expre s s i ng such da ta so percentage re s u l ts a re 
g i ve n  to a l l ow compari so n wi th other s imi l ar s tud i es . 

When percentage carca s s  compo s i ti o n  res u l ts a re presented i t  i s  
u s u a l  to s i mp l y  s tate that d i fferences betvJeen groups were due to 
compo nents be i ng i nc rea sed , decrea sed , o r  no t s i gn i f i cantl y a l tered . 
That  these d i ffere nces cou l d  be rea l  changes ( due to a rea l  phys i o l o g i ca l  
e ffect )  o r  pa s s i ve c hanges (a rti facts  due to a nother part chang i ng ) 
s eems to have been i g no re d  by many i nvest i gato rs . 

Cons i de r  the case where the a bso l u te wei ght  of  a component ( W )  
i nc rea ses whi l e  the abso l u te wei g hts o f  a l l o ther components ( X , Y ,  a n d  
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Z )  are unchanged . On a percentage bas i s  the % of W wou l d i nc rease  
wh i l e for X , Y ,  a nd  Z a decl i ne i n % wo u l d occur . I f  the pe rcentage 
c hange i n  W i s  sma l l then X , Y ,  and Z may a l l decl i n e ,  but perhaps by a 
s tat i s t i ca l l y  non-s i gn i fi ca n t  amoun t . However i f  l es s  e rror i s  
a s soc i ated wi th X than Y o r  Z then  a s tati s ti ca l ly s i gn i f i cant  d i ffere nce 
may be shown o n l y  fo r X ,  d es p i te X , Y ,  and Z a l l bei n g  decreased by an 
equa l  amount . Th us carefu l  s tudy o f  the re l a ti ve s i zes o f  the e rrors , 
a s  wel l as  the d i recti ons o f  the changes i n  compos i ti on ,  s hou l d precede 
a ny a ttempts at  defi n i ti ve s tatements on the na ture of  changes i n  
percentage compos i t i o n . 

When rea l  percenta ge c hanges occur  i n  two or more components the 
d i ffi cu l ti es  of i nterpre ta ti on  i ncrea s e . But i f  a rea l change i n  
compos i ti on i s  due to on l y one component (W )  then a percentage ana l ys i s 
c a l c u l ated fo l l owi ng the excl us i o n  o f  that  component ( W )  wou l d s how no 
d i ffe rences between the rema i n i ng components ( X , Y ,  and Z ) . A practi cal 
exampl e of  th i s  techn i que i s  where E l s l ey et al . ( 1964 ) , i n  the i r 
re-ana lys i s  and  re - i nterpre ta ti on  o f  the data col l ected by McMeekan 
( 1940 ) and Pa l s son and Verges ( 1952 ) ,  compared compo s i t i o n s  on  a fat-
free basi s to s how that c ha n ges i n  fat were the major  cause of  changes 
i n  compos i ti on due to d i ffer i ng p l anes  o f  nutri t ion . So i n  the present 
s tu dy components were expre s sed and a n a l ysed a s  % wet we i gh t ,  % dry we i gh t ,  
a n d  a s  a % of  the wet fat -free wei g h t . 

An examp l e from Tabl e 8 . 5  where the carcasses of  ova r i ectomi sed and  
contro l  ra ts are compared i n  Ana l ys i s  B ,  i l l u s trates the  advanta ges i n  
i nterpretati on  ga i ned by these modes o f  expres s i ng the da ta . The % 
ca rcass  wet we i gh ts s how % wa ter to b e  i ncreased and % fat and % a sh  to 
be  decreased by ovari ectomy . From the  means ( Append i x  Tabl e 3 . 1 4 )  the 
% pro te i n was a l so decreased but the d i fference fa i l ed to reach  
s tat i st i ca l  s i gn i fi cance . One cou l d conc l ude that the on ly real change 
was i n  the % wa te r ,  wh i l e  a l l the o the r components were pass i ve ly  
decreased . Th i s  concl us i on can be tes te d  from the % dry we i ght  
a na l ys i s  where water i s  exc l uded ; the concl u s i o n  i s  rej ec ted  s i nce the 
% fat and % a s h  s t i l l  show a decrease  i n  ovari ectomi sed rats . But on  
a dry bas i s the  % prote i n wa s i ncre a s e d ,  wh i l e  on a wet bas i s  the  % 
prote i n  wa s reduced becau s e  o n  a dry ba s i s ,  fat ,  as h ,  and  pro te i n make 
up the who l e , a decrease 1 n  both the % fat and % ash mus t  i ncrease the 
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% protei n .  Thus  i t  s eems esta bl i s hed that the fa t and the a s h  s how rea l 
% decreases fo l l owi ng ovar i ectomy , wh i l e  the % protei n i s  pa s s i ve l y  
chang i ng .  I f  the fat i s  now exc l uded from the ana l ys i s  then the re l a ti ve l y  
sma l l rea l decrease i n  a s h  s hou l d  resu l t i n  a sma l l i ncrease i n  both 
protei n  and wa ter ; i f  both the prote i n  a nd the water a re pa s s i ve l y  
c hang i ng .  However o n  a fat-free ba s i s  the % prote i n wa s decreased 
wh i l e  the % wa ter wa s i ncreased . Th i s i nd i cates that fol l owi ng ova r i ectomy 
the % wa ter s hows a rea l ch ange wh i c h  i s  l a rge enough  to cause  the % 
p rote i n to show a pa s s i ve decrea se . 

ALLOMETRY 

Al l ometry i s  a u s efu l method for the express i on of compos i ti o nal  
data as  i t  avo i d s  both the practi c a l  and the stati sti ca l objecti ons 
i nherent to the use of percentages or ra ti o s .  Al though  a l l ometry ha s 
been subject  to cri ti c i sm ( R i chards  & Kavanagh , 1 945 ; S ho l l ,  1 954 ) , due  
to  both the  i ndependent and dependent vari ab l es of the  regres s i o n be i ng 
s u bj ect to error , i t  can  be ma themat i ca l l y  j u sti f i ed ( Berkson , 1 9 50 ; 
L i nd l ey ,  1 953 ) . U s i ng the mathema t i ca l  mode l  u nderl y i ng reg res s i o n 
a na l ysi s ,  tha t errors a re i ndependen t  of true val ues , there i s  no 
s at i sfactory es tima te of  the rel at i ons h i p between two vari a b l e s  both 
subj ect to error , un l e s s  the errors are known or s i mi l a r knowl edge i s  
ava i l a b l e .  Berk son ( 1 950 ) fou nd that the s i mp l i c i ty of the prob l em wa s 
contradi cted by the compl exi ty of the so l u t i ons  so he proposed a new 
mode l , prov i d i ng a s i mp l e so l ut i on , wh i ch wa s j u st i fi ed ma thema ti ca l l y  
by L i nd l ey ( 1 953 ) . Berkson ' s  mode l  a s sumes that random errors are 
i ndependent  of the observed val ues , rather than the true va l ues . Th i s 
a s sumpti on , wh i c h a l l ows the usua l l ea s t  squares sol u t i on , g rea tl y 
extends the app l i cab i l i ty of regres s i on tech n i ques . I n  the present case  
i t  a l l ows the so l u ti on by l ea st  squares  of  the  a l l ometri c equati on , 

l og y = l og b + k l og x 
to be j u st i f i ed . 

B l i s s ( 1 967 ) a rgues that ' . . .  the size of both the part  and 

tne whole , or of two d i f�erent parts o f  an organism , are subj ect to 



simil ar errors ' .  However nose-anal  l ength meas urements a re s u bj ec t  
to a sma l l e rror ( Hughes & Tanner ,  1 9 70 ) , wh i ch wou l d be expected  t o  b e  
l es s  than ,  a n d  i ndependent  o f ,  the e rrors for the component  we i g h ts . 
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So pa i rs o f  measurements from i nd i v i dua l s were regres sed w i th l o g  
nose-anal l e ngth be i ng the i ndependen t  vari ab l e and l og wei gh t  the 
dependent vari a bl e .  For each vari ab l e the heterogenei ty of the vari ance 
was tested u s i ng the rati os of the scatter about the regre s s i on l i nes  
( S2

ma/2:Si2 ) .  A common error var i a nce abo ut  the l i nes cou l d  then be  
a s s umed and l i nes  cou l d  be  combi ned fo r compari son . An  ana lys i s  of  
vari a nce for repl i cated regres s i ons i n  a one way cl a s s i fi cat i on ( Bl i s s , 
1 967 ) separa ted the vari a ti on due to pos i t i on ,  non-paral l e l i sm ,  and erro r .  

Di ffe rences i n  s l ope between treatment groups were a na l ysed 
u s i ng as  the error term a functi on o f  the error mean  square ( EMS ) of  
the ana lys i s o f  var i ance , 

sb = !EMs 1 1 ( x2 )  
Test i ng for d i fferences d ue  to pos i t i on  i s  more di ffi cul t than  test i n g  
for d i fferences i n  s l ope . O ne  \'JOu l d expect t h at  d i fferences i n  s l ope 
woul d be accompan i ed by di fferences i n  pos f ti on , but thi s i s  not a l ways 
the case ( see carcass  prote i n ,  Append i x  Tabl e 8. 32 ) . Al so a d i f ference 
i n  pos i ti on may not be detected i f  on ly  the constant (when x equal s 
u n i ty - i n  the l ogari thmi c case ) i s  tes ted . T h i s  i s  because  the e rror 
( Sa ) at a pos i ti on ( x )  i s ,  

sa := 
VEMS X I 1/n + ( (x-X) 2 I ( x2 ) ) 

so  that the e rror var i es  wi th the d i s tance from the mean val ue , and  
w i l l  be  mi n i ma l  when  x = i and i ncrea ses  to the  constant . So o ne wou l d  
expect d i fferences between l i nes to be more ea s i ly detected a t  the 
mean val ue than  at  the con s tant . But  th i s  i s  not a l ways the ca se . I f  
two l i nes i ntersect near thei r mea n  val ues o f  x the n  they may s ti l l  d i ffer 
i n  pos i t i o n  a t  the i r  con s tants , b u t  th i s  wou l d  seem to be o f  l i ttl e 
b i o l ogi cal  i ntere s t  ( Sha l l ,  1954 ) a s  i n  the measured or sen s i b l e  range 
the l i nes may not d i ffer i n  po s i ti on . Te s ti n g  for d i fferences i n  
pos i ti on sol e l y  at  the mean , rather than at  the con stant ,  i s  argued 
a ga i nst  by both the above s i tuat i o n  and by the present case where the 
l i ne s  d i ffered i n  the i r  mea n  val ues o f  x .  L i nes were te s ted for 
d i fferences i n  the i r con s ta nts , u s i n g  the above error term . I n  



add i t ion  95% confi dence l im i ts were compu ted for va l ues of x from 1 6  
to  2 5  cm ( the  observed range o f  body l engths ) a nd p l otted graph i ca l l y  
to p rov i de a p i ctor i a l  a na l ys i s  and to overcome the d i ffi c u l t i es 
ment i oned a bove . 

Wi th no s e-ana l l e ngth as  the i ndependent vari a b l e a l l ometry a sk s , 
wou l d  there be a d i fference i n  compo s i t i on  a t  a g i ven l ength ? ; wh i l e  
percentage a n a lys i s enqu i re s , wou l d  there be a d i fference i n  compos i t i on 
a t  a g i ven body we i g ht? Each method of ana l ys i s  shows effects the 
o ther cannot or does not show . One cou l d regress l og component wei g hts 
and  l og BWt ,  but these pa i rs of vari ab l es  are su bject to s i mi l a r errors 
wh i ch are not i ndependen t .  I n  addi t i on the component parts are i nc l uded 
i n  the body we i g hts . Thus the adv i ce of Reeve & Huxl ey ( 1 945 , p . 138 )  
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was heeded 1 • • • • • •  to plot a part against another dimension which includes 

that part will always tend to obscure a change of proportions , and 

should generally be avoided • .  
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TABLE  8 . 3  

Nose-ana l  l ength ana l yses  

Ma i n  C l a ss Mea n s  Source  o f  var i a t i on d .  f .  F va l ue  

Treatment No . Length ( cm )  
Ana l ys i s A 

Treatmen t  4 1 2 . 1 1 5 "'** 
OvX 02 16 22 . 028 1 .  Al l OvX v s  C + E B  1 3 2 . 47 **"* 1 
OvX W4 1 7  22 . 879 2 .  C vs E B  1 0 . 00 
OvX W7 1 3  22 . 588 3 .  OvX 0 2  vs OvX W7 1 6 . 3 27 * 

Contro l ( C )  20 2 1 . 7 99 4 .  OvX W4 vs 
-

OvX 02  + OvX W7 1 8 . 049 ** 

Oe strogen ( E B )  1 4  2 1 . 689 Res i dua l  Mean Squar'e 70  0 . 373 

Ana l ys i s B Treatment 3 20 . 893*** 

OvX 02 24 2 1 . 181  1 .  A 1 1  OvX vs c 1 33 . 05 1*** 

OvX W4 24 2 2 . 1 5 6  2 .  OvX 02 v s  OvX W7 1 1 6 . 275**"" 
OvX W7 20  2 1 . 81 8  3 .  uvx W4 v s  

OvX  0 2  + OvX  W7 1 1 2 . 7 58*** 1 
Control ( C )  . 28 2 1 . 14 Res i dua l Mean Square 84 0 . 3 1 2  

Ana lys i s  c Treatment 2 1 9 . 23 1*** 

OvX 02 29  20 . 495 1 .  Al l OvX vs c 1 1 5 . 48 *** 
OvX W4 3 1  2 1 . 224 2 .  OvX 02 v s  OvX W4 1 22 . 2 18*** 
Control ( C )  3 2  20 . 523 Res i du a l  Mean Square 80 0 . 374 

* p <0 . 05 
** p <0 . 01 

*** p <0 . 00 1  



RE SULTS 

BODY WE I GHT 

As each  rat was we i ghed a t  week ly  i nterva l s the l og of  body 
we i gh t  and the rec i proca l  o f  age cou l d be regressed to ·obta i n a l i near 
equati on . S l opes ( rates of  ga i n )  a nd  constants ( u l ti mate body we i gh ts ) 
were then ana l ysed as da ta . The res u l ts fo r body wei ght  a re descri bed 
and  di scussed  i n  Chapter 1 .  

NOSE-ANAL L ENGTH 
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The means  and the ana l yses  o f  vari ance a re gi ven i n  the Append i ces 
( Ta bl es 8 . 28 ,  8 . 29 ,  & 8 . 30 ) . A s ummary , of  the ma i n  c l ass  means , 
a na l yses of vari ance , a n d  the compari sons , i s  g i ven i n  Text Tabl e 8 . 3 . 
On l y  the re s u l ts for the treatment ma i n  effects and fo l l ow- up compari sons 
are presented i n  the tex t  a s  no s i g n i fi cant i nteract ions  were fou nd . 
The effect  o f  a ge was , a s  expect2 d ,  s ta ti s ti cal ly  h i g h ly  s i gn i fi can t .  

Ovari ectomi sed a n i ma l s showed a n  i ncrea sed l ength compared  to 
i n tac t  a n ima l s (Ana l yses  B & C )  and compared to i ntact  p l u s  oestrogen 
treated a n i ma l s (Ana l ys i s A ) . 02 OvX rats were sho rter than OvX W7 
a n i ma l s (Ana l yses A & B ) . OvX W4 rats were l o nger than OvX 02 rats 
(Ana l ys i s  C )  and OvX 02 p l u s  OvX W7 a n ima l s (Anal yses A & B ) . Oestrogen 
treatment reduced the no se-ana l  l en g th of OvX W7 rats to a va l ue no 
d i ffe rent from that  of i ntacts (Ana l ys i s  A ) . 

CONST ITUENT WE IGHTS 

The s u b -cl ass  a n d  ma i n-c l a s s  means  and the a na l yses of vari ance 
w i th fol l ow-up compari sons  �re g i ven i n  the Appendi ces for Ana l ys i s  A 
( Tab l es 8 . 1 ,  8 . 2 , 8 . 3 ) , Ana l ys i s  B ( Tab l es 8 . 4 ,  8 . 5 ,  8 . 6 ) ,  and  
Ana lys i s  C ( Ta b l es 8 . 7 ,  8 . 8 ,  8 . 9 )  for the s ki n ,  carca s s , and  the who l e  
body res pecti ve l y .  
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TABLE 8 , 4  

Stat i s ti ca l l y  s i gn i f i cant ( P  a t  l ea s t  <0 . 05 )  effects o f  treatment and �ge 
on l og con st i tuent we i g hts . 

AN A L Y S I S  A 

OvX v s  C + EB 

EB v s  C 

OvX ( D 2  Y2_ H7 ) 

OvX nJ4 Y2_ ( D2+W7 ) 

A N A L Y S I S  B 

) 

OvX vs  C 

Ovx (02  '!2. W7 ) 

OvX ( W4 Y2_ ( 02+W7 ) )  

L I N EAR AGE 

QUADRAT I C  AGE 

A N P. L Y S I S  C 

OvX W4 vs  C 

L I NEAR AGE 

QUADRAT I C  AGE 
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fi rst ment i oned treatment i s  the grea ter 
fi rst menti oned treatment i s  the sma l l er 
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o n . F  A 
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+ 
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+ 
I 
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I = s i gn i f i ca n t  i nteract i o n , d i fference i ncrea s i ng wi th age  
0 = s i gn i f i cant  i nteract ion , d i fference decrea s i ng wi th a ge 

t = l i near i nc rease wi th age  or pos i ti ve quadra ti c  effect 
of age 

WET = WET WE I GHT , W = WATER , OM = DRY MATTER ,  F = FAT , A =  ASH , 
a nd  P = PROTE I N  



EFFECT OF  TREATMENT 

The a n a lyses of  vari ance parti ti oned the va ri at i on  i nto that 
due to treatme n t ,  a ge , and  the i r i nteract ion . Howeve r the effect  of  
a ge i s  con s i de red  to be of  l es se r  i mportance than  the  i nteract ions . 
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The i nteract i ons  however ,  were ma i nl y  due to treatment di fferences 
becomi ng gre a ter  wi th a ge .  Tabl e 8 . 4  summari ses the effects of treatment  
a nd  a ge on  body con sti tuent wei g h ts . 

Fo l l owi ng ovar iectomy the we i ghts of a l l s k i n ,  c a rcass , and who l e 
body components were s i gn i fi ca nt ly  i ncreased , compared  to i n tact and 
i ntact  p l us oestrogen treated a n i ma l s ,  wi th one no tab l e excepti on ; 
i n  a l l three a na lyses the we i gh t  o f  carca s s  fat rema i ned  unaffected  by 
o var i ectomy . Oes trogen treatment  o f  OvX W7 rats res u l ted i n  a l l the 
component we i ghts of s k i n ,  carca s s , and who l e  body bei n g  s i mi l a r to those  
o f  i ntacts , wi th one  exce pti o n ,  t he  wei ght  of  carcass  fa t bei ng 
s i gn i fi cant ly  i ncreased ( P < . 0 1 ) by oes trogen treatmen t .  Converse ly  
one  cou l d s ta te that  oes trogen treatment of  ovari ectomi sed a n ima l s reduced 
the wei gh t  of a l l body components except carca s s  fat .  The we i ght  of  s k i n 
fat i n  oestrogen trea ted a n ima l s was i nd i sti ngu i s hab l e from that o f  
i ntacts . Whol e body fa t a ppeared to be i ncreased by oes trogen , b u t  the 
h i gh vari ance associ a te d  wi th the fat wei ghts probabl y mas ked  the 
d i fference , as i t  o n ly  a tta i ned s i g n i fi cance at the 10% l evel . 

The d i fferences i n  l i ve we i ght  due to a ge a t  ovari ectomy ( Chapter  
1 )  we re accompan i ed by d i fferences between body components . 0 2  OvX  ra ts 
h a d  a l ower l i ve we i ght  than OvX W7 rats . Th i s  wa s due to a l l the 
who l e  body component we i ghts , exce p t  that of  fa t ,  bei n g  sma l l er i n  
02  OvX a n ima l s .  I n  the carcas s  a l l components were s i gn i fi cant ly 
smal l e r i n  02  OvX rats . The s ki n  we t wei ght o f  OvX 02 rats was sma l l e r 
than tha t of  OvX W7 rats due to a reducti o n  i n  the water a nd  prote i n .  
Thi s effect ,  o f  on ly  the water a n d  p ro te i n bei n g  a l tered , was repeated 
i n  the OvX W4 ·� OvX 02 + OvX \�7 compari son . Here the l i ve wei ght  
d i fference i n  favour of  OvX  W4 a n i ma l s was refl ected  i n  a s i gn i fi cant l y 
g reater we i gh t  of who l e body water a n d  prote i n i n  the OvX W4 rats . The 
c a rcass  o f  OvX W4 an i ma l s was h ea v i er  than that of  02 OvX + W7 OvX 
a n i ma l s ,  the d i fference bei ng due to water a nd pro tei n .  The s k i n o f  
W4 OvX rats conta i ned a greater wei g h t  of prote i n than d i d O v X  02 & 
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OvX W7 rats , yet the overa 1 1  s k i n we i ghts di d not si g n i  fi cant ly d i ffer .  

EF FECT OF  AGE  AT SLAUGHTER 

Tab l e 8 . 4  i nd i c a tes that for the s k i n the wet ,  wate r ,  dry ma tter ,  
a s h ,  a nd pro te i n wei ghts , expres sed  as  l ogari thms , i ncreased wi th age 
due to s i gn i fi cant l i near and quadra t i c  effec ts . However l og s k i n fa t 
i ncreased l i near ly wi th age , the quadrati c effect be i ng non-s i gn i fi cant .  
A s i mi l ar e ffect occurre d i n  the  carcas s ,  b u t  carcass fat i ncreased 
wi th a sma l l ,  but  s i g n i fi cant (Ana l ys i s  C ,  P < . 0 1 ) ,  quadrati c effect .  
I n  Ana l ys i s  B carca s s , s k i n ,  and who l e body fat al l i nc reased l i near l y ,  
whi l e  i n  the othe r components the quadrati c effect was a l so h i g h ly  
s i gni fi cant . No se -ana l l e ngth i ncreased wi th a ge wi th bo th l i nea r a n d  
quadrati c effects bei ng s i gn i fi ca n t . However a ri thmeti c rather than 
l og l ength was ana l ysed . 

I NTERACTI O NS 

Oestrogen trea tmen t  for 5 weeks  may have ca used a greater 
accumu l a t i o n  o f  carca s s  fat than treatment  for 2 weeks , as  the i n teracti o n  
fo r the con tro l  v s  oes tro gen compari son reached s i gn i fi c ance a t  the 
10% l e vel . 

From Ana l ys i s  B a s i gni fi cant  i nteract ion  ( P < . 05 )  for s k i n 
water i nd i c ated  that a t  week 9 the OvX W7 a n i ma l s conta i ned a l a rger 
amount of  s k i n  water than at weeks 1 2  and 15 , compa red to OvX 02 rats . 

The re were many o ther s i g n i fi cant  i nteracti ons wh i c h ,  wi thou t  
excepti on , s howed that the di fferences between  treatments i nc reased 
l i nearl y wi th age at s l a ughter (o r  a s  body we i g ht i ncrea sed ) . 
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FIGURE 8 . 1  

ALLOMETRY FOR WET WEIGHTS 

ALLOMETRIC REGRESSIONS OF LOG WET WEIGHTS UPON LOG NOSE-ANAL LENGTHS. 

WITH 95% CONFIDENCE 'LIMITS FOR EACH REGRESSION. 

( SHORT CROSS BARS, I NTACTSI LONG CROSS BARS: OVAR I ECTOMI SED) , 

---- • INTACT + EB TREATED RATS (N z 46l 

- - - - - • OVARIECTOMISED RATS (N = 76) 

(HQIE: SKIN - BOTTOM AND R I GHT HAND AXES: CARCASS AND WHOLE BODY - TOP AND LEFT HAND AXES) 
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FIGURE 8 . 2  

ALLOMETRY FOR THE SKIN 

ALLOMETRI C  REGRESSIONS OF LOG SKIN CONSTITUENT WEIGHTS UPON 

LOG NOSE-ANAL LENGTHS. WITH 95% CONFIDENCE LIMITS FOR EACH REGRESSION 

(SHORT CROSS BARS, I NTACTS; LONG CROSS BARS OVAR I ECTOM I SED) , 

---- s INTACT + EB TREATED RATS (N • 46) 

- - - - - s OVARIECTOMISED RATS (N = 76) 

(MQlE: FAT - BOTTOM AND R I GHT AXES; WATER.  DRY MATTER. PROTEIN - TOP AND LEFT HAND AXES) , 
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F IGURE 8 . 3  

ALLOMETRY FOR THE CARCASS 

ALLOMETRIC REGRESSIONS OF LOG CARCASS CONSTITUENT WEIGHTS UPON LOG NOSE-ANAL LENGTHS. 

WITH 95% CONFIDENCE LIM ITS FOR EACH REGRESSION (SHORT CROSS BARS, I NTACTS; LONG CROSS BAR S ,  OVAR I ECTOM I SED) . 

---- • INTACT + EB TREATED RATS (N = 46l 
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F IGURE 8 . 4  

ALLOMETRY FOR THE WHOLE BODY 

ALlOMETRIC REGRESSIONS OF LOG WHOLE BODY CONSTITUENT WEIGHTS UPON 

LOG NOSE-ANAL LENGTHS. WITH 95% CONF IDENCE LIMITS FOR EACH REGRESSION 

(SHORT CROSS BARS, INTACTS; LONG CROSS BARS. OVARI ECTOM I SED ) ,  

---- � I NTACT + EB TREATED RATS (N • 46> 

- - - - - • OVARIECTOMISED RATS (N • 76> 
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ALLOMETRY 

The equati ons , for the l og body component wei g hts regressed 
aga i nst  l og nose-a n a l  l engths , and  the ana l yses  of vari ance compari ng 
the s l opes and con sta nts , are shown i n  Append i x  Tab l es 8 . 3 1 ( s k i n ) , 
8 . 3 2 ( carca s s ) , and 8 . 33 (who l e  body ) . The s tati sti ca l l y  s i gn i f i cant  
and  b i o l og i ca l l y i mportant  effects are  i l l us trated for the 
ovari ectomi sed vs  i ntact + EB compari son i n  F i gures 8 . 1  (wet wei ghts ) , 
8 . 2  ( sk i n ) , 8 . 3  ( carca s s ) , a nd 8 . 4  (whol e body ) . 

I t  i s  c l ear  from Fi g .  8 . 1  that over the observed range of body 
l e ngths the wet we i g hts of s k i n ,  carca s s , a nd who l e  body of 
ovari ectomi sed rats are rel at i ve l y  l a rger than those from i ntact and EB 
treated a n i ma l s of compa rabl e l ength . Th i s wa s numeri ca l l y confi rmed 
when both the s l opes a nd  the constants were s i gn i fi cant l y d i fferent 
for each of these ti s s ue s . The s k i n  wet we i g hts of ovari ectomi sed 
ra �s appear  to i ncrea s e , re l ati ve to those of i ntact and  EB treated 
rats , before the wet we i ghts of the carca s s  ( Fi gure 8 . 1 ) . 

Sk i n water , d ry matter , fa t ,  and prote i n  were a l so greater 
for ovari ec tomi sed a n i ma l s ,  compared to i ntact and EB treated a n i ma l s ,  
d ue  to both s l opes a nd constants d i fferi ng ( F i gure 8 . 2 ) . The change 
i n  s k i n  water a ppears to occur at  a s horter body l ength , and thus a t  
a n  earl i e r  age , than does  the change i n  dry ma tter ( Fi gure 8 . 2 ) . Sk i n 
prote i n may a l so c hange  before s k i n fat . S k i n ash wa s u naffected by 
trea tment . 
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Age at ovar i ec tomy a l so a ffected body form . Al l ometry s howed 
s k i n  wet wei g hts of OvX 02  an ima l s to have a h i gher s l ope than W7 OvX 
rats , g i v i ng a s i gn i fi ca n t  d i fference i n  pos i ti on .  But for the carca s s  
wet wei g ht s  the effect  of a ge  a t  ova ri ectomy wa s reversed , a s  t h e  s l ope 
for W7 OvX a n i ma l s wa s h i gher than that for 02 OvX a n i ma l s ( a l though  
the d i fference on ly  a pproached s i gn i fi ca nce , P < . 1 0 )  g i v i ng a 
s i gn i fi ca nt d i fference i n  pos i ti on over the measured range of l e ngth s . 
The d i fference i n  wet s k i n  we i g ht  was due to s k i n water but the change 
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i n  c arcass  wet we i gh t  was probab ly  due to c hanges i n  dry matter a n d  
prote i n ,  a l though these changes onl y approac hed stat i s ti ca l  s i gn i fi cance . 
The oppos i te nature of the effects on  carca s s  and s k i n i s  i l l u strated 
by a ge at ovari ectomy not a ffect i ng a ny who l e  body parameter . 

On ly  one s i g n i fi cant d i fference between the rel a ti ve growth rates 
of EB a n d  i n tac t  groups ' components wa s s hown ; carcass  fat be i ng 
re l at i ve l y  i ncrea sed  by EB . The res u l ts s uggest di fferences between 
other components wh i c h may h ave reached s i gn i fi cance i f  e i ther a 
greater range of l ength meas urements , or  n umbers of rats � had been used . 

The i ncreased rel a ti ve wet carcass  s i ze of  ovari ectomi sed  rats 
was a ccompan i ed by an  i ncreased s l ope and  consta n �  for water �  and a n  
i nc reased s l ope , b ut  no  change i n  po s i ti o n  ( by ana l ys i s  of vari ance ) 
for p rote i n ( Fi g 8 .  3 ) . Th i s  s i tuati on o f  a d i fference i n  s l ope wi th no 
a s soc i ated s i gn i fi cant change i n  posi ti on , a l though d i ffi cu l t to i nterpre t �  
cou l d  i ndi cate no real d i fference � i n  the meas ured range � between the 
regre s s i on l i nes . I n  contra s t  to water and  prote i n  the fat and a s h  were 
rel at i ve ly  greater i n  i n tac t  a n d  EB groups due to the l i nes d i ffer i ng 
i n  pos i t ion  but be i ng para l l e l ( Fi g 8.  3 ) . 

Whol e body a l l ometry ( Fi g 8 .  4 ) re fl ected  the c hange s i n  s k i n and  
carca s s . \�ho l e  body wa ter and  prote i n were rel ati ve l y  i ncreased by 
ovari ectomy ,  s l opes and constants both bei ng i ncreased . v!hol e body fat 
was u na l tered by treatment but i ntact  and EB ra ts a ga i n  conta i ned more 
a s h  at a g i ven l ength due to the i r  pos 1 ti ons , rather than the i r s l opes , 
d i fferi ng . 

PERC ENTAGE COMPOS I T I ON 

The sub-c l a s s  means , ma i n-cl a s s  mean s , the a na l yses of  vari ance , 
and the fol l ow-up compa r i sons ( for i nd i v i dua l  degrees o f  freedom ) a re 
p resented for the % wet  we i ghts and % dry we i gh ts i n  Appendi x Tab l es  
8 . 10 to 8 . 18 and for the % f�t- free we i gh ts i n  Append i x  Tab l es  8 . 1 9 to 
8 . 2 7 for Ana l yses A ,  B ,  & C a nd for the s ki n ,  carca s s , and the who l e  
body . A s ummary o f  th i s  data i s  pre s ented i n  Text Tab l e  8 . 5  for s k i n ,  



T A B L E  8 . 5  

STATI ST I CALLY S I GN I F I CANT ( P  a t  l ea s t  < 0 . 05 )  E FFECTS OF TREATMENT AND AGE ON PERCENTAG E  COMPOS I T I ON 
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OvX ( D2 � W? ) 

L I N EAR AGE 
' 

QUADRAT I C  AGE 

A N A L Y S I S  C 
OvX W4 v s  C 

L I N EAR AGE 

QUADRAT I C  AGE 

% W E T  

vJ F A P 

-

- + + + 
I I 

+ 
D 

+ 

+ t 
t 4-

I 

- -

t 
t 

+ - -
D 0 

4- t t 

�- t 

S K I N  C A R C A S S  WH O L E  B O D Y  

% D R Y  % F - F  % t� E T  % D R Y  % F - F % W E T  % D R Y  % F - F  

F A P H A P W F A P F A P W A P W F A P F A P �� A p 

+ - + - - - + + - - + - - - + + - -
I I 

+ - - + + - + + - + - + + - + 
I I I I I I I I I I I I 

+ - - + 

+ "" - + - - + - - - - + + - - + - - + - -
0 0 I 

+ - + - - - + - + -
0 D D D D 

4- 4- t 4- t t t 4- t t 4- t t t + t t 
4- t t + t 4- t 

+ - - - + - - - + + - - + - - + - - I 
I I I I I I I I ! I I 4- 4- t 
+ 

4- t t t 4- 4- t t 4- t t t * t t I 
K E Y  ( s ym b o l s  i n  a d d i t i o n  t o  t h o s e  o f  8 . 4 )  

+ = l i near decrease  wi th age , negat i ve quadra t i c effec t wi th age  

% S K I N  

\� H O L E  B O D Y  

ltJ E T  W D F A P 

+ + + + + + 

I 

+ + -
D 

+ + + + + 

+ - + + 
D D D D 

4- + 4- 4- 4- 4-

+ + + + 
I I 

4- 4- 4- 4-
4-

+ 
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c a rcas s ,  and whol e body we i gh ts expres sed a s  % wet wei g ht , % dry wei gh t ,  
a n d  a s  a % o f  the fat-free we i gh t .  Al l d i fferences s hown i n  Tab l e 8 . 5  

were s tat i st i ca l l y  s i gn i fi cant  a t  the 5 %  l evel o f  proba b i l i ty or 
better (see the Append i ces  for the actual t F •  va l ues ) . The res ul ts wi l l  
be i nterpreted  us i ng the techn i que o f  sequent i a l  omi s s i on o f  components 
that was descri bed i n  B i ometr i ca l  Cons i derati ons . 

S K I N  

204 

Ana l yses  B & C s how that fo l l owi ng ovar i ectomy ,  on  a wet bas i s ,  
water was i ncreased but fat ,  a s h , and  prote i n decreased ; the exc l u s i on 
o f  water s howed ash  and p rote i n to a ga i n  decrease  wh i l e  fat v-1a s i ncrea sed . 
The excl us i o n of  fat gave res ul ts comparab l e to tho se ca l c u l a ted on a 
wet bas i s .  The s i gn i fi cant i nteracti ons for water and fat a s  % wet 
we i ght  i n  Ana l yses B & C ,  were refl ected i n  Ana lys i s  A where onl y the 
decrease  i n  protei n reached s i gn i fi cance . Thus  fol l owi ng ovari ectomy % 
s k i n fat �a s s i vel y c h a n Q e d  ''!h i l e  % a s h  a n d  ., ro te i n  11ere decrea s e d  

compared to i ntacts and the % water w� s i n cre a s e d . 

On a wet bas i s  E B  treatment decreased % water and i ncrea sed fat ,  
a s h , and p ro te i n  percentages , but the excl u s i o n  of wate r caused the % 
p rote i n to decrea se wh i l e  the % fat i ncreased wi th a sh  be i ng unchanged . 
Excl udi ng the fat gave re su l ts comparabl e to those obta i ned on a wet ba s i s .  
The % dry res u l ts i nd i cate that the i ncrease  i n  fa t ,  and poss i bl y  the 
i ncrease i n  as h ,  on a wet bas i s ,  were rea l  effects ; the prote i n s eemed 

to pas s i ve l y  c hange whi l e  the % water  showed a real decrea s e . T h e  

i n teract i o n s  between age ahd treatment  for the EB v s  i ntac t  compari son 
i nd i cate that the changes i n  s k i n compos i ti on are obv i ous o n ly  a fter 
p ro l onged EB treatment . 

Ova ri ectomy at  02 i nc reased s k i n fat ,  compared to OvX W? rats 
on  a wet and a dry bas i s .  A l though  i t  i s  d i ffi cu l t to i nterpret the 
c hanges i n  p rote i n  and water i t  seems that  i f  the c hange i n  prote i n  
was a rea l  effect then i t  wou l d b e  exaggerated i n  the % wet  compari son -
due to the i nc rease i n  % fat .  Thus  i t  i s  pro ba b l e that the i ncrease 



i n  water i s  a rea l  effect , a s  i s  the i ncrease i n  fat ,  whi l e  p ro te i n  
c h anged pa s s i ve l y . 

CARCASS 

The changes i n  carca ss compos i t i on fo l l owi ng ovar i ectomy were 
d i s cu s sed i n  Bi ometri ca l  Cons i derat i ons a nd  were shown to be due to 
% water i ncreas i ng ,  % fat and  % a sh  decreas i ng ,  and to % pro te i n chang i ng 
i n  a pas s i ve man ner . 

On a wet ba s i s ,  compa red to i n tacts , E B  treated ra ts s howed a 
reduced % water a nd  a n  i ncreased % fat ;  a fter exc l ud i ng water the % 
fat was aga i n i nc reased whi l e  the % pro te i n  
fa t showed on l y the % a s h  to be � ncrea sed . 
s uggest  that EB gave a rea l  i ncrea se i n  the 

was now decreased ; excl ud i ng 
Taken together these fi nd i ngs 
% fat and % a s h  o f  the 
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carca s s  wh i l e  the % prote i n  and % wa ter  changed pas s i ve l y .  The i nteract i on s  
exh i b i ted sugge s t  these effects are  greate s t  a fter 5 weeks  EB treatment . 

Ovari ectomy at 02 caused  a rea l  decrea se  i n  the % fat ,  a .1 d  pos s i b l y  
a rea l  decrease i n  the % pro te i n ,  compared  to OvX W7 rats . 

WHOL E BODY 

Tabl e 8 . 5  s hows that who l e  body compos i ti on i s  c l o se ly  a l l i ed to 
carcas s  compos i ti on .  The carca s s  compri ses  about  80% of the who l e  body 
so changes i n  the carca s s  compos i ti o n  wou l d  be expected to i nfl uence 
the who l e body compos i t i o n  more than changes i n  the s k i n .  So 
ovari ectomi sed rats , compared to i ntacts , s howed an i ncreased % water and 
a decreased % a s h . Fat was o n l y  decreased i n  Ana l ys i s A where the 
i nc l u s i on of  the EB treated rats was probab l y  i nfl uenti a l . It  may be 
reca l l ed that  i n  ovar iectomi s ed rats carcas s  fat showed a rea l  decrease 
whi l e  s k i n fat pas s i ve l y  i ncreased . Thu s  who l e  body fat was not a ffected 
by ovar i ectomy . Aga i n  pro te i n s eemed to c hange pass i ve l y .  



The EB vs i ntac t  compari son gave i dent i ca l  res u l ts to tho s e  for 
the carca s s  ( % fat a n d  % a s h  i ncrea s i ng ,  % water and % pro te i n chang i n g  
pas s i ve l y ) . 

02 OvX rats s howed a n  i ncrea sed % s k i n fat but a decreased % 
carcass  fat ,  compared to OvX �17 rats . Thus  for the who l e body Anal ys'i s  
A s howed no change i n  a ny components , whi l e  Ana lys i s  B revea l ed , on  a 
fat-free bas i s ,  that for the 02 OvX rats the % water was i ncreased  and 

206 

the % pro te i n decrease d ,  compared to OvX W7 rats . However the i n tera cti ons 
s how that even these di fferences d i sappeared wi th age . So the d i ffe rences 
between 02 and W7 OvX a n i ma l s on  a whol e body bas i s  were s l i gh t .  The 
OvX W4 v s  OvX 02 + OvX W7 compari son i s  not i nc l uded i n  Tabl e 8 . 5 ,  
because th i s  compari son y i e l ded no s i gn i f i cant  re su l ts i n  the carca s s , 
s k i n ,  or  the whol e body . I n  o ther words the responses to age at  OvX , 
when pre sent ,  were l i near . 

EF FECT O F  AGE ON P ERCENTAGE COMPOS IT ION  

The resu l ts from Ana l ys i s A ,  where a n i ma l s of  o n ly  2 a ges were 
compared , are not i nc l uded i n  Tab l e  8 . 5  as  A na l yses B & C provi de s i mi l ar 
res u l ts that are more i nformati ve . 

O n  a % wet  bas i s ,  i n  s k i n ,  carca s s , a nd  whol e body , the % wa te r  
decreased wi th age whi l e  the % fat ,  % as h ,  a n d  % pro te i n  i ncrea sed  wi th 
age . I n  the sk i n a n d  t h e  whol e body q u a d ra ti c  effe c t s  we�e s i g n i f i ca n t . 

The quadrati c effects for the % wet sk i n fa t and  % d ry· sk i n fat ,  i n  
Ana lys i s  B ,  bei ng due to the % fat bei ng l ower at  week 12  than a t  wee k  
9 ,  then ri s i ng rap i d l y  to b e  h i gher at  wee k  15 than a t  wee k  9 .  Whereas 
the quadrat i c effects  for s k i n  fat revea l ed a tendency for s k i n  fat to 
ri se wi th a ge , the quadrat i c e ffec ts fo r % prote i n (Ana l yses B & C ) 
p l a teaued a t  weeks 1 2  and 15 . The quadra ti c e ffect for % s k i n water 
was negat i ve ly  rel ated to that for % s k i n fat ; s k i n  water conti n u i ng 
to fal l wi th age . 

O n  a fat-free b as i s  water decreased J i nearl y wi th a ge wh i l e  a s h  
a n d  prote i n i ncrea sed l i near ly  wi th age . 
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SK I N  COMPONENTS AS A PERC ENTAGE O F  THE I R  R ESPECTIVE  WHOLE  BODY COMPONENTS 

Sub-c l ass  means , ma i n-c l a s s  means , a na lyses of var i a nce , and  
fol l ow-up  compari sons are  g i ven i n  Append i x Tabl es 8 . 34 ,  8 . 35 ,  and 
8 . 36. for Ana l yses A ,  B a nd C res pecti ve l y .  The s ummari sed re su l ts ( Text 
Tabl e 8 . 5 )  s how tha t the ovari ectomi sed rat deve l oped a l arger s k i n 
than the i ntact a n ima l  due to a l l components , wi th the pos s i b l e  
except ion  o f  the a s h , be i ng red i s tri buted towards the s k i n .  The 
i nteracti ons  i n  Ana l ys i s  C i nd i c a te tha t compared to i ntacts the % 
fat tha t  i s  i n  the s k i n o f  ovari ectomi sed rats i ncrea ses  wi th a ge .  
EB treated rats had l e s s  of  the i r water and fat i n  the s k i n than i ntacts . 
An ima l s ova r i ectomi sed a t  02 genera l l y  had l arger s k i ns than W7 OvX 
a n i ma l s ,  a l though these d i fferences decrea sed wi th age . The OvX W7 
a n i ma l s a t  week  9 ( i mmed i ate ly . fo l l mvi ng ovar i ectomy ) had excepti ona l l y  
l arge s k i ns due to a l arge amount o f  water and prote i n be i n g  l a i d  down 
i n  the s k i n .  Thi s effect  gave a seri es of i nteract i on s . 

Wi th a ge the contri but ion  of  the s k i n components to the i r  
respecti ve who l e  body components l i nearly  decreased . 

HEAT LOSS 

The s k i n of  an a n i ma l  i s  the i so l at i n g  s urface l ayer wh i ch control s 
the rate of  heat l o ss a ccordi ng to Fouri er ' s  Law where , 

rate o f  heat fl ow ( l oss ) = A ·} ( Ti - Ts ) 

S = fl ux area ( Surface Area ) 
Z = th i c kness of  surfac� l ayer 
A = heat conducti v i ty 

Ti & Ts = i nternal and s k i n tempera tures , respecti vel y .  

· S i nce s k i n  s i ze i nc reased fol l owi ng ovari ectomy th i c kness ( Z )  may 
have i ncreased . So mean body and s k i n we i ghts , for OvX 02 a n d  contro l  
a n i ma l s ,  we re o bta i ned from the res pecti ve - a l l ometri c equat i ons ( us i ng 
22 . 5  cm as  the l ength for s ubsti tuti on ) .  Body surface a rea and s k i n  



th i ckness were ca l cu l ated  fol l owi n g  Kl e i ber ( 1969 ) .  
Ski n thi c kness was i ncreased fol l owi n g  ovari ectomy by 15% .  

(Tab l e 8 . 6 ) . 

TABLE 8 . 6  
A B c 
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Body Wei g h t  Surface Area Ski n l�ei ght  Ski n  Th i c kness  
Treatment 

OvX 02 

Con trol 

2 
= c 

; 8 x 10 10 X W'3  
l og ( gm ) ( dm2 ) ( Kg ) ( cm ) 

2 . 43059 4 . 1 7 . 0658 . 158 

2 . 38337 3 . 88 . 0530 . 1 36 

Ca l cu l at i on  of sk i n th i c k ne s s , for OvX and i ntact a n ima l s 

o f  equal l e ngth . 
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CONCLUS I ONS  

The  resul ts fo r nose-ana l  l e ngth confi rm that ovari ectomy 
s ti mu l a te s  and EB i nh i b i ts the g rowth of  the rat ske l e ton . The s tage 
of deve l o pment reached  at  the t i me of  ovar i ectomy di d a ffect  body l e ngth , 
a s  Kennedy ( 19 70 ) s u rmi sed . Neo -natal  ovari ectomy gave a sma l l er i ncrease 
i n  l ength  than d i d pos t-wean i ng or  post-pube rtal ovar i ectomy , paral l e l l i n9 
the res u l ts for body we ight  and  s ugges ti n g  that perhaps the s tres s  of  
surgery was greater neo-nata l l y .  OvX W4 a n i mal s reached a greater  l e ngth 
than d i d OvX W7 a n i ma l s ,  th i s  fo l l ows Kennedy ' s  ( 1970 ) reason i ng tha t a 
true g rowth re sponse  to ovari ectomy progre s s i vely di s appears as  a ge a t  
ovari ectomy i ncreases . 

Ovari ectomy i ncreased the absol ute \'Je i ghts of a l l carcass , s k i n ,  
and who l e  body components except  carcass  fat .  Al l ometry s howed the s k i n 
of  ovar i ectomi sed rats to be re l ati ve l y  g reater i n  s i ze ,  compared to 
i ntact and EB trea ted rats , due to a l l components except a s h  be i ng 
s i gn i fi cant ly  i ncrea sed . The carcass  and whol e body o f  ovari ec tom i sed 
rats were , by a l l ometry a l so l a rger than those of i ntact  and EB treated 
rats , but  a l though water and prote i n i ncreased , fat a n d  a s h  were general l y  
decrea sed , l eavi ng dry matter u na l tered . When the present  s tudy was 
i ni ti a ted i t  was hypothes i s ed that  i n  young  a cti ve ly  growi ng rats a l l the 
body we i gh t  i ncrease  fol l owi n g  ovari ectomy coul d be a ccounted for by an 
i ncreased no se-ana l l ength , but  thi s hypothe s i s �vas negated s i nce ovari ectomy 
c l ear ly changed the s hape of the body . 

Ovari ectomy a l tered both the compo s i t i on wi th res pect to body l e ngth , 
and  the compos i ti on wi th respect to body wei ght . As a percentage of 
the i r who l e body we i ght  ovari ectomi sed a n i ma l s conta i ned more water but 
l es s  a s h .  Who l e  body fat was no t i ncrea sed  by ovari ectomy but was 
red i s tr i buted wi th ca rcas s fat bei ng decreased a nd s k i n fat ,  wh i ch changed 
pas s i ve l y ,  actount i n g  for a } arger proporti on of tota l body fat .  The 
overa l l i ncrease i n  s k i n  s i ze fol l owi ng ovari ectomy was due to a l l 
components bei ng pre ferenti a l l y  depos i ted i n  the sk i n .  Al l these effects 
were not permanent c hanges as they were reversed by , and were pos s i bl y  due 
to , oes tro gen . The dose of EB used appears . to be supra -phys i o l og i ca l  
for the rat as  a l though there i s  a reversa l  o f  compos i ti on compared to 
ovari ectomi sed rats  there was a l so a n  over-co rrecti on  compared to i ntact 



a n i ma l s .  The body we i ght  changes i n  Chapter 1 a l so i nd i cated that the 
dose of  EB was supra -phys i o l o g i ca l . 

210  

The body we i gh t  and  body l en gth o f  a n i ma l s  ovari ectomi sed at  02  showed 
the sma l l es t  response  fol l owi ng o va ri ectomy , but compared to i ntac t  
control s ,  t h e  compo s i t i ona l  changes i n  some cases were t h e  greates t .  The 
res ponse i n  s k i n compo s i ti on fo l l owi ng ovari ectomy was greatest at 02 a s  
was the red i s tri buti on of  fat to the  s k i n .  I n  compari son ovari ectomy a t  
W7 , by a l l ometry , d i d not affect the s i ze o f  the s k i n ,  but i ncreased the 
carcass  s i ze .  The oppo s i te nature of  these changes tended to cancel one 
a nother so that on a who l e  body ba s i s  age at o vari ectomy had l i ttl e 
effect on  compos i ti on or a l l ometry . 

Accord i ng to the revi ews o f  Wade { 1972 ) and Kennedy { 1969 ) the 
wei ght  i ncrease  of ovar i e ctomy i s  due �o a n  i ncreased food i ntake a nd a 
decreased energy expend i ture ( a s  phys i ea 1 act i v i ty ) . I t  has  been s hown 
that h i gh l eve l s  of energy i ntake wi l l  i ncrease  body we i gh t  i n  ra ts 
( Schemme l e t  al . 1969 ) ,  p i gs ( El s l ey et a l . 1964 ) ,  and i n  man , a nd that 
the i ncreased  body we i gh t  i s  a l mo s t  enti rel y  due to i ncreased fat 
depos i ti on ;  Restri ct i n g  movement  wi l l  a l so produce obe s i ty i n  rats ( I ng l e ,  
1949 ) .  But a s  Kennedy ( 1970 ) s tates  ' Evidently hyperphagia does not of  

i tsel f  s timulate growth ' .  Therefo re , a l though ovari ectomi sed rats may eat 
more food tha n  i ntac t  contro l s ( excepti ons be i ng from the work of  Sl onaker 
( 1930 ) and Tan g  ( 194 1 )  where ovari ectomi sed rats ate l es s  than i ntacts ) 
the i ncrease i n  body l e ngth of ovar i ectomi sed ra ts i s  proba b ly not due 
d i rect ly to c hanges i n  food i ntake or exerc i se . 

I n  rats compensatory or ' catc h - up ' growth affects nei ther ta i l  
1 ength-body we i ght  a 1 1  ometry (Mos i e r ,  1969 ) nor body 1 ength-body we i ght  
re l ati onsh i ps ( Wi ddowson & McCance , 1960 ) . But i n  the present s tudy the 
a l l ometri c  g rowth coeffi c i ents were dramati ca l l y  a l tered by ovari ectomy 
s howi ng tha t  post-ovari ectomy growth i nvol ves effects and  mechan i sms not 
f .een jn eo en�tory :s.r�th·. The Jbove evi'dence ndi c�tes that 
ovar iectomy i n i ti ates compl ex changes i n  body form wh i ch coul d not be 
accounted for by changes i n  behav i our ( eati n g  and exerc i s e ) . Yet Kennedy 
( 1969 ) quotes work by Sul l i va n  & Smi th ( 1957 ) to s upport the v i ew that , 
' The weight lost under the influence of oe st.rogen is  not entirely fat , 

but i s  caused by a reduc tion in food intake and can be reproduced by 



pair feeding ' .  Su l l i va n  & Smi th pai r-fed treated and · u ntreated i ntact 
ma l e  rats . However , the u ntreated pa i r-fed ovari ectomi sed fema l e  rats 
of Me i tes ( 1950 ) and Gl a s ser  ( 1954 ) , and the untreated pai r-fed i ntact 
fema l e  rats of Husa i n  & Pi ncus ( 1968 ) , were s i gn i fi cant ly  heav i er than 
the i r respecti ve oe strogen treated contro l s .  S i mi l a r ly  Leathem ( 1952 ) 
found that force-fed  oes trogen treated ra ts were l i g hte r  than contro l s .  
The contrary res u l t of Sul l i va n  & Smi th may have been due to the i r use 
of ma l e  rather than fema l e  rats . Hus a i n & Pi ncus concl uded tha t  the 
i nh i b i t i on of body we i ght  i ncrea se by oes trogens , des p i te pa i r-feed i ng , 
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' . . . . .  suggests tha t  some other mechanisms '-"'ere involved besides decreased 

food consumption alone ' . When ovar i ectomi sed and i ntact rats were pa i r­
fed ( Grun t ,  1964 ) a n  i ncreased body we i gh t  and nose-anal  l ength wa s 
reco rded for ovar i ectomi sed rats . Th i s  cruc i a l exper iment deserves 
repet i t i on and e xtens i on .  Thus  contra rY to recent revi ewers 1 s ta tements , 
the e xperi menta l  ev i dence i ndi cates that  non-behavi oura l  fac tors may be 
more i mportant , to the body we i ght  res pon ses fol l owi ng oestrogen 
treatment or ova r i ectomy , than are behav i o ura l factors . 

Some recen t  revi ews ( Ke nnedy , 1969 ; Wade , 1972 , 1976 ) do not men ti on 
that the effi c i e ncy of food  uti l i sat i on i s  a l tered i n  many s ta tes l eadi n g  
to i ncreased body s i ze ,  but Va l en ste i n et al . ( 1969 ) rev i ew t he  l arge 
amount of evi dence that part of the body wei ght  i ncrease fol l owi ng 
hypotha l ami c l es i ons  i n  the rat is  due to 1 metabol i c  factors 1 • S im i l ar ly  
gene ti ca l l y  obese l aboratory an i ma l s wi l l  ma i nta i n  a h i gher body fat l eve l 
i f  pa i r-fed to non-obese partners ( Zucker & Zucker , 1963 ) .  The two rat 
stra i ns bred by Pal mer et al . ( 1946 ) d i ffered i n  body we i gh t  when pa i r-
fed due to d i ffer i ng effi c i e ncy of food  ut i l i sat i on . More s pec i f i ca l l y  
Tang  ( 1941 ) s howed that compared to i ntact contro l s ,  ovari ectomy j u st  
befo re or j u st  a fter puberty caused a n  average i ncreas e  of  3 1%  i n  the 
uti l i sati on of d i etary energy for body we i gh t  i ncrea se . Some o f  th i s  
i ncreased effi c i e ncy may be due to the decre�sed acti v i ty s hovm by 
ovari ectomi sed rats . But Kennedy ( 1967 ) notes that under norma l 
l aboratory hous i ng cond i ti ons  the contr i buti on of  acti v i ty to energy bal a nce 
i s  q u i te sma l l a nd  that extra energy producti on , when an acti v i ty wheel 
i s  p rov i ded , i s  a ccompan i ed by a compensatory i ncrease i n  food i ntake of 
a bout 50% . As c h anges  i n  acti vi ty may be l arge ly  compensated for by 
i ncreased food i n take i t  i s  doubtful that  changes i n  acti v i ty can  account 



for a l l the change i n  effi c i ency of food uti l i sat i on fo l l owi ng 
ova r i ectomy . 

I n  the present study rats ovari ectomi sed at  4 week s  of  a ge 
( p re -puberta l l y )  d i verged from the growth c urve of  i n tact  contro l s from 
the po i nt of ovari ectomy a s  d i d  rats ovari ectom i sed i mmed i a te ly  post­
pubertal l y  ( Chapter 1 ) .  I t  i s  c l ea r  from the work o f  Kennedy ( 1967 ) 
and others that the l eve l o f  vol untary act i v i ty i n  fema l e rats i nc rea ses  
a t  the 2nd o r  3rd pos t-pubertal oes trous cyc l e .  Thus the i ncrease i n  
the rate of  ga i n  i mmed i ate l y  fo l l ow i ng pre -pubertal ovari ectomy cou l d 
not be i n i t i a ted by a decrease  i n  vol untary a ct i v i ty .  

The research o f  Osca i  et al . ( 1973 ) i s  a l so rerti ne n t .  Young 
fema l e  ra ts tra i ned to swi m for 30 hours a wee k  showed a 46% i ncrease i n  
food  i ntake but no c ha nge i n  body we i gh t ,  compared to sedentary control s .  
Th i s  s upports the v i ew that energy i nput , is eati ng , wi l l  matc h  energy 
output , as  exerc i se ,  i n  fema l e  rats ( th i s i s  not the case i n  ma l e  rats , 
see Osca i  e t  al . for refs . ) .  I t  i s  of i mmed i ate i nteres t that 
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exerc i s i ng a n i ma l s a l so  had  a smal l er s ki n we i g ht than sedentary contro l s ,  
yet a l arger evi scerated carcass . 

An i ncrease i n  s k i n  s i ze fv l l owi n g  ovar i ectomy was recorded by 
Fr eudenberger & Bi l l e ter  ( 1935 ) and  Tang ( 194 1 ) .  Ebl i n g and Ha l e  ( 1966 ) 
confi rmed earl i er reports that oes trogen i nh i b i ts sk i n and  ha i r g rowth . 
I n  the present s tudy ovar i ectomi sed rats h ad  a l a rger and  th i c ker  s k i n 
than i ntact and oes trogen treated rats . Al though a n i ma l s were s haved no 
e s t imates of ha i r l e ngth , th i c kne s s , or wei g h t  were made . An i nc reased 
s k i n th i c kness wou l d reduce heat l os s  s i nce  the envi ronmenta l  temperature 
used (240C ) was bel ow the cr i ti c a l  tempera ture for rats ( 27-290C ) .  I n  
add i t i on the changes i n  body shape , a l a rger wei ght  at  a g i ven l e ngth , 
wou l d cause  the s urface a rea to vo l ume rat i o  to be sma l l er i n  
ovari ectomi sed rats , wh i ch woul d further reduce heat l o s s . Percentage 
s ki n  compos i ti on was a l so a l tered fo l l owi n g  ovar� ectomy to favour  the 
depos i ti on of fat and to g i ve ·a l a rger s k i n a t  a g i ven body we i g h t . 
However i t  was not pos s i b l e to e st imate the post-ova ri ectomy change i n  
the thermal conduct i v i ty ( A ) a s  the e ffec t  o f  s k i n compos i t i on on A 
a ppears to not have been i nves t i ga ted . B ut . s i nce A for fat i s  1/3  that 
for water the i nc reased  s k i n fat o f  ovar i ectom i sed rats shoul d further 
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decrease heat l os s . I t  i s  pos s i bl e  that the red ucti on  i n  heat l os s  i n  
ovari ectomi sed  rats i s  o f  the order of  20% .  Theoreti cal l y  thi s coul d account  
for a very l arge part o f  the  i ncre ased  effi c i ency of  the  ovari ectomi sed 
rat but these est imates  s hou l d be tes ted exper imenta l l y  before defi n i te 
conc l us i ons  a re reached . 

The decreased s k i n s i ze of  the exerc i s i ng ra ts of Osca i  et al . 
cou l d be a n  adaptat ion  to l ose  heat  more effec t i vel y .  Pi gs  seem to l ay 
down subcutaneous fat a s  an adap tati on to l ow e nvi ronmenta l temperature 
des p i te the h i gh ma i ntenance cos ts wh i ch seem to prec l ude s uc h  a depos i ti on 
( Sorensen , 1962 ) .  I n  the present s tu dy a l l ometry s howed  tha t fo 1 1  O�tJi ng  
o var i ectomy the  sk i n appears to i nc rease i n  re l ati ve s i ze before the 
carca s s . Th i s  resu l t s ugge sts that the i ncrea sed rel a t i ve s k i n s i ze 
cou l d  be cau sati ve of  part of  the i ncreased re l at i ve carca s s  s i ze .  Wade 
( 1976 ) d i scus ses res u l ts where ova ri ectomi sed rats , kept at  a n  envi ronmenta l  
tempera ture above the i r  cr i t i ca l  temperature , showed a bl unted  body we i ght  
i ncrease . Thi s s upports the i dea  t hat  heat l o s s  pl ays a part i n  post­
o vari ectomy body we i g ht c hanges . 

The model  for the control of  body we i gh t  descri bed by Wade ( 1 976 ) 
ascr i bed the pri mary act i on o f  oes trogen to a n  i n h i b i t i on of  food i ntake 
v i a  the 1 hypothalamic body we ight regulating mechanism • .  Body we i gh t  i s  
defi ned by Wade ( 1976 ) and  by others a s  • . . . .  the mass  of adipose tissue • 

O�oods , 1974 ) . Under th i s model oes trogen i s  thought to reduce the mas s  
of a d i pose t i s s ue a nd thus  reduce body wei ght . Al though  the equi va l e nce 
of body we i gh t  regul at i on  and ad i pose t i s sue regu l a t i o n  seems pl a us i b l e  
for the so-ca l l ed • adu l t p l a teaued rat • Zucker e t  a1 . ( 194 1 )  showed 
s uffi c i ent  bone growth i n  rats up to 70 weeks o f  age to mai nta i n  the 
a l l ometr i c rel a ti ons h i p between bone growth a nd  body we i gh t .  Th i s  res u l t 
was confi rmed by Berg & Harmi son ( 1957 ) . Thus norma l growth g i ves change s  
i n  body we i ght  i n  adul t rats wh i ch a re · not enti re ly  d ue t o  c hanges i n  fat .  
I n  the general case , o f  the growi ng . a n ima l , the equ i va l ence of  body fa t 
and  body we i gh t  i s  d i ffi c u l t to defend . 

For exampl e ,  i n  the present s tudy ovar i ectomi sed and  i ntact rats 
o f  wi del y  d i fferent body we i ghts had  s i mi l ar compos i t i ons , and  Schemme l 
e t  al . s howed , by a l ter i n g  d i e ts , tha t an ima l s o f  the same body we i ght  
cou l d have d i fferent compo s i t i ons . Carca s s  ana l ys i s of  sheep and p i g� , 



over a wi de range  o f  ages a n d  body wei g h ts , caused El s 1 ey et aZ . ( 1964 ) 
to co nc l ude that ' . . . .  fat deposition i s  not closely related to the 

growth of the fat-free body mas s ' .  Th i s  i s  i l l u s trated by compar i ng 
the wi th i n -group  vari ati on , a nd  the coeffi c i ent of vari a ti on  for body 
fat wi th tho se  for other c hemi cal  con s i ti tuents , i n  the present study 
and , for examp l e those of El s l ey et aZ . ,  Morri s et a Z . , ( 1933 ) , and 
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Re i d  e t  aZ . ( 1967 ) .  Body fat was shown to be the mos t  vari ab l e component 
i n  the body , not the mos t  s tab l e as i s  s uggested by the model  proposed 
by Ha de . 

Kennedy ( 1 969 ) s tates  tha t oes trogen i nh i b i ts growth i n  young 
. gonadectomi sed rats by , ' . . . . .  reduc ing food intake and is  accompanied by 

a low body fat ' • . Wade ( 1976 ) envi sages that oestrogen i ndi rectly reduces 
food i ntake by resetti ng a ' ne ura l l i po s ta t ;  or ' Bwt ( fa t )  set-po i nt '  to 
a l ower l evel . These vi ews a re not s upported by the present s tudy or  by 
that o f  Nyda ?t a Z .  ( 1948 )  a s  i n  both stud i e s  body fat was not reduced 
by oes tro gen treatment yet l i ne a r  growth and the rate o f  body we i ght  gai n 
were i nh i b i ted . C l early oes trogen can i nh i b i t  growth a nd  body we i gh t  
i ndependent of changes i n  body fat ;  s u pporti ng the non -equ i  va 1 ence o f  
body fat regul at i o n  and body we i ght  regu l ati on  i n  the g rowi ng a n i ma l . 

An i ndi v i dua l ma i nta i ns a c l ose rel ati onsh i p between i ts l ength 
and we i g h t ,  under a vari ety of  env i ronmental and exper imenta l cond i ti ons , 
duri ng g rO\'Ith . (A  d i s conti nu i ty i n  -th i s  rel a ti onsh i p a t  wean i ng ( t'1os i er ,  
1969 ) confi rms a p rev i ous fi nd i n g  ( Zucker e t  aZ . 194 1 ; Chapter 1 )  that the 
form of the body we i gh t�age c u rve changes fo l l owi ng wean i ng . )  Mos i er 
proposed that a mechan i sm ' . . . .  control s relative growth , and that linear 

growth i s  subservient to this mechanism ' ,  i . e .  the rel a t i o ns h i p betvJe en 
l ength a nd  body we i g ht  i s  contro l l ed rather than l ength or we i ght . But 
the present  s tudy prov i des an excppti on to thi s proposed mechan i sm as  the 
rel ati ons h i p between l e ngth and  we i ght  wa s a l tered by ovari ectomy . Mo s i er ' s  
proposal  may be unnecessary .  I t  has  been hypothes i sed that  body l ength 
is  contro l l ed and  tha t  functi ona l  demands  o f  the skel eta l  s i ze determi ne 
the s i ze o f  many other body organ s  (Go s s , 1964 ; Bryden ,  1969 ) .  Th i s  
mechan i sm may be the ma i n  one regu l a ti ng body we i gh t .  The ' hypotha l ami c 
l i pos ta t' may regu l ate the amount of  body fat ·b ut  to cal l th i s  a ' body 
wei ght  set-poi nt ' mec ha n i sm wou l d  seem to be a mi snome r ,  es peci a l l y  for 



the growi ng a n i ma l . Another obj ecti on to the i dea o f  a ' set-po i nt ' 
i s  that  body we i gh t  does not ,  as  i s  common ly  bel i eved ' pl a teau ' i n  the 
rat .  Body we i ght  under favourabl e condi t i ons , i ncreases a t  a con s tant  
rate unti l at  l ea s t  70  weeks  o f  age  ( Zucker e t  al . � l 94 1 ;  Chapter Ten ) . 

2 1 5  

So i f  there i s  a ' set-poi n t ' mechan i sm i n  ol der rats i t  mus t  be a 
con s tant ly  chang i ng  ' set-poi nt ' . A mechan i sm encompas s i ng a n  u l t imate 
we i gh t  wou l d ,  for the rat , seem more appropri a te ( Chapter 1 ) . For s i mi l ar 
reasons  the neural  ' set-po i n t '  mechan i sm h as recently been cri t i c i sed by 
Wi rts hafter & Davi s ( 1977 ) who descri be ' . . . .  a s imple feedback control 

model which contains no set-point . • • .  ' . 
For the s k i n ,  carca s s , and  who l e body i t  was c l earl y s hown that  

t he  percentage water decreases  but t he  percentages o f  fa t ,  a s h , a nd 
pro te i n i ncrea se  wi th a ge ; a proce ss termed the deve l opment of ' chemi ca l  
maturi ty '  by Mo ul ton  ( 1923 ) . I n  add i ti on the percentage contri but ion  of  
t he  s k i n components to the i r respecti ve whol e body components dec l i ned 
wi th a ge . Tab l e 8 . 5  shows that  the effects o f  age and  of ovar i ectomy on  
body compos i ti o n a re comp l etel y  oppos i te ;  ovari ectomy in  the  growi ng 
rat seems to s l ow ,  or de l ay ,  the devel opment of chemi cal maturi ty and 
to i nc rease the s i ze of the s k i n .  Converse ly oestrogen treatment  has tens  
the  devel opme nt of chemi ca l  maturi ty and decreases the s i ze of  the s k i n .  
A cau sa l  re l ati ons h i p between the demons trated effect  of oes trogen , of  
i nh i b i ti ng the  growth of  the  body ' s  we i gh t  and  l ength , and  ha s ten i ng 
chemi ca l  �aturi ty ,  i s  pos s i b l e .  I t  i s  pos s i bl e  that the s ame mechani sms 
p romote chemi ca l  maturi ty and i nh i b i t growth ; g i vi ng a un i ty of acti on 
to oes trogen . 
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ADDENDUM TO CHAPTER E I GHT 

A METHOD FOR CHEM I CALLY ANALYS I NG THE CHEMICAL COMPOS I T I ON OF AN I MAL T I SSU E .  

I NTRODUCT ION 

The fi rst secti on descri bes a s impl e method of reduc i ng t i s sues  
to a f i ne homogeneous  dry powder u s i ng equ i pment fou nd  i n  most 
l a borator i es or obta i nabl e c heap ly from hardware store s . The second 
secti on  descri bes an accurate and rap i d  method for a na l ys i ng the 
powdered t i ssues for fa t ,  a s h  and protei n conten t .  

S ECT I ON ONE 

THE PR IMARY PROCESS I NG OF T I SSUES  

Many method ? of primary ti ss ue reduc t i on have been  descri bed , 
varyi ng from m i nc i �g the whol e fresh  a n i ma l  and sampl i ng d i rectl y from 
the homogenate ( Mi c ke l sen and Anderson , 1 959 ) , free z i ng i n  l i qu i d  
n i trogen and cru s h i ng , to dryi ng the who l e a n ima l  i n  a n  oven for severa l 
days before mi nc i ng ( Leshner e t  a l , 1972 ) . These methods are u s ua l l y  
t ime consum i ng , requ i re heavy duty equ i pment , and contri bute to a n  
unp l easant work i ng env i ronment . They may even fa i l  i n  the i r  pri mary 
a i m  of  reduc i ng the t i ssues to a compl e te l y  homogeneous state becau se 
mi nc i ng i s  not an adequate method of m i x i ng ( un l ess the soph i st i cated 
equ i pment descri bed by M i c ke l sen and And erson i s  u sed ) and the wet 
homogenates  tend to be unstab l e wh i c h  wou l d  i ncrease  the sa�pl i ng errors 
between repl i cate s . 

The method to be descri bed wa s des i gned for rat t i s s ues but has 
a l so been appl i ed to oppossum , c h i c ken , and  pi g ti s s ues . 

Ha i r i s  remov ed from the rat wi th e l ectr ic  c l i ppers before 
s l aughter . I f  req u i red the s k i n can be removed from the carca s s  at  th i s  
stage and can be processed se parate l y .  The ti ssues are i mmed i ate l y  
we i ghed to avoi d l os s  of moi s ture , i denti fi ed wi th a code penci l l ed 
i nto a smal l p i ece of card , and pl aced i nto a g l a s s  beaker conta i n i ng a 
sma l l amount of water ( to fac i l i tate the removal  of the ti s sues ) and 
autoc l a ved at 120°C for 30 m i n utes . T i s sue s are then homogeni zed i n  a 
bl e nder for 2-3 m i nutes  wi th s uffi c i ent wat€r to produce a smooth 
con s i s tency and then poured i nto tared reu sab l e a l um i n i um foi l ba ki ng 



217 

trays ( 20 x 15 x 3 cm ) . A wa s h  bottl e i s  u sed to r i nse the rema i n i ng 
homogenate from the bl ender i nto the tray . Trays are frozen then freeze­
dr i ed for 3 - 4 days or unt i l the frozen homogenate has s hrunke n  and 
l oosened from the tray . Trays are then dr i ed  i n  an oven (max i mum 
tempera ture of 7QOC to a vo i d  the l os s  of vol ati l e  componen ts ) and  wei g hed 
for dry matter ca l cu l a ti on .  The d r i ed homogenate i s  removed from the 
tray . crus hed wi th a mortar and pestl e .  ground i n  an e l ectr i c  rotary 
gr i nder for 20 - 30 seconds a nd stored i n  a n  a i r  t i g h t  bottl e .  The 
gr i nder i s  ea s i l y  wi ped c l ean  of powder between samp l e s  wi th a pa per 
ti s s u e . 

D I SCUSS I ON 

Autoc l av i ng i s  a cr i ti ca l  part of the procedure as  the h i g h 
temperature and the mo i s t  heat brea k down ti s sues such  as  s k i n a nd bone 
whi c h  conta i n  l arge quant i t i e s  of e l a s ti c a nd col l a genous t i s s ue . The 
proces s i ng t ime s  i nd i cated a ppear  to be optimal for rat t i s s ue  but 
cou l d be mod i fi ed for other types of t i s s ue . In the absence of an 
a utoc l ave a l a rge domest i c pressure cooker cou l d  be u sed . Freeze-
d ry i ng is  the bes t  way of dryi ng the homogenate as the t i s sue  rema i ns 
i n  a n  expanded b i scu i t- l i ke s tate whi c h s i mp l i fi es the f i na l  cru s h i ng 
a nd gr i nd i ng and reta i ns the fat even from very fa tty ti ssues such  a s  
r a t  s k i n .  S l ow oven dryi ng of the homogena te cou l d  b e  used i f  a 
freeze-dri er i s  not ava i l a b l e . The mortar and pestl e brea k s  down the 
b l oc k of dri ed ti s s ue , c ru s he s  any rema i n i ng p i eces of  bone a nd enab l e s  
the u s e  o f  a rotary gr i nder s u c h  a s  i s  u s ed for coffee gri nd i ng .  The 
penc i l l ed cardboa rd l a be l s rema i n  l eg i b l e  and  fl oat  on  top of the 
homogenate so that the trays can be i denti fi ed at any stage of the proces s .  
The fu l ly processed powder can be s tored i n  a freezer i ndefi n i te l y  or  
s tored at room tempera ture for  severa l months wi thout obv i ou s  deter i orati on . 
Ti s sues  can a l so be s tored i n  the freezer a t  any stage  of the process  
wh i ch a l l ows the orga n i s at i on  of l a rge batches of t i s s ue s . 



SECT I ON TWO 

ANALYS I S  OF CHEM I CAL COMPOS I T I ON 

L i p i ds 

L i p i ds are ex tracted by the fo l l ow i ng mod i fi cat i ons o f  the 
c h l oroform : menthanol  : wa ter procedure of  Atk i nson et a l . ( 1 97 2 ) . A 
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l arge vol ume of methanol ( 1  l i tre )  a nd d i s t i l l ed water ( 900 ml ) i s  
pre -mi xed to e l im i nate one p i petti ng s tage and  i s  stored i n  a refri gerator  
to fac i l i ta te p i petti ng . T he  constant del i very sys tem for c h l oroform 
des i gned by Atk i nson e t  al . ( 1 972 ) wa s u sed but the d i s i n tergrati on 
sys tem wa s re-de s i gned u s i ng 25 ml McCartney bottl es  ( commo n l y  used for 
m i c robi o l og i c a l  l i qu i d  c u l ture s )  i nto wh i c h i s  wei ghed a t i s s ue sampl e 
s uffi c i ent to yi e l d  a max i mum of 0 . 4  g of l i p i d  ( for  rat carcasses  a bout  
2 - 3  g of powde� ) .  About 1 0  gl a s s  beads  ( 5  mm d i ameter )  are added to 
the bottl es fo l l owed by 14 . 25 ml of methanol : water mi xture and then 7 . 5  ml 
of ch l oroform . The bottl es are i mmed i ate l y  capped wi th 2 l ayers of th i ck 
pol ythene , a p l a st i c sea l i ng d i s c , a nd a p l as t i c screw cap dr i l l ed off 
centre wi th a n  18 gauge ho l e .  The bottl es  are l eft overn i g ht to d i gest  
the samp l e a nd are then  shaken hori zontal l y  for  20  mi nutes on a n  e l ectri c 
fl a s k  s ha ker . The bottl es are then ce�tri fuged for 5 mi nutes  a t  3000 rpm 
i n  an upr i g h t  pos i t i on and are then i nverted and spun for 1 m i nute at 1 000 
rpm wh i c h a l l ows a 5 ml a l i quot of the l ower ch l oroform l ayer to be  
wi thdrawn through  the  18  gauge  hol e by hypoderm i c  needl e i n to an a ccura te 
g l a s s  syr i nge wi thout  a ny l osses  through  evaporati on . The  a l i q uot i s  
expel l ed i nto a tared a l um i n i um conta i ner ( an autoc l ave c harge capsu l e )  
a n d  dri ed i n  a n  oven a t  ?OOC for 2 hours . Samp l e  dup l i cates d i ffer i n g  
by more t han  2%  are  re -ana l ysed . Ca l cu l a ti on of the l i p i d content 
of  a samp l e  i s  as  fo l l ows : 



2 1 9  

V X w 
Amount of fat i n  the ori g i na l  sampl e = c z X 1 00 

Where , 

-----------------

Ws = we i g h t  of samp l e o f  ti ssue , 

Vc = vol ume of c h l oroform added ( exc l udi ng ethanol  norma l l y  
present ) , 

V2 = vol ume of the a l i q uot of the c h l oroform l ayer after 
extracti on , 

Sf = vol ume of 1 gram of fat ,  

W2 = we i g h t  o f  fat i n  t he a l i quot . 

The recoveri es  of pure l i p i d  from 9 a s says a re g i ven  i n  
Addendum Ta bl e 8 . 1 .  Four arac h i s  o i l • s ta ndards \'/ere rou t i ne l y  i nc l uded 
i n  each ba tch of 72 bottl es . 

Assay 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Mean 

ADDE NDUM TABLE  8 . 1  

Stati s t i ca l va l i d i facti on  of l i p i d  a s say* 

% recovery 

1 00 . 21 
99 . 95 

1 00 . 26 
99 . 89 

100 . 95 
1 0 1 . 03 
1 00 . 1 0 
1 00 . 02 
99 . 99 

Coeffi c i ent  of 
var i at i o n  ( CV ) 

0 . 96 
1 . 1 5 
0 . 32 
0 . 40 
0 . 27 
0 . 67 
0 . 47 
0 . 41 
0 . 39 

1 00 . 27% 0 . 56% 
coeffi c i ent of vari a t i on between as says 0 . 42% 

*Recover i e s of arac h i s o i l from 9 separate a s s ays , 
4 sampl es per a s say . 



Ash 

As h was determ i ned by the s ta ndard method of fi r i ng tri p l i cate 
samp l e s  of the  dri ed t i ssues i n  a muffl e furnace . 

Prote i n 

The d i fference between the d ry matter percentage and  the s um o f  
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the fat pl u s  the ash gave the percentage prote i n  ( prote i n  = OM - ( fat + as h ) ) 
or more proper l y  the res i due . Th i s  method has been shown by others 
( Barn i coat and Shorl a nd ,  1 9 52 ; Everi tt and Jury , 1966 ) to g i v e  a rea sonabl e 
e s t imate of the percentage prote i n  a nd a l so g l yco�en o n ly  consti tutes a 
sma l l proporti on of a rat ' s  body we i g ht ( 0 . 2% ,  M i c ke l sen  a nd  Anderson , 
1 959 ) . 

Desp i te the l i tera ture s upport for th i s  method of  ca l c u l at i ng 
prote i n  the accuracy of  the ca l c u l a ted e st imate of prote i n  wa s tested by 
ana l ys i ng 1 4  sampl es by the Kje l dah l  method . No s i g n i f i c ant  d i fference 
between the 2 methods was found ( Kj e l da h l  mean prote i n  ± S E , 67 . 49± - . 74 ; 
whi l e  the c� l cu l ated res u l t wa s ± SE , 68 . 85 ± 0 . 4 7 ) . 

Typ i ca l  data for dry mattE r , a s h , fat ,  and  prote i n l evel s i n  rat 
carcas ses i s  g i ven i n  Addendum Tab l e 8 . 2  

ADDENDUM TABLE  8 . 2  
Percentage const i tuents of ra t carca s ses* 

Consti tuents as % dry matter 

No . Dry matter % Fat % As h Ol Protei n %  /o 

1 1  30 . 76 ± 0 . 14 5 . 1 2 ± 0 . 2  5 . 4 ± 0 . 08 20 . 1  ± 0 . 1 3 

*Fema l e  rats of  the Ma s s ey Col ony . Data are means ± standard errors 
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DI SCUSS I ON 

The fat extracti on devi sed by Atki nson et al . i s  ra p i d ,  accurate , 
and s afe compared to the trad i t i ona l  methods based on  the refl ux of  
petrol eum ether ( such  a s  the  Soxh l et method ) . The  mod i f i cat i ons  of 
the present method enab l e the use  of a sma l l er d i s i ntergra t i on bott l e 
wh i c h  i s  i nexpe ns i ve and can  be purchased i n  l arge quant i ti es wh i ch 
e na bl es severa l ru ns to be made u p  i n  advance . The prec i s i o n of 
the or i g i na l  method seems to be reta i ned even though ha l f  vol umes of 
reagents were u sed i n  the McCartney bottl es ( compared to the vol umes 
used by Atk i nson et al . ) .  Fa t extract i ons  were u sua l l y  ru n i n  
batche s of 7 2  bottl es wh i c h cou l d be processed i n  a work i ng day . 

The present  resu l ts confi rm that prote i n  
from the dry matter , fat , and a s h  percentages . 
Kj e l da h l  method . 

can be accu rate ly  ca l cu l a ted 
Th i s  avo i d s  the ted i ou s  



CHAPTER N I NE 

THE CONTROL OF  BODY GRO\HH I N  MAMMALS 

Hypotheses abound a s  to how growth is regulated 

in organs and tissues .  None , however , i s  

universal ly accepted . Most do not deserve to be . 

( Go s s , 1972 ; p . l ) . 
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I NTRODUCT I ON 

The a i m  of the experimental c ha pters of thi s thes i s  was to 
e l uc i date some envi ronmenta l , n utr i ti ona l , geneti c , a nd hormona l  i nfl uences 
o n  mamma l i a n  g rowth i n  s i ze and form . Some of  these experiments are 
not  novel , i ndeed some i nvol ve a re-ana lys i s  of  prev i ou s  exper iments . 
B ut  novel ty certa i n l y  re s i des i n  the  methods u s ed to a na l ys e  the 
resu l ts .  Mo s t  workers u se b i ometr i ca l  techn i ques tha t a s s ume g rowth 
to be an addi t i ve proces s .  But growth i s  a mu l ti p l i ca t i ve process and 
s hou l d  be a na l ysed as  such . 

The exper imenta l resu l ts wi l l  not be d i scus sed , per se , a s  the 
rel evant  c hapters a re con s i dered adequate i n  th i s regard . What fol l ows 
i s  an attempt at synthe� i s i ng the exper imental resu l ts wi th what are 
currentl y be l i eved to b e  the mechan i sms that contro l tempora l 
( chronol og i ca l  or phys i o l o g i ca l ) c hanges i n  mamma l i a n s i ze and form . 

To i n terpret the exper imenta l l y  i nduced c hanges shown i n  thi s 
thes i s  the mec han i sms control l i ng the • norma l • changes i n  s i ze and 
form must be expl a i ned . Therefore a general revi ew of the mechan i sms 
thought to con trol mamma l i an body growth i s  perti nent . 

Obv i ou s l y  the mos t  sati sfy i ng  descr i pti on  of mamma l i an who l e  
body growth , o r  of ti s sue o r  o rgan growth , wou l d  b e  a s i ng l e  • master  
contro l l i ng mechan i sm •  represented ma themati ca l ly  by one equa ti on . 
Many a ttemps have been made to d i s cover such a mecha n i sm but no 
u n i tary exp l a nati on  of growth ha s g a i ned un i versal s upport . None may 
deserve i t .  Such hypotheti ca l  exerc i ses may , on b i o l og i ca l  g rounds , be  
unnecessar i l y  comp l i cated and mi sd i rected . 

Huxl ey c l ear ly  percei ved th i s  probl em and proposed the fol l owi ng 
so l u t i on , 

• . • .  there  appear to be two successive and quite distinct phases 

of growth . In the firs t ,  the general form of the part i s  laid down , 

and this process is  accompanied by very rapid alterations in form , and 

by marked hi stological changes ;  in the second , hi stological changes are 

absent or of an entirely secondary nature , and the form-changes are 

confined to quantitative alterations in the proportions of the de finitive 

structural p lan . • H�x l ey ca l l ed the fi rst  phase • . . . .  histo-di fferentiation 

since histo logical change would appear to be the most  dec i sive factor ; • 



a nd he  ca l l ed the second pha s e  ' . . .  auxano-differentiation , since 

quantitative growth-changes are now the mos t  s ignificant . '  

( Hux l ey ,  1 9 3 2 ; pp 1 18-20 )  
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Zucker e t  a l . ,  ( 1 941a ) amal gamated the i dea that  wean i ng represents 
a cr i t i ca l  nutri ti o na l  trans i t i on poi nt , wh i ch greatl y affects ra t growth , 
and Hux l ey 1 s  anatomi ca l a n a ly s i s ,  to fi t s eparate mathemati ca l  functi ons 
to the two phases of growth . Zu cker et al . ( 1 941a , p426 ) postu l ate 
' • . . .  that the e ffects of these two processes  upon weight inc rease are 

sufficiently independent to suggest separate treatment . ' At the same 
time Brody ( 1 945 ) postu l a ted tha t growth i nvol ved two phases , an i n i t i a l  
se l f-acce l erati ng phase and a second se l f- i n h i b i ti ng pha se . But  B rody 1 S  
ana l ys i s i s  not mu l t i p l i ca ti ve  ( compared to that proposed by Zucker e t  a l . ,  

1 94 1 , 1 942 ) , a s s umes an i nfl ect i on at puberty (wh i c h  i s  not shown by 
adequa te growth curves ) ,  a nd i s  a mathemat i c a l l y  poorer descri pt i on of l i ve 
wei g h t  c hanges i n  the rat ( see Chapter S i x ) . 

I n  a ma s s i ve assay ,  ent i tl ed 1 Growth - Pr i nc i p l es and Theory 1 , van 
Berta l a nffy ( 1 960 , p . 1 7 5 )  d i smi sses a l l prev i o u s  growth e�uati ons , 

' . . . .  as i t  can be shown that none of  them is physiologically well­

founded • . . . .  and it is  sufficient to  show that these functions , for 

mathemat ical rea sons , are ill-suited to represent growth curves as 

empirically found . '  ( van Berta l a nffy does not cons i der the Zuckers 1 
equat i on s ) .  van Berta l anffy app l i es h i s  set  of  equati ons  to the ra t 
·l i ve we i g ht data of Dona l dson . Al though the defi c i enc i es of the Dona l dson 
data , a s  descr i bed by Zuc ker e t  al . ,  ( 194 1 , 1 942 ) , Dunn et al . ,  ( 1947 ) and 
Mayer ( 1 948 ) , are referred to by von Berta l a nffy ,  he ma kes the cu ri ous  
s ta tement  ( p . 22 2 )  that  ' . . . . .  each o f  the ntentioned groups of investigators 

proposed a different empirical equation for the growth of the rat which , 

however ,  does not fit da ta o f  other observers . '  ( As wa s noted i n  
Chap ter 6 the se  authors a greed wi th the Zucker equati on ! )  van Berta l a nffy 
attempts to j u s ti fy h i s  u s e  of  the Dona l dson  data ( p . 22 2 )  when he  s tate s  
t h a t  ' If Donaldson ' s  data pre sumably represents a " suboptimal " course o f  

growth , i t  has to b e  cons idered , on the other hand , whether a synthetic 

diet yielding maximum weight increase , does not lead to " supernormal 

growth " , particularly with re spect to depos i.tion of fat . ' .  



2 2 5  

Such  a n  a rgument i s  c l earl y  out of  order , i f  one sta rved a n  an ima l  {for 
examp l e ,  to the degree practi sed by McCance and Wi ddowson ( 1 974 ) i n  p i g s ) 
the course of growth wou l d obvi o u s ly  not comp l y  wi th the un i nh i b i ted growth 
of an untrea ted an ima l . Th i s d i g re s s i on a s i de ;  von Bertal anffy notes 
( p . 21 9 ) ' Growth curves of mammal s  show segments or cycles . ' ,  bu t h i s 
� se  of t he Dona l d son data causes  h i m  to conc l ude that ' The break in the 

qrowth curve coincide s with sexua l maturation . . . ' .  The ' brea k ' ,  u s i ng 
the von Bertal anffy equati ons , i n  more acceptab l e rat data , may be 
nearer the earl i e r age proposed herei n .  

A fi rmer ba s i s to the Hux l ey-Zucker a na l ys i s  o f  growth was prov i ded 
by Enesco a nd Lebl ond ( 1962 ) and by Wi n i c k  and Nobel ( 1966 ) who s howed , 
i n  the rat ,  that before  three week s  of age ti s sues grow by cel l d i v i s i on .  
Between three a nd s i x  weeks o f  age cel l d i v i s i on wanes and cel l hypertrophy 
starts to domi nate so that a fter s i x  weeks s i ze changes are ma i n l y  by cel l 
enl a rgement . 

The present ana l yses c l ea r l y  confi rm th i s separat i on of  post-nata l  
rat l i ve we i g ht growth i nto two phases . B ut  frequent mea surements s how 
the rate of ti ssue formati on to be vari a b l e ,  i n  both growth phase s ;  the 
growth rate c l ear ly  o s c i l l ates r hythmi ca l l y .  The osc i l l ati ons cou l d 
represent changes i n  the ra tes of  cel l d i v i s i on ( or ce l l hypertrophy ) 
occurr i n g  contemporaneou s l y  i n  a l l ti s s ues or  d i fferent t i ssues beg i nn i ng 
and end i ng thei r growth a t  d i fferent times . The regu l a ri ty and s i mi l a r 
s i ze of the osci l l a ti ons , espec i a l l y  i n  the fi rst  phase of growth , seems 
to i nd i cate that the former exp l anati on i s  correct . 

E v i dence supporti ng thi s exp l anati on was found i n  the da ta of 
Kv i nn s l and  and Kvi n n s l and ( 1 975 ) . They i ncubated carti l a ge , taken from 
the cra n i ofac i a l reg i on of  rats on 9 occa s i ons  from b i rth to 28 days of 
age , stud i ed rad i oact i ve thymi d i ne upta ke ,  and conc l uded ( p . 3 13 ) tha t 
' . . . .  a great increase in weight ( l ive we ight) between the lOth and the 

14th day . . . .  was parallelled by high cpm/DNA values , a weight increase 

between the 24th and the 28th day was paralle lled by low cpm/DNA values . '  

( Vau g ha n ' s  ( 1975 ) warn i ng aga i ns t  extrapo l at i n g  from na sa l  carti l a ge to 
a l l cart i l age shou l d  be borne i n  m i nd ; a l l carti l age may not show these 
growth p ha ses . ) 



Rat b ra i n  growth h a s  recentl y been the subject of  a tremendou s 
amount of  re search . Gottl i eb ,  Keyder and E p ste i n  ( 1977 ) rev i ew the 
ev i dence t ha t , ' Brain growth in both rats and mice occurs mainly during 
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days 0-6 , 8 - 1 2 , and 1 7 - 2 3  after birth . During much of the other periods 

( days 6-8 , 1 2-17 , and a fter 2 3 )  there is little increase in brain we ight . '  

( p . 166 ) . However they a l so quote Kobayas h i  ( 1 963 ) who ' . . .  gave mouse 

brain/body weight ratios and found a large increase starting between days 

8 and 9 and later an abrupt reduction at about 1 4  days . Since the body 

we ight increases steadi ly at all pre-weaning age s ,  these results may be 

taken as showing a very large brain weight increase starting around 8-9 

days and later a very s low or zero weight increas8 beginning around age 

1 4  days . ' ( p . 1 68 ) . The present resu l ts quest i on thei r conc l u s i on that 
body we i ght  i ncrea ses  s tead i l y  a t  a l l pre-wean i ng ages , the chang i ng 
bra i n/body we i g ht ra t i o  cou l d  be due to the presentl y observed changes 
i n  body we i g ht growth . However a s  the bra i n  i s  growi ng at  a faster rate 
than the res t  of the body , over t h i s range of iges , the o sc i l l at i ons i n  i ts 
growth rate wou l d  be l a rge compared to tho se  i n  body we i g h t .  The res u l ts 
s eem compa t i b l e wi th the conc l u s i on that the growth rates of  both the 
bra i n  and the body osc i l l ate befo re wean i ng .  

The s e  resul ts s upport the a u thor ' s  f i nd i ng tha t dur i ng the earl y 
mu l t i pl i cat i ve phase of growth l i ve we i ght  growth osc i l l ates rhythmi c a l l y .  
The earl y pea k i n  l i ve we i g ht g rowth rate may b e  due to a burst o f  cel l 
d i v i s i on i n  a l l ti s s ues of  the body wh i l e  the second cyc l e of growth , 
seen fol l owi ng wean i ng , cou l d  be due  to an i ncrease i n  the rate of ce l l 
hypertrophy . The factors cau s i ng , or  the mechan i sms contro l l i ng ,  s uch  
changes rema i n  to be  i denti f i ed . 

MECHAN I SMS REGULAT I NG GROWTH BY HYPERPLAS I A  

T h e  ev i dence of  t h e  prev i ou s  s ecti on suggests g rowth i n  mamma l s  
occur s  i n  two di st i nct , but  te�pora l l y over l app i ng , phases . I t  a l so  s eems 
reasonab l e that the mechan i sms contro l l i ng ,  and therefore t he factors 
a ffecti ng , total body s i ze shou l d  d i ffer i n  these two phase s . Mos t  growth 
theor i e s  were formu l ated before th i s  property of mamma l i an growth wa s 



recogn i sed but some recent revi ewers ( Go s s , 1 9 72 )  a l so seem to i g nore 
th i s  bas i c  d i chotomy of g rowth . 

Al though  one can sepa rate who l e body growth i nto two phases  i t  
s hou l d be rea l i s ed tha t cel l s  of d i fferent ti s sues d i ffer i n  the i r  
capac i ty to u n dergo mi to s i s . Any theory of  body growth reg u l a ti on  mu st  
ta ke th i s  i nto account . The i mporta nce of  th i s  property to  who l e body 
g rowth wi l l  become c l earer l a ter i n  th i s  chapter . Lebl ond ( 1 9 7 2 )  
c l a s s i fi ed ce l l popu l a ti ons a s  bei ng e i ther , 
1 )  S tati c - growth on l y by cel l en l a rgement 
2 )  E xpand i ng - growth by random pro l i fera t i on of 

parenchyma l ce l l s  

3 )  Renewtng 
There i s  no cel l l o s s  

- s tem c e l l s  g i ve s tem cel l s  p l u s  
d i fferent i at i ng cel l s .  

( neuron s )  

( k i dney )  
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There i s  c e l l turnover and  l o ss 
4 )  I ntermed i ate - combi nati ons  of 2 )  a nd 3 )  

( smal l i ntesti ne )  

i . e .  s ke l e ta l  mu sc l e has no ce l l  l oss but conta i ns 
s tem ce l l s .  

Leb l ond conti nues , ( 1972 , pp36-37 ) .  
' It is  likely that much of. the growth control of the various cell 

populations is  exerted by chalones , that i s , substances inhibiting cell 

proliferation . This view implies that the cells  of an organ would divide 

inde f initely unless prevented from doing so by an inhibitory substance , 

the c halone , which they release to the circulation . . . .  as long as the chalone 

is within the cell which produces i t ,  no inhibitory effect is exerted , but , 

once the chalone has pas sed to the c irculation in sufficient amount , it doe s 

inhibit the proliferation of the cel l  population . . .  as the number of cells  

increase wi th age , the amount of circulating chalone also increases 

gradually , and the rate o f  cell prolifera tion is  corre spondingly reduced . 

Eventually , growth becomes negligible . '  



B u l l ou g h  i s  a n  advoca te and  or i g i na tor of the cha l one theory but 
i n  the fol l owi ng pa ssage ( 1973 , pp 4 - 5 )  he forcefu l l y  a rgues  a ga i ns t  
the ' fu nct i ona l  demand ' theory ( proposed by Goss ( 1 972 ) and others ) ,  
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' When part o f  the liver is removed the remnant grows rapidly until 

its mas s  i s  again normal , when growth ceases . . . .  These responses are 

strictly organ specif ic : partial hepatectomy stimulates only live� 

growth . . . .  In the case of a live r remnant or of a single remaining kidney 

it has been postu lated that ,  because the cells  work harder ,  growth by 

mitosis will continue until the work load per cell is once more norma l .  

This idea o f  increased metabolic load leading to increased tissue ma ss 

is evidently derived from the c ommon observation that increased muscular 

work leads to the development of  increased muscular ma s s .  However ,  thi s 

is  a fa lse analogy s ince increased mu scular work leads only to increased 

muscle cell  size ; the non-mitotic musc les cannot increase the ir cell  

number . . .  there i s  sti ll no positive evidence that an increased workload 

can lead to increased mitotic activity . . . .  the question of positive feedback 

mechanisms of one kind or another still remains open . '  

The funct i ona l  demand ' theory seems a parti cu l a r l y i nappropri ate 
expl a nat i on  of the contro l of  c e l l d i v i s i on i n  the major i ty of mamma l s  
s i nce hyperpl a s i a  occurs a l mo s t  exc l u s i ve l y  i n u tero when most  organs  are 
l arge l y  non-funct i ona l .  As we s ha l l see the functi ona l  demand theory 

· seems more importa n t  duri ng the second , hypertroph i c ,  phase  of growth . 
Bu l l ough  ( 1 975 ) does not d i scount the presence  of  s u bstances 

whi c h s t imu l a te ce l l d i v i s i on ; Gos s  ( 1 972 , p . 3 )  i n terprets the cha l one 
theory d i fferentl y ,  

' They imply that cellular proliferation is not subj ect to exogenous 

stimulators , but that ti ssue s have an innate tendency to grow and can 

therefore be controlled solely by inhibitory compounds - like control ling 

the velocity of an automobile by us ing the brakes instead of the 

acce le rator . '  

There i s ,  however , good ev i dence for substances wh i ch s t imu l a te cel l 
d i v i s i on ( see Lobue a nd Gordon , 1 973 ) . I t  i s  a lmost  a tenet of endocri nol ogy 
that regu l a ted sys tems , that a re hormone sens i ti ve , a re i nfl uenced by both 
i nh i b i tory and s t imu l a tory mo l ecu l es . 
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Bu l l ou g h  ( 1 9 73 )  descri bes o s c i l l a t i ons , of s hort phase l ength , 
i n  the mi toti c rate of  ep i dermal ce l l s  whi ch he bel i eves can be expl a i ned 
by a mechan i sm depend i ng so l e l y  on negat i ve feedbac k .  But the evi dence 
rev i ewed i n  the fi rst part of  th i s  cha pter  i nd i cates that pro l onged 
p eri od s of enhanced ce l l d i v i s i o n occur i n  the suckl i ng ra t .  I f  the 
m i tot i c rate were contro l l ed sol e l y  by negati ve feedback such  l a rge 
osc i l l a ti ons i n  the m i to t i c  rate wou l d  not be expected to occu r .  The 
res u l ts sugge s t  that pos i ti ve feedback on  the mi toti c rate i s  occurri ng . 
I t  i s  wel l estab l i s hed tha t  carti l age  ce l l s  ( ce l l s  of the pro l i ferat i ve 
zone are ca l l ed  chondrobl a sts by Va ughan  ( 1 975 ) - bu t the termi no l ogy 
d i ffers )  can be s t imu l ated , in vi tro , to ta ke up �ad i o - l a be l l ed 
thymi d i ne .  The serum factors respons i bl e  are l arge l y  dependent on 
p i tu i tary growth hormone for the i r  generati on and have been therefore 
ca l l ed soma tomed i n s { Van \�yk e t  al . ,  1 974 ) . A l though there i s  much 
debate on the p hys i o l og i ca l , "i n vi vo, ro l e  of these factors ( s ee the 
d i scu s s i on fo l l owi ng the paper by Van Wyk e t  a i . , ) i t  i s  c l ea r  tha t the 
d i v i s i on of c hrondrobl a sts i s  st imu l a ted by true hormones ( i . e .  a 
s t imu l ant that has  a n  ori g i n  i n  one organ and i ts target i n  a nother ) . 
The d i v i s i on of  chrondrob l a sts  wi l l  be d i scus sed , i n  a d i fferent context , 
l a ter i n  th i s  c hapter . 

I t  i s  po s tu l a ted that cel l d i v i s i on i s  sens i ti ve to 
1 )  s u b stances that a re prod u ced  by cel l d i v i s i on ( ch a l ones ) 

whi c h  feedba ck  to i nh i bi t fu rther ce l l d i v i s i on i n  the i r organ  of ori g i n ,  
and 2 )  hormones that s t imu l ate ce l l d i v i s i on .  

Leb l ond { 1 972 , p . 1 6 )  empha s i ses  that ' . . . .  cell number is  the ma in 

factor in growth . ' .  Thi s means that s i ze i s  primari l y  determi ned by the 
number of ce l l s  i n  the body . I f  growth i n  s i ze i s  v i ewed l ogari thmi ca l l y 
the peri od o f  c e l l hyperp l as i a  a s sumes i ts proper importance . Cel l 
hypertrophy therefore represents o n l y  a ' f{ ne tun i ng ' of  body s i ze .  
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E FFECTS OF NUTR IT ION ON  CELL HYPERPLAS IA AND COMPENSATORY GROWTH 

The effects of nutri t i o n  on body growth have fa sc i nated generat i ons  
of  sc i enti s ts . For examp l e ,  Hammond hoped that  by a l teri ng the p l ane of 
nutri t i o n  o f  an an ima l  o ne coul d ,  by d i fferen ti a l ly  affecti n g  the ' ea rl y '  
and ' l a te ' matur i ng parts of the carca ss , change the s hape o f  an an ima l  
to g i ve a more desi ra bl e carca s s , i n  terms o f  meat producti on ( E l s l ey ,  
1 976 ) . Some rea sons why thi s hope has been u n fu l f i l l ed wi l l  be c l ar i f i ed 
l ater . 

O ur  understand i ng of the effects of  n utr i t ion  on growth has  
advanced wi th the rea l i sati on that there are what McCance ( 1 976 ) ca l l s  
' cr i ti ca l  peri ods ' dur i ng devel opment . For exampl e ,  there i s ,  neonata l l y ,  
a cr i ti ca l  per i od for the st imu l atory effect o f  microgram doses of 
testosterone on the s u bsequent growth of fema l e  rats (Tarttel i n  e t  a l . ,  1975 ) . 
Another examp l e  i s  that a nutr i ti ona l  stress dur i ng ce l l hypertrophy can  
be overcome but a s im i l a r  s tres s  dur i ng cel l hyperp l a s i a  can  permanentl y 
retard g rowth . Cri ti ca l  peri od s  a re c l ear ly of  both theoret i ca l  and 
pract i c a l  i mportance . 

I n  mos t  mamma l i an ti ssues ce l l hyperp l as i a  occurs a l most excl u s i ve ly  
i n  u tero ma k i ng the experimental man i pu l a t i o n  of growth d i ffi cu l t .  For 
exampl e ,  Wal l ace ( 1 948 ) fed ewes on  a l ow p l a ne of nutr i ti on from 
concept i on but cou l d  s how no adverse effect on foeta l g rowth up to 90 days 
of gestati on . But Everi tt ( 1 968 ) fou nd that rumi nant foeta l  growth , i n  
the fi r st  ha l f  of preg na ncy , wa s not i nv i o l a te i f  the nutri t i ona l  stre s s  
was l arge . A s  the ra t i s  born wi th cel l hyperp l a s i a  l arge l y uncomp l eted 
( Lebl ond , 1 9 7 2 )  i t  i s  amendab l e to experi mentati on s i nce post-na ta l 
d i etry res tri cti on , i n stead of  p re-nata l  restri cti on can be u sed to study 
ce l l hyperpl as i a .  

TECHN I QUES FOR I NDUC I NG UNDER -NUTR I T I ON DUR I NG CELL HYPERPLAS IA 

The fol l owi ng descri pt i on  of techn i ques  used to i nduce u nder­
nutri ti on  i n  foetal and  suck l i ng ra ts  suggests that d i s crepanc i es in the 



the res u l ts obta i ned by d i fferent workers , i n  apparent l y comparab l e 
experiments , cou l d  be due to the d i fferent methods u sed  to i nduce 
under-nutri t ion . 
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There are two major exper imenta l  tec h n i ques u sed  to i nduce under­
nutri t i on dur i ng s uc k l i ng .  The techn i que , devel oped by the Cambri dge  
group o f  Wi ddowson , McCance , a nd Kennedy , of  cros s - fosteri ng neonates 
to g i ve l a rge and sma l l  l i tters , i s  common ly  emp l oyed (W i n i c k  and Nobel , 
1966 ; Wi l l i ams and Hughes , 1 97 5 ) . A d i fferent techn i que was used by 
Adl a rd ,  Dobbi ng , a nd Smart ( 1 973 ) who fed dams 50% of  the same ra t i on  
eaten a d  libi tum by  control dams on the same day of  pregnancy or l ac tat ion  
( here the number o f  pups/ l i t ter i s  he l d con stant) . P re-nata l  under- nutri ti on  
py l i gat i ng some of  the  umbi l i ca l  sp i ral arteri o l es h a s  been descri bed 
by Ma rthens et a l . ( 19 75 ) . 

Wi th i n  these methods other d i fferences have a ri sen . Wi l l i ams and 
Hug hes  rehabi l i tated thei r l arge- l i tter a n i ma l s in l i tters of e i g h t ,  
the s i ze o f  thei r contro l groups , wh i l e  Wi ddowson , Mc Ca nce and Kennedy 
have common ly  u sed l i tters of  thr2e for both control and  rehabi l i tated 
an ima l s .  Wi th i n  the restr i c t i ve feed i ng tec h n i que d i fferences have a l so 
evol ved , for examp l e  feed i ng restr i c ted dams a d i et l ow i n  prote i n .  
Wi n i ck et al . ( 1 97 2 )  descri be o ther vari at i ons wi th i n  th i s techn i que . 
D i e tary res tr i c t i o n  of  the dam a nd a l tera t i on of the l i tter s i ze do not 
s eem to have been d i rect ly compa red wi thi n the same exper iment for thei r 
subsequent  effect on  growth . A l though Wi n i c k  et a l . ( 1 972 , p . 7 1 ) concl ude 
that ' . . .  the se me thods have produced comparable results on brain growth , 

and therefore we shal l  examine them together . '  thi s s eems a quest i onabl e 
conc l u s i on .  

There i s  some evi dence that  the c ro s s - foster i ng method may be 
i nfer i or to the ca l or i c  restri ct i on method . Wi l l i ams and Hughes cro s s ­
fostered  a t  b i rth to  g i ve l i tters of e i g ht  and  s i xteen p u p s  then reduced 
the l arge l i tters to e i ght at  e i g h t  days of  a g e .  There was no permanent 
d i fference i n  l i ve we i g ht between the a n ima l s that were i n i ti a l l y  i n  
the l a rge  o r  sma l l l i tters . B ut  i f  the l a rge l i tters were mai ntai ned 
to 14  or  21 days before be i ng reduced permanent effects  i n  adu l thood 
re su l ted . Thus Wi 1 1  i ams and Hughes  ( 1 975 , P. · 191 ) conc l ude  that for 
post-nata l cel l number ' . . . .  the period of max imum sensitivity o f  the 



mechanism o f  determination occurs between 9 and 15 days . •  Th i s  v i ew 
i s  a t  var i a nce  wi th the c l a s s i ca l  v i ew of McCance and  Wi ddowson ( 1974 , 
p . 6 ) , ' We concluded that the earlier in the life of the animal  a short 

period of under- or over-nutrition fell  the more l ikely it was to have 

permanent e f fects on stature . •  

Th i s d i fference i s  expl a i ned by the l i ve wei g h t  data supp l i ed 
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by Wi l l i ams a nd  Hughes ( 1 975 , p . 1 S2 ) wh i ch revea l s tha t at  day e i g ht  
there was a s i mi l ar d i fference between the  control  grou p and  the group 
s e l ected for reduct i on  a t  day 1 5  as there wa s between the group  se l ected 
for reduct ion  at  day 8 and the day 15 grou p .  Thi s suggests that a between 
l i tter effect i s  confounded wi th  the treatment effect .  That  no rea l 
under-nutri ti on  was present  i n  Wi l l i ams and Hug hes • study , a t  8 days of 
age , i s  i nd i c ated by the s tudy of Mera t and D i ckerson ( 1 974 ) . They 
ra i s ed ra ts i n  sma l l er l i tters ( 3 / l i tter ) and l i tters of a s i mi l a r s i ze 
( 1 5/ l i tter ) to those used by Wi l l i ams and  Hughes . But  a t  7 days of age , 
desp i te the greater di spari ty i n  l i tter s i ze than i n  the s tudy of  Wi l l i am 
and  Hughes , Mera t and Di c k i nson ( 1 974 , p . 166 ) found ' . . . .  no difference 

in body weight at 7 days , and it may be pre sumed that up to this  age 

maternal reserves were able to s�pply the additional nutrients required 

· by the larger l itter . '  

Another pos s i bl e  s hortcomi ng of  the cro s s -fos teri ng techn i que i s  
a l so a pparent from the res u l ts of Wi l l i ams and Hughes ( 1975 ) . A l though  
the  au thors do not  comment upon the ef�ect ,  i t  i s  a pparent tha t  the  
v ari a ti on i n  body wei g ht , body l ength , a nd ta i l  l ength wa s l arge immed i atel y  
fol l owi ng reta rdat ion , compared to the vari a ti on i n  control a n ima l s of a 
s i mi l a r averag e  we i g ht  ( bu t  d i fferent ag e ) . Unfortunate l y  i n  the ori g i na l  
papers by McCance , Wi ddowson , and Kennedy means and s tandard dev i at ions  
were not g i ven ; the data wa s usua l l y  pl otted . But the work of Park and 
Nowo s i el s k i - S l epowron ( 19 7 1 ) confi rms the i ncreased vari ab i l i ty of  l arge 
l i tters . These workers m i xed l i tters a t  bi rth to g i ve l i tters of  6 or 
18 pups ; 3 2  sma l l and 2 1  l arge l i tters were produced , l i tters were k i l l ed 
da i l y unti l wean i ng and l engths and wei g h ts were measured a t  s l a ug hter . 
T hey conc l uded ( 1 971 , p . 24 ) , ' Growth i s  therefore more variable in  the 

large under-fed litters than in the small  we ll-fed litters . ' .  These 
resu l ts cou l d be due to e i ther the i nd i v i dua l  a n ima l s wi th i n  the l a rge 
l i tters s howi ng  a vari ab l e re s i s ta nce to nutri t i onal stress , or be i ng 



su bj ected to vari ab l e nutri t i ona l  s tress . The poss i b i l i ty of  genet i c  
d i fferences i n  response  to under-nutr i ti on wa s suggested by Park and 
Nowos i el s k i -S l epowron .  I n  Cha pter 5 of t�e present work  d i fferences 
between breeds of cattl e i n  the i r respon se  to nutri ti ona l  stress were 
a l l uded to . B ut  wi thi n l arge l i tters of ra ts between a n i ma l  
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d i fferences i n  mi l k  s u pp l y  mi g h t  be expected s i nce the number of pups 
exceeded the number of  n i pp l e s  ava i l ab l e  ( 12 to 1 4 ) . I t  has been s hown 
by Ha l l et al . ( 1 977 ) that  ra t pups  wi l l  not l eave a n i pp l e  wh i ch produces 
no mi l k  i n  search  of a producti ve n i pp l e  unti l they a re 14 to 16 days 
o l d .  Ha l l and Rosenb l a tt ( 1 977 ) descri be mi l k  l et-down i n  the rat a s  
not conti nuou s ,  but bri e f ,  i ntermi ttent and contro l l ed by the dam . 

Therefore cros s - fosteri ng to l arge or  sma l l l i tters : 
1 )  may produce rel at i ve l y grea ter  under-nu tri ti on dur i ng the second and 

thi rd weeks  of l a c ta t i on compared to that of the fi rst week 
2) a l l pups  may not be equa l l y  under-nouri shed , espec i a l l y  duri ng the 

second wee k  of l ac tat i on� 
Con c l u s i ons reached  by c ro s s - fosteri ng techn i qu e s  may therefore 

be open to re - i nterpreta t i on . Some of  the d i ffi cu l ti es  of  the cro s s ­
foster i ng method c a n  be  s urmounted by res tri ct i ng the dam to a set 
proport i on of  the d i et consumed by a contro l fema l e d uri ng l acta ti on or 
pregnancy ( a s  descri bed by Adl ard e t  a l  . ,  1 9 73 ) . But  the d i fferences 
between a n i ma l s in thei r response  to under-nutri ti on cannot , us i ng the 
des i gns and a na l yses of the s tud i e s revi ewed , be removed . 

As we have seen , l i tter s i ze and wi th i n  l i tter vari a t i on seem to 
be pos i ti ve l y corre l ated . Thi s crea tes sta ti s ti ca l  probl ems . For examp l e 
compari sons  of  an ima l s from l arge l i tters , a s  a group , wi th those from 
sma l l l i tters , i s  comp l i cated s i nce  the vari a nces i n  the two popu l a ti on s  
a re c l earl y u nequa l . T h e  l a rge vari a t i on wi th i n the l a rge l i tters cou l d 
a l so ma s k  any between treatment vari a tion . These probl ems suggest a 
d i fferent  a pp roach ; the  regre s s i on techni ques of the present work , whi ch  
are wel l  s u i ted to  dea l wi th these s i tuati ons . 

Mos t workers tes t  for a n  effec t of u nder-nu tri t i o n  on growth u s i ng 
a group  a pproach , compar i ng the trea tment  groups  we i g hts . But u s i ng 
regres s i on s  one wou l d e st imate the weani ng wei g hts ( l ogar i thmi c )  from the 
p re-wean i ng we i g hts , e s t ima te the pos t-wean i ng growth rates ( l ogari thmi c )  
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and , i n i ti a l l y ,  compare the regres s i on s  of growth rates on wean i ng we i ghts . 
One mi ght expect these regres s i ons  to d i ffer i f  a permanent effect had 
been produced . Us i ng th i s  method one cou l d  a l so detect a n i ma l s ,  a s  
out l i e rs , that had escaped u nder-nutr i t i on .  An ana l ys i s of  covari ance 
wou l d  be of u se  i f  the wea n i ng we i g hts were not di fferent between the 
treatment group s . For exampl e ,  te sti n g  for an effect of under-nutri t i on 
on  ce l l  number cou l d  be made by regre s s i ng cel l number ( Y )  on the 
ca l cu l a ted wea n i ng wei g h t  ( X )  and then compari ng the wi th i n  treatment  
regres s i ons . 

Smart , Adl ard , and Dabbi ng ( 1974 ) and Wi l l i ams and Hughes ( 1 975 ) 
i nduced foe ta l a nd neo-nata l  under-nutri t i on , measured body wei g hts & l e ngths 
but  d i d  not u se a l l ometry to te st  for effects of treatment on  body form . 
The i nterpreta t i on of d i fferences i n  mean wei g hts and mean l engths i s  
d i ffi cul t wi thout  a l l ometry . For exampl e ,  Wi l l i ams and Hughes concl uded 
( 1 975 , pp . 190- 1 ) that ' The weight deficit i s  apparently much greater 

than the length defic i t . '  But  one wou l d  expect such a numeri ca l  effect 
on an ari thmeti c sca l e .  The i mporta n t  que s ti on , whether or not the 
re l at ionsh i p between l ength and wei g h t  ( the shape of the body ) has been 
c hanged by treatment, can be bes t an swered by a l l ometry , as wa s seen i n  
Chapter Si x . 

Thus mo re refi ned method s of i nduc i ng under-nutri t i on and of 
a n a l ys i ng the resu l ts of  under- nutri ti on may l ead to a better unde l� s tand i ng 
of g rowth i tse l f .  

E FFECT OF NUTR I T I ON ON AD I POSE CELL NUMBER 

Referri ng to ad i pocytes Czaj ka -Na i rns and H i rsc h ( 19 74 , p . 177 ) wrote 
, '· Pre-weaning diet is the only factor found thus far which alters cell 

number . • Bu t the d i fferen t  method s used  to a l ter pre -'tJean i  ng nutri t i on  
have produced confl i c ti ng resul ts . 

I n  1 968 Kn i tt l e  a nd H i rsc h reported that the number of ce l l s  i n  
the epi d i dyma l fat pad s  of rats rai sed i n  l i tters of 4 conta i ned 40% 
more cel l s  than the fa t pad s  of ra t s  ra i sed i n  l i tters of 2 2 . Th i s 
cau sed many au thors to extrapol a te across  s pec i e s  and  age s ca l e s to 
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con c l ude that over-feed i ng i nfant huma ns fol l owi ng b i rth wi l l  i ncrease 
a d i pocyte numbers . Kni tt l e  and H i rsch • s  work i ndi cates that u nder­
nutri t i on wi l l  a ffec t cel l number but a s  there were no norma l s i zed l i tters 
an effect of over-nutri t i on cannot be i n ferred . Over-nu tri t i o n  wa s 
spec i fi ca l ly  s tu d i ed by Czaj ka -Na i rns a nd H i rsch t 1 974 )  by force-feed i ng 
s uck i i ng rats . Force-feedi ng i ncrea s ed the percentage body fat at  
wean i ng b ut  not ad i pocyte number at  ma turi ty .  Kni ttl e ( 1 972 ) had 
prev i ou s l y  attempted to i nf l uence ad i pocyte cel l number i n  the ra t by 
restri cti ng the food i n ta ke of dams to 2 5  grams/day compared to contro l s •  
50 g rams/day ( of stock d i et )  or by feed i ng 50  grams/day of a prote i n  
defi c i ent d i et .  A l i tter s i ze of 1 2  combi ned wi th 50% o f  the d i etary 
i nta ke of contro l s wou l d ,  Kn i ttl e expected , g i ve a compara b l e nutri ti ona l  
s tress to emp l oy i ng l i tters of 22 . L i tters of 1 2  were u sed i n  a l l 
tre atment groups . But ad i pocyte number wa s not affected by ca l ori c 
restri cti on a l though  i t  wa s affected by the protei n defi c i ent  d i et .  
Kn i ttl e termed these res u l ts  • surpri s i ng • . Hi s feed i ng a reduced but 
con s tant  amou nt  of food i s  yet another vari ati on i n  techn i que to those  
a l ready descri bed . Th i s  method may have supp l i ed s uffi c i ent nutri ent 
duri ng earl y l a ctati on wi th a nu tri ti ona l  stre ss on ly  deve l op i ng i n  
l a te l actati on . But as  the s tres s  i n  a l arge l i tter wou l d a l so be l es s  
i n  ear ly  l actat i on Kni ttl e • s  res u l ts a r e  sti l l  not expl a i ned . I t  i s  
pos s i b l e that the greater effect i n  l arge l i tters i s  due to the stres s  
of  over-crowd i ng . 

These res u l ts i nd i cate that a n  extremel y  harsh  nu tri t iona l  s tres s  
i s  necessary to i nfl uence ad i pocyte number i n  the rat .  More i mportant l y 
there i s  l i ttl e evi dence i nd i cati ng that over-nutri t ion  affects ad i pocyte 
number . Gai rdner and Da uncey ( 1 974 ) took  ad i pose samp l es , at a utopsy or 
by needl e b i op sy ,  from i nfants and measured ad i pocyte cel l d i ameters 
n\i c roscop i ca l l y .  They conc l ude ( 1 974 , p . 1 21 ) that i n  humans  ' \1.hi le overf­

eeding a baby certa inly leads to an abnormally large gain in his total 

body fat , we are not yet in a posi tion to say whether his total complement 

of fat ce lls is  unduly multiplied or merely that his existing fat cells 

grow unduly large . '  After revi ewi ng the l i tera ture Wi ddowson ( 1 976 , p . 36 1 )  
dec i ded that ' . . .  there seems no real evidence that there i s  any increase 

i n  the number o f  fat cel l s  in the human baby after birth . ' T herefore 
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a l thou g h  over- feedi ng i nfan ts may l ead  to  obes i ty l a ter i n  l i fe th i s  may 
not be becau se  over-fed i nfants have more fat cel l s .  

Of major i mportance i s  the l ac k  of cons i s tency i n  the resu l ts 
obta i ned u s i ng d i fferent methods o f  a c h i ev i ng under-nu tri t i on . But  
i nc rea s i ng l i tter s i ze to i mpose n utr i ti ona l  stre s s  may cause stresses 
of a nature unre l ated to nutr i ti on . Thus  Czaj ka-Na i rns  a nd H i rsc h ( 1 974 ) 
perh aps shou l d  have wri tt�n that pre-nata l  stress , rather than a pre-nata l 
d i et , i s  the o n ly  factor that affects a d i pocyte number . The stress  of  
i nc rea s i ng the number of rats  per  cage h a s  been stud i ed by Hug hes and 
Nowa k ( 1 973 ) . There seems to be a cr i ti ca l  number a bove wh ich , i f  rats 
are hou sed together . the s i ze atta i ned dec l i n es . The cause of th i s  
phenomenon i s  un known . To the author • s  knowl edge the i ncrease i n  he i g ht 
and s i ze of human s , over the l a s t  century , usua l ly  a ttri buted to better 
nutr i ti on ,  does not seem to have been rel ated to a po s s i b l e  para l l e l 
decl i ne i n  the average fami l y  s i ze .  

The effect of rea l imenti ng ra ts of  varyi ng wea n i ng we i g hts i n  
d i fferent  numbers p er cage may be of i n terest . I s  • ca tch -up • i nh i b i ted? 

Obv i ou s l y  i nduc i ng under-nutr i t i o n  by i ncrea s i ng l i tter s i ze 
prcv i des  a far from s impl e experi mental model . 

COMPENSATORY GROWTH 

An el uc i dat i on  of compen satory growth i s  cruc i a l  to our understand i ng 
of growth i tse l f .  D uri ng growth envi ronmenta l , nutri ti ona l , and hormonal  
stresses  are i nevi ta bl e .  Compensatory growth fol l owi ng a prol onged 
stress  revea l s ,  i n  an exaggera ted form , the mechan i sms control l i ng , 
or the homeorhes i s of , growth i n  moti on and therefore opens i ts processes 
to study . 

Age at  onset  

From wha t a ge , i n  the  ra t ,  can compensatory g rowth occur? 

The data g i ven  in Chapters  1 to 7 i nd i cates compensati on does not 
occur before wean i ng . The h i g h  pos i ti ve corre l ati on between bi rth we i ght 



a n d  d ay 28 we i g h t  ( i n  Cha pter  7 ) . s hows that d i fferences at  b i rth a re 
ma i nta i ned to wea n i ng .  But  Wi n i c k  e t  a Z . ,  ( 1968) and Wi l l i ams and  
H ughes ( 1 975 ) ma i ntai ned l arge l i tter s  o f  rats  to  8 or 9 days of  a ge 
then rehabi l i ta ted them , whi ch l e ft no  d i fferences i n  cel l n umber or  
body s i ze at  wea n i ng . One cou l d c ha l l enge these fi nd i ngs , whi ch were 
based on cro s s -fo s ter i ng , for the rea sons  outl i ned prev iou s l y .  But 
a nother expl anat ion  of  th i s ' compensa tory g rowth ' i s  pos s i b l e .  As 
we h ave seen , before 1 4  to 1 6  days of  age rat growth i s  pr imar i l y  
determi ned by the amount o f  mi l k  s upp l i ed to each pup , a functi on  of 
l i tter s i ze ,  as i ntern a l  control mec han i sms are not functi ona l  at th i s 
t ime ( Ha l l e t a z . , 1977 ) . U s i ng ca l or i c  res tri ct ion of the dam through  
p regnancy to  5 days fol l owi ng bi rth , t hen  real i mentati on , Sma r t ,  
Ad l a rd ,  a n d  Dabbi ng ( 1 974 ) found i ncompl ete recovery i n  wea n l i ng and 
a du l t rats . I f  p re-wean i ng compensat i on does occur , and th i s i s  
d ebatabl e ,  i t  i s  proba bl y pa s s i ve l y  control l ed by the dam ' s  a bi l i ty to 
s upp ly  suffi c i ent  mi l k  rather than by the pup ' s  abi l i ty to act i ve l y  
' catch-up ' .  

Mechan i sms 

Thi s secti on i l l u s trates how compensatory growth a l l ows one to 
i nvesti gate the mechan i sms control l i n g  body s i ze .  The que s t i on i s  a 
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bas i c one ; a re the average cel l s i ze s  i n  the body ' s  orga ns· control l ed? 
We have seen that ; u n l es s an exce pti ona l  stress i s  i mposed_ , ce l l d i v i s i on 
a ppears rel at i ve l y  i nv i o l a te ; but i s  ce l l s i ze as  r i g i d l y  fi xed ? 

To reca p i tu l ate : before wea n i ng ,  i n  the rat ,  growth i n  we i g ht 
i s  primari l y  by cel l d i v i s i on ,  cel l s i ze rema i ns re l a t i v e ly  constant .  
Therefore pre - or  post-na tal  under-nutr i t i o n  s l ows l i ve we i g ht i ncrea se  
pri mari l y  becau s e  cel l mu l t i pl i ca ti on i s  i n h i b i ted . Thi s e ffect ,  i f  
u nder-nutri t i on  i s  pro l onged , can  res u l t i n  a permanentl y reduced ce l l 
n umber i n  a d u l thood ( Leb l ond , 1 972 , \�i n i c k et a �  . •  1 972 ) . But  do the 
reduced number of ce l l s  i n  such a ra t grow to be of s im i l a r s i ze to 
those of a control a n ima l ? Th i s resu l t has been i nferred from the 
tran s i ent effect  of post-wean i ng under-nutr i ti on on body s i ze ( revi ewed 
by McCance , 1 9 76 ) . A method of i nv e s ti gati ng thi s probl em i s  a s  fol l ows . 
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Wi l l i ams and  Hug he s  ( 1975 ) found that wh i l e rats from l i tters of  16 
averaged at wean i ng 24 g a nd at 1 20 days 320 g ,  a n ima l s from sma l l l i tters 
of  e i g h t  we i g hed  42 g a nd 360 g respect i vel y .  As sumi ng that the cel l 
numbers i n  mos t of the o rgans  were fi xed a t  wea n i ng , and the ce l l s i zes 
were s imi l a r i n  both groups , then the s i ze d i fference between the groups  
s ho u l d be  due to  a d i fference i n  cel l n umber . McCance ( 1976 , p . 3 1 1 )  
suggests thi s i s  s o  a s  such retarded a n i ma l s ' . . .  showed no sign of 

' catch up ' growth ; they behaved as though they were genetica l ly small ,  

s low growing , but per fectly proportioned an imals . '  Therefore , fo l l owi ng 
McCance , the percentage d i fference i n  l i ve we i g ht at  wean i ng ,  i n  
Wi l l i am and Hug hes ' a n ima l s ,  shou l d  be preserved 3 t  matu ri ty .  So , 
24/42 shou l d  equ a l  320/ 360 ; i t  p l a i n l y  does no t ( 0 . 57 � 0 . 88 ) . Even 
i f  there were some i ncrease i n  the ce l l number i n  the retarded grou p thi s 
wou l d  not accou nt for the l a rge c hange  i n  rel a t i ve we i g ht observed ; there 
mu st  be an i ncreased cel l s i ze i n  the retarded group .  

Thi s res u l t impl i es that body s i ze i s  not contro l l ed by ce l l s i ze 
be i ng ti ghtl y control l ed duri ng the p ha s e  of cel l hypertrophy .  Cel l 
s i ze l i ke cel l number appears to be va r i ab l e .  

Why d i d the ce l l s  of t he i'eta rded rats i ncrea se i n  s i ze ,  g i v i ng 
compensatory g rowth ? 

CARTI LAGE GROWTH 

Arguments  are to be presented l i nk i ng compensatory growth to 
ca rti l age growth . But fi rst  i t  i s  necessary to d i scu s s  the mechan i sms 
of carti l age g rowth and the d i rect effect of carti l age growth on bone 
growth and i t s i nd i rect effect on musc l e growth . 

Lebl ond ( 1972 ) descri bed ti s s ue s  ( of a n  ' i ntermed i a te ' type ) 
that  contai n  s tem cel l s  wh i c h conti nue  d i v i d i ng we l l  i n to l i fe .  Carti l age  
i s  s u c h  a t i s su e .  Mos s  ( 1 972 , p . 1 3 3 )  a rgued that ' . . . .  biochemical factors 

play a significant role in regulating skeletal growth with respect to 

location as wel l  as to duration and magnitude . '  Moss  ( 1 972 , p . 1 3 2 )  
d e scr i bed hormona l i nfl uences espec i a l l y  p i tu i tary growth hormone , a s  
1 • • • •  a general s timulus to the growth of  a l l  other tissue s . ' 
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Wi thout experi menta l evi dence bei ng quoted Moss wri tes  ( p . l 32 )  
' . . •  the growth plate s of the long bone s characteristically exhibit 

differential growth rates , yet pre sumably equal ti tres of STH (pituitary 

growth hormone ) reach the chondrocytes at both sites . '  The d i fferent i a l  
growth rates of c art i l age ce l l s  i n  d i fferen t body s i tes  i s  obv i ou s l y  
cruc i a l  for Mos s  to a s cri be mecha n i ca l  forces a primary ro l e  i n 
carti l age growth . 

The cel l u l ar k i neti c s  and  h i sto l ogy of carti l a ge growth have been 
recentl y s tud i ed i n  rats by Kember ( 1 972 , 1973 ) and Kember and Wa l ker  
( 1 97 1 , 1 97 2 )  by i njecti ng tri ti ated thymi d i ne and measur i ng both the 
s i ze of the zone of ce l l �prol i ferat ion  and i ts rate of  cel l d i v i s i on .  
Kember a nd Wal ker ( 1 97 1 , p . 428 ) wrote that the ' Rate of bone growth 

is equal to the product of two factors , the rate of production of new 

cells  per column and the average s ize of hypertrophic c e l l s . '  But Kember 
and Wal ker show that the hypertroph i c  ce l l s  a re of s i m i l ar s i zes  at  
d i fferent  a ge s  so  t hat  ' �'he principal influence on growth rate mu st 

therefore be the rate of cell production . '  Therefore , they conc l u ded , 
the growth ra te of bone  i s  determi ned by two factors ,  the l ength of 
the pro l i ferati on zone and the rate of ce l l d i v i s i on i n  the zone . 
Kember ( 1 973 , p . 450 ) found that  ' . . .  prol i feration zone length and 

prolife ration zone divis ion rate . . .  are practically independent and tha t ,  

further. ,  whi le control o f  proliferation zone length i s  specific to each 

cartilage plate , th� division rate is chie fly dependent on overall body 

controls such as nutritional state and hormonal level s . '  Put more p l a i n l y  
Kember ' s  f i nd i ngs s how that carti l age p l a te s  i n  di fferent bones have a 
spec i fi c  number of d i v i d i ng stem ce l l s  ( determi ned geneti ca l l y )  but the 
cel l s  i n  a l l s i te s  d i v i de at the same rate . Therefore mechan i ca l  stress 
seems to be of l i tt l e importance compared to hormona l i nfl uences i n  
the control o f  carti l age growth ra te . 

MUSCLE GROWTH 

Hammond ( 1 93 2 )  proposed that  bone wa s a n  earl y deve l op i ng ti s s ue 
fol l owed by mu sc l e  then fa t .  I n  s i ze th i s may be so , but by growth i n  
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cel l number thi s i s  not so ; mu sc l e  ce l l number bei ng fi xed whi l e  bone  
cel l number i s  s ti l l  i ncreas i _ng . T he  suggest i on that muscl e devel opmen t 
fol l ows bone devel opmen t  was i nd i cated by Ha i ne s �  l aw of mu sc l e growth , 
' . • . •  mu scle fibres grow along their whol e  length in response to tract ion 
set up by the growth of the bones to whi ch the muscle is a t tached • . .  ' 

( Ha i ne s , 1 932 ) . I n  her recen t  revi ew S tewart ( 1 972 ) s ta tes that thi s 
theory has not yet been d i s proved . S tewar t  concl udes ( 1 972 , p . 86 )  
that ' Although i t  is not sugge sted that pas sive tens ion is the sole 

factor or even the principle factor in stimulating muscle growth , i t  

appears very likely that it does play a role , perhaps quite a n  important 

one i n  ear ly development . '  

Therefore one can see that by cart i l a ge growth , and there fore 
bone  l ength , be i ng con tro l l ed the growth of the mu sc l e  ma s s  wj l l  a l so 
be control l ed .  Much  fo l l ows from th i s  cascade . I n  the rat , mu sc l e  and  
s ke l eton compri s e a l most  60% of  the  body ma ss so  a n  i ncrease i n  the i r 
s i ze coul d ,  by t he functi ona l  demand ( Gos s , 1 972 )  of  the i ncrea sed ma s s  
o f  ti s s ue , i ncrease  the s i ze o f  the ' su pporti ng ' organs  o f  the body 
( heart , k i dneys , l ungs , e tc . ) 

GROWTH I N  CELL  S I ZE AND CART I LAGE 

Compensa tory �rowth , � t  wa s deduced , seems to i nvo l ve an i ncrea se 
i n  cel l s i ze s i nce  ce l l number does not great ly  i n crease i n  the ra t 
fo l l owi ng wea n i ng . There have been no d i rect stud i e s of the ce l l u l a r 
k i net i cs of cart i l age growth fol 1 owi ng a s tress  ( a l though Mos i er et a � .  

( 1978 ) revi ew some u l tra s tructura l s tud i e s ) . I n  the absence of  fi rm 
d i rect evi dence i t  must be hypothes i sed  that the s i ze of the zone of 
ce l l pro l i ferat i on and i ts ra te of ce l l d i v i s i on are a ffected to a mi nor 
degre e ,  compared to other t i ssues , by pre -wean i ng s tres s .  

As carti l a ge s tem ce l l s  cont i nue d i v i d i ng for l onger than most  
s tem cel l s  a nutr i ti ona l  s tress cou l d have a mi nor effect o n  them compared 

to t i s sues where hyperpl a s i a i s  concen trated i nto a s horter peri od and , 
i n  many ti s sues , on l y  occurs dur i n g  a c r i t i ca l  peri od . The l ong t i me 
span of carti l a ge  ce l l d i v i s i on may therefore bestow on  i t  a res i stance 
to s tress . 
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An exp l anati on of  the que st i on posed after the ana l ys i s  of 
Wi l l i ams and Hughes ' data (why d i d  the average cel l s i ze i n  the body 
i ncrease? )  now seems po s s i bl e .  I f  carti l age  ce l l pro l i fera ti on , for the 
a bove rea sons , i s  l i tt l e affected by s tre s s  then duri ng recovery 
carti l age g rowth wi l l  tend to be norma l , even fol l owi ng a hars� stre s s . 
Bone growth wou l d  therefore occu r  and even though the number of  mu sc l e 
ce l l s  may be sub -norma l the pa s s i ve ten s i on of the bones wou l d  i nc rease  
t hei r ce l l s i zes . The i ncreased mu sc l e ma s s  cau ses , by funct iona l  demand , 

. g rowth i n  many other organs by an  i ncrease i n  cel l s i ze .  Th i s 
hypothes i s  can expl a i n several properti es of compensatory growth 
a ccounted for wi th d i ffi cu l ty by other g rowth theori es . 

The l ength of a p er i od of  under-nutri ti on has been s hown to be 
negati vel y re l a ted to the growth response fol l owi ng real i mentati on . For 
exampl e ,  Wi ddowson and McCance ( 1 963 ) ma i nta i ned , by under-feed i ng , the 
body we i g h ts of wean l i ng ma l e  rats from three to twe l ve weeks of a ge . 
Rea l i mentat i on fa i l ed to cause comp l ete compensa t i on . Th i s reduced 
response , wi th age , can be expl a i ned by the present ' ca rt i l a ge 
hypothes i s ' .  Ta l wa r  e t  al . ,  ( 1 975 ) have s hown that the b i nd i ng of  
g rowth hormone to  ce l l s  decl i nes wi th age a s  does the  response of 
carti l age to su l phati o n factor . But Tal wa r ' s  experiment u sed i ntact 
an ima l s of vari ous ages  where the cha nge i n  respon si veness  may have been 
due to growth i nduced c hanges i n  carti l age . Repeati ng these expea · i ments , 
u s i ng carti l age from l ong-term hypophysectomi sed rats , wou l d  show i f  
carti l age d i d l o se  i ts respon s i veness  i ndependentl y of the effect  of  
growth . 

Op i n i ons  vary on  the contr i but ion  of body l ength  changes to 
compensa tory body growth . Thi s may be due  to a l ac k  of data and , 
espec i a l l y  i n  the wean l i ng rat ,  to the va r i ou s  methods u s ed to i nduce 
under-nutri ti on . For exampl e i t  h a s  been recent ly sta ted ( Raye e t  al . � 
1977 ) tha t fol l owing  foeta l growth restri ct i on two pa tterns of body 
growth re s u l t ;  an asymmetr i ca-l pa ttern ( a  rel ati ve we i g ht  defi c i t )  and 
a symmetri ca l · retarda ti on . But the ma jor i ty of evi dence , espec i a l l y  i n  
farm a n ima l s ( Wa l l ace , 1948) , s uggests  that growth fa i l ure i s  l a rge l y  
symmetr i ca l . 



Wi ddowson and  McCance ( 1 960 ) mea s ured body l engths  and we i g hts 
i n  rats ra i sed i n  l arge and sma l l l i tters . They conc l uded that the 
re l at i onsh i p between l ength a n d  we i g ht  was s imi l ar i n  both group s . 
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But as the var i a t i on i n  the l arge l i tters cou l d  have been great thi s 
may have obscured any changes i n  form that were pre s ent . There seems 
to be no deta i l ed l ongi tud i na l  study i n  the l i terature where the 
a l l ometry of the wei g hts and l engths of  i nd i vi dual a n i ma l s have been 
stu d i ed fo l l owi ng u nder-nutri ti on .  

Wi l l i ams and. Hughes ( 1 9 7 5 )  u s i ng rats from l arge and sma l l 
l i tters found that  the catch-up i n  l ength  wa s a lmost  comp l ete compa red 
to that i n  body we i g ht ( a s  we have seen a l l ometry was not u sed ) . They 
conc l u ded ( 1 975 , p . 1 9 2 )  ' The re sults indicate that growth of  the axial 

skeleton may be of greater signi ficance in our unde rstanding of catch­

up than change s in body weight . 

Smart , Ad l ard , a nd Dabb i ng ( 1 974 ) measured body we i g hts , l engths , 
and bone ma turi ty i nd i ces ( u s i ng Hughes  and  Tanner ' s  ( 1970 )  cr i teri a )  i n  
ani ma l s retarded from f i ve to twenty-fi ve days of age . T hey state 
( p . l45 ) ' The most remarkable finding to emerge from the length measure­

ments was the degree of catch-up . . . ' The  i n i ti a l l y  reduced l engths  
of the  retarded rats  were as soc i ated wi th a more j uven i l e  s ke l eton 
( gauged by the bone maturi ty i ndex ) ; a g i ng in the s ke l eton seemed to have 
been ha l ted by the under-nutr i t i o n . These authors surmi sed ( p . 1 45 ) that 
i n  retarded ra ts ' . .  '. skeletal maturity and catch-up potential were 

assoc iated . '  a nd that ' . . . .  the opportunity for enhanced bone growth 

was still  open to them . ' 

The reducti on  i n  bone ma turi ty due to under-nu tri t ion  found by 
Dabbi ng ' s  group c l ear ly su pports the present argument ;  the res i s tance 
of the s ke l eton to under-nutr i t ion  bei ng d emonstrated . I n  the present 
work the s i ze of a ra t at  wea n i ng wa s  found  to be negati vel y rel a ted 
to the su bsequent  g rowth rate . The res u l ts from Dabbi ng ' s  group  suggest 
that s ke l eta l  matur i ty may be pos i ti ve l y  rel ated to s i ze at  wean i n g . 
I f  the g rowth re sponse of ca rti l age depends more on  phys i o l og i ca l  age 
than o n  chrono l og i ca l  age the carti l age  of l a rge more mature a n ima l s 
wou l d be l es s  res pons i ve to growth s t imu l a tors than the carti l age of 
sma l l ,  and therefore more j uven i l e ,  a n i ma l s .  Compen sa tory g rowth wou l d  



ensue . The sma l l a n i ma l s wou l d ,  i n  terms of  c hrono l og i ca l  age , a l so 
grow fa s ter  than the l a rger a n i ma l s .  
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I n  Chapter S even the correl at ions  between the l engths  and  we i g hts 
of a g roup  of  ra ts were much  super ior  to the correl at i ons  between the se 
var i ab l es  and age . The body parts grew more u n i forml y wi th respect to 
one another than wi th respect to time . The carti l age hypothes i s  a l so 
seems to suppl y a n  exp l anat ion  of  the rel at i ve growth ( a l l ometry )  seen 
between body organs . 

An i n terest i ng tes t of  th i s hypothes i s  woul d be to feed papa i n ,  
whi c h  s e l ect i vel y d i s rupts ca rti l age growth , and mea sure the changes 
i n  body form of  young  rats . · One wou l d  expect wei ght  g a i n  to be reduced , 
yet ad i pose res erves  cou l d accumu l ate . B ut  wou l d  the a l l ometri c 
rel a ti ons  between other body consti tuents , and  we i g h t  and l ength be 
ma i nta i ned?  

HORMONAL CONTROL O F  GROWTH 

The prev i ou s  s ecti ons s uggest that ep i physeal  c a rti l a ge growth 
can i nd uce a great  deal  of who l e  body growth and Kember ' s  ( 1 973 ) 
exper iments have s hown carti l age growth to depend pr imar i l y  on ' overal l 
body co ntro l s '  of a hormona l n ature . Therefore the s t i mu l i control l i ng 
overa l l body growth wou l d  a l so s eem to be those contro l l i ng carti l age 

. growth . The ' ca rt i l age hypothe s i s '  seems to expl a i n  how body growth 
occurs but the endocr i nol ogy of th i s mechan i sm rema i n s to be expl a i ned . 

Al though the hormona l contro l of  carti l age growth appears from 
some revi ews ( Tonna , 1973 , Vau g ha n , 1 9 7 5 )  to be fa i r l y wel l understood 
Kennedy ( 1 970 , p . 324 ) sta tes that • . . . there is  no  general agreement 

about the location or mechani sm of the control of growth . • The h i g hest 
l evel of  d i rect i ntegrated control of the endocri ne sys tem i s  from the 
hypotha l amu s where the e l ectri ca l  act i v i ty of neurons res u l ts i n  the 
product i on of hypotha l am i c  hormones ( re l eas i ng factors ) wh i ch are 
tran sferred , v i a  d i rect vascu l a r  connec t i on s , to the p i tu i tary to 
i nfl uence i ts hormone product i o n . The p i tu i tary hormones c i rcu l a te 
systemi cal l y  to , i n  turn , contro l the production of the peri phera l  



hormones that d i rectl y affect t i s s ues . The l i nks i n  t h i s sys tem of 
' hormona l  amp l i fi cati on ' that control p i tui tary g rowth hormone  
secret ion  wi l l  be d i s cu s sed . Hormones of t he  thyro i d ,  adrena l , 

. gonad s , a nd pa ncreas a l so i nfl uence body growth ( s ee Tonna , 1 973 ; 
Vaug han , 1 9 7 5 )  but these hormones have l i ttl e effect i n  the absence 
of  p i tu i tary growth hormone ( GH ) , wh i c h  can by i tse l f st imu l ate whol e 
body growth . 

THE HYPOTHALAMUS AND GROWTH 
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The med i a l  ba sa l reg i on of  the hypotha l amus i s  i nvol ved i n  the 
contro l  of body growth , as seen by l e s i ons or kn i fe cuts made i n  th i s 
reg i on ( R i ce et al . ,  1 976 ) . As the hypotha l amus a l so contro l s food 
i ntake and energy ba l a nce  ( Kennedy , 1967 ; 1 969 ; 1970 ) i t  i s  obv i ous 
that the i ntegrat ion  of  these fu nct i ons  wi th the control of growth mu st  
be con s i dered i n  th i s rev i ew .  Kennedy ( 1 969 , p . 1057 ) refers to 
1 • • •  the close integration of food intake with size and growth . 1 Al thou g h  
tnese fu ncti ons  are i n tegrated they pos sess  a hi g h  degree o f  au tonomy . 
The fa i l ure to recogn i se th i s au tonomy has been the source of muc h  
confu s i on .  

Many au thors fa i l  to d i fferen ti a te between the mechan i sms 
con tro l  l i ng body s i ze and those  contro l l i ng ad i pose ti ssue ma s s . Body 
we i g ht i s  taken to i nd i ca te a change i n  body fa t by some au thors and 
a c hange i n  body growth by others . But , as  descr i bed i n  C ha pter 8 ,  
a s cr i b i ng a c ha n ge i n  body wei g h t  to a c hange i n  body fa t i s  d i ffi cu l t 
to j usti fy ,  wi thout chemi ca l l y  ana l ys i ng body compos i t i on ,  even i n  the 
adu l t ' p l a teaued rat ' . Due to th i s  confu s i on of growth wi th ad i pos i ty 
thei r regu l a tory mechan i sms have , not s u rpr i s i ng l y , a l so become confu s ed . 
I n  the ra t ,  l e s i ons p l aced i n  the reg i on of the ventro-medi a l  hypotha l amu s 
( VMH ) l ead to hyperphag i a and obes i ty .  The VMH has therefore been 
descri bed as a ' sati ety centre ' wh i ch i s  sensi ti ve to b l ood borne 
fac tor ( s )  whi c h  a re refl ecti ve of  the body ' s  ad i pose reserves . Thus 
the  VMH ha s been sa i d  to conta i n a ' body we i g ht set-po i nt '  mechan i sm 
wh i ch adj usts food i n ta ke so a s  to preserve the ad i pose reserves .  As 



descri bed i n  Cha pter 8 the u se o f  the term body we i ght set-po i nt 
s hou l d be avo i ded ; body fat rather , than body we i g h t  appears to be 
the var i ab l e that i s  contro l l ed by the VMH . 

I t  s hou l d be ment i oned here that t he s i mpl e c l a s s i c a l  vi ew ,  
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of a hypotha l am i c  nuc l eus  ( the VMH ) i nh i b i ti ng food i ntake and a nother 
nucl eus  ( i n  the l a teral hypotha l amu s ) st imu l at i ng food i n take , i s  
l os i ng credence . Gol d ( 1973 ) found that d i screte l es i on s  l i mi ted to 
the VMH d i d  not affect feedi ng or ad i po s i ty .  Sc l afan i  and Berner ( 1 97 7 ) 
u s i ng kn i fe cuts , obta i ned evi dence that fi bre tracts pa s s i ng the VMH 
med i a te feed i ng .  The ad i ps i a  a nd ap hag i a  resu l ti ng from l e s i ons to 
t he l atera l hypothal amu s have been i nterpreted a s  i nd i cat i ng that th i s  
a rea of the bra i n i s  a centre tha t s pec i fi ca l l y  i n i t i a tes  feed i ng .  
But  some recent work ( Dav i s ,  1 977 ) has s uggested tha t l a tera l  hypotha l am i c  
l es i ons  pr i mar i l y  affec t  thyro i d  functi on ; s i mi l a r  ad i ps i a  and aphag i a  
fol l ow thyro i dectomy . The l a teral hypotha l amu s seems to be the s i te of  
thyroi d  re l ea s i ng hormone product i on (Wi nokur and Uti ger , 1974 ) . The  
ev idence for two anatomi cal l y  separa te feed i ng centres , obta i ned by 
st imu l a ti ng or l es i on i ng the hypothal amus , has been recent l y  que s ti oned 
by Woods a nd Parte ( 1 978 , p . 298 ) who rev i ew the ev i dence that ' Whereas 

stimulation or lesions o f  the hypothalamus have been thought to in fluence 

mainly the nuc lei located near the tip of the electrode , recent evidence 

suggests that specific tracts pa s sing through or near these nuclei  

are act�al ly the critical structures a�d that manipulation of the ir 

activity at any point along the ir  pathways will lead to the same 

syndrome o f  effects as manipulations of the nuclei themselves . ' Woods 
and Parte d i scu s s  the ev i dence that  a ventra l nor-adrenerg i c  tract  
ori g i na ti ng i n  the reti cu l a r  forma t i o n  and termi nati ng i n  the  septum 
and hypotha l amu s i s  damaged by VMH l es i ons . Woods a nd Parte conc l ude 
that • . . . .  it i s  the tract rather than the nucleus . . . . ' tha t reg u l a tes  
feed i ng . 

The nature of  feedback , to the hypotha l ami c ' l i postat ' whi ch  
i nd i cates the  sta te of  the  body fa t stores i s  unknown . I t  ha s been 
suggested that the feedbac k i s ;  v i a  a su bstance tha t i s  parti ti oned 
between the  l i p i d  and water of the body , v i a  free fa tty ac i d s , or  
vi a combi n ati on s of hormones . These theori es have been  ba sed u pon 
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the a s s umpti on that the actual concentrat i on or  amount  of fat i n  
the body i s  be i ng contro l l ed a s  a whol e .  The obv i ous  method of 
testi ng whether there i s  auto regu l at i on  of the mas s  of  body fat i s  by 
s u rg i ca l l y  remov i ng fat and  fol l owi ng the su bsequent depot growth for 
ev i d ence of compensatory gro\ :t h . Al thoug h  severa l workers hav� a ttempted 
s u c h  s tudi es the i r  resu l ts have been i nconc l u s i ve ,  po s s i b ly  due to the i r 
u s e  of  obese ra ts . B ut , recentl y ,  Kra l ( 1 976 ) and  Fau s t  et a:Z . ,  ( 1 976 ) 
have reached s i mi l ar conc l u s i ons  fol l owi n g  the remova l of ad i pose t i s sue  
form normal rats  a nd  m i ce . Fau s t  e t  a l . ,  ( 1 976 , p . 538 )  conc l uded that  

. ' . • • .  surgical removal o f  f a t  does not lead to compensatory growth of  

fat .  Autoregulation o f  adipose tissue mass , if  is  occurs , mos t  likely 

operates through detection of adipocyte size rather than adipocyte 

number or total fat ma s s . ' I t  m i g ht be concl uded tha t  geneti c factors 
i nherent to ad i pocytes grea tl y  i nfl uence the i r s i ze .  But As hwe l l et a Z . � 

( 1 9 7 7 )  cro s s - tran sp l a n ted , to the k i dney capsu l e ,  ad i pose ti s su e  from 
heredi tari l y  obese ( ob/o b )  mi c e  to l ea n  m i ce , and vice versa . They 
conc l uded ( p . 343 ) ' The fat cells of obese donor fat decrease in size in 

a ' lean environment ' to the size typical of ' lean fat ' while the cells  of 

.lean donor fat transplanted i nto an ' obese environment ' increase to the 

size typical of ' obese fat ' . '  The ev i dence c l ea r ly  i nd i cates tha t the 
s i ze of i nd i v i dua l ad i pocytes i s  regu l a ted rather t han the tota l fa t 
mas s .  How , or i f ,  the hypotha l amu s sen ses the s i ze of adi pocytes ,  
e s pec i a l l y  s i nce the mean s i ze of ad i pocytes i n  d i fferent body depots 
var i e s  ( Ga i rdner and  Dauncey , 1974 ; C l a rk ,  u npubl i s hed observa t i ons ) , 
rema i ns to be determi ned . 

Thi s evi dence quest i o n s  the theor i es of body fa t regu l a t i on 
based upon the prem i s e  tha t t he actua l amount of body fa t i s  regu l a ted . 
Woods  and Porte ( 1 978 , p . 299 ) as sume that ' . . . .  the brain receive s some 

s ignal of total body adiposi ty . . . ' a n d  construct a control mechan i sm 
for adi po se reserves based on CSF i n s u l i n  as an ' . . . .  accurate me ssenger 

of the amount of adipose s tores in the body . ' ( p . 302 ) . However  thei r 
ear l i er conc l u s i on ( p . 300 ) on  adi pose ma s s  that ' What is not known is  

the nature of the signal that provide s the CNS with the information 

needed to accomplish regu lation , or the area of the brain where such 



regulation occurs . '  

knowl edge . 
i s  a fa i r  descr i p ti on of the cu rrent s tate of 
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I f  one removes the effect of food i ntake , by pa i r-feedi ng VMH 
l es i oned to u n l e s i oned contro l s , VMH rats s ti l l  s how an i ncreased 
depo s i ti on  of  ad i pose ti ssue  ( Han . 1967 ; Gol dman e t  a Z . ,  1974 ) . A 
vari ety of ev i d ence l ead Go l dman e t  a Z . ,  ( 1974 , p . 9 1 ) to conc l ude that 
1 ;  • •  obesity produced by hyperphagia i s  fundamental ly different from that 

seen after hypothalamic destruc tion . '  a nd that ( p . 90 ) ' . .  there is a 

basic shift in  the metabolic pattern toward lipogenesis . ' I n  a recent 
paper Cox and  Powl ey ( 1977 ) found that  geneti cal l y  obese d i abe t i c  mi ce 

· · accumu l ated f i ve  t imes more l i p i d t han pa i r  fed non -obese s i b l i ngs . 
Cox a nd  Powl ey ( 1977 , p . 347 ) rev i ew the ev i dence that  ' Restriction 

of food intake to normal levels doe s not preclude an exce s s ive 

accumulation o f  fat in rats made obese by hypothalamic lesions (VMH rat) , 

in the genetically obese fatty ( fa/fa ) ra t ,  or in  the obe se hyperglycemic 

(ob/ob ) mouse . '  C l ear ly the regu l a t i o n  of body fat stores i s  to a 
degree i ndependent of the modu l at i on of  feed i ng behav i ou r .  The 
hypotha l amu s a ppears to a ffec t  the parti t i on of n utr i ent between the 
fa t stores a nd the l ean body ma ss . Gol dman et a Z . ( 1974 , p . 9 1 ) 
s ta te 1 1 The partial growth hormone deficiency produced by VMH le sion s may 

we l l  contribute to this phenomenon , but the possibility that other 

pathogenetic mechani sms ex i s t ,  c learly  warrants further investigation ' .  

Other pi tu i ta ry hormones , for exampl e the l i ttl e i nve sti gated l i potroph i c 
hormone , a re l i ke ly  cand i dates for i nvol vement 

The pract i cal importa nce of  these stud i e s i s  cons i dera bl e ,  es pec i a1 1 :  
regard i ng huma n o bes i ty .  The i r  i mportance to the a gri cu l tural i s t i s  
seen by Zucker ' s  ( 1975 ) demonstra ti on that the Zucker hered i tari l y  
obese rat ,  wi th food i n take restri cted to approx i mate l y  norma l l evel s ,  
reta i ned over 20 percent of  the energy supp l i ed wh i l e  con trol rats 
reta i ned l e s s  than 10 percen t .  

The cause  o f  the VMH syndrome i s  sti l l  l a rge l y  u nknown .  Thi s 
prepara t i on has  served a s  the model for much of the exper imenta l  work 
concern i ng the control of energy ba l a nce . The l a ck of understand i ng 
of the VMH ra t i s  therefore refl ected i n  our l ac k  of knowedge concern i ng 
the contro l of  energy ba l a nce . 
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U s i ng more refi ned techn i ques , t he  producti on  of med i a l  
hypotha l ami c i s l a nd s  (MHA ) wi t h  a Ha l a s z- P upp kni fe , R i ce e t  a l . ( 1976 ) 
s tu d i ed food i nta ke , body wei g ht and body l ength . They found  no  
' stat i c  phase ' of  obes i ty ( u s ua l l y  reac hed fol l o\'J i ng vrqH l es i on s ) a s  
food i nta ke was st i l l  e l evated 28 weeks  fol l owi ng s urgery and  the 
body wei g ht curves of  contro l s a nd opera ted an ima l s conti nued to 
d i verge up to t h i s age . These fi nd i ng s  are d i ffi cu l t to account  for by 
Ken nedy ' s  l i postati c theory of energy bal a nce wh i c h pred i cts that  
i ntake i s  restra i ned by the l i postat i c mechan i sm once the  a d i pose 
re serves reach  a certa i n  s i ze .  

Attempts ha ve been made , notab l y by Wade ( 1972 , 1976 ) , to 
i ncorpora te the hypothal ami c control of energy ba l ance and growth i nto 
a s i ng l e theory . For exampl e ,  ba sed u pon the work  of Gol dman et a l .  ( 
1970 ) , Wade ( 1976 ) attempts to equate t he rapi d g a i n i n  l i ve we i g h t ,  
tha t occu rs fol l owi ng t he p l a cement o f  VMH l es i ons  i n  hypophysectom i sed 
wean l i ng ra ts , wi th the ga i n  i n  l i ve wei g ht  fol l owi ng GH i nj ect i ons . 
But , a s  Gol dman e t  a l . show ,  hypophysectomi sed rats i ncrea se i n  
wei g ht fol l owi ng VMH l es i on s  by becomi ng obese whi l e  growth hormone 
treated rats d i sp l ay l i near g l�owth a nd  we i ght  gai n wi thout obe s i ty .  
Wade ( 1976 , p . 239 ) descr i bes a theory of energy ba l a nce where growth 
hormone i nhi b i ts VMH acti v i ty s i nce ' The se effects of  ventromedial 

hypothalamic lesions and growth hormone in immature rats are not 

additive , • .  But , �l earl y ,  one woul d e xpect obes i ty ( VMH l es i ons ) 
and  the st imu l at i on of l i near growth ( GH treatment ) to be a dd i ti ve .  
Th i s i s  wha t Gol dman e t a Z . ( 1970 ) found ; body we i g hts and l engths  
were greater i n  hypophysectomi sed-VMH-GH treated wean l i ngs  than i n  
hypop hysectomi s ed -VMH wea n l i ngs . 

Wade therefore a s cr i bes to GH a cruc i a l rol e i n  the regu l at i o n  
o f  food i nta ke a nd energy ba l ance and i mpl i es that VMH l es i on s  g i ve 
a GH def i c i ency wh i ch cau ses obes i ty .  T h i s has not  been e sta bl i s hed . 
Ha l a s z  ( 1964 ) , Han  et a Z. ( 1965 ) , and  Bernard i s  a nd  Be l l i nger ( 1976 ) 
ha ve shm-m hypotha l ami c l e s i ons can produce obes i ty ,  obes i ty and  
stunt i ng , or  sol e l y  stunted growth . Dunn  and Ari mura ( 1974 , p . 198 ) , 
u s i ng rats w ith  MHA i s l ands , conc l u ded  tha t ' The observation that rats 

wi th MHA were shorter as wel l  as grossly obese indicates that linear 

growth and body weight may be dissoc iated . '  
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The hypotha l ami c control of p i tu i tary growth hormone appears to 
be pr imari l y  due to an i n h i b i to ry facto r  ( ca l l ed somatos tati n by i ts 
d i scoverers � B razeau e t  a Z . ,  1 973 ) . Therefore i t  i s  not s urpri s i ng 
that compl ete deafferentati on of  the hypothal amu s i n  rats , by produ c i ng 
MHA i s l a nds , shou l d  l eave  serum GH l eve l s g reat ly  e l evated ( R i c e  e t  aZ . �  

1976 ) . The amount  of  somato sta ti n i n  the hypotha l amu s ,  mea s ured by 
rad i o i mmunoas say � of a n i ma l s posses s i ng MHA i s l ands was found to be 
decreas ed by a bo ut  80% by Brownste i n  et aZ . ( 1977 ) . Efend i c ,  Hokfe l t ,  
a nd Luft ( 1978 )  rev i ew the l oca l i sat i on  a nd  effects of somatos ta ti n .  
S i nc e  GH a ppears to be  s ubj ect ch i ef ly to i nh i bi t i o n  by the 
hypotha l amu s i t  i s  surpri s i ng that some hypotha l ami c l es i ons  produce 
growth i nh i b i t i on .  Th i s  dwarf i ng , a s  i t  i s  someti mes  accompan i ed by 
obes i ty ,  cannot be due so l e l y  to a depres sed food i ntake . Perhaps the 
the  hypotha l amu s , especi a l l y  i ts dorsa -med i a l  area , produces factors 
tha t st imu l ate p i tui ta ry GH producti on . There i s  some support for th i s  
fi nd i ng as VMH l es i ons , that produce l i near growth reta rdat ion , have 
been reported to res u l t i n  depressed GH l evel s i n  p l a sma ( Go l dman e t  a Z . � 
1970 ) . 

GROWTH HORMONE AND THE SOMATOMEDI NS 

L i ke a l l other pi tu i �ary hormones , the majori ty of growth 
hormone 1 S effects appear to be i nd i rect l y  med i ated by hormones that 
growth hormone � i n  turn , control s .  The growth of carti l age  a ppears 
to be governed by a fami l y  of growth hormone dependent serum factors 
ca l l ed somatomed i ns ( rev i ews by van Wyk e t a Z.. , 1974 ; and Ha l l  et aZ . �  

1 9 7 5b ) . The soma tomed i ns a re present i n  very l ow concentrati ons i n  
serum so they have proved d i ffi cul t to pu r i fy and thei r c hemi ca l 
s tructure i s  therefore u n known . Whether or  not soma tomed i ns are 
metabo l i tes of p i tui tary GH i s  therefore st i l l  d i s puted . But i n  
perfu sed l i vers Daughaday e t  a Z . ( 1976 ) and  Ph i l l i ps et a� ( 1 9 7 6 )  
fou n d  that i n s u l i n  and  growth hormone produced somatomed i ns a nd 
Fra nc i s  and H i l l  ( 1 9 75 )  obta i ned somatomedi ns  from prol a cti n perfu sed 
l i vers . Therefore soma tomed i ns do not seem to be porti ons of  the 
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GH mol ecu l e .  
by the 1 i ver . 

Th i s evi dence a l so i nd i cates that somatomedi n  i s  produced 
A l thoug h  the su l phate i ncorpora t ion  of carti l age i s  

s t i mu l ated by somatomed i n  ( hence the or i g i na l  name for somatomed i n s -
s u l phation fac tors ) there i s  as  yet l i tt l e evi dence that , in vivo� 

somatomed i n  a c tua l l y  s t imu l ates l i near g rowth . For exampl e the  
s t imu l at i on  of  carti l age  g rowth i n  the hypophysectomi sed rat ( the 
c l as s i ca l  rat t i b i a  tes t for growth hormone- l i ke act i vi ty )  by 
somatomed i n  ha s yet to be demonstrated ( s ee the d i scu s s i on fo l l owi ng 
the paper by van Wyk e t  aZ. , 1 974 ) . 

C l a s s i ca l l y ,  hypotha l ami c and  p i tu i tary hormone prod uct i on i s  
control l ed by the feedbac k  of  peri phera l ly produced hormone s . Feedback 
i nh i b i ti on , of  GH product i on  and rel e a s e , by the soma tomed i ns has  not 
been demonstra ted . I t  may be that the feedback control of  GH i s  
v'{ a � substance produced b , 

.
rather than

.
P.l'"Oduci ng , carti l age �nowth

:�:.
;�iJ 

Th i s  i s  an  area  of endocr i no l ogy that has  rece ived l i ttl e a ttent i on 
but  i t  appears  to be a n  a rea of grea t potenti a l  for the pract i a l  
man i pu l ati on  o f  growth . One becomes awa re of how l i ttl e i s  known 
a bou t the con tro l of body g rowth when one observes that we s ti l l  do 
not  know how the bra i n  perce i ves the s tatu s  of body growth . Further­
more we do not  even know i f  the bra i n perce i ves body s i ze .  

O ESTROGENS AND GROWTH 

The profound effects of oes trogen on growth a nd energy ba l a nce 
have been u sed  as the exper imental  ev i dence for some of the current 
theori es con cerni ng the control of energy ba l ance and growth . The 
present s tudy , a nd some of the au thor ' s  re l a ted work  that i s  not 
i nc l uded i n  t h i s thes i s ,  ha s s hown effects that cannot  be read i l y  
exp l a i ned by t h e  regu l a tory mechan i sms tha t  have been proposed by 
others . 

I n  Cha pter  E i g ht oes trogen treatment of ovar i ectomi sed rats 
was seen to i nc rea se  the p ercentage body fat and decrea se  l i near g rowth ; 
a res u l t that i s  con s i s tent wi th the o l der l i terature data . I f  bone 
g rowth a nd energy ba l a nce a re control l ed by separa te but i n teract i n g  



mechan i sms the res u l ts are  expl i ca bl e ,  but , a s  expl a i ned i n  Chapter  
E i g ht , they a re i nexpl i ca b l e from the  v i ewpo i nt expres sed by  Wade 
( 1972 , 1976 ) . The effect  on bone growth was ma i nta i ned through  
f i ve weeks of oes trogen treatment , g rowth rema i ned i nh i b i ted . 
A l though  body fa t a t  f i rst  d i d  not i nc rease ( fol l owi ng two weeks 
treatment)  i t  d i d  i ncrea se  after f i ve weeks . The tran s i ent effect  of  
oestrogen on food i nta ke ( Tartte l i n  a nd Gors k i , 1 973 ; Wade , 1976 ) 

251 

�ou l d  expl a i n  the c hanges i n  body fa t observed . As food i ntake rebounds  
dur i ng pro l onged oe strogen treatment body fa t may a l so r i s e ; the 
tempora l co i nc i dence of  these two changes  requ i res  further study .  
Th i s resu l t  s tron g l y  suggests that oes trogen i s  a cti ng a t  two 
separate s i te s  a s  i ts effec t on growth i s  non-ada pti ve , but i ts 
effect on energy ba l ance i s  adapti ve . The d i fferenti a l  effects of 
oestrogen on ta i l  and  body l engths ( Cha pter Seven )  suggests a peri phera l  
s i te o f  act i o n  for oestrogen . I t  i s  pos s i b l e  tha t the effects of 
oestrogen on  body fa t a nd food i ntake are a l so contro l l ed i ndependentl y .  
Th i s i ndependence cou l d  b e  tested by feed i ng oestrogen trea ted rats a 
con stant amount  of food and  sequenti a l l y  k i l l i ng the a n ima l s to study 
c ha nges i n  body fat .  I t  may be tha t the presentl y observed dec l i ne and 
recovery of body fat i s  i ndependent of  the l evel o f  food i n take . Such 
a n  experiment wou l d be a n  i nteresti ng tes t  for Ken nedy ' s  l i posta t .  

Gal e a nd Sc l a fa n i  ( 1 977 )  e i ther p l aced bi l a tera l  para sag i tta l 
kn i fe cuts between the med i a l  and l a teral hypotha l amu s and/or 
ovari ectomi sed ra ts . The ovari ectomi s ed ra ts s howed normal post­
operati ve we i g h t  ga i n  on  a qui n j ne adu l tera ted d i et whi l s t the  ' cu t ' 
a n i ma l s '  hyperphag i a  and  wei ght ga i n  were b l ocked . A h i g h  fa t d i et 
had l i ttl e effect i n  ovari ectomi sed rats but potenti ated the we i g ht 
g a i n  of ' cu t ' rats . The effects of ovari ectomy a nd ' cuts ' on  we i g ht  
ga i n  were add i ti ve ,  . the ovari ectomi sed- ' cu t ' rats wei ghed more than 
' cu t ' rats . The marked effect of d i e t  pa l a ti b i l i ty i n  ' cu t '  a n i ma l s ,  
Ga l e  a nd Sc l afa n i  po i nt out , a rgue s  a ga i ns t  the set-po i nt hypothe s i s ;  
we i g ht wa s not  bei ng defended . As Ga l e  a nd Scl afani  observe ( 1 977 , 
p . 392 ) the i r res u l ts ' . . .  lend l i ttle support to the view that 

estrogenic modulation o f  feeding is  mediated by the same fibres 

re sponsible for hypothalamic hyperphagia . '  Gal e and Sc l a fa n i  s peak 



of ' ovari a n  obes i ty ' , but  i f  one v i e\'/S the response to ovar i ectomy . 
a s  true growth the addi t i v i ty of the wei g h t  response and the 
d i fferences  due  to d i et  pa l a ti bi l i ty between thei r treatmen ts become 
exp l i cabl e .  Oestrogen or ovari ectomy cou l d  act on  the mechan i sms 
control l i ng g rowth wh i l e  the kn i fe cuts  a ffec t  feed i ng a nd nutr i ent  
parti ti on . These  res u l ts suggest that  oe strogen may not  a c t  i n  the  
reg ion  of the VMH , so where i n  the  hypotha l amus does oe s trogen act?  
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The  evi dence ama ssed here i n suggests  that  the  contro l  of  g rowth a nd 
a d i pose t i s s ue  are a na tomi ca l l y separa te . Separate contro l s of i ntake , 
s u bserv i ng these fu nct i on s , may a l so be present . Oestrogen may act  
d i rectl y o n  t he mAchan i sm control l i ng i n take for growth . The e ffect 
on  food i nta ke of l es i ons  i n  the dorsomed i a l hypothal amu s ( an a rea 
control l i ng growth ) combi ned wi th oestrogen treatment or  ovar i ectomy 
may c l a ri fy th i s  i s sue . 

MHA i s l a nds , produced by R i ce e t  a Z . ( 1 976 ) i n  fema l e rats , 
i ncrea sed body l ength a nd body wei g h t  a nd produced obes i ty ,  but i n  mal e 
rats they produced a decreased body l ength a nd obes i ty .  A s im i l a r 
growth response of fema l e s has been reported by others . Desp i te the 
sex d i fference i n  growth s imi l a r e l evati ons  of serum GH were recorded 
i n  both sexe s . The g onads i n  both  sexes were atroph i c ,  u teri ne 
we i g hts were ten t imes sma l l er .  The occu rrence of a sex d i fference i n  
g rowth , de sp i te s im i l ar serum GH l eve l s ,  s uggests a peri p hera l effect 
cau sed by funct iona l  g onadectomy . MHA obe s i ty occurs i n  s p i te of 
i ncrea sed serum GH l evel s whi l e  VMH obes i ty occu rs wi th depressed 
s erum GH l eve l s .  C l ea rl y GH and hypotha l ami c obes i ty can  be sepa ra ted . 
The st imu l at i on of g rowth due d i rect l y to hypotha l ami c s u rg i ca l  
man i pu l ati on i s  yet t o  be  demonstra ted but MHA i s l a nds have yet to 
be produced i n  previ o u s l y ovar i ectomi sed rats . 

The s i te of oestrogen ' s  i nh i b i ti on of growth wa s i nvesti gated 
by determi n i ng ,  by rad i o i mmunoa ssay , the serum GH l evel s i n  the i n tac t , 
ovari ectomi s ed , a nd  oestrogen treated a n i ma l s de scr i bed i n  Chapters 
One and E i g h t  ( C l a rk and Tartte l i n ,  1 975 ) . The oestrogen tl�eated 
rats showed e l evated serum GH l eve l s ,  despi te growth i n h i b i t i on ,  
whi l e  l i near growth s ti mu l at ion  i n  ovari ectomi sed ra ts wa s accompan i ed 
by l owered s erum GH . Aga i n ,  a s  wa s seen fol l owi ng MHA i s l and  



producti on ( R i c e  e t a� . 1 9 76 ) , serum GH l evel s were not proporti ona l 
to the growth  response d i s p l ayed by the an ima l s .  

T he mechan i sm of oestrogen • s  e l evati on of p l asma GH l evel s ,  
a ccompan i ed by i ncrea sed p i tu i tary we i gh t ,  i s  sti l l  debata bl e .  L i s k  
( 1969 ) i mpl anted  oestrogen i n  s u bcutaneous , hypoth a l ami c ,  and 
p i tu i tary s i tes and we i g hed p i tu i tarys , ovarys , a nd uteri  to conc l ude 
( p . 36 9 )  • . . .  that weight increase in the pituitary i s  a function of  

direct ac tion o f  estrogen on the pitui tary gland . ' One cannot 

253 

conc l ude from L i s k • s  re s u l ts tha t oes trogen acts d i rect ly  on the 
p i tu i tary to a ffect  GH l evel s ,  but the measurement of serum GH and 
oestrogen l evel s ,  in a s i m i l a r exper iment , may a l l ow thi ? conc l us i on . 
I t  i s  pos s i b l e that the peri phera l  i nh i b i ti o n  of growth by oestrogen 
produces a feedback to the p i tu i tary wh i ch contr i butes to the e l evati on  
of  serum GH . 

As oes trogen s t imu l ates p i tu i tary GH secreti on i ts i n h i b i ti on 
O f  growth wou l d appea r to be a per i p he ra l  effect .  Thi s i dea i s  
s u pported by the resu l ts o f  Jos imov i ch et al . who found ( 1 967 , p . 1428 ) 
• . . .  that the partial inhibitory effect of pharmacologic do ses of 

estradiol valerate ( 3 . 3  - 10 �g total dose)  on growth hormone-induced 

widening of the tibial epiphyseal cartilage of hypophysectomised rats 

occurs  independently o f  the e ffects of the estrogen on dietary intake 

in these rats . ' 

Reports that oes trogen reduces  serum s u l phati on factor acti v i ty 
( Wi edema n and Schwartz , 1972 ; P h i l l i ps et al . ,  1973 ) suggested to the 
author an experiment wh i ch wou l d  te s t ,  in vivo , i f  decrea sed s u l pha t i o n  
factor l evel s were respons i b l e  for t h e  growth i nh i b i t i on caused by 
oestrogen . Somatomed i n  i s  reported to be produced by the l i ver , and 
oestrogen s hou l d  therefore inh i b i t l i ver soma tomedi n producti on . I f  
a n  ovary i s  transpl anted to the sp l een the oes trogen produced by the 
transp l anted  ovary travel s v i a  the hepat i c  porta l sys tem to the l i ver 
where , i n  the rat ,  i t  i s  compl ete ly  i nacti vated . Therefore , i f  the 
other ovary has been removed , the p i tu i tary rece i ves no steroi d feed­
ba ck and the res u l ta nt h i g h  gonadotrophi n l evel s cause the gra fted 
ovary to hypertrophy a nd to secrete l a rge amounts of s tero i d s i n to 
the l i ver . I t  wa s proposed tha t the oestrogen produced by the grafted 
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ova ry s hou l d  i nh i bi t  l i ver somatomed i n  product ion and therefore i nh i b i t  the 
body growth of grafted rats  desp i te the l ack of  systemi c oestrogen 
( Cl a rk a nd Tarttel i n ,  1 9 7 7 ) . However g rafted rats s howed no i n h i b i ti on  
of  growth , they were i denti ca l , i n  l ength and  wei ght , to  ovari ectomi sed 
contro l s .  I t  wa s conc l uded that oestrogen does not  i n h i b i t  body growth 
by i nh i b i ti ng the l i ver • s  producti on of soma tomedi n ( C l ark and Tarttel i n ,  
1 9 7 7 ) . As rad i o-recep tor ( Ha l l et aZ . ,  1975 )  and rad i o i mrnu noa s s ays 
( Ya l ow et aZ. , 1 975 ) for soma tomed i n s  are now a va i l a b l e the l evel  of 
soma tomed i n  i n  the p l asma of ovari an - s pl en i c  transp l anted rats cou l d 
be  tested d i rec tl y .  

Oestrogen does not appear to di rectl y i nhi b i t  carti l a ge gr6wth 
as i t  has no e ffect on the su l pha te i ncorpora t ion  of carti l age when 
added 1:n vi tro ( Pri est  e t  a Z . ,  1960 ; P h i l l i p s et a Z . ,  1 9 7 3 ) . But i f  
a n i ma l s are trea ted wi th oestrogen the i r  carti l a ge , tested in vitro 

i ncorporates l e ss rad i o -acti ve s u l phate ( Pr i e st e t  a Z . ,  1 960 ) . Oes trogen 
treated rats a l so show depressed s u l phate u pta ke compa red to pa i r-fed 
contro l s ,  i nd i cati ng that the suppress i on of s u l p hate i ncorporat ion  i s  
i ndependent of food i ntake ( Pr i es t  and Kop l i tz ,  1 962 ) . Pri est  and 
Kop l i tz a l so found that oe strogen suppressed su l phate i ncorpora t i on 
i n  hypophysectomi sed ra ts . Th i s agrees wi th the suppress i on of  l i near 
growth by oestrogen i n  hypophysectomi sed wean l i ng rats found by Pae s i  
and  de Jong ( 1 954 ) . 

P hi l l i p s a nd Young ( 1976 ) fa sted  ma l e rats for 24 , 48 and  7 2  
hours a n d  o bta i ned progre s s i ve d i s appearances of soma tomee. i n act i v i ty a n d  
carti l age respons i vene s s  to somatomed i n .  These effects cou l d  n o t  b e  
reversed by 500 �g o f  G H  i nj ected da i l y .  Therefore i t  appears that 
n utri ti on can i nfl uence carti l a ge growth i ndependent ly  of pos s i bl e  
effects on GH secreti on . As P h i l l i ps and Young used on l y  ma l e  ra ts 
these resu l ts may not be comparab l e to those obta i ned from fema l e  rats . 
For examp l e  the effect of sex hormones ha s been s hown by Wi ddowson 
( 1 976 ) to extend to the respon se  of .the sexes to under-nutri t i on . 
Du ri ng a 6 day fa st ma l e  rats deri ved 33% of  thei r energy from prote i n  
and 67% from the i r  body fat whi l e  i n  fema l es on l y 8% of the energy came 
from pro te i n and 92% from fa t .  Wi ddowson ascri bes these effects to 
a d i rect  effect of androgen i n  the ma l e .  A s imi l a r study i nvol v i ng 



gonadectomi sed and  i ntact rats cou l d c l a ri fy th i s  po i nt_. I t  i s  
pos s i b l e  tha t the factors  affecti ng the parti ti on o f  energy between 
l ea n  and ad i po se ti ssue s , seen i n  the VMH rat ,  cou l d be operat i ng . 
B ut  c l ea rl y ,  when starva t i o n  i s  i nve st i gated such l a rge d i fferences 
between  the s exes must be h eeded . 
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The contro l of cart i l age growth i s  further compl i cated by 
reports of  fac tors i n  serum that i nh i b i t soma tomed i n  act ion  o n  
cart i l age i n  vitro ( Sa l mon , 1 973 , 1 975 ; Ph i l l i ps and  You ng , 1 976 ) . 
S a l mon proposes  that ' The ac tion of  the inhibi tor provides a faster , 

and potentially greater , restrain on glycoprotein synthesis than that 

re sulting from a decrease in the level of somatomedin alone . An 

increase of inhibitor and decrease of somatomedin are complementary 

mechanisms for limiting anabolic events under conditions of restricted 

nutrient intake . The phys iological gain is conservation of  substrate 

for vital processes . '  ( Sa l mon , 1 9 75 ; p . 1 98 ) . I t  i s  perti nent to 
reca l l the earl i er secti on s  of th i s  chapter where Bu l l ough ' s  c ha l one 

' 

theory ,  of t i s s ue  spec i fi c  growth i nh i b i tors . wa s d i scu s sed . Carti l age 
growth may a l so be subj ect  to cha l one i n h i b i ti on . But a s  i t  i s  sa i d  that 
c h a l ones res u l t from ce l l d i vi s i on i t  i s  u n l i ke ly  that oestrogen , 
wh i ch i nh i b i ts cart i l age ce l l d i v i s i on , coul d act  v i a  the cha l ones . 
But  carti l age  growth does appear to be subj ect to i nh i b i tory substances , 
for examp l e  the effect of nutri ti on on growth descri bed by P h i l l i p s 
a n d  Young cou l d  be hormo na l l y  med i ated . Oestrogen cou l d i nh i b i t  
g rowth by s uch a mecha n i sm .  

The word s of LoBue and Gordon ( 1 973 , p . X I V )  are a p t ,  
' Fina lly , we be lieve the reader wi ll be impressed by the fact 

that for all the diversity of material presented , a common and recurrent 

theme wi ll emerge . This theme will  be a stimulator - inhibitor , 

humorally based , feedback regulation of  growth and di fferentiation . '  

One can  therefore envi sage a control l i ng mechan i sm for growth , 
b ut  i s  there a mechan i sm i n  the body , l i ke the ' t ime - ta l l y '  
hypothe s i sed by Tanner ( 1 963 ) , a ga i n s t  wh i c h growth i s  constantl y  be i ng 
compared ? I s  there a ' growth - s ta t '  a k i n to Kennedy ' s  ' l i postat ' ?  
McCance dou bts the who l e concept of  a ' s ta t '  when  he a rgues  that 
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1 • • • •  the hypothalamus is  only one of the exchange centre s for the whole 

of  the behavioural  activities of feeding . There can be no such thing 

as a localised ' stat '  in it or anywhere . 1 ( McCance , 1 972 ; p . 1 27 1 ) .  
I t  seems s uffi c i ent to say that g rowth i s  s u bj ect to a 

mul ti p l i c i ty of  i nfl uence s ; that i t  manages to ma i nta i n  order among 
the chacs of the externa l  mi l i eu refl ects the den i a l  of  entropy that 
C l aude Bernard ' s  i dea o f  homeosta ti s entai l s .  
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NOTE ONE 

THE DEF I N I T I ON OF  COMPENSATORY GROWTH 

The term • compensatory growth • fi rst  appeared i n  agri c u l tural  
l i terature ( Bohman , 1955 ) , • catch-up  growth • be i ng the synonymous  term 
i n  medi ca l  l i terature . Desp i te compensato ry growth bei ng a w i d e ly  used 
term , for examp l e the  t i tl e  of a revi ew by Wi l son and Osbourn ( 1960 ) , 
i ts mean i ng i s  sometimes  questi oned . Thi s cou l d  be due to the term 
be i n g  somewhat i l l -defi ned . 

Bohman ( 1955 ) defi ned compensatory growth a s  the property of 
g rowth wh i c h  a l l ows an a n i mal  to s how an  abnorma l l y  rapi d g rowth rate 
re l a ti ve to age . Others defi ne compensatory growth as occurri ng i n  
a n i mal s 1 1 • • •  which have been subj ect to a period of undernutrition . . •  

exhibit compensatory growth during the period of realimentation . This 

phenomenon is  characterised by faster than average growth when liberal 

feed supplies become available'. . . " ( Preston & Wi l l i s ,  1970 ; p .  307 ) . 

These defi n i t i on s  i nvol ve the terms • a bnorma l l y  rapi d • , or 
• fa s ter than average • g rowth . However norma l g rowth wou l d seem to be 
parti cu l a rl y d i ffi cu l t to defi ne or measure . Compensatory growth i s  
a l so defi ned or  descri bed i n  terms of under-nutri t i on . B u t  the restr­
i ct i on of g rowth may be due to a vari ety of i nfl uences . I n  add i t ion  
a nutri ti ona l  stress may be one of  over-nutri tion ( Wi ddowson , 1976 ) , 
wh i ch i s  fol l owed by a peri od of s l ow growth . The compensat i on  
fol l owi ng wean i ng i n  t he  rat s  of th i s s tudy i nvol ved sma l l an i ma l s 
hav i ng fa s t  growth rates and l arger rats wi th s l ower growth ra tes . 
Thus  the l i terature defi ni t ions  wou l d  seem on  one hand to be vague and 
on  the other too s peci f i c .  

A s imp l er descr i pti on of compensatory growth wou l d be , the 
property of  growth enab l i ng the growth c urves of  i nd i v i dua l s to 
converge . As l i ve wei g hts of a n ima l s fo l l ow a l ognorma l d i stri but i on , 
and  growth i s  mu l t i p l i cat i ve ,  the convergence s hou ld be s hown on a 
l ogari thmi c sca l e .  Thi s l a ter qua l i fi cat i on  i s  i mportan t  a s  on an  
ar i thmeti c s ca l e  two growth curves  cou l d  be sai d to  be paral l el , but  
the percentage  d i fference between the  curves wou l d  decl i ne g i v i ng 
convergence on  a l ogar i thmi c sca l e ,  o r  compensatory growth . 

2.S8 
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NOTE TWO 

THE USE OF  AVERAGE DA I LY GAI N  

Wi s ha rt ( 1939 ) pre sented s everal  methods for a na l ys i ng a t i me seri es  
experiment i nvesti gati ng the effect o f  d i et  on  p i g l i ve wei g hts . U s i ng 
the average da i l y l i ve wei g ht ga i n s  Wi s hart cou l d  s how no s i gn i f i cant  
treatment effects , but when  the mean average da i ly  ga i n s  were adj u s ted 
for i n i ti a l  we i g ht the treatment effects became stati st i ca l l y  s i gn i fi cant . 
Further ana l yses revea l ed that f i tti n g  quadrat i c and cub i c  terms by 
orthogonal po l ynomi a l s a l l owed h i therto u ndetected treatment  effects to 
become apparent .  The transformat i on  of  l i ve we i g ht to l ogar i thms , 
fol l owed by the fi tti ng of  pol ynomi a l s ,  s howed on l y  the l i near  and 
parabo l i c  terms to be s tat i sti ca l l y  s i gn i f i cant  wh i ch • . . . represents a 

distinct advantage • .  I n  addi t i on the l ogar i thmi � ana l ys i s  reveal ed 
d i fferences between trea tments that were prev i o u s ly  non - s i g n i fi cant . 

Despi te W i sha rt ' s  demonstrat i on  that superi or  methods of ana l ys i s  
a re ava i l ab l e ,  the average daj Ty ga i n  has reta i ned i ts p l ace a s  the ma i n  
method of a na l ys i ng t i me ser i es  growth data , espec i a l l y  i n  agri c u l ture . 
Many agri c u l tural  re searc hers have noted that estimates of average da i l y 
ga i ns can be  h i g h l y  var i a bl e .  Attempts to reduce the wi th i n  group o r  
between a n i ma l  vari at i o n  have l a rge l y  centred around t h e  be l i ef tha t  
we i ghi ng errors cau s e  the h i g h  var i a b i l i ty .  Wei gh i ng errors  are taken 
to i nc l ude the b i o l og i ca l  vari a t i o n  due  to vari ab l e a l i men tary tract  
and b l adder contents . For examp l e  there . i s  a l arge body of l i terature 
descri b i ng the use of wei g h i ng on  three con secut i ve days , fa st i ng before 
wei gh i ng , a nd the opt ima l  hour of the day to wei gh gra z i ng a n i ma l s so 
a s  to reduce  the vari ab i l i ty of  the l i ve wei g hts . The actua l i ty of the 
h i gh vari ab i l i ty of  l i ve wei ghts  i n  rumi nants i s  c l ear , but the author 
s uggests that systemat i c vari at i on  i s  i nco rpora ted i nto the  1 1 error 
vari ance 11 by the s tat i st i ca l  techn i ques u sua l ly  u sed to a na lys e  l i ve 
wei ghts . Systemati c var i at ion  due to s hort-term and l ong-term growth 
cycl es i s  descr i bed i n  Chapters S i x  and Seven and i s  separa ted i n  a n  
ana lys i s  o f  va r� ance i n  Note F i ve o f  t h e  present c hapter . 

The rejecti on  of a verage d a i l y  ga i n s can be based on severa l 
arguments . Some o f  the b i o l og i c a l l y  based rea sons for a n a lys i ng g rowth 



on a mul t i p l i ca t i ve metameter are  con s i dered i n  Note E i g ht  of  th i s 
chapter . 

A s ta ti st i ca l  d i sadvantage of  average da i l y  ga i ns i s  that s i nc e  
succe ss i ve i ncremen ts ( da i l y  ga i ns )  a re negati vel y  corre l a ted , d u e  to 
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the same measurement bei ng u s ed twi ce to e st imate adjacent rates of ga i n ,  
the corre l a t i ons  between adjacent rates o f  ga i n  are d i ffi cu l t to i n terpret . 
S i nce two measurements a re i nvol ved i n  ca l c u l at ing  a n  i ncrement the 
standard error of  the d i ffe1 ·ence between the measurements i s  /:2 ti me s  
that of t h e  error  o f  the i nd i v i dua l  meas urements . Another probl em wi th 
the method of i ncrements i s  that i ncrea s i ng the number of mea surements 
does not  i ncrea se  the prec i s i on of  the e s t imates for i nd i v i dua l ve l oc i t­
i es .  When mea surements are made  more frequently sma l l e r d i fferences 
resu l t between the success i ve measurements , yet the errors of mea surement 
rema i n the same . Thi s ,  perhaps unexpectedl y ,  g i ve s  a poorer est i mate 
of the i nc rements . A s i tuati on  where i ncreas i ng the number of  obser­
vat i on s  does not i ncrease the prec i s i on o f  an  est ima te suggests , 
i ntu i ti ve l y ,  that the techn i q�e s  u sed a re i neffi c i ent . 

An obv i ou s  so l ut ion  i s  to c hoose observat ions  a s  far apart a s  
po s s i b l e ,  the fi rst  a nd l as t  measurements made , to e s t imate the da i l y  
ga i n .  But  the i n termedi ate o bserva t i on s  are  then not  used , a terri b l e  
waste o f  i nformati on . Another common a pproach to the est imat i on of 
average  da i l y ga i ns ,  fi tt i ng a l east  squares regres s i on to the untrans­
formed l i ve wei ghts , neg l ects  the o bv i ou s  non- l i neari ty of the maj ori ty 
of growth curves . Th i s g i ves a cons i derab l e amount of  unexp l a i ned 
vari at i on , wa st i n g  i nformat i on and i ncrea s i ng the errors of e s t imati on . 
Fi tti n g  a l ea s t  squares regres s i on to u n transformed l i ve wei ghts i g nores 
an a s s umpti on of  the l east squares mode l ; that the var i ab i l i ty of l i ve 
wei g ht  a t  each age  s hou l d  be con stant  ( the l i ve wei g hts are then 
homeosceda s t i c  a bout the regres s i on ) . Th i s  can be ea s i l y  c hecked for 
grouped data by s howi ng tha t t he means  a nd standard devi at i on s  at  each 
va l ue of  the i ndependent vari a b l e are u n re l ated . Bu t earl i er chapters 
have s hown , wi thou t  excepti on , that the var i ati on i n  l i ve wei g ht  i ncreases 
wi th i ncreas i ng s i ze .  A tra n sformati on  of  l i ve we i g ht , to a l l ow regres­
s i on , i s  obvi o u s ly  requ i red . 

An outcome of  thi s heterogenei ty o f  l i ve we i ghts • var i a nces on 
an a r i thmeti c sca l e  i s  tha t the d i fference between two l i ve we i ghts , the 
greater wei g ht h av i ng a l a rg er  error than the sma l l er and ne i ther bei ng 



norma l l y  d i stri buted , has a d i str i but ion  that i s  non- norma l . I n  a 
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recent thesi.s D C l ark ( 1 974 ) s hows a frequency p l ot for the average da i l y 
ga i ns of two popu l at ions  of bu l l s ;  one popu l a t ion  wa s skewed to the l eft , 
the o ther to the r i gh t ,  b ut  ne i ther resembl ed ei ther a norma l or  a l og ­
norma l d i str i but i on . The au thor i s  unaware of  frequency p l ots o f  average 
da i l y ga i n s  i n  o ther pub l i ca t i on s  or of Prob i ts or Rank i ts bei ng empl oyed 
to tes t  the norma l i ty of a s er i es of a vera ge da i l y ga i n s .  I f  the u se of 
average  da i l y g a i ns i s  to pers i s t i ts u nderl yi ng frequency d i s tri but i on 
s hou l d  be e sta b l i s hed so that transformat i on s to g i ve norma l i ty can be 
used . 

Mu l ti pl e  we i g h i ng o n  three consecuti ve days ha s been sa i d to 
reduce  the vari ab i l i ty of l i ve wei ght  meas urements , e s pec i a l l y  i n  rumi n ­
ants . However  i n  h i s recent revi ew Hughes  conc l udes tha t  s i ng l y  ta ken 
we i ghts can be a s  accurate as mu l t i p l e  we i g h i ngs . Hughes ( 1 976 , p .  1 17 )  
recommends that 1 It  is  better to increase the number of animals  weighed 

to . reduce the experimental e rror to an acceptable level than to increase 

the number o f  weighings ' .  Thi s. , a s  we have seen , perta i n s i f  average 
da i l y ga i ns are to be e sti mated a s  the number of mea surements does not 
i nc rease the prec i s i on of the e sti mated i nc rements . The oppos i te to 
Hughes ' recommendation ho l ds  i f  l i neari sed curves a re fi tted : ' . . .  but 

i f  growth curves were to be fi tted the accuracy of each individual weight 

was not so important as the number which could be obtained . 1 ( Wi s hart , 
1 939 ; p .  2 2 ) . S i nce the c urve f i tti ng approach requ i res l e s s  a n i ma � s ,  
but  more frequent  measurements , i t  wou l d  seem to be  the most  economi cal  
form of exper imentati on . Al so a s  the accuracy of each mea surement i s  
not so cr i ti c a l  i t  wou l d  seem espec i a l l y  su i tabl e i n  experi ments i nvol ­
v i ng pa sture g ra z i ng where day to day vari at i ons i n  l i ve we i g ht  tend to 
be l arge . 

As F i s her  noted i n  ' S tati s t i ca l  Methods for Research Workers ' 
( 1946 , p . 29 )  " . . .  it is  des irable to so manipulate the variables that the 

law to be tes ted will be represented by a straight line . "  But the tra n s -
format i on o f  va r i ab l es i s  carri ed out  wi th reti cence by b i o l og i sts ; they 
i nqu i re a s  to the b i o l og i ca l  mea n i ng of  the transformati ons . However 
the understand i ng of the b i o l og i ca l  s i g n i fi cance of  a transformat i on , 
a l though  of i nterest  and i mportance , need not necessari l y  concern the 
exper imenter . Hi s pri mary a i m  i s  to u s e  the tran sformat i on as a s ta t­
i s ti ca l  too l i n  compari son or  pred i c ti on .  
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In defence o f  h i s  u se  of the average da i l y  ga i n  the agr i cu l tur­
a l i st may state that he i s  not i nteres ted i n  the l oga r i thm of  l i ve wei ght 
only i n  the ab so l u te wei g ht .  On the l ogar i thmi c sca l e a d i fference of 
lOkg at lOkg l i ve wei ght i s  equ i va l ent to a d i fference of lOOkg at lOOkg 
l i ve wei g ht  so tha t the l ogar i thm i s  ' not  what the farmer i s  i n teres ted 
i n ' . However i f  a l i near rel at i on s h i p on transformed s ca l es i s  e sta bl i s ­
hed e st imates  of we i g hts at  requ i red ages  can  be made and transfo rmed bac k  
to t h e  ar i thmeti c s ca l e ,  o r  a pred i cted i n i t i a l  we i g ht  can act a s  a co­
vari a te ( g i v i ng i ncreased preci s i on - Chapters Two to F i ve )  and the ad­
j u sted mean s  can then by transformed ( u s i ng the appropri a te correct i on 
facto r s )  bac k  to t he  ari thmet i c sca l e  for i nterpretat i on . 

I n  the fo l l ow i ng pa ssage Kl e i ber ( 1 947 , p526- 7 )  v i gorou s l y  defends  
the  u se of  l ogar i thms , wh i c h Bened i ct  had  p rev i ou s l y  cr i ti c i sed , 

Benedict extends his  accusation , stating that logarithmic interpolation 

"distorts or obscures striking differences between species . "  Since , how­

eve r ,  a logarithmic chart in a scientific paper is pre sented to readers 

who are presumably familiar with ,logarithrns , the accusation of  distorting 

or obscuring can be discarded . 

There is nothing obscure about the fact that a logari thmic regres­

s ion l ine of a given set of data looks different , in general , from the 

corresponding arithmetic l ine , and i f  this difference in the appearance of 

the two regres sion lines be termed distortion , one could call the 

arithmetic line a di stortion of the logarithmic just as wel l  as vice 

versa . "  

Fi na l l y ,  to aga i n  quote the mos t  quota bl e  Kl e i ber , wha t i s  needed 

" • • •  in biology , however , is  not less mathematics , but good mathematics . " 
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NOTE THREE 

S I GMOI D  GROWTH CURVES 

In the present work  l i nes  a re f i tted to l i ve we i ght-age data 
sol e l y  by u s i ng transforma t i on s  of the va r i ate s  to g i ve l i near i ty . 
A l though  i t  wou l d  be pos s i b l e  to rev i ew and to test  the many g rowth 
equat i ons that have been proposed the words of Snedecor ( 1968) are pert­
i nent , 1 1 A  stupendous amount of  time has been wasted by ill-advised 

curve fitting . "  

The equa t i ons  u sed by Brody were d i scus sed i n  Chapter S i x  due 
to the i r be i ng u sed recent l y by B l i s s ( 1970 ) . L i ve we i g ht growth i s  
frequentl y referred to a s  be i ng s i gmo i d  so i t  fol l ows that curves of 
th i s  form s hou l d be advoca ted and used . For examp l e  the Gompertz 
equat i on was empl oyed by La i rd & Howard ( 1967 ) to descr i be the l i ve 
we i gh t  growth of the mou s e  from 14 to 70  days 6f age . We i g h i ng s  at 
b i rth and at seven days were di scarded as the 1 • • • rate of exponential 

decay characteristic of post-natal growth starts at about 14 days of age . ' 

S i mi l arl y ,  ' As the Gompertz growth process  slows at approaching maturity ,  

a second , linear proce ss  becomes evident i n  mice and many other specie s . ' 

Not on ly  d i d the Gompertz equat i on not cover the extremes of  growth but 
u s i ng 1 • • •  the f itted growth curves with their  standard error s . . • .  the 

parameters differ only s lightly from one another ,  and their standard 

e rrors overlap . '  Thu s the Gompertz equa t i on  wou l d a ppear to cover a 
sma l l er range i n  the mou se than does the l og - rec i proca l equat i on i n  the 
ra t .  Al so i n  the rat the l og - l og equati on  covers the i mmed i ate post­
natal peri od for whi ch the Gompertz equat i on  does not seem to g i ve a 
good expl anat i on . I t  s eems that u s i ng the Gompertz equat i o n  post-nata l  
l i ve we i g ht g rowth cou l d  b e  d i v i ded i n to three phases , b i rth to 1 4  days , 
1 4  to 70 days , and from 70 days onward s . I n  the rat the u se of  the 
s i mpl er l og - l og and l og - rec i proca l equati ons  g i ves the more s impl e 
d i v i s i on of growth i nto two over l app i ng phases whose  zone o f  overl a p  
can be a s soc i a ted wi th the trans i ti on from hyperpl a st i c t o  hypertroph i c  
g rowth i n  mos t  ti s sues . 

Barton & La i rd ( 19 69 )  found  that Gompertz i an growth c u rves fi tted 
to s ku l l bone l engths gave 1 • • •  systematic departures ,  and the se growth 



proce s s e s  are not adequately represented by the simple Gompertz 

function . '  So the res i dua l s a bou t the Gompertz equa ti on descri b i ng 
l i ve wei g ht  growth wou l d  probab l y  a l so s how seri a l  corre l a ti on ; g i v i ng 
no i mprovement i n  the exp l ana ti on  compared to s impl er  growth mode l s ,  
for examp l e thos e  proposed i n  th i s  thes i s .  Nei ther Howard & La i rd 
nor Barton  & La i rd g i ve the percentage of  the vari a ti on expl a i ned by 
the Gompertz equa t i on ; compar i son wi th the present methods i s  there­
fore d i ffi cu l t  wi thou t further re-ana l ys i s  u s i ng both method s .  

B l i ss ( 1 970 } d i scusses  • . . .  a l imi tation . . .  • o f  the a l ternat i ve 
form of the Gompertz , the l og - l og transfo rma ti on . Thi s i s  the s ame 
l i mi ta ti on  descr i bed i n  Sec ti on One of Chapter S i x  for the Brody-type 
equat i ons , 1 A smal l  discrepancy near the upper live weight asymptote 

. . •  was magnified excessive ly . . .  ' ( B l i s s ,  1 970 ; p . 204 ) . 
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NOTE FOUR 

T I ME SCALES I N  LONG ITUD I NAL EXPER IMENTS 

The organism , it is argued , dispenses a Time of  its own making . . .  

Medawar , 1945 

The l i neari sat ion  of we i g ht-age curves i n  a vari e ty of s pec i es ,  
s ubject to a range of i nfl uences , s u ggests a fundamental c hange i n  the 
experimenta l des i gn of  growth s tud i es . I t  i s  usua l  i n  l on g i tud i na l  
experiments to u s e  a l i near t ime sca l e by obta i n i ng measurements a t  
da i ly ,  week l y ,  o r  month l y  i nterva l s .  Th i s  practi ce appears to spri ng 
nore from conveni ence t han  from u ti l i ty .  It  has l ong been recogn i sed 
that phys i o l og i ca l  ti me observes a s ca l e  of  i ts own . 
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The transformat i on of  t i me to a rec i procal , l ogari thm , or o ther 
non - l i near  sca l e  causes  the measurements , obtai ned on a l i near sca l e ,  to 
be g i ven u nequa l we i g h t  i n  the ca l cu l ati on of the s l o pe of  the l ea s t  
squares  e s t imate o f  the growth eq�at i on . For exampl e ,  fol l owi ng a l og­
ari thmi c o r  reci proca l  transforma t i on the  ear l y  wei g h i n g s  exert a greater 
i nfl uence on the s l ope than the l a ter wei gh i ngs . 

I n  a bi oassay where one i ntends to u s e  the l ogari thm of dose  i t  
i s  common practi ce to empl oy a mul t i pl i cat i ve scal e of d i l u t i o n s  or  
concen trat i ons . I f ,  a priori , a certa i n tra nsforma t i on o f  t ime i s  
i ntended , to enabl e l i neari sat ion  o f  the measured vari ab l e ' s  re l a t i o n ­
s h i p to age � then the choi ce of  equa l  i n terva l s between mea surements  
on  the  transformed t i me sca l e l eads  to a more bal anced regres s i on .  

From the age of four  weeks  a rec i procal  transformat ion  of  
age l i neari ses the l og l i ve wei g ht-age growth curve of  the ra t .  An 
experimen ta l  des i g n , based on the reci proca l transformat i on , to g i ve 
rou g h ly  equa l l y  spaced observati o n s  i s  s hown i n  Tabl e 1 0 . 1 .  Al thou g h  
the spac i ng i nterva l s on t h e  proposed sca l e s ti l l  decrease  wi th a g e  
the decl i ne i s  sma l l ( extreme va l ues  be i ng . 01 0  a n d  . 0 18 ) compared 
to that of a conven ti onal  weekl y scal e ( extreme va l ue s  bei ng . 05 and 
. 004 ) . Th i s  proposed scal e s hou l d  be rega rded as i l l u s trati ve , 
rather tha n  defi n i t i ve ,  a s  s u p�ri or , more equa l l y  s paced sca l es can  
probab l y  be ca l cu l ated . 
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TABLE  1 0 . 1 

SUGGESTED SCHEDULE OF  WE I GH I NGS FOR A LONG ITUD I NAL 

GROWTH STUDY IN THE R/\T . 

AGE AT WE IGH I NG 

USUAL R EC I PROCAL 1 .  0 I AGE (weeks ) SPAC I NG I NTERVAL 

28 28 . 25 
. 0167  

3 5  30  . 2333 
. 0146 

42 32 . 2187  
. 0187 

49 35 . 2000 
. 0158 

56 38 . 1842 
. 0175  

63 42 . 1 666 
. 0177  

70 47 . 1489 
. 01 68 

77 5 3  . 13 2.1 
. 01 54 

84 60  . 1 1 6 6  
. 0137  

91  68 . 1029 
. 0132 

98 78 . 0897 
. 0 128 

105 9 1  . 0769  
. 0102 

1 05 . 0667 

However i t  ha s been sta ted by C ha tfi e l d ( 1 970 } that 1 • • •  i f  the 

experimenter has convincing evidence that the re lationship is linear , 
- . 

then . . .  i t  is better to take more observations at the ends and " s tarve " 

the middle . 1 I t  i s  poss i b l e  that  both the effi c i ency of exper iments , 
i n  terms of  the number of mea surements requ i red , a nd the  prec i s i on of . ·  
regre s s i ons , cou l d  be improved by thi s even �ore rad i ca l  departure from 
the current experi menta l  des i g n  of l o ng i tud i na l  growth experi ments . 

D i fferent experimenters and experi ments req u i re d i fferent des i gns , 
but i f  l i neari s i ng techn i ques a re to be adopted then the proposed 
des i gns  deserve cons i dera t ion . 



NOTE F IVE 

ANALYSES OF VAR IANCE : FOR REPL I CATED L I NES  I N  A CROSS CLAS S I F I CAT I ON 
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The adv i ce of F i s her ( 1939 ) , that the s l opes and constants from 
regress i on l i ne s  shou l d  be a nalysed a s  raw data , was fol l owed i n  Chapte r  
One . B u t  ana l yses o f  var i ance for repl i cated regres s i ons  a re more 
i mformati ve i f ,  as B l i s s ( 1 967 ) shows , they a re based u pon the compl ete 
data set wi th the var i ab l es man i pu l a ted by s i mple· transfo rma t i on s  to 
norma l i se the dependent vari abl e and to g i ve a l i near rel at i on s h i p between 
the two var i ab l es . 

Therefore , retros pect i ve l y , the compari son of the growth curves 
u sed i n  Chapter  One was crude . The more refi ned methods descri bed by 
B l i s s ( 1967 , p . 451-470 )  a l l ow an  ana l ys i s o f  var i a nce to be cons tructed 
whi ch for ( f )  ra ts , at ( k )  ages , i n  a s i ng l e treatment  grou p , parti ti ons  
the vari a t i o n  i n to fi ve terms . The vari at i on , 

1 )  i n  pos i ti on o f  the f regre s s i on equa ti ons , 
2 )  of a s i ng l e comb i ned s l ope based u pon the mean s  a t  each age , 
3 )  of  the scatte r  of the k means abou t the combi ned regres s i on ,  
4 )  between rats i n  s l ope , 
5 )  between rats i n  scatter , the rema i nder or error vari ance . 

More terms a re a dded i f  the vari at i on  of term 3 )  i s  s i gn i fi cant . 
The i so l a t i on of the source of th i s s catter i s  cri ti ca l  to the determi n ­
a ti on of  t he  error var i ance of the comb i ned regres s i on . B l i s s a ttri butes 
a s i g n i fi cant  s catter to , 

a )  systemat i c departures from the g rowth equat ion  or  systema ti c 
env i ronmen ta l  effects i nfl uenc i ng a l l rats equ a l l y ,  

or b )  a random component cau sed by ser i a l  correl at i on  between succ­
e s s i ve va l u es  i n  each i nd i v i du a l . 

I f  a l l rats  have essenti a l l y  the same systemati c pattern i n  thei r 
res i dua l s then the scatter i n  row 3 )  of the a na l ys i s  of  var i ance shou l d  
not be i nc l uded i n  the var i at i on  ascr i bed to the error of the combi ned 
s l ope . I f  the va r i a t i on due to 3 )  i s  s i gn i fi cant the rema i nder ( term 5 )  
i s  parti t i oned by regress i ng the res i dua l s  for i nd i v i dua l s upon the mean 
res i dua l s and compar i ng the res u l tant s l opes , g i v i ng two fu rther terms , 

6 )  the vari a t i on due to non -add i t i v i ty between ra ts , 
and 7 )  the new rema i nder ( term 5 )  mi n u s  term 6) ) .  
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B l i ss ( 1967 , p . 467-470 )  presents suc h a n  ana l ys i s  for the l i ve 
wei g hts , from hatch i ng ,  of  turkey pou l ts wi th age and we i gh t  transfo rmed 
to l ogari thms . L i ve wei g hts  col l ected - a t  Ma s s.ey ( u s ed i n  Chapter  S i x ) , 
from i nd i v i dua l  rats treated wi th 90�g of  tes tosterone prop i onate three 
days fol l owi n g  b i rth , were a l so s ubj ected to such  an a na l ys i s .  

Tabl e 1 0 . 2  g i ves the tran sformed l i ve wei ghts and ages  of the 
e l even rats . Co l umn tota l s at each age , and row tota l s for each a n ima l , 
are  a l so g i ve n . Tabl e 1 0 . 3  g i ves the res i dua l s ( e )  a bout the i nd i v i dua l  
g rowth curve s , t he  tota l res i dua l s  a t  each age ( T� ) ,  and the  s um  of the  
products of the  res i dua l s and the i r  co l umn tota l s I (T�e ) . These two tabl e s  
form the ba s i s  of  the ana lys i s o f  var i ance presented i n  Tab l e 10 . 4 . The 
equat i ons for deri v i ng the var i ances are g i ven by B l i s s .  Mos t  ca l cu l ­
a t i ons  were made by hand s i nce a computer program for such  an ana l ys i s 
was not ava i l a b l e at  Ma s s ey Un i vers i ty .  The res i dua l s  about each i nd i ­
v i dua l ' s  l i ne were obta i ned by us i ng the stat i st i ca l  program BAR3 , a s  
out l i ned i n  C ha pter S i x .  

Tabl e 10 . 4  shows that i nd i v i dua l  growth c urves d i ffered i n  the i r 
pos i ti ons ( Row 1 )  and the i r s l o p�s ( Row 4 ) . Bu t ,  a s  B l i s s found for 
turkey pou l t s , Tabl e 1 0 . 4 s hows the scatter of the mean s  ( Row 3 )  a bou t 
the combi ned curve to be h i g h ly  s i gn i fi cant ( F  = 8 . 68 ,  9 by 80 OF , 
P < . 001 ) . The vari ances of Rows 6 )  and 7 )  were therefore ca l cu l ated 
from the re s i dua l s  of Tabl e 1 0 . 3 .  The h i g h l y  s i gn i fi cant term for non­
add i ti vi ty ( F  = 11 . 21 ,  1 0  by 80 OF , P < . 001 } , i ndi cates  that the re s i dua l s 
d i s p l ay d i fferent patterns i n  i nd i v i dua l rats . I f  the rea son i ng u sed by 
B l i s s were fol l owed th i s  l a st  res u l t wou l d  exc l ude the pos s i b i l i ty that 
the scatter of the mean s  was due to systemati c departu res from the growth 
equati on .  However i n  Chapter S i x the res i dua l s a bou t the l og-rec i procal 
l i nes were seen to be out of phase when p l otted aga i n s t  a r i thmeti c age 
but  i n  pha s e  when pl otted aga i n s t  l og body wei gh t .  Therefore the above 
ana lys i s  of vari ance s ta ti s t i ca l l y  confi rms the former s ubj ect ive  i mp re s s ­
i on that a rat ' s  growth pattern i s  not rel a ted to i ts chrono l og i ca l  age . 
The present exampl e therefore quest i ons the r i g i d  i n terpretat i on  of s uch  
a n  a na l ys i s that was proposed by B l i s s .  

A proper procedure for ana l ys i ng d i fferences  between treatmen ts , 
i n  a l on g i tud i na l  g rowth experiment ,  wou l d  be to stibd i vi de eac h grou p ' s  
vari ances , a s  proposed by B l i s s .  Then , u s i ng the best  e st imate of the 
scatter a bout  the comb i ned s l o pe for each group ,  compare the combi ned 
s l opes a nd  con stants of  the g roups . The more compl i cated ana l ys i s ,  where 



, 

TABLE 1 0 , 2 

ANALYSES OF VAR IANCE : DATA Of TARTT�L I N  AND CLARK FROM FEMALE RATS WE I GHED WEEKLY ( I N GRAMS ) ,  
COLUMN TOTALS ( Tt} '  ROW TOTALS FOR EACH AN I MAL ( T

g
) and R EC I PROCALS · ( 1 / X ) . 

LOG L I VE WE I GHT OF EACH RAT ( Y )  I N  EACH WEEK ( X )  

AGE ( \'leeks ) 4 5 6 7 8 9 10 1 1  1 2  1 3  14  

6 1 . 5911 1 , 7924 1 .  9542 2 , 0864 2 . 1818 2 . 2553 2 . 3054 2 . 3464 2 . 3784 2 . 3892 2 . 4116 

11 1 . 7482 1 .  9494 2 . 0792 2 . 1987 2 . 2765 2 . 3444 2 . 4014 2 . 4409 2 . 4639 2 . 4786 2 . 4871 

17 1 . 8129 1 . 9912 2 . 1139 2 . 1957 2 , 2833 2 . 3617 2 . 4133 2 . 4502 2 . 4728 2 . 4871 2 . 5024 

18 1 . 6628 1 , 8573 1 . 9868 2 . 1301 2 . 2175 2 . 2788 2 . 3160 2 . 3560 2 . 3927 2 . 4099 2 . 4232 

22 1 . 6902 1 , 8865 2 . 0531 2 . 1523 2 . 2430 2 . 3260 2 . 3617 2 . 3945 2 . 4166 2 . 4298 2 . 4425 

RAT 23 1 . 7482 1 . 9243 2 . 0755 2 . 1703 2 . 2430 2 . 3096 2 . 3365 2 . 3729 2 . 3979 2 . 4133 2 . 4232 

N O .  27 1 .  7853 1 . 9638 2 . 1072 2 . 1959 2 . 2648 2 . 3222 .2 . 3598 2 . 3874 2 . 4048 2 . 4166 2 . 4346 

28 1 .  7076 1 . 9243 2 � 0719 2 , 1584 2 . 2455 2 . 3139 2 . 3424 2 . 3892 2 . 4099 2 . 4216 2 . 4472 

30 1 .  6435 1 . 8062 1 . 9243 2 . 0719 2 . 1584 2 . 2405 2 . 3075 2 . 3560 2 . 3856 2 . 4048 2 . 4116 

31 1 . 6990 1 . 8261 1 .  9395 2 . 0828 2 . 1790 2 . 2577 2 . 3032 2 . 3464 2 . 3766 2 . 4133 2 . 4265 

32 1 . 7243 1 . 8451 1 . 9956 2 . 1303 2 . 2122 2 . 2695 2 . 3201 2 . 3636 2 . 3909 2 . 4-183 2 . 4150 

( T t) 18 . 8131 20 . 7666 22 . 3012 23 . 5760 24 . 5050 25 . 2696 25 . 7673 26 . 2035 26 . 4901 26 . 6825 26 . 8249 

1 I X . 2500 . 2000 . 1666 . 1428 . 1250 . 1111 . 1000 . 0909 . 0833 . 0769 . 0714 

( T  ) 
g 

23 . 6920 

24. 8681 

25 . 0876 

24 . 0313 

24. 3861 

24 . 4147 

24. 6425 

24 . 4317 

23 . 7102 

23 . 8499 

24 . 0850 

(\.) "' 
\.0 



TABLE 10 . 3  

ANALYSES OF VAR IANCE : FOR THE DATA OF TABLE 10 . 2  
RES I DUALS ( e ) , COLUMN TOTALS ( T� ) ,  and  THE SUM OF THE I R  PRODUCTS L �T� e )  

AGE ( wee k s ) 

4 5 6 7 8 9 10  1 1  12  1 3  14  

6 . 0163  - . 02 1 5  - . 0 190 - . 0008 . 0092 . 0162 . 013 1  . 0106 . 0064 - . 0134 - . 0172  

11  . 0089 - . 0052 - . 0 1 90 - . 0021 - . 0012  . 0069 . 0160 . 0163 - . 0067 - . 006 1 - . 02 1 3  

1 7  . 0183 - . 0041 - . 0152  - . 0261 - . 01 3 1  . 0094 . 0164 . 0168 . 0089 - . 0023 - . 0091 

18 . 01 3 7  - . 0 1 2 9  - . 0309 . 0072 . 0154 . 0152  . 0033 . 0031 . 0063 - . 0048 - . 0 158 
' 

22  . 0035 - . 0 19 1  . 0014 - . 0036 . 0089 . 02 10  . 0181 . 0 1 10  . 0000 - . 0149 - . 0262 

RAT 23 . 0011  - . 0 1 79  . 0032 . 0050 . 0081 . 0205 . 0040 . 0050 . 0004 - . 0091 - . 0206 

NO . 27 - . 0057 - . 0 1 28 . 0069 . 0073 . 0 100 . 01 58 . 0 122 . 0061 - . 0045 - . 0165 - . 0189 

28 - . 0090 - . 0006 . 0080 - . 0046 . 0080 . 0185 . 0008 . 0096 - .  0011 - . 0161  - . 0 134 

30 . 0490 . - . 01 9 9  - . 0563 - . 0190 - . 0153 . 0024 . 0 179  . 0243 . 0 188 . 0083 - . 0 103 

3 1  . 06 1 2  - . 0306 - . 0633 - . 0243 - . 0064 . 0 1 14  . 0082 . 01 1 5 . 0086 . 0172  . 0063 

3 2  . 0446 - . 0451 - . 0349 - . 0005 . 006 1 . 0049 . 0087 . 0139  . 0093 . 0097 - . 0167  

T� . 2020 - . 1 900 - . 2 1 9 1  - . 0616  . 0297 . 1427 . 1 1 9 1  . 1 288 . 0601 - . 0482 - . 1635 

L ( T�e ) . 04075 . 03596 . 04802 . 00378 . 00089 . 0203 . 0 1407 . 01642 . 003.58 - . 00229 . 02663 

1\) -..J 0 
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the wi thi n g roup and between group  var i ances are ana lys ed together 
wou l d  be rel a t i vel y  s i mp l i fi ed i f  a l l the treatments  conta i ned equa l  
numbers of a n i ma l s .  B u t  a s  th i s i s  frequentl y not  t he  ca se  t he  separa te 
a na l yses  may be of more genera l u se ;  

An o bv i ou s  bene fi t o f  th i s method of ana l ys i s  i s  that the systemat i c 
var i a ti on a bout  the l i ne can be tested for and  i ts proba bl e cau se deduced . 
An obv i o u s  u se i n  l i ve wei g ht g rowth exper iments i s  the a bi l i ty to remove 
a systema ti c trend , tha t occur s  i n  a l l an ima l s ,  so tha t the error a round 

, 

a comb i ned s l ope i s  reduced . I n  l ong- term experi ments thi s cou l d  be the 
e ffect of sea son , i n  s hort-term experiments i t  cou l d  be the effect of an 
i nadequate water or food supp ly  u pon a few we i gh i ng s  or the effect of  
systemati c  s hort-term growth cyc l es , a s  shown here i n for the  da i l y l i ve 
wei g hts of ra ts . 

TABLE 1 0 . 4  

ANALYS I S  Of VAR IANCE FOR THE RAT GROWTH CURVES OF TABLES 
1 0 . 2 & 1 0 . 3 ,  DEGREES OF FREEDOM ( DF ) , SUMS OF SQUARES ( SS ) , 

MEAN SQUARES ( MS ) , AND F RAT I OS fOR THE TERMS DESCR I BED I N  THE TEXT . 

R0\11 TERM D F  ss MS F 

1 B ETWEEN RATS 1 0  0 . 1 942  0 . 01942 78 . 49*** 

2 COMB I NED  SLOPE 1 6 . 4096 6 . 4096 2 5907 . 8  *** 

3 SCATTER 9 0 . 0 1 93  . 002 1 5  8 . 68*** 

4 RATS x SLOPE 1 0  0 . 0309 . 00309 1 2 . 36*** 

5 RATS x SCATTER 9 0  0 . 0222 . 00025 

6 RATS X N-A 1 0  0 . 0 130  . 00 1 30 1 1 . 2 1*** 

7 REMA I NDER 80 0 . 0092 . 000 1 2  

8 CORRECT I ON 1 590 . 0442 

9 TOTAL 1 20  6 . 6763 

*** p < . 00 1  

I F ' va l ues  for rows 1 , 2 , 3 , 4 based on the error o f  row 5 .  

I F .  va l u e  of row 6 ba sed on  the  error of row 7 .  



NOTE S I X  

COMPUTATI ON O F  ORTHOGONAL COE F F I C I ENTS FOR THE SUBD I V I S I ON O F  MEAN 
SQUARE S  FOLLOW I NG AN ANALY S I S  OF VAR IANCE FOR UNEQUAL SUB-CLASSES .  

2 7 2  

The body compos i ti on ana l yses of C ha pter E i g ht i nvo l ved t he u s e  
o f  a two way ana l ys i s  o f  var i a nc e  (wi th i n teracti on ) for unequa l  s ub ­
c l a s s e s  and  fol l ow-u p  ' F ' tests , of  one degree of  freedom ( DF ) , between 
treatments and ages . For these ana lyses of  va ri ance the · same compu ter 

·. programs , and therefore the ma themati ca l  model s ,  that were descri bed by 
Wi l son ( 1 977 ) were u sed . The error term of  the fo l l ow-u p  compar i sons  
was that from the two way ana l ys i s  of var i a nce . Bu t a s  the age and  
treatment  groups conta i ned u riequa l  numbers of an ima l s s i mpl e u n -we i g h ­
ted compari sons wou l d  b e  non -orthogona l . Therefore to  ba l ance t h e  
ana l yses wei gh ted coeffi c i ents were ca l c u l a ted , by hand . T o  t h e  a u thor 
l uc i d  accounts of the ca l c u l at i on  of the se  coeffi c i ents appear to be 
l ac k i n g , the fol l owi ng exampl e  i s  therefore presented . 

The ana lyses  of the vari ab l es mea s ured upon rats k i l l ed a t  wee k s  
12  and  1 5  (Anal ys i s A )  were unba 1anced ( s ee Tab l es 8 . 1 or  1 0 . 5 )  a s  there 
were g rou p s i zes of 8 ,  7 ,  6 ,  9 ,  a nd 1 2 . 

F i rstly the l owest  common factor was ca l cu l a ted a s  

2 X 2 X 2 X 3 X 3 X 7 = 504 . 
Therefore the group s i zes and the i r wei ghti ngs  were 

8 : 63 , 7 : 7 2 ,  6 : 84 , 9 : 56 , and 1 2  : 42 . 

These wei g ht i ngs were then mu l t i p l i ed by the coeff i c i ents of  
compar i son and  the i r a s soc i a ted s i gns ( these coeffi c i ents are  a l l that 
i s  req u i red i f  the experimental de s i gn i s  ba l anced ) g i v i ng the 
coeff i c i e nts of the four compari son s  between the fi ve treatments shown 
i n  Ta b l e 10 . 5 .  

The compari sons  were made u s i ng the  treatment g rou p tota l s so 
that t he sums of squares  between groups ( SSb ) were ca l cu l ated by squari ng 
the sum o f  the product of the i nd i v i dua l  coeffi ci ents ( c )  and the i r 
a s soc i a ted tota l s ( T ) , g i v i ng ( E  cT ) 2 , a nd  d i v i d i ng thi s by the sum 
of the product of the squared i nd i vi dua l  coeffi ci ents ( c 2 ) and the i r 
a ssoc i a ted group number ( n )  g 1 v 1 ng E ( c 2 n ) ,  or 

SS = ( E  c T ) 2 I E( c 2 n ) b 
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The error term ( MSw ) was that of the two way ana l ys i s  of vari ance . 

The d i v i sors , E ( c2n ) , were a l s o  c a l c u l a ted by hand . For examp l e ,  
for compari son 1 )  of  Tabl e 1 0 . 5 the d i v i sor was ,  

( -1 262 X 8 )  + ( - 1262 X 8 )  + ( - 1442 X 7 )  + . . . . .  ( 2162 X 7 )  = 1 9802 16  

The coeff i c i ents , d i v i sors , and the treatmen t  g roup tota l s were 
punched onto card s  ( the error term was i nputted ma nua l l y  v i a  the consol e 
typewri ter ) and  processed by the Ma s sey Un i vers i ty I B�� 1620 computer 
u s tng  a program wri tten i n  FORTRAN by Professor R .  E .  Mu nford . 

TABLE 1 0 . 5 
WE I GHT I NG COEFF I C I ENTS AND COMPAR I SONS FOR ANALYS I S  A OF CHAPTER E I GHT 

WEEK  12  WEEK  15  
NO . OF RATS 8 8 7 8 7 6 9 6 12  7 

WE I GHT ING 63  63  72  63  7 2  84 56 84 42 72 

COMPAR I SONS 

1 )  OvX vs 
C + EB -2 -2 -2 :+-3 +3 -2 - 2  -2 +3 +3 

- 1 26 - 126  - 1 44 +189 +216 - 168 - 1 1 2  - 168 +1 26 +216  

2 )  c v s  -1 +1 -1  
E B  -63 +72 -42 

3 )  OvX 02 vs - 1  +1 - 1  +1 
OvX W7 -63 +72 -84 +84 

4 )  OvX W4 vs  - 1  +2 - 1  - 1  +2 - 1  
OvX ( D2+W7 ) -63 +126 -72 -84 +1 1 2  -84 

I n teract i ons : Compari sons 5 ) , 6 ) , 7 ) , a nd  8 )  obta i ned by 
mu l t i p l yi ng a l l week  1 2  coeffi c i ents by -1  and 
mu l ti p l yi ng a l l week 15  coeffi c i en ts by +1 . 

+1 
+72 
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NOTE SEVEN 

DO RATS 1 PLATEAU 1 I N  L IVE  WE I GHT? 

The term • pl ateaued rat • i s  wi del y u sed to i nd i cate tha t a rat h a s  
reached a stab l e ,  stat i c ,  mature body wei gh t .  Bu t d o  rats actua l l y  
reach  a stati c l i ve we i g ht whi c h  they ma i nta i n  duri n g  adu l thood? 

Zucker e t  al.  ( 1941 b )  showed that for a grou p of  rats l og l i ve 
we i·gh t  fol l owed a l i near rel a ti ons h i p to the reci proca l of age u pto 70 
weeks  of  age , suggest i ng that rats do not p l ateau but i ncreas e  i n  l i ve 
wei g h t  through  adu l thood . Bu t a s  the i r resu l ts ,  obta i ned from a mas s  
curve , c annot necessari l y  be  extended to  t he  growth of  i nd i v i dua l a n ima l s 
i t  wa s cons i dered i mportant  to establ i s h the l i near rel a t i on s h i p  for 
i nd i v i du a l a n i ma l s u p to a s i mi l ar age . For exampl e ,  the conti nua l  
i nc reas e  i n  l i ve we i ght  from the mass cu rve cou l d  be due to  i nd i v i dua l s 
reac h i ng the i r p l a teaux a t  d i fferent we i g hts or age s . Therefore desp i te 
the a ppearance of the mas s  c urve i nd i v i du a l  an imal s mi ght  st i l l  p l ateau . 

T he constant  ( u l t ima te wei ght )  of  the l og - rec i procal l i ne has  
been used ( see C ha pter One ) a s  a n · esti mate of the mature l i ve we i ght of 
i nd i v i dua l  rats . I f  the rel at i onsh i p between l og l i ve we i g ht and the 
rec � p rocal of age were s hown to rema i n  l i near a pproach i ng i nfi n i te age 
one wou l d  be j u st i fi ed i n  estimati ng the u l t ima te wei gh t  of i nd i v i dua l s ,  
from several po s t-wea n i ng we i g h i ngs , by extrapo l a ti on . 

THE L I V E  WE I GHT DATA 

One s hou l d  be aware of , and heed , the warn i n g  of H .  H .  Mi tc he l l 
( 1 962 , p . 382 ) tha t  1 • • •  the term "normal growth " as applied to ·the albino 

rat is an equivocal  one that the meticulou s author will avoid . 1 The  data 
to be anal ysed wa s obta i ned from 1 1 norma l femal e rat s 1 1 of the U . C . L . A .  
col ony by Dr . M .  F .  Tarttel i n  duri ng 1 969  a nd 1 970 . The three rats were 
i n tac t  u n treated fema l es that were wei g hed a l most da i l y  from 56 to abou t 
300 , 340 , a nd 380 days of age  respecti ve l y .  

RESULTS  AND D I SCUSS I ON 

The l i ve we i ght  growth curves for the three rats are s hown for 
the u n transformed data i n  F i gures 10 . 1a ,  1 0 . 1 b ,  & 1 0 . 1 c , and for the 
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tra n sformed data i n  F i gures 10 . 2a , b ,  & c .  The s l opes and con s tants  for 
these transformed growth c urves ( Ta b l e 10 . 6 ) were e s t imated  over three 
d i fferent peri ods , to i l l u s trate the l i near natu re of  the g rowth on 
tran sformed axe s . These per i od s  were 

1 )  u pto 130 d�ys of a g e , 
2 )  from 130 d ays o f  age  o nwards , 

and 3 )  over the · compl ete range  of ages . 

The d i v i s i on a t  130 days was chosen s i nce B l i s s ( 1970 )  had stated 
tha t the l og-reci proca l equat i on gave a l i near fi t to ra t l i ve wei g ht data 
upto 130 days b u t  ' . . .  then curved systematically about the regression . ' 

The untra n sformed growth curves ( F i g s  l O . la , b ,  & c )  i l l u s trate 
the s teady i nc rea s e  i n  l i ve we i g ht  i n  a l l  three i nd i v i dua l s .  On tran s ­
formed axes  ( F i g s  10 . 2a ,  b ,  & c ) , o ver  the range of  ages  stud i ed , l og 
l i ve wei ght was l i nearl y rel a ted to the reci proca l  of age , confi rm i n g  
the fi nd i ng s  of Zucker et a l .  ( 1 941 b ) . 

Tab l e 10 . 6  shows that the e sti mates  of u l t ima te wei g ht obta i ned 
from 56 to 1 30 and from 130 days onwards were compara b l e wi th i n  a n ima l s .  
Th i s resu l t  conv i nci ng l y  confi rms the  ad herence of rat l i ve we i ght  growth 
to the  l og-reci procal equati on  and questi ons B l i s s ' s  sta tement that after 
130 days rat l i ve wei ght growth departs from the l og - reci proca l rel at i on ­
s h i p .  I n  addi t i o n  the u s e  o f  wi thi n - a n i ma l  compari sons  for e st ima ted 
u l t i ma te wei g hts , before a nd a fter the i mpos i ti on of treatment , i s  s hown 
to be fea s i bl e .  A l so the u l t i ma te we i g ht , obta i ned by . extrapo l a ti on from 
severa l post-wea n i ng we i g h i n g s , may approx imate the actua l max i mum wei g ht 
a tta i ned by a ra t .  

The ori g i n  of the be l i ef that ra ts ' p l ateau ' i s  d i ffi cu l t  to trace .  
I t  may have been deri ved from Brody ' s  ( 1945 )  g enera l growth equa t i on s , 
where a max i mum l i ve wei g ht wa s a s s umed to be approac hed a symptoti ca l l y .  
I f  rats pos ses s  a stati c ma ture we i g ht  then the asymptoti c regre s s i on 
wou l d  be the form of the re l a t i on s h i p between a rat ' s  wei g h t  and age . As 
d i s c u s sed i n  Chapter S i x  ( Sect ion  One ) B l i s s fi tted- an asymptoti c equa t i on 
to rat l i ve wei g h ts from 50  to 2 10  days o f  age by e s t i mat i ng the u pper 

asymptote from we i g hts ta ken between 2 20 and 330 days of age ( when the 
max i mum wei ght  wa s a s sumed to have been a tta i ned ) .  That rats do not 
p l a teau su pports , on bi o l og i ca l  g rou nds , the au thor ' s  prev i ou s  rej ect i on , 
on  s ta ti s t i c a l  grounds , of  the a symptoti c equat ion . 



Data from severa l other col on i es shows that no true we i gh t  
p l a teau i s  reached i n  the rat .  Max i mum wei ghts a t  500 days ( Boga rt 
e t  a l . , 1940 )  and at  800 days ( Berg and Harmi son , 1 9 5 7 )  have been 
reported for the fema l e l aboratory rat .  But i n  both these stud i es 
senescence then caused a s teady fa l l  i n  we i g h t .  Ross  ( 1 959 , p . 1 1 96 )  
a l so concl uded that 1 Maximum weights were reached a t  the average time 

of 85 weeks of age . Beyond thi s time there was a general weight loss  

unti l  death , • .  Wi ddowson a nd Kennedy ( 1 962 )  g i ve gra phs  showi ng  
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s teady i ncreases  i n  l i ve we i g h t ,  of both ma l e  and fema l e  rats , through  
one  year of  age . I n  the i r  s tudy max imum  wei ghts were genera l l y  reached 
a t  a bout e i g hteen to twenty months of  a ge . 

C l earl y ,  contrary to popu l ar bel i ef ,  the l a bora tory rat does 
not p l ateau i n  l i ve we i ght . 

TABLE 10 . 6  

LOG-REC I PROCAL EQUAT I ON S  FOR RAT L I VE WEJ GHT GROWTH TO 
380 DAYS OF AGE . 

RAT NO . AGES EQUt"'T ION  ( n )  ( r )  
( days ) 

1 56 130 y ;: - 2 . 422 X + 2 . 627 7 2  -0 . 9857 

1 1 30  380 y = - 2 . 865 X + 2 . 640 1 82 � 0 . 8978 

1 56  380 y = -2 . 43 9  X + 2 . 629 254 - 0 . 981 1 

3 56 1 3 0  y ;: -2 . 357 X + 2 . 660 7 3  -0 . 9790 

3 130  340  y ;: - 2 . 418 X + 2 . 647 167 - 0 . 9 361  

3 . 56  340  y = -2 . 1 29 X +  2 . 638 238 -0 . 9853 

1 4  5 6  1 3 0  y = - 1 . 81 3  X + 2 . 603 7 1  . -0 . 9622 

14 130 300 y ;: -2 . 1 1 4  X +  2 . 61 6  98 - 0 . 9002 

1 4  5 6  300 y = - 1 . 908 X + 2 .  608 169  -0 . 9652 



27 9 

NOTE E I GHT 

THE B I OLOGI CAL I NTERPRETATION OF THE TRANSFORMAT IONS USED FOR L I VE WE I GHTS . 

Nature del i g hts i n  transformat i ons . 
- I s sac Newto n .  

The dearth o f  theory concern i ng the ana l ys i s o f  mammal i an growth 
curves has  not been fol l owed by the pract i ca l appl i cat i on  of th i s  theory 
to experi menta l  ana l ys i s .  Therefore the i mportance of  s tat i s ti ca l  theory 
to the ana l yi s of g rowth curves has been s l ow to be rea l i sed . Earl i er 
workers ( i e .  Brody , 1 945 ) fi tted equa t i on s  to growth curves l arge l y  on the 
bas i s  of  the i r part i cu l ar 1 theory of g rowth 1 ra ther tha n us i ng the best 
mathemat i ca l  f i t or a l l owi ng the vari ab i l i ty assoc iated wi th the dependent 
var i ab l e to determi ne i ts sca l e .  Once norma l i ty i s  e stab l i s hed for the 
dependent vari ab l e the i ndependent  var i a b l e ,  a s  i t  i s  a s s umed free from 
e rror , can  be transformed to a sca l e  tha t g i ves l i neari ty to the re l a t ion-
s h i p . Th i s approach  to l i neari sati on i s  ba sed sol e l y  on  mathemati ca l 
cons i derati ons ; to quote Medawar ( 1 945 ) , . . .  no biological significance 

can be r ead into the exact analytical form i t  takes .  The growth equations 

chief func tion is to facil ita te the analysi s  of the curve of growth 1 •  The 
oppos i te poi nt of v i ew ,  epi tom i sed by Brody ( 1945 , p . 5 59 ) , decl ares that 
1 The equations we  employed repre sent regular ities , . . .  and the equation 

constants have definite , rational , physical meaning . 1 However , i n  su pport 
of Medawa r ,  the pos t-wean i ng l i ve wei ght  c hanges i n  the ra t have been fi tted 
i n  Chapter One by orthogonal  pol ynomi a l s to the thi rd power wh i l e  i n  Chapter  
S i x  both  l oq -rec i procal and  asymptoti c regre s s i ons ac h i eved the  same end . 
To ascr i be d i fferent and s tri c t  b i o l o g i ca l  meani ng to the d i fferent  con s tants  
a nd parameters of these d i fferent equat i ons  wou l d  be fa l l ac i ous . 

Huxl ey ( 1 9 3 2 , p . 6 ) recogn i sed two i ntri ns i c  properti es of g rowth , 
' one e s s ential fac t about growth is  tha t i t  is  a proce s s  of self-multipl ic­

ation o f  living substance - ie . that the rate of growth of an organism 

growing equally in  all its parts is  at any moment proportional to the size 

o f  the organism . A second fundamental fact about growth is  that the rate 

of self-multiplication slows down with increasing age ( size)  . • .  1 

The f i rs t  o f  Hux l ey 1 s properti es  of  growth i s ,  i n  es sence , restated 
by the l aw of proporti onate effect ( due to Kapteyn ) , a s  defi ned by Ai tc h i son 
a nd Brown ( 1966 ) , 1 A  variate sub j ec t  to  a process of change is  said to obey 

to l aw of proportionate effect if the change in the variate at any step 

of the proce s s  i s  a random proportion of the previous value of the variate . 1 

Th i s  l aw forms the theoreti ca l  ba s i s  of the l ognorma l d i s tr i buti on ; i ts 
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importa nce , deri vati o n ,  and a ppl i cat ion  be i ng descr i bed by Ai tch i son and 
Brown ( 1966 , p . 1 - 2 )  i n  the fol l owi ng way , ' we may go further and sta te our 

belief that the lognormal i s  a s  fundamental a distr ibution in statistic s 

a s  i s  the normal ,  d e spite the derivative nature of its  name . It  arises 

from a theory of elementary errors combined by a multiplicative proc e s s , 

just a s  the normal d i stribution arises from a theory of elementary errors 

combined by addition . There are , as  Ga lton long sinc e pointed out ,  many 

situations in nature where i t  is r easonable to sugge s t  that the process  

underlying change or growth i s  multiplicative rather than additive . . •  ' 

Medawar ( 1 945 , p . 163 )  defi nes a p l o t  of l og s i ze aga i n st  age as 
1 • • •  the curve of specific growth . . . ' wh i c h  h e  states • . . . provides a record 

of the mul tiplication of l iving substance . . .  ' 

The  mul ti p l i cat ive  nature of  growth may even have a genet i c ba s i s 
a s ,  accord i ng to Needham ( 1964 , p . 386-7 } ,  • . . . the var iou s genes a ffec ting 

growth prove to have a multipl icative rather than an additive effect . . .  

It  is  possibly a reflection of  the mul tiplicative nature of growth itsel f . '  

A s tati sti c a l  rea son for appl yi ng the l ogari thmi c transformat i on to 
l i ve we i g hts i s  that val ues of a norma l l y  d i s tri buted vari abl e are a s sumed 
to be d i s tri buted between mi nus  i nfi n i ty a nd pl us  i nfi n i ty .  As l i ve we i ghts 
are grea ter than zero the i r  transformati on to l ogari thms i s  i nd i ca ted . 

Therefore the u se of the l ogari thm of we i ght can be j u s t i f i ed on 
both s ta t i s t i c a 1 a nd b i o l og i ca l  g rounds ; why the l ogar i thmi c transformat i on 
i s  so s e l dom u sed i n  s tati s t i c s  i s  parti a l l y  exp l a i ned by Ai tc h i son and 
B rown ( 1 966 , p .  2 ) . I . . .  Man ha s found addition an easier operation than 

multipl ication , and so it is not surpri sing that an add itive law of error s 

was the first to be formulated . Had man bee� more adept at multipl ication 

the " exponential-lognorma l "  or normal might have been the der ivative 

d istribution . '  

P earson , u s i ng measurements he made , even cha l l enged the l ognorma l 
d i s tri buti on on the grounds that i t  d i d  not occur i n  nature . I n  a s i mi l a r 
ve i n A i tc h i sov and Brown g i ve a n  exampl e where ' We have r ecently heard of  

a n  Amer ican candidate who se the s i s  wa s obj ec ted to on  the grounds that the 

examiners were not interested in the logarithm of income . '  Such  a n  
a tti tude i s ,  u nfortuna tel y ,  common .  The l i tera ture abounds  wi th exampl e s 
where vari ab l es obv i ou s l y  requ i re transforma t i on yet the authors are e i ther 
u naware of , or ret i cent  to u s e , a sca l e other than that u pon wh i c h the 
vari ab l e s  were mea sured . But i n  the present s tudy no wei ght  or l e ngth wa s 
tru l y  norma l l y  d i s tri buted . The l ognorma l a ppears to be  a common 
d i s tri bu t i on i n  nature . 
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A g l a nce at  pu b l i shed mean s  and s ta nda rd dev i a t i ons  common ly  s hows 
them to be corre l a ted , and thus  not i ndependent  esti ma te s , i nd i cat i ng that 
a tra n sformati on i s  requ i red . The fol l owi ng i s  a somewhat extreme exampl e .  
Krul i ch e t · a Z .  ( 1974 ) commendab l y  pl otted graphs of the frequency d i s tri b­
uti on s of  serum concentrati ons  of pi tu i tary hormones but  they fa i l ed i n  
the i n�erpreta ti on  of  the p l ots . T he authors recogn i sed that the frequency 
d i s tri b ut i o n s  were non-norma l due  to s kewi ng so they ana l ysed the data 
u s i ng non- parametri c tests ; an approach  muc h  l ess l i ke l y  to detect rea l  
d i fferences . Thei r frequency p l ots cou l d be descri bed as  defi n i t i ve l y  
i l l u s trat i ng l og norma l i ty .  The authors con l ude  the i r d i scu s s i on wi th the 
mi s l ead i ng suggest i on  that ' our resul ts sugge st,  then , that nonparametric 

procedures should a lways be used for LH , prolactin , and GH analysi s . ' 

Thi s adv i ce s hou l d  not be fol l owed , the counse l  of Anti phol u s  of Syracuse 
bei ng more a ppos i te ( Transform m e  then , a nd t o  yo�r power I ' ll yield) . 

The second of Huxl ey ' s  properti es  of  growth was rephra sed by Medawar 
( 1945 , p . 163 ) ; ' . . .  the curve of specific growth . • .  ' wh i c h  ' . . .  suggests that 

the energies of growth decl ine progressively ; that l iving matter progress­

ively loses a power to multiply itself at the rate which it wa s formed . '  

Rec i proca l or l ogari thm i c  transformat i on s  of t ime are ma themat i ca l  
expres s i ons  of thi s property of growth . Therefore the transformat i ons  
u sed i n  t h i s  work can  be rati ona l i sed by the a bove properti es of growth . 

T h u s  the present techn i ques appear to the author to be overwhel mi ngl y 
j u s ti f i ed on  both b i o l og i cal  a nd s tati s ti c a l  ground s . B ut  I feel the words 
of Macau l ey are apt , 

I f  I am in the wrong , my errors may set the mind s  of other s at  work , 

and may be the means o f  bringing both them and me to a knowledge of  the truth . 
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APPEND{ X TABLE  2 . 1 1  

S l opes , constants and  correl at i on coeffi c i en ts for the l i near regre s s i ons 
of  l og l i ve wei gh t  t i mes  100 . 0  on  l og a ge t i mes 100 . 0  ( wi th 1 . 0  added 
to the age , i n  weeks , before ta k i ng l og s )  and ca l cu l a ted wi th l i ve we i ght  
transfo rmed to a )  two parameter , a nd  b )  three paramete r  ( Y  + 7 . 0 ) 
l ogari thmi c metameters . Lambs of Wal l ace  ( 1 948 ) . 

a )  TWO PARAMETER b )  THREE PARAMETER 
Lamb S l ope Con s tant Corre l at i on L amb Sl ope  Cons tant  Cor re.:.. 
No . coeff i c i ent  No . l a t i o n  
3 . 90 . 30 85 . 18 . 9977  3 7 1 . 84 109 . 1 7 . 99 1 7  
5 83 . 79 80 . 16 . 9904 5 64 . 63 106 . 37 . 9797 
6 9 1 . 2 7 74 . 98 . 9873 6 70 . 56 102 . 56 . 9739 
9 7 7 . 77 100 . 78 . 9905 9 64 . 57 1 19 . 09 . 9830 

10 78 . 20 1 04 . 03 . 9909 10 65 . 73 1 2 1 . 22 . 9844 
1 1  90 . 59 83 . 03 . 9903 1 1  72 . 34 107 . 1 3 . 9798 
1 2  80 . 69 9 5 . 92 . 9952 1 2  65 . 88 1 16 . 05 . 9882 
13 84 . 50 9 3 . 64 . 9950 1 3  69 . 03 1 14 . 29 . 9876 
14 88 . 77 74 . 48 . 9931  14 67 . 43 103 . 03 . 9808 
1 5  9 2 . 80 7 5 . 48 . 9923 15  7 1 . 85 102 . 98 . 9804 
1 6  82 . 65 78 . 30 . 9619  16 64 . 24 104 . 4 1 . 943 1  
1 9  87 . 70 8 1 . 77 . 9853 . 1 9  69 . 33 106 . 5 1  . 9720 
21  72 . 21 105 . 20 . 9882 2 1  60 . 25 122 . 34 . 9808 
22  8 1 . 37 9 5 . 23 . 9963 22 64 . 50 1 16 . 67 . 9900 
23 83 . 43 86 .:39 . 9977  . 23 65 . 53 1 10 . 43 . 99 1 1  
26 7 8 .45  106 . 70 . 99 6 1  2 6  66 . 26 123 . 28 . 99 1 1  
27 94 . 08 74 . 56 . 9879 27 73 . 0 1 102 . 20 . 9766 
28 82 . 23 77 . 08 . 9874 28 62 . 29 104 . 79 . 9737  
3 1  74 . 07 89 . 43 . 9900 31 57 . 97 1 1 2 . 5 2 . 9799 
32 78 . 43 84 . 59 . 9957 32 60 . 4 1 109 . 67 . 987 1  
33 84 . 98 78 . 52 . 999 1  33  64 . 18 106 . 32 . 9930 
34 87 . 46 70 . 09 . 9953 34 63 . 93 101 . 63 . 9866 
36 83 . 52 75 . 15 . 9949 36 6 1 . 5 2 104 . 88 . 9886 
37 9 1 . 69 6 7 . 08 . 9949 37 67 . 2 1 99 . 47 . 9840 
40 7 7 . 19 93 . 53 . 99 58 40 6 1 . 59 1 1 5 . 1 1 . 9904 
4 1  74 . 05 9 5 . 22 . 996 1  4 1  59 . 03 1 16 . 38 . 99 10 
42 69 . 1 1 100 . 10 . 9969 42 54 . 79 1 20 . 43 . 9974 
43 66 . 89 1 0 1 . 52 . 9967 43 5 3 . 16 1 2 1 . 36 . 9962 
44 70 . 90 103 . 39 . 9979 44 57 . 3 1 1 22 . 38 . 9983 
45 7 5 . 58 107 . 72 . 9955 45 63 . 59 124 . 26 . 99 1 7  
46 69 . 82 102 . 65 . 9965 46 56 . 63 1 2 1 . 50 . 99 37 
47 68 . 28 1 0 1 . 44 . 9942 47 54 . 67 1 2 1 . 02 . 9925  
50 79 . 90 9 1 . 5 1 . 9960 50 63 . 5 1 1 1 3 . 80 . 99 1 0  
5 1  76 . 70 99 . 62 . 9959 51 6 2 . 75  1 18 . 86 . 9909 
48 70 . 94 8 1 . 85 . 9938 48 52 . 1 1 109 . 2 7 . 9857  
49  75 . 39 74 . 64 . 9964 49 54 . 04 105 . 15 . 9880 
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APPENDIX  TABL E  3 . 1 .  

S l o pes , constants , a nd corre l a t i on coeff i c i ents for the l i near regres s i on s  
of l og l i ve wei gh t  t i mes  100 . 0  o n  l og age t i mes  100 . 0  (w i th 1 . 0  a dded to 
age , i n  weeks , befo re taki ng  l ogs ) .  Lambs of  Tartel l i n and Munfo rd 
( 1974 - 7 5 ) .  

FEMAL ES 
lamb No S l ope 

Treated S i ng l es 
4 6 2 . 63 

10  57 . 8 1  
1 1  66 . 85 
1 3  6 5 . 64 
1 6  69 . 64 
1 7  63 . 70 
2 1  . 65 . 06 
2 2  68 . 84 
2 3  77 . 28 
27  67 . 83 
33  7 1 . 99 

Treated Twi ns 
6 63 . 58 

1 5  7 3 . 24 
18 66 . 45 
37 7 1 . 81 
40 66 . 16 
4 1  78 . 50 

1 3 5  64 . 17 
. 140 . 69 . 42 

c t 14f s · �o . 5o on  ro 1 ng es  
1 68 . 86 

1 6  84 . 08 
20 74 . 1 1 

Contro l Twi ns 
' 2 65 . 38 
6 67 . 92 
9 64 . 42 

10 65 . 48 
1 1  67 . 64 
2 1  64 . 33 

C.onsta nt  

69 . 75 
63 . 96 
65 . 14 
6 1 . 53 
54 . 11 
64 . 36 
66 . 69 
56 . 6 5 
43 . 85 
59 . 43 
58 . 52 

7 0 . 19  
4 5 . 15 
48 . 40 
48 . 84 
6 2 . 15 
4 1 . 87 
6 5 . 5 2 
59 . 96 
38 . 74 
59 . 49 
42 . 4 1  
3 5 . 22 

46 . 62 
48 . 84 
62 . 16 
4 7 . 10 
5 2 . 17 
64 . 82 

Treated Ca strate Twi ns  

MALES 
Correl at i o n  Lamb No . Sl o pe Con s ta n t  Corre-
coeffi c i ent l at i on 

. 9955 3 7 1 . 4 7  64 . 35 . .  9955 

. 9900 5 6 5 . 14 72 . 83 . 9970 

. 9943 . 7 79 . 00 50 . 88 . 9838 

. 9954 1 2  67 . 33 68 . 65 . 9962 

. 9949 14 7 1 . 64 67 . 39 . 9968 

. 9942 24 72 . 83 67 . 7 5 . 9948 

. 9941 2 5  65 . 39 64 . 98 . 9888 

. 9962 26 80 . 73 52 . 90 . 9993  

. 9899 38 72 . 56 6 3 . 55 . 9975  

. 9964 4 2  89 . 36 42 . 39 . 9988 

. 9980 

. 9893 20 70 . 16 49 . 55 . 9933 

. 9945 4 5  63 . 68 5 7 . 64 . 9935 

. 9912  35 56 . 31 5 7 . 83 . 99 16  

. 9926 

. 9977 

. 9921 

. 9941 
. 9974 
. 9932 
. 9949 4 7 5 . 44 5 7 . 16 . 9984 
. 9873 7 7 1 . 09 67 . 34 . 9955  
. 9792 17 76 . 16 58 . 15 . 9947 

18 70 . 29 68 . 29 . 9923 
2 2  69 . 5 1  60 . 09 . 97 58 
2 3  70 . 19 56 . 35 . 9763 

. 9923 3 68 . 1 1 5 1 . 59 . 9869 

. 9762 5 68 . 7 2 55 . 73 . 9759 

. 9886 .1 2  6 2 . 16 63 . 55 . 9873 

. 9674 1 3  7 7 . 2 1 4 5 . 8 2  . 9864 

. 9889 14 7 7 . 10 48 . 03 . 9861  

. 9965 

1 6 2 . 16 6 2 . 28 . 9808 
9 76 . 78 30 . 7 1 . 9906 

1 9  63 . 02 60 . 20 . 9966 
30 69 . 0 1  5 5 . 5 7  . 9921  
36 86 . 13 29 . 16 . 9995  
43  67 . 82 5 1 . 18 . 99 10 
44 6 5 . 9 3 58 . 26 . 9807 

1 30 73 . 33 50 . 46 . 9894 
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APPENDIX  TABLE  3 . 2 .  
Sl o pes , cons tants , and correl a t i on coeffi ci ents  for the l i near regres s i on s  of l og 
l i ve wei g ht t imes 100 . 00 on l og age t i mes 100 . 0  ( wi th 1 added to age , i n  weeks , 
before tak i ng l ogs ) wi th l i ve wei gh t  transformed to a .th ree parameter 
l ogarithm-i c metameter ( Y  + 2 . 5 ) . 

· 

FEMALES MALES 
Lamb No Sl ope Con s tant  Corre l ati on Lamb · No S l ope Con s tant Correl at ion 

coeffi c i ent coeffi c i ent  
Treated S i ng l es 

4 52 . 42 85 .0 5 . 9922  3 59 . 9 1  80 . 71 . 99 14 
10  46 . 50 8 1 . 59 . 9887 5 5 5 . 37 87 . 1 1 . 9942 
1 1  55 . 60 8 1 . 56 . 9898 7 64 . 56 70 . 92 . 9774 
13 53 . 69 79 . 20  . 9�09 12 58 . 22 82 . 49 . 9963 
16 5 5 . 58 74 . 41 . 9892 14 60 . 57 82 . 92 . 9939 
1 7  5 2 . 4 1 8 1 . 25 . 9908 24 62 . 08 82 . 84 . 9900 
2 1  53 . 70 83 . 18 . 9930 25 54 . 50 8 1 . 25 . 9833 
2 2  55 . 48 75 . 95 . 9920 26 65 . 59 73 . 09 . 9969 
23  60 . 05 67 . 70 . 9868 38 59 . 99 80 . 8 1  . 9982 
2 7  5 5 . 23 77 . 75 . 9921  42 7 1 . 10 66 . 00 . 9946 
33 58 . 82 77 . 10 . 9954 

Treated Twi ns 
6 53 . 64 85 . 1 1 . 9855  20  55 . 22 7 1 . 26 . 9864 

1 5  56 . 72 68 . 63 . 9878 . 35 43 . 95 77 . 62 . 9878 
18 5 1 . 58 70 . 74 . 9834 45 5 1 . 07 76 . 73 . 9875 
37 56 . 73 70 . 59 . 9846 
40 53 . 80 80 . 04 . 9967 
4 1  60 . 97 66 . 09 . 9843 

135 53 . 17 8 1 . 94 . 9902  
140 56 . 64 78 . 19 . 9944 
141 6 2 . 06 64 . 14 . 9858 

Control S i ngl es 
1 55 . 2 1  78 . 63 . 9981  4 6 1 . 9 1 75 . 83 . 9943 

16 66 . 50 66 . 0 1  . 9835 7 59 . 38 83 . 29 . 9935 
' 20 55 . 60 6 2 . 3 1 . 9687 17 63 . 18 76 . 14 . 9890 

18 59 . 73 83 . 37 . 9879 
22 57 . 70 77 . 46 . 9703 
23 57 . 60 74 . 89 . 9679 

Con trol Twi ns  
2 49 . 77 70 . 10 . 98 5 1  3 54 . 1 2 7 2 . 36 . 9776 
6 53 . 64 70 . 40 . 96 5 2  5 55 . 95 74 . 69 . 9680 
9 52 . 78 79 . 6 1 . 983 1  12 5 1 . 08 80 . 5 5 . 982 1 

10 59 . 62 6 1 . 26 . 9695 13  6 1 . 38 68 . 09 . 9784 
1 1  53 . 68 7 2 . 94 . 98 19 14 6 1 . 95 69 . 35 . 9778 
2 1  52 . 93 8 1 . 66 . 99 36 

Treated Castrate Twi n s  1 50 . 94 79 . 60 . 9739 
9 55 . 75 60 . 54 . 9804 

19 50 . 82 78 . 59 . 9924 
30 55 . 74 74 . 94 . 9861  
36 63 . 43 59 . 38 . 9939 
43 53 . 57 72 . 29 . 9830 
44 53 . 81 76 . 56 . 9731  

130 58 . 54 7 1 . 50 . 9837 



APPEND I X  TABLE  4 . 1  

Ruakura Monozygoti c  Twi n s , data of Hancock ( 19 51 ) : Anal yses of var i ance 

and covar i ance for the  s l opes ( Y )  and constants ( X ) , from the l i near  

�quat i ons rel at i ng 100 t imes l og l i ve wei ght  to  l og age . 

TWI N PAI RS X MEAN Y . MEAN ADJ . Y .  MEAN ± SEM 

1 1 2 5 . 05 81 . 10 74 . 54 . 477 
2 1 28 . 84 79 . 37 74 . 94 . 396 
3 131 . 74 78 . 60  75 . 78 . 347 
4 1 28 . 00 79 . 27 74 . 36 . 41 2  
5 1 4 1 . 6 2  74 . 45 77 . 16 . 345 
6 150 . 5 1  72 . 24 79 . 92 . 525 
7 149 . 86 70 . 60 77 . 92 . . 509 
8 140 . 03 73 . 10 74 . 92 . 327 
9 1 34 . 7 1 78 . 1 1 76 . 96 . 317  

10 137 . 40 75 . 13 75 . 48 . 31 1  

Average wi thi n  g roup regress i on ,  corre l ation = - . 9863 

Total estimate s , i gnori ng groups , corre l ation = - . 9602 

MEAN SQUARE FOR EACH VAR I ABLE 

SOURCE DF SLOPES CONSTANTS 

TOTAL 19  1 5 . 406 84 . 575 

BETWEEN  9 25 . 254 155 . 91 3  

WIIH I N  1 0  6 . 544 20 .371  

F RAT I O  3 . 859 7 . 653 

ANALYS I S  OF W ITH I N  GROUP VAR IANCE OF Y 

SUMS OF 
SOURCE OF VARIAT I ON OF  SQUARES MEAN SQUARE F RAT IO  

DUE  TO AV . REGR . 1 63 . 658 63 . 658 322 . 88 

DEV . FROM AV . REGR . 9 1 .  774 , 197 . 

ANALYS I S  OF VAR IANCE OF Y AFTER F I TT I NG REGRESS I ON ON X 

SOURCE OF VAR IAT ION O F  MEAN SQUARE F RAT I O  

TOTAL 18 1 . 268 

B ETWEEN GROUPS 9 2 . 343 1 2 . 092 

W ITH I N  GROUPS 9 . 193  

OR I G I NAL ERROR MEAN SQUARE = 6 . 544 PERCENT REDUCT ION OF ERROR = 97 . 03 

4 
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APPEND I X  TABLE 4 . 2  

Ruakura Monozygoti c Twi ns , Data of Hancock ( 1951 ) : Ana l yses of vari ance 

and cova riance for the s l opes ( Y )  and constants ( X ) , from the l i near equat­

i ons  rel ati ng 100 x l og l i ve wei ght  (on a 3 parameter l og sca l e )  to l og age . 

TWI N  PAI RS X MEAN y MEAN ADJ . Y .  MEAN ± SEM 

' 1  1 58 . 1 1  64 . 99 60 . 65 . 472  
2 162 . 9 1  62 . 50 60 .83  . 31 5  
3 163 . 41 63 . 03 61 . 64 . 304 
4 1 6 2 . 30 62 . 35 60 . 34 . 330 
5 168 . 62 61 . 41 62 . 93 . 308 
6 172 . 01 62 . 13 65 . 53 . 409 
7 173 . 1 0 59 . 67 63 . 68 . 449 
8 1 68 . 67 59 . 38 60 . 92 . 310  
9 164 . 08 63 . 76 62 . 74 . 292  

1 0  165 .85  61 . 50 6 1 . 47 . 278 

Average wi th i n group regress i on , correl ati on = - . 9667 

Tota l  estimates , i gnor i ng groups , correl ati on = - . 8103 

MEAN SQUARE FOR EACH VAR IABLE 

SOURCE DF SLOPES CONSTANTS 

TOTAL 1 9  3 . 894 24 . 090 

BETWEEN  9 5 .841 43 . 671 

W ITH I N  10 2 . 142  6 . 468 

F RAT I O  2 . 726 6 . 751 

ANALYS I S  OF W ITH I N  GROUP VAR IANCE OF Y 

SUHS OF 
SOURCE OF VAR IAT I ON DF  SQUARES MEAN SQUARE F RAT IO  

DUE  TO  AV . REGR . 1 20 . 025 20 . 025 1 28 . 46 

DEV . FROM AV . REGR . 9 1 . 402 . 1 55  

ANALYS I S  OF  VAR IANCE OF Y AFTER F ITT I NG REGRESS I ON ON X 

SOURCE OF VAR IAT I ON 

TOTAL 
BETWEEN GROUPS 

WITH I N  GROUPS 

DF 

18 
9 

9 

MEAN SQUARE 

1 . 4 1 1  

2 . 667 

. 155 

F RAT IO  

17 . 160  

OR I G I NAL ERROR MEAN SQUARE = 2 . 142 PERCENT REDUCTION OF ERROR = 92 . 74 



APPEND I X  TABLE 4 . 3  

RUAKURA MONOZYGOTI C  TWI NS , data from Hancock ( 195 1 ) . 

S l opes � cons tants , and  corre l a ti on coeffi c i ents for the l i near equati ons 
rel a tj ng l i ve  wei g ht  on ( a ) , a two parameter l ognorma l , and on 
( b ) a three parameter l ognorma l metameter ,  to l og age ( weeks + 1 . 1 ) . 

( a )  

Twi n 
pa i r  

1 
2 

3 
4 
7 
8 

1 1  
1 2  
1 3  
1 4  
1 7  
1 8  

1 9  
20 
23 
24 
25 
26 

29 
30 

TWO PARAMETER. LOGNORMAL 

S l ope 

77 . 04 
85 . 16 

76 . 38 
82 . 36 
77 . 54 
79 . 65 
78 . 42 
80 . 1 1 

73 . 48 
7 5 . 44 

72 . 22 
72 . 27 

69 . 69 
71 . 52 
74 . 25 
71 . 94 
78 . 10 
78 . 13 
73 . 62 
76 . 65 

Con s tant Corre� a� ion 
coeff1 c 1 ent 

132 . 25 . 9956 
1 1 7 . 84 . 9965 

134 . 64 . 9910  
123 . 03 . 9926 
133 . 7 1 . 9968 
129 . 78 . 9945 
1 28 . 52 . 9930 
1 27 . 48 . 9918 
142 . 75 . 9958 
140 . 49 . 9965 

150 . 34 . 9979 
150 . 68 . 9981 

1 5 1 . 40 . 9964 
148 . 32 . 9982 

139 . 05 . 9961 
14 1 . 00 . 9972 
134 . 82 . 9953 
1 34 . 60 . 9961 
140 . 1 2 . 9969 
134 . 68 . 9970 

( b )  THREE PARAMETER LOGNORMAL 

S l ope Constant Corre l at i on 
coeffi c i ent 

6 2 . 85 162 . 00 . 9924 
67 . 13 154 . 22 . 9940 
60 . 94 166 . 17 . 9937 
64 . 06 159 . 65 . 9958 
62 . 60 164 . 29 . 9981 
63 . 46 162 . 52 . 9968 
6 1 . 62 162 . 74 . 9948 
63 . 08 161 . 86 . 9941 
60 . 60 169 . 5 2 . 9968 
62 . 23 167 . 73 . 9978 

62 . 1 6 171 . 79 . 9965 
62 . 1 1 17 2 . 23 . 9973 

58 . 90 174 . 39 . 9965 
60 . 44 171 . 82 . 9977 

60 . 4 1 167 . 79 . 9974 
58 . 35 169 . 55 . 9986 
63 . 75 164 . 17 . 9955 
63 . 77 163 . 99 . 9963 

60 . 69 167 . 36 . 9952 
62 . 32 164 . 33 . 9961 

6 
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APPEND I X  TABLE 5 . 1  

Anal yses  of vari ance and covari ance for the s l opes { Y )  and constants ( X ) , 
from the l i near equat i o ns rel a ti ng l og l i ve wei ght to l og tan age (weeks/2 ) ,  

� ssey Monozygotic  Twi n Hei fers , Jerseys compared to Non-Jerseys . 

GROUP X MEAN 

Non-Jerseys 148 . 26 

Jerseys 148 .80 

Y MEAN 

29 . 19 

28 . 63 

ADJ . Y .  MEAN ± SEM 

29 . 68 

28 . 48 

. .  285 

. 156 

CORRELAT I ON 

- .8671 

- . 8792 

Average wi thi n group regre s s i on , corre l at ion = - . 8740 

Total estima te s , i gnori ng groups , corre l at ion = - . 8602 

MEAN SQUARE FOR EACH VAR IABLE 

SOURCE OF SLOPES CONSTANTS 

TOTAL 129  1 0 . 200 114 . 931  

BETWEEN 1 7 . 220 140 . 000 

WITH I N  1 28 1 0 . 223 1 14 . 735 

F RATIO  . 706 1 . 220 

ANALY S I S  OF WITH I N  GROUP VAR IANCE OF Y 

SUMS OF 
SOURCE OF VAR IAT I ON OF  SQUARES MEAN SQUARE F RAT I O  

TOTAL W ITH I N  GROUP 1 28 1 308 . 6 22 1 0 . 223  

DUE ,  TO AV . REGR . 1 999 . 6 24 999 . 624 410 . 851  

D EV . FROM . AV . REGR . 127 308 . 998 2 . 433  

BETWN . I ND .  REGRS . 1 4 . 357 4 . 347 1 . 802 

DEV . FROM . I ND .  REGRS 1 26 304 . 640 2 . 417  

ANALYS I S  OF VAR IANCE OF  Y ,  AFTER F ITT I NG REGRESS ION ON X 

SOURCE OF VAR IAT ION 

TOTAL 

BETWEEN GROUPS 

W ITH I N  GROUPS 

O F  

1 28 

1 

1 2 7  

OR I G I NAL ERROR MEAN SQUARE = 10 . 223 

MEAN SQUARE 

2 . 671  

3 3 . 017 

2 . 433 

F RATI O  

1 3 . 570 

PERCENT REDUCT ION OF  ERROR = 76 . 200 



APPENDIX  TABLE  5 . 2 

Ana lyses of  vari ance and covar i ance of the s l opes and constants 
from the l i near equati ons re l ati ng l og l i ve wei ght to l og tan age 
(weeks/2 ) , for Massey Monozygoti c Twi ns ; compari son of years 

Y = s l ope X = cons tant 

Year  X mean Y mean Adj . Y  mean St . error Correl ati on 
Adj . Y  

1964 148 . 93 28 . 1 2 29 . 01 . 235 - . 9043 
1965 144 . 36 29 . 86 29 . 45 . 233  - . 9202 
1966 148 . 17 28 . 75 29 . 42 . 318 - . 9866 
1967 1 40 . 50 29 . 19 27 . 69 . 348 - . 9455 
1968 145 . 18 27 . 4 1  27 . 23 . 252 - . 9 1 3 1  

Average wi th i ng group regress i on correl ati on = - . 9205 

Total est imates , i gnor i ng groups regress i on correl ati on= - . 8796 

Mean sq uare for each vari abl e 
Source D . F  S l ope Constant 

Total 99 9 .584 99 . 413 
between 4 20 . 728 183 . 300 
Wi th i n  95  9 . 114 95 .881 
F .  �ati o 2 . 274 1 . 911  

Std dev i a ti on 3 . 019 9 . 791  

Genera l mean 28 . 637 145 . 804 

Anal ys i s of w i thi n group  vari ance of  Y 

Source of  vari ati on D . F  Sums of  Mean Square F .  rati o 
squares 

Due to a verage 1 733 . 76 1  733 . 76 1  521 . 907 
regress i on 

Dev i a ti ons from 94 132 . 1 56 1 . 405  
average regress ion  

Between i nd i vi dual  4 1 2 . 098 3 . 024 2 . 267 
group  regs . 

Devi ati ons from 90 1 20 . 057 1 ;333 
i nd i v i dual  regs 

8 

Anal ys i s  of vari ance o f  Y after fi tti ng regre s s i on on X 

Total 
Between groups 
Wi th i n  groups 

98 2 . 1 90 
4 20 . 631 14 . 674 

94 1 . 405 

Ori g i na l  mean sq . =  9 . 1 14 percent reduct ion  = 84 . 57 



APPEND I X  TABLE 5 . 3 

Ana l yses of  vari ance and covari ance of the s l opes and constants , 
from the l i near equati ons rel ati ng l og l i ve we i g ht to l og tan age 
{ weeks/ 2 ) , for Mas sey Monozygoti c Twi ns ; Twi n s  compared , i gnori ng years 

Source 

Total 
Between 

Wi thi n 

F .  Ratio  

Std devi9. t ion  

Genera l  mean 

Ana lyses of Vari ance 

Mean square for each vari abl e .  

o � F �  Sl ope 

99 9 . 568 

49 18 . 378 
50 . 934 

1 9 . 675 

. 966 

28 . 641 

Constant 

9 9 . 448 

1 9 3 . 19 1  

7 . 580 

2 5 . 487 

2 . 753 

1 45 . 788 

Average wi thi n group regres s i on correl at{on = - . 8428 

Total estima tes , i gnori ng groups correl ati on= - . 8791 

Ana lys i s  of wi thi n  g roup vari ance of Y 

Source of variati on D . F  Sums of Mean square 

Due to average regre s s i on 

Devi ati ons  from average 
regre s s i on 

· · 

1 

49 

squares 

33 . 170 33 . 1709 

1 3 . 534 . 2762 

F .  rati o 

1 20 . 092  

Anal ys i s of vari ance of  Y after fi tti ng regress i on on X 

Source of vari ati on D . F  Mean square F .  rati o 

Total 98 2 . 194 
Between groups 49 4 . 1 1 2  14 . 895 

Wi thi n g roups 49 . 276 

Ori gi nal  mean Sq . = . 934 Percent reducti on = 70 . 44 

9 



APPEND IX  TABLE 5 . 4  

Ana lyses  of vari ance and  covari ance of the  s l opes and  constants from 
the l i near equations  rel ati ng l og l i ve wei ght to l og tan age (weeks/2 ) , 
for Mas s ey Monozygoti c Twi ns ; twi ns  compared for 1964 

y = s l ope X = cons tant 

Twi n  pai rs X mean Y mean · Adj . Y mean  Std . Error Adj . Y  

1 1 6 2 . 25 23 . 49· 27 . 61 . 52 1  
2 149 . 40 28 . 01 28 . 12 . 272  
3 148 . 17 26 . 44 26 . 17 . 273  
4 145 . 16 . 3 1 . 57 30 . 35 . 302  
5 1 32 . 23 36 . 25 30 . 99 . 627 
6 1 41 . 42  29 . 74 27 . 36 . . 374 
7 1 39 . 52  29 . 51 26 . 53 . 420 
8 1 58 . 16 26 . 58 29 . 43 . 4 10  
9 .  144 . 9 5 29 . 96 28 . 68 . 30 5  

1 0  1 50 . 73 . 27 . 1 9 27 . 72 . 278 
1 1  1 52 . 4 1  26 . 55 27 . 60 . 294 
12  152 . 33 25 . 21 26 . 23 . 293  
1 3  1 60 . 88 24 . 37 28 . 06 . 482 

Average wi th i n  group regres s i on correl ati on  = 

Total e s t ima tes , i gnori ng groups regre s s i on correl ati on  = 

Mean square for each vari ab l e 

Source D . F • Sl ope Constant 

Total 25 11 . 650 76 ;. 16 1  
Between 1 2  23 . 058 147 . 766 

Wi th i n  1 3  . 1 . 11 9  10 . 064 
F .  ra ti o 20 . 600 14 . 681 

Std . dev i at ion  1 . 057 3 . 172 
General Mean 28 . 071  149 . 052  

Ana lys i s of  w i th i n  group  vari ance of  Y 

Source of vari ati on D . F  Sums of Mean Square 
s quares 

Due to average 
regre s s i o n  

Dev iati ons  from 
average regre s s i on 

1 1 2 . 764 

' . ' 

1 2  1 . 786 . 

1 2 . 764 

. 148 

- . 936 
- . 907 

F .  rati o 

85 . 726 

Anal ys i s  of var i ance of Y after fi tti ng regre s s i on on  X 

Source of vari ati on D . F  

Tota l 24 

Between Groups  12  

Wi thi n groups  12  

Ori g i na l  mean sq . = 

Mean square F .  ra ti o 
2 . 1 30 

4 . 1 1 3  . 

. 148 

1 . 1 19  

27 . 7 56 

Percent reducti on = 136 . 76 

10 



APPEND I X  TABLE 5 . 5  

Ana l yses of vari ance and covari ance of the sl opes and constants from the 
l i near equations  rel ati ng l og l i ve we i g ht ' to l og tan age (weeks/2 ) , for 
Mas sey �1onozygoti  c Twi ns.: Twi ns  compared for 1965 

T\\'i n 
· Pai rs  

1 
2 
3 
4 
5 
6 
7 
8 
9 

X mean 

' 160 . 50 
143 . 30· 
1 55 . 82 
1 51 . 82 
131 . 86 
1 32 . 29 
141 . 68 
148 . 82 
132 . 25 
139 . 64 
140 . 96 
152  . 66 ' 
145 . 14 

Y = s l  O,Pe 

Y mean 

24 . 560. 
32 . 310  
27 . 84 
27 . 32 
33 . 39 
31 . 72 
30 . 34 
28 . 79 
33 . 88 
30 . 10 
29 . 92 
27 . 58 
30 . 43 

X = constant 

Adj . Y .  mean 

29 . 19 

St . Error Adj . Y  

1 . 02 1  

1 0  
1 1 . 
1 2  
1 3  

32 . 0G 
31 . 14 
29 . 47 
29 . 79 
28 . 25 
29 . 57 
30 . 08 
30 . 40 
28 . 74 
28 . 94 
29 . 9 7· 
30 . 6 5  

. 353 

. 765  

. 564 

. 821  

. 798 

. 382 

. 43/' 

. 800 

. 447 

. 402 
, �604 
. 350 

Average  wi th i n group regre s s i on correl at i on -

Tota l est ima tes , i gnori ng g roups regress i on correl ati on = 

Mean square for each vari abl e 

Source 
Tota l 

Between 

Wi th i n  

F .  ra ti o 

Std . dev i a ti on 

General Mea n 

D . F  Sl ope 
25 7 . 034 

1 2  

• 13 

13 . 94 1  

. 657 

2 1 . 190 

. 8 1 1  

29 . 8655 

Constant  
84 . 940 

171 . 268 

5 . 253 

32 . 598 

2 . 292 

144 . 368 

Ana lys i s · of w i th i n  group vari ance of Y 

Source of vari ati on D � F  Sums of Mean Square 
squares 

Due to average 
regre s s i on 

Dev i a ti ons from 
average regress i on 

1 

1 2  

5 . 648 5 . 648 

2 . 904 . 242  

� . 8126 
- . 9202 

F .  rati o 

23 . 33 

Ana lysi s of var i ance of  Y �fter fi tti ng regress i on on X 

Sou rce of var i ati on D . F  Mean square F .  ra ti o 

Tota l 

Between Groups  

Wi th i n  groups 

24 

1 2  
1 2  

. . 

Ori g i nal  mean sq . = . 657 

1 . 1 2 1  

2 . 00 1  

. 242  

8 . 266  

Percent reducti on = 63 . 19 
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APPEND I X  TABLE 5 . 6  
Analyses  of vari ance and covari ance of the s l opes and constants from 
the l i near equat ions  rel ati ng l og l i ve wei ght to l og tan age ( weeks/2 ) ,  
for Mas sey Monozygoti c Twi ns ; Twi ns compared for 1 966 

y = s l ope X = constant 

Twi n  pai rs X mean Y mean  Adj . Y  mean  Std . Error a dj . Y  

1 144 . 06 29 .82 28 . 35 . 339  

2 159 . 82 25 . 55 29 . 63 . 738 

3 162 . 57 24 . 70 29 . 74 � 898 

4 149 . 24 29 . 06 29 . 4 1  . 234 

5 132 . 88 32 . 06 26 . 66 . 958 

6 130 . 10 33 . 82 27 . 4 5  1 . 1 23 
7 158 . 96 25 . 60 29 . 37 . 689 

Average  wi thi n group  regres s i on correl at i on  = 

Total e s timates , i gnor i ng groups regress i on correl ati on  = 

. .  

Mean square for each vari ab l e 
Source D . F  S l ope Consta nt 
Total 13 1 1 . 762  161 . 779 
Between  6 24 . 809 345 .886 
Wi th i n  7 . 579 3 . 972  
F .  ra ti o 4 2 . 848 87 . 062  

Std . dev i a ti on . 760 1 . 993  

Genera l Mean 28 . 663 148 . 238 

Ana l ys i s · of  w i th i n  group  var i ance of Y 

Source of  vari at ion  D . F  Sums of Mean Square 
squares 

Due to a verage 1 :3 . 439 3 . 439 
regress i on 

Dev i ati ons  from 6 . 613  . 102 
average regress i on 

- . 92 10 
- . 9900 

F .  rati o 

3 3 . 6 1 3  

Anal ysi s o f  var i ance o f  Y a fter fi tti ng regres s i on o n  X 
Sou rce of  var i a ti on D . F  Mean square F .  rat i o  

Tota l 

Between Groups 

Wi thi n groups 

1 2  
6 
6 

Ori gi na l  mean sq . = 

. 251 

. 40 1  

. 102  

. 579 

3 . 92 1  

Percent reducti on = 82 . 3 1 

12 



APPEND I X  TABLE 5 . 7  

Anal yses of vari ance and covari ance o f  the s l opes and constants from 
the l i near equati ons rel a ti ng l og l i ve  we i ght to l og tan age (weeks/2 } . 
for Massey Monozygoti c Twi ns ; Twi ns compared for 1 967 

y = s l ope X ::: constant 

Twi n pa i rs X mean y mea n  Adj . Y mean 

1 140 . 70 28 . 18 28 . 26 

2 1 30 . 87 3 1 . 6 6  27 . 68 

3 136 . 06 30 . 92 29 . 09 

4 145 . 49 27 . 6 3  29 . 69 

5 1 50 . 39 2 6 . 85 30 . 94 

6 139 . 49 29 . 9 1  29 . 49 

Std . 

. 286 

. 678 

. 402  

A28 

� 693 

. 293  

Average wi th i n  group regress i on corre l ati on = 

Total esti mates , i gnor i ng groups regre s s i on correl ati on = 

Mean square for each vari abl e 
Source D . F  Sl ope Constant  
Total 1 1  4 . 078 46 . 599  

Between 5 7 . 428 94 . 460 
Wi th i n  6 · 1 .  285 6 . 7 1 5  
F .  rati o 5 .  777 14 . 067 

Std . devi ati o n  1 . 133  2 . 59 1  . 
Genera l Mean 29 . 196  140 . 505 

Ana lys i s of wi th i n  group vari ance of Y 

Source of vari ati on D . F  Sums of  Mean Square 
squares 

Due to average 
regress ion  

Dev i a ti ons from 
a verage regre s s i on 

1 

5 

. . 6 . 893  

. 820 

6 . 893 

. .  164 

error Adj . Y  

- . 9452 

- . 9455 

F .  rati o 

4 1 . 999  

Anal ysi s of vari ance o f  Y a fter fi tti ng regres s i on on  X 

Source of var i a ti on D . F  Mean square F .  rati o 

Tota 1 10  . 475 

Between Groups  

Wi th i n  groups  

5 

5 

Ori g i nal mean sq . ::; 

. 786 

. 164  

1 . 285 

4 . 791  

Percent reducti on = 87 . 22 

13 



APPEND IX TABLE 5 . 8 

Ana l yses  of vari ance and covar i ance of the s l opes and constants from 
the l i near equati ons rel ati ng l og l i ve ·we i g h t  to l og tan age (weeks/2 ) ,  
for Massey Monozygoti c Twi ns ; Twi ns compared for 1968 

Y = s l ope X = con s tant 

Twi n  pai rs X mean Y mean . Adj . v·: mean S td . error adj . Y  

1 1 53 . 33 23 . 00 24 . 73 . 773 
2 149 . 49 26 . 65 27. 56 . 601 
3 133 . 30 29 . 90 . 27 . 38 . 984 
4 1 53 . 72 25 . 66 27 . 47 . 794 
5 158 . 87 25 . 32 28 . 22 1 . 095  
6 1 54 . 50 23 . 97 25 � 94 . 836 
7 142 . 8 1  29 . 83 29 . 32 . 544 · 
8 121 . 49 33 . 50 28 . 48 1 .  747 
9 146 . 28 • 27 . 80 28 . 03 . 524 

10 138 . 09 29 . 21 27 . 70 . 7 19  
11  145 . 05 26 . 68 26 . 66 . 518 

Averag e  wi th i n  group  regress i on correl a ti on = 

Total est ima tes , i gnori ng groups regress i on correl ati on  = 

Source 

Total 

Between 

Wi th i n  

F .  rati o 

Std . dev i at ion 

Genera l Mean 

Mean square for each vari abl e 

D . F  Sl ope Constant  
21  9 . 29 1  1 18 . 708 

10 18 . 486 238 . 453 

1 1  . 93 1  9 . 850 

19 . 843 24 . 208 

. 96 5  3 . 138 
27 . 4 1 5  145 . 180 

Ana lys i s · of w i th i n group  vari ance of Y 

Source of vari at ion  D . F  Sums of Mean Square 
s quares 

Due to average 1 4 . 869 4 . 869 
regres s i on 

Dev i a ti ons  from 10  5 . 378 . 537 
average regress i on 

- . 6893 

- . 913 1  

F .  rati o 

9 . 052 

Anal ys i s of var i ance of  Y after fi tti ng regre s s i on on  X 

Source of var i at i on  D . F  Mean square F .  rat io  
Tota l 20 1 . 620 
Between Group s  1 0  2 . 703 5 . 027 
Wi thi n  groups 10 . 537 

Ori g i  na 1 mean sq . = 0 . 931 Percent reducti on = 42 . 27 

14 



APPEND I X  TABLE 5 . 9  

· Ana l yses of vari ance and covari ance of the s l opes and cons tants from the 
l i near equat ion s  rel at i ng l i ve wei g ht  to a ge for �1assey Monozygoti c Twi ns ; 
Twi ns compared for 1966 . 

· v  ? s l ope X = constant 

Twi n pa i rs X mean Y meari · · Adj . Y  mean S td . error Adj . Y  
1 5 1 . 33 6 . 89 6 . 6 1  .341  
2 72 . 90 6 . 44 6 .  72 . 34 1  
3 67 . 08 6 .  77 6 . 90 . 236  
4 6 3 . 04 7 . 00 7 . 02 . 200 
5 5 1 . 43 6 . 08 5 . 81 . 339 
6 73 . 1 1 6 . 32 6 . 60 . 345  
7 ·  5 5 . 85 6 . 80 6 . 64 . 255  

Average wi th i n group regress i on corre l ati on  = 

Total est ima tes , i g nori ng groups regress i on correl ati on  = 

Mean square for each vari abl e 
Source O . F  S l ope Co nstant 
Total 13 . 148 9 1 . 146 

Between 6 . 228 177 .470 

Wi th i n  7 . 079 1 7 . 155 

F .  ra ti o 2 . 878 1 0 . 345 

Std . dev i a ti o n  . 281 4 . 14 1  

General Mea n 6 . 619  6 2 . 1 1 1  

Ana lys i s · o f  w i th i n group  var i a nce o f  Y 

Source of vari ati on D . F  Sums of Mean Square 

Due to average 
regress i on 

Devi a ti on s  from 
average reg re ss i on 

1 

6 

. squares 
. 078 

. 476 

. 078 

. 079 

- . 3768 

- . 1641 

F .  ra ti o 

. 992  

Anal ysi s of var i ance of Y a fter f i tti ng regres s i on on  X 

Source of var i a ti on D . F  Mean square F .  rati o 

Total 

Between Groups  

Wi thi n groups  

1 2  
6 
6 

Ori g i nal  mean sq . = . 079 

. 1 56 

. 232 

. 079 

2 . 932 

Percent  reducti on  = - . 097 



APPEND I X  TABLE 5 . 10 16 
Sl opes , con s tants , and corre l a ti on coeffi c i ents for the l i near 
regress i ons of l og l i ve wei ght  on l og tan age ( weeks/2 )  for 
Massey Monozygoti c Twi n Jersey hei fers . 

I . D .  TWI NS JERSEYS 
Twi n Sl ope Constant Correl a ti on Twi n  Sl ope Consta nt Correl at ion  
No . 1 964 Coeffi c i ent No . 1966 Coeffi c i ent 
11  2 3 . 49 162 . 4 1  . 9747 9 30 .14 143 . 4 5  . 9941  
12  . 23 . 49  162 . 09 . 968 1 . 1 0  29 . 50 144 . 66 . 9934 
37 28 . 06 150 . 28 . 9773 27 24 . 80 1 6 1 . 47 . 9874 
38 27 . 97 148 . 52 . 9809 28 26 . 30 1 58 . 17 . 9837 
39 2 7 . 72 144 . 69 . 9700 33 24 . 27 1 62 . 52 . 9858 
40 25 . 16 151 . 6 6  . 9718 34 25 . 13  162 . 6 1  . 9897 
4 1  3 1 . 57 145 . 45 . 9924 39 28 . 82 149 . 26 . 9836 
42 3 1 . 56 144 . 87 . 9949 40 29 . 30 149 . 23 . 9857 
45 36 . 40 131 . 02 . 9950 79  33 . 09 1 29 . 66 . 9921  
46  36 . 09 133 . 46  . 9932 80 3 1 . 02 1 36 . 10 . 9836 
49 29 . 86 142 . 48 . 9893 89 25 .4 1  1 59 . 60 . 9860 
50 29 . 63 140 . 37 . 9892 90 25 .79 1 58 . 32 . 9870 
57 28 . 50 143 . 3 1 . 9787 93 33 . 82 1 30 . 10 . 99 1 1  -1 58 30 . 51 135 . 73 . 9767 94 35 . 06 129 . 20 . 9821 
77  2 6 . 24 159 . 34 . 9788 
78 26 . 92 156 . 98 . 9772  1967  
79 29 . 30 148 . 22 . 9909 49 28 . 98 139 . 05 . 9880 
80 30 . 62 141 . 67 . 9892 50 27 . 37 142 . 35 . 9858 
89 27 . 19 151 . 27 . 9786 65  3 1 . 9 5 130 . 09 . 9900 
90 27 . 19 1 50 . 1 9 . 9734 66 3 1 � 38 13 1 . 64 . 9865 
91 24 . 57 157 . 00 . 9626 67 3 1 . 52 135 . 89 . 9924 
92 28 . 52 147 . 82 . 9959 68 30 . 33 136 . 24 . 98 63 
97 25 . 58 150 . 96 . 9853 71  27 . 01 147 . 28 . 9799 
98 24 . 84 1 53 . 70 . 981 5 72  28 . 25 143 . 70 . 9782 
99 24 . 37 160 . 88 . 9671  73  25 . 56 153 . 8 1  . 9 744 

100 25 . 72 157 . 94 . 9737 74 28 . 1 3 146 . 96 . 9834 
1965 91 29 . 05 140 .85  . 9847 

1 7  24 . 35 161 . 86 . 9703 92  30 . 76 138 . 14 . 9847 
18 24 . 76 1 59 . 13 . 9121  

1968 61  32 . 24 142 . 8 7  . 9873 27 23 . 78 152 . 4 5  . 9835 62 32 . 37 143 . 72 . 9893 
63 27 . 47 1 56 . 41 . 9859 28 22 . 22 154 . 21 . 9817  
64 28 . 21 155 . 23 . 9866 45 25 . 08 153 . 80 . 9658 

3 26 . 25 153 . 48 . 9544 46 28 . 21 145 . 19 . 9823 
4 28 . 40 150 . 1 7 . 9606 47 29 . 62 138 . 1 3 . 9930 
7 33 . 11 134 . 48 . 99 19  48 3 0 . 18 128 . 46 . 9950 
8 33 . 66 1 29 . 24 . 9960 61 25 . 68 152 . 72 . 981 1  

6 2  25 . 64 1 54 . 73 . 9877 9 31 . 68 132 . 90 . 9909 63 . 25 . 10 158 . 66 . 9702 1 0  3 1 . 76 131 . 68 . 9922 64 25 . 53 1 59 . 09 . 9732 1 3  3 1 . 4 1  139 . 96 . 9946 95 24 . 32 155 . 08 . . 9669 14 29 . 27 143 . 39 . 99 1 3  
l3 29 . 14 148 . 26 . 9967 96  23 . 62 153 . 92 . 9657 
24 28 . 45 149 . 39 , 9951  9 7  29 . 92 140 . 54 . 9963 

98 . 29 . 72 145 . 07 . 9966 29 34 . 09 132 . 1 7 . 9939 7 33. 41 1 22 . 38 . 9936 30 33 . 68 132 . 32 . 9917  8 33 . 60 120 . 59 . 9931 41 29 , 75 139 . 89 , 99 1 5  9 27 . 9 1 145 . 77  . 9871 42  30 . 45 139 , 38 . 9947 1 0  27 . 68 146 . 79 . 9891 43  . 30 . 65 137 . 18 .:.9949 15  30 , 52 1 36 . 30 . 9932 44 29 . 18 1 44 . 74 . 9891 1 6  27 . 89 1 39 . 88 . 9882 47 27 . 59 1 52 . 90 , 9923 49 26 . 90 144 . 23 . 9893 48 27 . 58 1 52 . 42 . 99 1 7  50  26 . 47 1 45 . 87 . 9896 49  29 . 48 147 . 16 . 9967 
50  3 1 . 38 143 . 1 1 . 9935  
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APPEND IX  TABLE 5 . 1 1 

Sl opes constants a nd corre l a ti ons coeffi c i ents , for the l i near 
regre s s i ons of l og l i ve we i gh t  on l og tan age (week/2 ) , for Non-
Jersey hei fers and for the l i near regress i ons  of l i ve wei g ht on age 
for. he i fers born i n  1966 : Ma s sey ·-r.�onozygoti c T1-1i ns . 

NON J ERSEYS 

Twi n  Sl ope Con s tant  Correl ation 
No . coeffi c i ent  
31  27 . 72 165 , 08 . 9822 
32 27 . 70 161 . 18 G9827 
55 25 . 80 1 58 . 01 . 9806 
56 2 5 . 82 1 56 . 97 . 9788 
7 3 2 . 41 . 1 37 . 67 . 9854 
8 33 . 07 1 38 . 7 3  . 9874 
1 30 . 67 1 44 . 53 . 9940 
2 32 , 00 140 . 00 :; 9953 
3 27 . 39 1 54 . 57 . 9863 
4 26 . 12 165 . 51 . 9849 

1 1  25 . 09 1 54 . 73 . 9861 
1 2  26 . 04 153 . 34 . 9874 

5 40 . 35 1 06 . 31 . 9955 
6 33 . 60 1 33 . 97 . 9939 

1 7  27 . 35 1 54 . 59 . 9757  
18 27 . 34 153 . 07 . 9629 
19  25 . 86 1 54 . 34 . 9724 
20 24 . 98 1 54 . 48 . 9663 
75  28 . 18 141 . 86 . 98 56  
76 28 , 18 141 . 6 7  . 9837 
83 28 . 17 152 . 97 . 9897 
84 27 . 78 1 58 . 62 . 9917  . 85 27 . 59 1 56 . 41 . 9850 
86 28 . 78 152 . 23 • 9804(, 

9 32 . 10 1 52 . 48 . 9939 
1 0  33 , 56 145 . 15 . 9896 
13  35 , 1 2 1 20 . 77 . 9939 
14 33 . 1 1 131 . 46 . 9806 
29 27 , 49 155 . 69 . 9845 
30 28 , 37 1 5 1 . 41 . 9805 

AR ITH WT vs AR ITH AGE 
1966 

9 6 . 97 51 . 29 . 9884 
1 0  6 , 80 51 . 37 . 9893 
27 6 , 10 76 . 78 . 9720 
28 6 , 79 69 . 03 . 9803 
33 6 , 53 65 . 82 '  . 9889 
34 ) , 02 68 . 34 . 9907 
39 ' 6 . 9 1 61 . 50 . 9758 
40 . 7 , 09 64 . 59 . 9749 
79 6 . 32 46 . 14 . 9823 
80 5 . 84 56 . 7 2 . 9777 

' 89 6 , 29 73 . 92 . 9831 
90 6 , 34 72 , 30 . 9822 
93 6 , 62 52 . 33 ' . 9848 
94 . 6 . 98 59 . 38 . 9684 

• 



APPEND IX  TABLES 7 . 1a & 7 . 1 b 

LOG L IVE WE IGI-{T (Y } .  1 i nearl y regressed on LOG CONEPT ION AGE ( X )  
. .  

(data of Acheson et al . (1959 ) from 1 6  -38 days ) 

7 . la 
FEMALES 

Sl ope ± �EM = . .  2 . 986 ± . 081  

Constant  ± SEM = -324 . 67 ± 1 3 . 6 1  

Q 98 . 47 

RMS RES I DUAL = 2 . 367 

Bi rth 
age 

16 
1 7  
18  
19  
20  
21 
22  
23 
24 
25 
26 . 
'27 
28 
29 
30 
31 
32 
33 
34 
35  
36  
37 
38 

Obs 

J47 . 7 1  
150 . . 5 1  
1 5L85 
1 54 . 40 
155 . 63 
1 54 . 40 
157 . 97 
163 . 34 
167 . 20 

"17 1 .  60 
174 . 03 
177 . 81 
181 . 95 
184 . 50 
186 . 92 
189 . 76 
190 . 84 
192 . 94 
194 . 93 
197 . 77 
199 . 99 
201 . 70 
203 . 34 

Exp . 

143 . 64 
147 . 10 
150 . 47 
153 . 75 
156 . 95 
160 . 08 
163 . 13 
166 . 1 1 
1 69 . 02 
1 7 1 . 88 
1 74 . 66 
1 77 . 39 
180 . 07 
182 . 69 
185 . 26 
187 . 78 
1 90 . 25 
192 . 67 
195 . 05 
197 . 39 
199 . 68 
201 . 94 
204 . 16 

Res i dual  

4 . 06 
3 . 4 1  
1 . 38 

. 6 5  
- 1 . 32 
- 5 . 67 
- 5 . 1 5 
- 2 . 76 
- 1 . 81 
- . 27 
- . 63 

. 4 1 
1 . 88 
1 . 8 1  
1 . 66 
1 .  93 

. 59 

. 26 
- . 1 1  

. 38 

. 3 1 
- . 23 
- . 8 1  

Durbi n-Watson = . 37 16 

7 . 1 b 

MALES 

= 3 . 154 ± . 053 

- 346 . 13 ± 8 . 88 

= 99 . 4 1  

= 1 . 543  

Obs · Exp . Res i dua l 

151 . 85 
153 . 14 
156 . 82 
159 . 1 0 
162 . 3 2  
161 . 27 
166 . 27 
170 . 75 
174 . 03 
178 . 53 
180 . 6 1  
184 . 50 
187 . 50 
190 . 30 
193 . 95 
195 . 42 
198 . 22 
199 . 99 
202 . 53 
205 . 30 
207 . 9 1  
210 . 03 
212 . 38 

148 . 4 1  3 . 43 
152 . 06 1 . 07 
1 55 . 62 1 . 1 9 
1 59 . 09 . 01 
162 . 47 - . 1 5 
165 . 77 -4 . 49 
168 . 99 -2 . 7 2 
1 7 2 . 14 - 1 . 38 
175 . 22 - 1 . 18 
178 . 23 . 29 
181 . 18 - . 56 
184 . 06 . 44 
186 . 88 . 6 1  
189 . 6 5  . 65 
192 . 36 1 . 58 
195 . 02 . 39 
197 . 63 . 59 
200 . 1 9 - . 1 9 
202 . 70 - . 1 7 
205 . 1 7 . 13 
207 . 60 . 3 1  
209 . 98 . 05 
2 12 . 32 . 06 

Durbi n-Watson = . 7591 

p < . 0 1 

18 
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APPENDIX  TABLES 7 . 2a & 7 . 2 b  

. LOG -TOT/\L LENGTH ( Y )  l i near ly  regres sed o n  LOG CONCEPT ION AGE ( X )  

(data o f  Acheson e t  a l . ( 1959 ) from 16 - 38 days ) 

7 . 2a 7 . 2b 
FH1ALES MALES 

S l o pe ± SEM = 1 . 010  ± . 01 1  = 1 . 082 ± . 01 1  
Constant ± SEM = -37 . 49  ± 1 . 92 == -47 . 70± 1 . 87 
R2 % = 99 . 73 = 99 . 78 
RMS RES I DUAL = 0 . 3341 ::; 0 . 3259 

B i rth Obs Exp Res i dual  Obs  Exp  Res i dua l 
a ge 

1 6  120 . 95 120 . 96 - . 01 1 22 . 27 1 2 1 . 96 . 30 
1 7  122 . 53 1 22 . 1 3 . 39 1 23.80 1 23 . 2 1 . 58 
18  123 . 55 123 . 27 . 27 1 24 . 79 1 24 . 43 . 35 
1 9  124 . 55 1 24 . 38 . 16 1 2 5 . 52 125 . 62 - . 09 
20  1 25 . 76 125 . 46 . 29 126 . 7 1 126 . 78 - . 07  
21  126 . 95 126 . 52 . 42 1 27 . 87 127 . 9 1 - . 04 
2 2  1 27 . 41 1 27 . 55 - . 14 1 28 . 33 1 29 . 02 - . 69 
23  127 . 87 1 28 . 56 - . 69 1 29 . 88 130 . 1 0 - . 22 
24  129 . 22 1 29 . 55 - . 32 1 3 1 . 17 131 . 16 . 01 
2 5  130 . 31 130 . 5 1  - . 19 1 32 . 22 132 . 19 . 02 
26  130 . 96 131 . 46 - . 49 1 32 . 63 133 . 20 - . 57 
27  131 . 80 132 . 38 - . 57 1 34 . 04 1 34 . 1 9 - . 14 
28 133 . 24 133 . 28 - . 04 1 34 . 63 135 . 1 6 - . 52 
29  1 34 . 43 134 . 1 7 . 26 1 35 . 98 1 36 . 1 1 - . 12 
30  135 . 02 135 . 04 - . 02 136 . 92 137 . 04 - . 12  
3 1  135 . 60 135 . 89 - . 29 1 38 . 02 137 . 95 . 06 
32  136 . 92 136 . 73 . 18 139 . 09 1 38 . 84 . 24 
33  137 . 47 137 . 55 - . 07 1 40 . 14 139 . 7 2 . 41 
34  138 . 38 138 . 35 . 02 1 40 . 99 140 . 59 . 40 
3 5  139 . 09 139 . 14 - . 05 141 . 49 141 . 43 . 06 
36 1 39 . 96 139 . 92 . 04 142 . 16 142 . 26 - . 10 
3 7  141 . 1 6 140 . 68 . 47 1 43 . 13 143 . 08 . 05 
38 141 . 83 141 . 43 . 39 1 44 . 09 . 143 . 88 . 20 

Durbi n-Watson = . 9 197 Durbi n -Watson = . 9746 

p < . 01 p < . 01 



APPEND I X  TABLES 7 . 3a & 7 . 3h 

LOG TA I L  LENGTH ( Y )  l i nearl y regressed on LOG CONCEPT ION AGE ( X )  
(data o f  A�heson e t  a1 . ( 1959 ) from 16 - 38 days ) 

Sl ope ± S EM 

Constant  ± SEM 

R2 % 
RMS RES I DUAL 

Bi rth 
age 

1 6  
17  
18  
19  
20 
21 
22 
23 
24 
25  
26  
27  
28 ' 
29 
30 
31  
32  
33  
34 
35 
36 
37 
38 

Ohs 

87 . 50 
89 . 76 
91 . 90 
92 . 94 
95 . 42 
96 . 84 
97 . 77 
99 . 56 

100 . 86 
1 02 . 1 1 
102 . 93 
1 03 . 74 
105 . 69 
1 06 . 44 
107 . 18 
1 08 . 27 
1 08 . 63 
1 08 . 69 
1 10 . 38 
1 1 1 . 05 
1 1 2 . 05 
1 1 3 . 03 
1 13 . 98 

7 . 3a 
FEMALES 

= 1 . 250 ± . 027 

= - 106 . 7 1  ± 4 . 54 
= 99 . 05 

= 0 . 7892 

Exp 

89 . 34 
90 . 79 
92 . 20 
93 . 57 
94 . 9 1 
96 . 22 
97 . 50 
98 . 75 
99 . 97 

101 . 16 
102 . 33 
103 . 47 
104 . 59 
105 . 69 
106 . 76 
107 . 82 
108 . 85 
109 . 87 
110 . 86 
1 1 1 . 84 
112 . 80 
113 . 7 5 
114 . 67 

Res i dual  

- 1 . 83 
- 1 . 03 
- . 29 
- . 63 

. 50 

. 6 2  

. 26 

. 81 

. 88 

. 95 

. 60 

. 26 
1 . 09 

. 75 

. 41 

. 45 
- . 22 
- . 18 
- . 48 
- . 78 
- . 75 
- . 71 
- . 69 

Durhi n-Watson = . 37 10  

p < . 01 

7 . 3h 

MALES 
� 1 . 174  ± . 020 

= -93 . 83 ± 3 . 42 

= 99 . 37 

= 0 . 5941 

Ohs 

88 . 64 
90 . 84 
92 . 94 
94 . 93 
96 . 37 
97 . 77 
98 . 22 
99 . 56 

1 00 . 86 
101 . 70 
102 . 53 
1 03 . 74 
104 . 54 
1 06 . 06 
1 06 . 44 
1 07 . 55 
1 08 . 63 
108 . 99 
1 1 0 . 03 
1 1 1 . 05 
1 12 . 7 1 
1 1 3 . 03 
1 14 . 30 

Exp 

90 . 33 
91 . 69 
93 . 01 
94 . 30 
95 . 56 -
96 . 79 
97 . 99 
99 . 16 

100 . 3 1 
101 . 43 
1 02 . 53 
103 . 60 
104 . 64 
105 . 68 
106 . 69 
107 . 68 
108 . 65 
109 . 61 
1 10 . 54 
1 1 1 . 46 
1 1 2 . 37 
1 13 . 25 
1 14 . 12 

Res i dual  

- 1 . 68 
- . 84 
- . 07 

. 63 

. 81 

. 97 

. 23 

. 39 

. 54 

. 26 
- . 00  

. 1 3 
- . 1 2 

. 38 
- . 25 
- . 1 3 
- . 02 
- . 62  
- . 5 1 
- . 40 

. 34 
- . 22  

. 1 7 

Durhi n-Wa tson = . 6474 

p < . 0 1  

2 0  



APPENDI X TABLES 7 . 4  & 7 . 4b 

. LOG BODY LENGTH ( Y )  l i near ly  regres sed on LOG CONCEPT ION AGE ( X )  

( data o f  A�heson et al . ( 1959 ) from 16  - 38 days ) 

7 . 4a 

FEMALES 

Sl ope ± SEM = 0 . 768 ± . 04 1 9  
Constant ± SEM = -28 . 28 ± 7 . 0 2  

R2 % = 94 . 14 

RMS RESI DUAL = 1 . 2216  

B i rth 
age 

16 
17 
18  
19  
20 
21 
22 
23 
24 
25 
26 
"27 
28 
29 
30 
31  
32  
33 
34 
3 5  
36 
37  
38 

Obs . 

93 . 95 
94 . 93 
94 . 93 
95 . 90 
95 . 90 
96 . 84 
96 . 84 
95 . 90 
97 . 3 1 
98 . 22 
98 . 6 7  
99 . 56 

1 00 . 43 
1 02 . 1 1 
102 . 53 
102 . 53 
1 04 . 92 
1 04 . 92 
106 . 06 
1 06 . 81 
107 . 55 
1 08 . 99 
1 09 . 34 

Exp . 

92 . 29 
93 . 18 
94 . 05 
94 . 89 
95 . 72 
96 . 52 
97 . 3 1  
98 . 08 
98 . 83 
99 . 56 

100 . 28 
100 . 98 
101 . 67 
102 . 35 
1 03 . 0 1  
1 03 . 66 
104 . 29 
104 . 92 
105 . 53 
106 . 13 
106 . 7 2 
107 . 30 
107 . 87 

Res i dual  

1 . 65 
1 .  75 

. 88 
1 . 00 

. 18 

. 31 
- . 46 

-2 . 1 7 
- 1 . 51 
- 1 . 33 
-1 .60  
- 1 . 42 
- 1 . 24 
- . 23 
- . 48 
- 1 . 12 

. 62 

. 00 

. 53 
. 68 
. 82 

1 . 68 
1 . 46 

Durb i n -Watson = . 3737 

p < . 0 1  

7 . 4 b  

MALES 

= 0 . 9952 ± . 0351  

= -62 . 76 ± 5 . 88 
= 97 . 46 
= 1 . 0228 

Obs . 

95 . 4 2  
96 . 37 
§6 . 37 
95 . 90 
96 . 84 
97 . 77 
98 . 22 
99 . 99 

101 . 28 
102 . 53 
102 . 53 
104 . 1 3  
104 . 53 
105 . 69 
107 . 18 
108 . 27 
109 . 34 
1 1 1 . 05 
1 1 1 . 72 
1 1 1 . 72 
1 1 1 . 39 
113 . 03 
1 13 . 67 

Exp . Res i dua l  

93 . 30 2 . 1 2 
94 . 45 1 . 92 
95 . 57 . 79 
96 . 67 - . 76 
97 . 74 - . 89 
98 . 78 - 1 . 00 
99 . 79 - 1 . 57 

100 . 79 - . 79  
101 . 76 - . 48 
102 . 7 1 - . 18 
1 03 . 64 - 1 . 1 1  
104 . 55 - . 41 
105 . 44 - . 9 1 
106 . 31 - . 62 
1 07 . 1 7 . 01 
1 08 . 0 1  . 26 
108 . 83 . 50 
109 . 64 1 . 4 1  
1 10 . 43 1 .  29  
1 1 1 . 2 1  . 5 1 
1 1 1 . 98 - . 58 
1 1 2 . 73 . 30 
1 1 3 . 47 . 20 

Ourbi n -Watson = . 4809 

p < . 0 1  

2 1  



APPEND I X  TABLES 

A L L O M E T R Y  

7 . 5a & 7 . 5b 

-LOG LIVE  WE I GIH (Y ) _  1 i nearly regressed on LOG TOTAL LENGTH ( X )  . .  
(data of Acheson et al . (1959 ) from 16  -38 days ) 

7 . 5a 7 . 5b 

FEMALES  MALES 

S l ope ± SEM . = . 2 . 9497 ± . 0835  = 2 . 9 125 ± . 0461  
Constant ± S EM = 213 . 10 ± 1 1 . 02 = - 206 . 78- ± 6 . 18 

R 2 % = 98- . 3 5 = 99 . 48 

RMS RES IDUAL = 2 . 4646 = 1 . 4575  

Bi rth Obs Exp . Res i dual  Obs · Exp . Res i dua l 
a ge 

1 6  147 . 7 1  143 . 67 4 . 04 1 5 1 . 85 149 . 33 2 . 5 1 
17  150 . 5 1 '  148 . 33 2 . 18 1 53 . 14 1 53 . 80 - . 65 
18 1 5 1 . 85 151 . 34 . 50 1 56 . 82 1 56 . 69 . 1 2 
1 9  1 54 . 40 154 . 28 . 1 1 1 59 . 10 1 58 . 82 . 28 
20 1 5 5 . 63 157 . 87 - 2 . 24 1 62 . 32 162 . 28 . 03 
2 1  154 . 40 161 . 36 -6 . 96 1 6 1 . 27 165 . 65 -4 . 38 
22  1 5 7 . 97 162 . 73 -4 . 76 166 . 27 166 . 98 - . 70 
23  163 . 34 164 . 09 - . 74 170 . 75 17 1 . 5 1  - . 75 
24 167 . 20 168 . 07 - . 86 1 74 . 03 1 75 . 2 7 - 1 . 23 
2 5  1 7 1 . 60 1 7 1 . 30 . 29 1 78 . 53 178 . 3 1 . 2 1  
26 . 1 74 . 03 173 . 20 . 83 180 . 6 1  1 79 . 5 1 1 . 09 
27 1 77 . 8 1 175 . 68 2 . 12 1 84 . 50 183 . 62 . 88 
28 18 1 . 95 179 . 92 2 . 02 187 . 50 185 . 34 2 . 1 5 
29  184 . 50 183 . 4 5  1 . 05 190 . 30 189 . 27  1 . 03 
30  186 . 92 185 . 18 1 .  74 193 . 95 192 . 00 1 .  94 
3 1  1 89 . 76 186 . 88 2 . 87 195 . 42 1 9 5 . 20 . 2 1  
3 2  190 . 84 190 . 77 . 07 1 98 . 22 198 . 3 3 - . 10 
3 3  1 92 . 94 192 . 40 . 53 199 . 99 20 1 . 38 - 1 . 38 
34 194 . 93 195 . 08 - . 14 202 . 53 202 . 86 - 1 . 33 
3 5  1 97 . 77 197 . 18 . 58 205 . 30 205 . 33 - . 02 
36  1 99 . 99 199 . 76 . 23 207 . 9 1 207 . 26 . 65 
37 201 . 70 203 . 28 - 1 . 58 2 10 . 03 2 10 . 1 0 - . 07 
38 203 . 34 20 5 . 25 - 1 .  91  2 12 .38 2 12 . 88 - . 50 

Durbi n-Watson = . 5788 Durbi n-Wa tson = 1 . 3056 

p < . 01 NS 

22 . 



APPEND IX  TABLES 7 . 6a & 7 . 6b 
ALLOMETRY 

. lOG L IVE WE IGHT (Y ) .  1 i nearly regressed on LOG TAI L  LENGTH ( X )  

(data of Ache�on e t  al . (1959 ) from 16 -38 days ) 

7 . 6a .  7 . 6b .  

FEMALES MALES 

Sl ope ± SEM = . .  2 . 3530 ± . 0979 = 2 . 6575  ± . 0834 
Cons ta nt ± SEM = -66 . 1 0 ± . 10 . 10 = -91 . 2870± 8 . 62 

R 2 % Q 96 . 49 = 97 .98  

RMS RESIDUAL Q 3 . 5878 J:l 2 . 8650 

Bi rth Obs Exp . Res i dual Obs · Exp . Res i dua l 
a ge  

1 6  147 . 7 1 1 39 . 80 7 . 9 1 1 5 1 . 85 144 . 30 7 . 54 
1 7  1 50 . 5 1 145 . 1 1 5 . 40 153 . 14 150 . 14 3 . 00 
1 8  1 5 1 . 85 1 50 . 1 5 1 . 69 1 56 . 82 155 . 7 1 1 . 10 
1 9  154 . 40 1 52 . 59 1 . 81 159 . 10 1 6 1 . 0 1  - 1 . 9 1 
20  1 55 . 63 1 58 . 43 -2 . 80 162 . 32 164 . 84 - 2 . 5 1 
2 1  1 54 . 40 16 1 . 78 - 7 . 37 161 . 27 168 . 54 -7 . 26 
2 2  157 . 97 163 . 95 -5 . 97 166 . 27 169 . 75 -3 . 48 
2 3  1 63 . 34 1 68 . 1 7  -4 . 82 170 . 75 173 . 30 -2 . 55 
24 167 . 20 1 7 1 . 22 -4 . 01 174 . 03 176 . 7 5 - 2 . 7 1  
2 5  1 7 1 . 60 . 1 74 . 18 - 2 . 58 178 . 53 178 . 99 - . 46 
26 174 . 03 176 . 1 1 - 2 . 07 180 . 6 1 181 . 1 9 - . 57 
27  177 . 8 1  1 78 . 00 - . 19 184 . 50 184 . 4 1 . . 09 
28 181 . 95 182 . 58 - . 63 187 . 50 186 . 5 1 . 99 
2 9  184 . 50 184 . 36 . 14 190 . 30 190 . 59 - . 29 
3 0  186 . 92 186 . 1 1 . 80 1 93 . 95 1 9 1 . 59 2 . 35 
3 1  1 89 . 76 188 . 67 1 . 08 195 . 42 194 . 54 . 87 
3 2  1 90 . 84 189 . 5 2 1 . 32 198 . 22 197 . 4 1  . 80 
3 3  1 92 . 94 1 92 . 00 . 93 199 . 99 198 . 36 1 .  63 
34  1 94 . 93 1 93 . 62 1 . 3 1  202 . 53 201 . 14 1 .  38 
35 197 . 77 1 95 . 22 2 . 55 205 . 30 203 . 85 1 . 44 
3 6  199 . 99 1 97 . 57 2 . 42 207 . 9 1  208 . 24 - . 32 
37 201 . 70 199 . 86 1 . 83 210 . 03 209 . 10 . 93 
38 203 . 34 202 . 1 1  1 . 22 2 12 . 38 2 1 2 . 47 - . 09 

Durbi n-Watson :a . 2813  Durb i n-Watson = . 5 528 

p < . 01 p < . 0 1  

23  



APPENDI X  TABLES 7 . 7a & 7 . 7b  

ALLOMETRY 

. LOG L I VE WE I GHT (Y } . l i nearly regressed on LOG BODY LENGTH ( X !  
0 0 

(data of · �cheson e t  al . (1959 ) from 16  -38 days ) 

7 . 7a 
FEMALES 

Sl ope ± SEM = .3 . 6898 

Con s tant  

R 2 % 

± SEM = - 1 95 .  29 

Q 94 . 4 1  

RMS RESIDUAL Cl 4 . 5282 

Bi rth Obs Exp . 

age 

16  147 . 7 1 1 5 1 . 37 
1 7  1 50  . .  5 1  155 . 01 
18  1 5 1 . 8 5  155 . 01 
1 9  1 54 . 40 1 58 . 57 
20 1 55 . 63 158 . 57 
2 1  154 . 40 1 62 . 06 
2 2  1 57 . 97 162 . 06 
23 163 . 34 1 58 . 57 
24 167 . 20 ' 163 . 77 
25  ' 1 7 1 . 60 167 . 1 5 
26 0 1 74 . 03 168 . 81  
27 1 77 . 8 1  172 . 08 
28 181 . 95 175 . 28 
29 184 . 50 181 . 5 1 
30 186 . 92 183 . 03 
3 1  189 . 76 183 . 03 
3 2  1 90 . 84 181 . 85 
33 192 . 94 191 . 85 
34 1 94 . 93 196 . 08 
35  197 . 77 198 . 85 
36  199 . 99 201 . 56 
37  201 . 70 206 . 86 
38 203 . 34 208 . 1 6  

Durbi n-Watson = 

p < . 0 1  

7 . 7b  
MALES 

± . 1958 = 3 . 1 1 18 ± . 0878 

± 19 . 74 = - 14 1 . 3 1± 9 . 16 

Q - 98 . 36 

= 2 . 58 1 3  

Res i dual  Obs · Exp . Res i dual  

- 3 . 66 155 . 63 1 5 1 . 85 -3 . 78 
-4 . 50 1 58 . 60 1 53 . 14 - 5 . 45 
- 3 . 16 158 . 60 156 . 82 - 1 . 78 
-4 . 17 1 57 . 12 1 59 . 10 1 .  98 
- 2 . 94 160 . 06 162 . 32 2 . 26 
- 7 . 65 162 . 93 1 6 1 . 27 - 1 . 66 
-4 . 08 164 . 35 166 . 27 1 .  92 
4 . 76 169 . 87 170 . 75 . 88 
3 . 43 173 .86 1 74 . 03 . 17 
4 . 44 177 . 74 178 . 53 . 78 
5 . 22 177 . 74 180 . 6 1 2 . 87 
5 . 73 182 . 7 5 184 . 50 1 .  75 
6 . 66 183 . 97 187 . 50 3 . 53 
2 . 99 187 . 57 190 . 30 2 . 72 
3 . 89 192 . 23 193 . 95 1 . 7 1  
6 . 73 195 . 63 195 . 42 - . 20 

- 1 . 00 198 . 94 198 . 22 - .  7 1  
1 . 08 204 . 28 199 . 99 -4 . 28 

- 1 . 1 5 206 . 36 202 . 53 - 3 . 83 
- 1 . 07 206 . 36 205 . 30 - 1 . 05 
- 1 . 56 205 . 32 207 . 9 1 2 . 58 
- 5 . 16 2 10 . 42 2 10 . 03 - . 39 
-4 . 82 2 12 . 41 21 2 . 38 - . 03 

. 5287 Durb i n-Watson = . 8435 

p < . 0 1  

24 
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L I ST OF APPEND I X  TABLES 8 . 1 to 8 . 36 

SUB CLASS MEANS AND MAI N  CLASS MEANS - TABLES 8 . X ( A )  

a nd MEAN SQUARES AND 'T' VALUES . - TABLES 8 . X  ( B )  

APPENDI X  TABLE NUMBERS 

VARIABLE ANALYS I S  A ANALYS I S  B ANALYS I S  C 

a )  Consti tuent Wei g hts 

Sk i n 8 . 1  8 . 4  8 . 7  
Carcass  8 , 2  8 . 5  8 . 8  

Who l e  body 8 . 3  8 . 6 8 . 9  

b )  % Wet and % Dry Wei ghts  

Sk i n 8 . 10 8 . 13 . 8 . 1 6 

Carcass  8 . 11 8 . 14 8 . 1 7 

Whol e body 8 . 12 8 . 1 5 8 . 18 

c )  % Fat- Free Wei gh ts 

Sk i n 8 . 19 8 . 22 8 . 25 

Carca ss  8 . 20 8 . 23 8 . 26 

Whol e body 8 . 21 8 . 24 8 . 27 

d }  Nose-Ana l Length 8 . 28 8 . 29 8 . 30 

e )  Al l ometry 8 . 31 8 . 32 8 . 33 

f )  % Ski n/Whol e Body 8 . 34 8 . 35 8 . 36 
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APPEND I X  TABLE 8 . 1A 

WEI GHTS OF S K I N  CONSTITUENTS 

( l og 10 gms ) 

AGE TREATMENT NO TOTAL WATER OM FAT ASH* PROTE I N  
( Weeks ) · Subcl a s s  mean s  
12  . OvX 02 8 1 .763 1 . 548 1 . 355  0 . 967 0 . 2685 1 . 10 1  
1 2  ovx vJ4 8 1 .  777  1 . 559 1 . 373  0 . 960 0 . 2806 1 . 1 34 
1 2  OvX W7 7 1 .764 1 . 549 1 . 35 5  0 . 93 1  0 . 2792 1 . 1 2 1  
1 2  Con trol 8 1 . 66 3  1 . 446 1 . 257  0 . 839 0 . 2514 1 .  0 19 
1 2  Oes trogen 7 1 . 680 ' 1 . 467 1 . 267  0 . 804 0 . 2373 1 . 06 1  

1 5  OvX 02 8 1 . 802 1 . 562 1 . 430 1 . 064 0 � 2938 1 . 1 58 
1 5  OvX W4 9 1 . 860 1 . 6 1 7  1 . 49 1  1 . 136  0 . 2979 1 .  2 14 
1 5  OvX W7 6 1 . 830  1 . 594 1 . 45 1  1 . 0 7 1  0 . 29 14 1 . 187  
1 5  Contro l 1 2  1 .  706' 1 . 477  1 .  3 19  0 . 924 0 . 2 595 1 .  067 
1 5  Oestrogen 7 1 . 692  1 . 437 1 . 340 0 . 979 0 . 2699 1 . 060 

Ma i n  c l ass  means  

OvX 02 16  1 . 783  1 . 555 1 . 39 3  1 . 0 16  0 . 2812  1 . 129  
OvX W4 1 7  1 . 82 1  1 . 589 1 . 435  1 . 05 3  0 . 2898 1 . 176 
OvX H7 1 3  1 . 794 1 . 569 1 . 399 0 . 996 0 . 2848 1 . 1 52  
Control 20 1 . 689 1 . 464 1 . 294 0 . 890 0 . 2562 1 . 048 
Oestrogen 1 4  1 . 686 1 . 452 1 . .304 0 . 89 1  0 .. 2536 1 . 06 1  

1 2  38 1 . 730 1 . 51 4  1 . 322  0 . 902 0 . 2637 1 . 087 
1 5  42 1 .  773  1 . 533 1 . 399 1 . 026 0 . 2806 1 . 132  

* ASH l og 10 ( X + 1 . 1 ) 



SOURCE OF VARIATION Degrees 
of  

Freedom . 

Treatment 4 

1 ) Al l OvX vs Contro l  + 1 
oes trogen 

2 ) Contro l  � Oestrogen . . 1 

3 ) OvX 02 vs OvX W7 1 

4 ) OvX H� � OvX 02 + 1 
OvX W7 

AGE 1 

Tr o x Age ( I nteracti on )  4 

Compari son 1 ) W12  � W15  1 

Compari son 2 ) W12  � W15 1 

Compari son 3 )  \� 12  � W15 1 

Compar i son 4 ) W12  � W15  1 

Res i dual  70 

Tota l 79 

APPEND I X  TABLE 8 o lB 

TOTAL WATER OM FAT 

MEAN SQUARES / F VALUES 

o 06590 o 06532 0 06798 . o 09608 
27 o 5 1l 27 o 858 22 o 404 14 o 102 

0 24523 0 24845 .o 24227 0 344 7 1  
102 o 374 105 o 963 79 . 849 50 o 59 2  

0 00002 0 00069 o 00 1945 0 00083 
O o 008 O o 292 O o 64 1  O o 12 1  

o 00 135 o 00 185 o 000696 o 00 147 
0 . 56 5  0 . 788 O o 229 0 . 2 15 

0 00855 . 00645 o 0 1235 0 0 1670 
3 . 5 7 1  2 . 75 1  4 . 069 2 . 450 

o 04609 o 0 1086 0 1 387 o J5 1 3  
l9 o 24 1  4 o 632 45 0 726 5 1 . 560 

. 0027 15 o 004292 o 002135 o 007774 
1 . 133  1 . 831 0 . 704 1 . 14 1  

0 005543 o 006924 0 004034 o 00027 
2 o 314 2 . 952 1 . 329 0 . 040 

o 00 1936 . 007639 o 00021 . 0 1656 
0 . 808 3 . 257  0 . 068 2 o 43 1  

0 001273  o 00 1663 . 00080 0 003394 
0 . 53 1  0 . 709 O o 26 3  O o 498 

o 002451  o 002 192 0 00283 0 009220 
1 . 023 O o 934 0 . 93 1  1 o 353  

o 002395 o.002345 o 003034 o 006814 

ASH 

o 04665 
. 5 o 609 

o 17807 
2 1 o 4 10 

o 00026 
O o 031  

o 00121  
O o 14 5  

0 00388 
O o 466 

o 0709 1 
8 o 525 

o 00386 
O o 464 

o 0083 17  

PROTE IN  

o 05522 
22 o 445 

o 19 12 
77 o 723 

. 002598 
1 o 056 

o 004495  
1 o 827  

o 01099 
4 o 466 

o 04806 
19 o 537  

o 003450 
1 o 402 

o 00907 
3 o 686 

o 00485 
1 . 973  

0 00014 
O o 059  

o 00090 
O o 367  

o 002460 

IV 
-...! 
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APPEND IX  TABLE 8 . 2A 

W E I G H T S  O F  C A R C A S S  C O N S T I TU E N T S  

A G E  TREATMENT NO . TOTAL WATER or� FAT ASH PROTEI N  
( Weeks ) . 

SUBCLASS MEANS 
( l og 1 0  gms ) 

1 2  OvX 02 8 2 . 246 2 . 100 1 . 700 0 . 895  0 . 920 1 . 530 
12  OvX W4 8 2 .- 271  2 . 1 20 1 .  740 0 . 990 0 . 955  1 . 557 
1 2  OvX W7 "7 2 . 281 2 . 127  1 . 754 1 . 0 12 0 . 95/  1 . 572 
12 Control 8 2 . 207  2 . 048 1 . 695 0 . 985 0 . 9 1 7  1 . 499  
12 Oestrogen 7 2 � 22 1  2 . 060 1 .  709 1 . 0 13  0 . 936 1 . 509 

15 OvX 02 8 2 . 314 2 . 158 1 . 794 1 . 05 1  1 . 008 1 . 6 10 
15 OvX W4 9 2 . 372 2 . 2 16 1 . 85 1  1 . 134 1 . 046 1 . 664 
15 OvX W7 6 2 . 346 2 . 185 1 . 837 1 . 125 1 . 043  1 . 643 
15 Contra 1 12  2 . 257 2 . 09 1  1 . 758 1 . 05 1  0 . 987  1 . 558 
15 Oestrogen 7 2 . 258 2 . 078 1 . 789 1 . 19 1  1 . 006 1 . 552  

MAIN  CLASS MEANS 

OvX 02 16 2 . 280 2 . 129 1 .  747 0 . 973 0 . 964 1 . 570 
OvX W4 17  2 . 325 2 . 1 7 1  1 . 799 1 . 066 1 . 003 1 . 6 14 
OvX W7 13  2 . 31 1  2 . 154 1 . 792 1 . 064 0 . 996  1 . 604 
Control 20 2 . 237 2 . 0 73  1 . 733 1 . 024 0 . 959  1 . 5 35 
Oestrogen 14 2 . 239 2 . 069 1.  749 1 . 102 0 . 9 7 1  1 . 530 

12 38 2 . 245 2 . 09 1  1 .  719 0 .  977 0 . 9 36 1 . 533  
15  42  2 . 305 2 . 142 1 . 80 1  1 . 102 1 . 0 15 1 . 602 



APPENDI X  TABLE 8 . 28 

SOURCE OF VARIATION  Degrees TOTAL WATER OM FAT ASH PROTEI N  
of  

Freedom MEAN SQUARES / F VALUE 

TREATMENT { Tr . ) 4 . 02737 . 03553  . 0 1574 . 03842 . 007836 . 02497 
14 . 476 17 . 829 8 . 153 5 . 158 3 .  7 i8 14 . 999 

1 )  Al l OvX vs Contro l  + 1 . 09058 . 1 2644 . 03239 . 01249 . 0 1343 . 08283 
-Oes trogen 47 . 926 6 3 . 449 16 . 773 1 . 676 6 . 37 1  49 . 765 

2 )  Contro l  � Oestrogen 1 . 00044 . 0000 . 00401  . 05712  . 00285 . 00002 
0 . 2 13  0 . 000 2 . 076 7 . 668 1 . 354  0 . 01 1  

3 )  OvX 02 � OvX W7 1 . 00806 . 00532 . 01680 . 06523 . 00919  . 00994 
4 . 263  2 . 669  8 . 702 8 . 75 7  4 . 358 5 . 970 

4 )  OvX W4 � OvX D2+0vX W7 1 . 00663 . 00695 . 006 1 1  . 0 1812  . 00379 . 00523 
3 . 5 10 3 . 488 3 . 166 2 . 432 1 .  797 3 . 143  

AGE 1 ·. 07998 . 05 765 . 14316 . 33514 . 12 733 . 10076 
42 . 298 28 . 930 74 . 138 44 . 99 1  6 0 . 420 60 . 537 

Tr X Age I nteracti on 4 . 002347  . 003282 . 00 1397 . 008188 . 00039 1 . 002235 
1 .  241 1 . 647  0 .  724  1 . 099 0 . 185 1 . 343 

Compari son 1 )  W12 � W15 1 . 00580 . 00786 . 00293 . 00 1 15 . 00568 
3 . 067  3 . 943 1 . 5 15 0 . 154 3 . 41 1  

Compar i son 2 )  W12 � W15 1 . 00028 . 00131  . 00053 . 02605 . 00050 
0 . 146 0 . 655 0 . 275 3 . 497  0 . 298 

Compari son 3 )  W12 � W15 1 . 00002 . 0000 . 00023 . 00325 . 00013 
0 . 008 0 . 000 0 . 120 0 . 435 0 . 0 77 

Compari son 4 )  W12 � W15 1 . 00306 . 00403 . 00 129 . 00023 . 00255 
1 . 6 18 2 . 022 0 . 668 0 . 03 1  1 . 5 30 

RES I DUAL { ERROR ) 70 . 00 1891 . 00 1993 . 001931  . 007449 . •  002107 . 00 1664 

TOTAL 79  

r-> 
1.0 
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APPEND IX  TABLE 8 . 3A 

W E I G H T S  O F  W HO L E  B O D Y  CO N S T I T U E N T S  

AGE TREATMENT NO . TOTAL WATER DM FAT ASH PROTE I N  
· (Weeks ) SUBCLASS MEANS ( l og l o gms ) 
12  OvX  D2  8 .  2 . 369  2 . 207 1 . 862 1 . 2 35 0 . 958 1 . 668 
12 OvX W4 · a 2 . 392 2 . 225 1 . 895 1 . 2 76 0 . 992 1 . 697  
12 OvX W7 7 2 . 396  2 . 229 1 . 900 1 . 274  0 . 994 1 . 704 
12 Control 8 2 . 316  2 . 145 1 . 830 1 . 2 19 0 . 95 1  1 . 624 
12 Oestrogen 7 2 . 331  2 . 159 1 . 843 1 . 222 0 . 966 1 . 641  

15  OvX D2  8 2 . 431  2 . 256 1 . 950 1 . 358 1 . 043 1 . 74 1  
15 OvX W4 9 2 . 488 2 . 314 2 . 008 1 . 436 1 . 080 1 . 796 
15 OvX W7 6 2 . 462  2 . 284 1 . 987 1 . 400 1 . 075 1 . 773  
15  Con trol 1 2  2 . 364 2 . 185 1 . 893  1 . 294 1 . 0 18 1 . 680 
15 Oestrogen 7 2 . 36 2  2 . 16 7  1 . 921  1 . 399 1 . 037 1 . 674 

MAI N  CLASS MEANS 

OvX D2 16 2 . 400 2 . 232 1 . 906 1 . 297  1 . 000 1 . 704 
OvX W4 1 7  2 . 443  2 . 272 . 1 . 955 1 . 36 1  1 . 039 1 .  749 
OvX W7 1 3  2 . 426 2 . 254 1 . 940 1 . 332 1 . 031  1 . 7 36 
Control 20 2 . 345  2 . 169  1 . 868 1 . 264 0 . 99 1  1 . 65 7  
Oestrogen 14 2 . 34 7  2 . 163 1 . 882 1 . 3 10 1 . 002 1 . 657 

12 38 2 . 36 1  2 . 193 1 . 866  1 . 245 0 . 972 1 . 666 
15 42 2 . 4 1 7  2 . 237 1 . 947 1 . 369  1 . 047  1 . 729 



APPEN D I X  TABLE 8 . 38 

SOURCE OF VARIATION Deg rees TOTAL WATER OM FAT ASH PROTEI N  
of  

Freedom . MEAN SQUARES / F VALUES 

TREATMENT ( Tr . ) 4 0 . 03432 0 . 04065 0 . 02472 0 . 0259 0 . 00846 0 . 0313  
1 7 . 790 20 . 489 1 1 . 773 3 . 854 4 . 1 17 1 8 . 039 

1 )  Al l OvX vs Control + 1 0 . 1 194 0 . 1477 0 .  07227 0 . 04087 0 . 0 1742 0 . 1064 
Oestrogen 6 1 . 876 74 . 463 34 . 4 1 7  6 . 082 8 . 48 1  . 6 1 . 2 78 

2 )  Contro l  � Oes trogen 1 0 . 0003 0 . 00002 0 . 00337 0 . 02358 0 . 00231 0 . 00027 
0 . 155 0 . 01 1  1 . 604 3 . 508 1 . 1 23 0 . 153  

3 )  OvX 02 vs OvX W7 1 0 . 0059 0 . 00439 0 . 00975 o : ou78 0 . 00827 0 . 00829 
3 . 067  2 . 2 14 4 . 643 1 .  752 4 . 024 4 .  774 

4 )  OvX W4 vs OvX 02 + OvX W7 1 0 . 00706 0 . 00686 0 . 00765 0 . 0 1658 0 . 00369 0 . 00657  
3 . 660 3 . 459 3 . 642 2 . 467  1 . 796  3 . 782 

AGE 1 0 . 07123  0 . 0451  0 . 1418 0 . 3385 0 . 1 193  0 . 085 1 
36 . 923  22 . 730 6 7 . 538 50 . 372 58 . 093  49 . 040 

Treatment  X age I nteract i on 4 0 . 00230 0 . 00326 0 . 00147  0 . 00668 0 . 00032 0 . 00236 
1 . 192 1 . 644 0 . 702 0 . 994 0 . 158 1 . 358 

Compari son 1 )  W12 · vs W15 1 0 . 0056 1 0 . 0075 0 . 00632 
2 .  9 1 1  3 .  778 3 . 640 

Compari son 2 )  W12 · vs  W15 1 0 . 00052 0 . 0021  0 . 00120 
0 . 270 1 . 079  0 . 69 1  

Compari son 3 )  W12 v s  W15 1 0 . 00003 0 . 00008 0 . 00003 
0 . 016 0 . 038 0 . 015  

Compari son 4 )  W12 · vs W15 1 0 . 00294 0 . 00363 0 . 00204 
1 . 5 22 1 . 829 1 . 1 72 

RES ! DUAL (ERROR) 70 0 . 00 193 0 . 00 198 0 . 00210  0 . 00672 0 . 00205 0 . 00174  

TOTAL 79 

w ...... 
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APPEND I X  TABLE 8 . 4A 

WE I G H T S  O F  S K I N C O N S T I TU E NT S  

AGE TREATMENT NO . TOTAL WATER DM FAT ASH* PROTE I N  
( Weeks ) 

SUBCLASS MEANS 

{ l og 1 0  gms ) 
• 

9 OvX 02 8 1 . 608 1 . 383 1 . 212 0 . 868 0 . 2 140 0 . 922 
9 OvX W4 7 1 . 65 1 1 . 444 1 . 228 0 . 828 0 . 2283 0 . 9 76 
9 OvX W7 7 1 . 685 1 . 485 1 . 253 0 . 855 0 . 2449 1 . 002 
9 CONTROL 8 1 . 555 1 .  338 1 . 149 0 .  747 0 . 2240 0 . 897  

12  OvX 02 8 1 . 763  1 . 548 1 . 355 0 . 967  0 . 2685 1 . 10 1  
12 OvX W4 8 1 .  7 77  1 . 559 1 . 373 0 . 960 0 . 2806 1 . 134 
12 OvX W7 7 1 . 764 1 . 549 1 . 355 0 . 931 0 . 2792 1 . 12 1  
12 Control 8 1 . 663  1 . 446 1 . 257  0 . 839 0 . 2514  1 . 0 19 

15 OvX 02 8 1 . 802 1 . 562 1 . 430 1 . 064 0 . 2938 1 . 158 
15 OvX W4 9 1 . 860 1 . 6 17 1 . 49 1  1 . 136 0 . 2980 1 . 2 14 
15 OvX W7 6 1 . 830 1 . 594 1 . 451  1 . 071  0 . 29 14 1 . 187 
15 Control 12  1 . 706 1 . 477 1 . 319 0 . 924 0 . 2595 1 . 067  

MAI N  CLASS MEANS 

OvX 02 24 1 .  724 1 . 498 1 . 333 0 . 966 0 . 2588 1 . 060 
OvX W4 24  1 .  7 7 1  1 . 547 1 .  375 0 . 988 0 . 2 7 18 1 . 1 18 
OvX W7 20 1 .  756 1 . 540 1 . 348 0 . 947  0 . 2 708 1 . 099 
Contro l 28 1 . 6 5 1  1 . 428 1 . 25 3  0 . 849 0 . 2470 1 . 005 

9 30 1 . 622 1 . 409 1 . 209 0 . 823 0.  2272 0 . 946 
12 31 1 .  741 1 . 524 1 . 334 0 . 924 0 . 2696 1 . 093 
15' 35 1 . 789 1 . 552 1 . 4 1 1  1 . 036 0 . 2827 1 . 146 

/ 



APPENDI X  TABLE 8 . 48 

SOURCE OF  VARIATION Deg rees TOTAL WATER DM FAT ASH PROTEI N  
o f  

Freedom · MEAN SQUARES I F VALUE 
TREATMENT (Tr . ) 3 . 08020 . 08 1 15 .07889 . 1083- . 0 3607 . 06928 

33 . 326 34 . 323 24 . 467  1 3 . 408 4 � 97·2 29 . 738 

1 ) Al l OvX � Control 1 . 2220 . 2 182 . 2254 . 3157  . 08956 . 178 1 
92 . 26 7  92 . 280 69 . 89 3  39 . 08 1  1 2 . 344 76 . 430 

2 ) OvX 02 � OvX W7 1 . 0 1343 . 02146 . 00441 . 00202 . 0 1848 . 02042 
5 . 579 9 . 070 1 . 367  0 . 250 2 . 547  8 . 765 

3 ) OvX W4 � OvX 02 + OvX W7 1 . 00643 . 00602 . 00681 . 00364 . 00203 . 01045 
2 . 672 2 . 540 2 . 1 12 0 . 45 1  0 . 280 4 . 485 

AGE 2 . 2466 . 189 1 . 3555 . 3992 . 2771  . 35 13  
102 . 49 1  79 . 997 1 1 0 . 253 49 . 409 38 . 2 39 150 . 786 

L i near ' (w9 � W15 ) 1 . 4771 . 35 1 1  . 7046 . 7877 . 5242 . 6731  
198 . 233 148 . 490 2 18 . 5 20 97 . 497  72 . 250 288 . 895  

Quadrati c (W12 � W9 + W15 ) 1 . 0 1802 . 02949 . 00697 . 00314 . 03599 . 0 3508 
7 . 487 1 2 . 47 2 . 160 0 . 388 4 . 960 15 . 055  

Tr . X Age I nteraction  6 . 003780 . 004423 . 004232 . 008729 . 00933 . 003487 
1 . 5 7 1  1 . 87 1  1 . 312  1 . 080 1 . 286 1 . 496 

Compari son 1 ) W9 � W15 1 . 00334 . 00074 . 0 1040 . 0 1323 . 02984 . 00837 
1 . 386 0 . 310  3 . 226 1 . 637 •. 4 . 1 12 3 . 592 

Compari son 1 ) W12 vs W9 + W15 1 . 0004 . 00000 . 000 17  . 00 189 . 00 090 . 00013  
0 . 0 15 0 . 000 0 . 052 0 . 233 . 124 0 . 056 

Compar i son 2 ) W9 � W15 1 . 0046 1 . 00870 . 00073 . 00069 . 0 1984 . 0045 1 
1 . 9 15 3 . 670 0 . 226 0 . 085 2 . 734 1 . 936 

Compari son 2 ) W12 � W9+W15 1 . 00665 . 0 1048 . 0024 . 00279 . 0003 16 . 00286 
2 . 763  4 . 430 0 . 743 0 . 345 0 . 043  1 . 227  

Compar i son 3 ) W9 � W15 1 . 00384 . 002 11  . 00778 . 02646 . 00107 . 00 190 
1 . 593  0 . 890 2 . 4 12 3 . 2 74 0 . 147 0 . 8 17 

Compari son 3 ) W12 vs W9+W15 1 . 00041 . 00070 . 00008 . 0002 1 . 000747 . 00008 
0 . 170 0 . 290 0 . 025  0 . 026 0 . 103  0 . 033 

RES I DUAL 84 . 002407 . 002364 . 003224 . 008079 . 007255 . 002330 w w 
TOTAL 9 5  
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' APPEND IX  TABLE 8 . 5A 

W E I G H T  O F  C A R C A S S  C O N S T I TU E N T S  

AGE TREATMENT NO . TOTAL WATER OM FAT . ASH PROTE I N  
( Weeks ) . SUBCLASS MEANS 

( l og l D gms ) 

9 OvX 02 8 2 . 082 1 . 9 33 1 . 544 0 . 79 1  0 .  746 . 1 . 365 
9 OvX W4 7 2 . 142 1 . 994 1 . 604 0 . 856 0 . 797 1 . 425  
9 OvX W7 7 2 . 135 1 . 988 1 . 591 0 . 867 0 . 800 1 . 402 
9 Contro l  8 2 . 078 1 . 925 1 . 552 0 . 839 0 . 756 1 . 360 

12  OvX 02 8 2 . 246 2 . 100 1 . 700 0 . 895 0 . 920 1 . 530 
12 OvX W4 8 2 . 27 1  2 . 120 1 . 740 0 . 990 0 . 955  1 . 557  
12 OvX W7 7 2 . 281  2 . 127 1 . 754 1 . 0 12 0 . 957  1 . 572  
12 Contro 1 8 2 . 207 2 . 048 1 . 695 0 . 985 0 . 917  1 . 499 

15 OvX 02 8 . 2 . 314 2 . 158 1 . 794 1 . 051  1 . 008 1 . 6 10 
15 OvX W4 9 2 . 372 2 . 2 16 1 . 85 1 1 . 134 1 . 046 1 . 664 
15 OvX W7 6 2 . 346 2 . 185 1 . 837 1 . 125 1 . 04 3  1 . 643  
15 Control 12 2 . 257  2 . 09 1  1 . 758 1 . 05 1  0 . 987 1 . 558 

MAI N  CLASS MEANS 

OvX 02 24 2 . 214  2 . 064 1 . 679 0 . 9 12 0 . 89 1 1 . 502 
OvX W4 24 2 . 27 1  2 . 1 19 1 .  742 1 . 005 0 . 943  1 . 559 
OvX W7 20 2 . 249 2 . 096 1.  722 0 . 995 0 . 928 1 . 534 
Contro l 28 2 . 192 2 . 031  1 . 681  0 . 972 0 . 90 1  1 . 485 

9 30 2 . 107 1 . 958 1 . 571  0 . 837 0 .  773 1 . 386 
12 31  2 . 250 2 . 098 1 .  72 1 0 . 969 0 . 937 1 . 539 
15 35 2 . 315 2 . 154 1 . 804 1 . 085 1 . 0 17 1 . 6 12 



APPENDI X  TABLE 8 . 56 

SOURCE OF  VARIATION Degrees TOTAL WATER DM FAT ASH PROTEI N  
o f  MEAN SQUARES / F VALUES Freedom 

TREATMENT (Tr ) 3 . 0348 . 04047 . 025 1 7  . 03786 . 0 1528 . 0301 1  
2 1 . 070 23 . 38 1  14 . 606 5 . 171  8 . 840 18 . 888 

1 )  Al l OvX � Contro l  1 . 075012 . 09490 . 03780 . 002 108 . 02002 . 06254 
45 . 4 15 54 . 834 2 1 . 938 0 . 287 1 1 . 587 39 . 2 39 

2 )  OvX D2 � OvX W7 1 . 0 17345 . 0 1447 . 02511  . 08637 . 0 19 16 . 0 1505 
10 . 50 1  8 . 357  14 . 569 1 1 . 797  1 1 . 086 9 . 442 

3) OvX W4 � OvX D2 + OvX W7 1 . 0 1 1968 . 0 1200 . 0 1 2 12 . 02055 . p0640 . 0 1243 
7 . 246 6 . 931  7 . 246 2 . 806 3 . 703  7 . 798 

AGE 2 . 3644 . 33 18 . 4476 . 4947 . 4867 . 4259 
220 . 6 16 19 1 . 704 259 . 773  67 . 574 281 . 622 267 . 17 3  

Li near (W9 � W15 ) 1 . 7097 . 6415  . 8827 . 9900 . 9489 . 8336 
429 . 69 1  370 . 6 53  5 12 . 243 135 . 217  549 . 070 522 . 992 

Quadra ti c (W12 � + W9 + W15 ) 1 . 02606 . 02889 . 0 1997 . 00076 . 03214 . 02698 
15 . 779 16 . 69 1  1 1 . 587 0 . 104 18 . 598 16 . 924 

Tr . X Age I nteracti on 6 . 002047 . 002543 . 001382 . 004213 . 000683 . 001593 
1 . 239 1 . 469 0 . 802 0 . 575 0 . 395 1 . 000 

Compar i son 1 )  W9 � W15 1 . 007 140 . 008036 . 006346 
4 . 323 4 . 643  3 . 98 1  

Compari son 1 )  W12 � W9 + W15 1 . 000153 . OOOC5 . · . 000 1 1  
0 . 092 0 . 03 1  0 . 066 

Compari son 2 )  W9 � W15 1 . 000759 . 00 136 . 00003 
0 . 459 0 . 786 0 . 0 17  -

Compari son 2 )  W12 � W9 + W15 1 . 000129 . 00046 . 00010 
0 . 078 0 . 267  . 0 64 

Compari son 3 )  W9 � W15 1 . 000168 . 00038 . 00003 
0 . 101 0 . 222  . 01 7  

Compari son 3 )  W12 � W9 + W15 1 . 003066 . 003697 . 00366 
1 . 856 2 . 136 2 . 297  

RES I DUAL ( Erro r )  84 . 001652  . 00 1731  . 001723 . 007321 . 001728 . 00 1594 w 
TOTAL 95 

lJ1 
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APPENDIX TABLE 8 . 6A 

W E I G H T S  O F  W H O L E B O D Y  C O N S T I T U E N T S  

AGE TREATMENT NO . TOTAL WATER OM FAT ASH PROTEI N  
(Weeks ) .  

SUBCLASS MEANS 

( l og l  o gms ) 

9 OvX 02 8 2 . 208 2 . 041  1 .  710 1 . 1 32 0 . 786 1 . 499 
9 OvX W4 7 2 . 264 2 . 102 1 .  757 1 . 144 0 . 836 1 . 557  
9 OvX W7 7 2 . 267  2 . 107 1 . 755 1 . 163  0 . 843  1 . 548 
9 Contro l  8 2 . 192 2 . 025 1 . 697 1 . 097 0 . 797 1 . 489 

1 2  OvX 02 8 2 . 369 2 . 207 1 . 862 1 . 2 35 0 . 958 1 . 668 
12 OvX W4 8 2 . 392 2 . 225 1 . 895 1 . 2 76 0 . 992 1 . 697 
12  OvX  H7 7 2 . 396 2 . 229 1 . 900 1 . 274 0 . 994 1 . 704 
12 Contro l  8 2 . 316 2 . 145 1 . 830 1 . 2 19  0 . 95 1  1 . 6 24 

15 OvX 02 8 2 . 431 2 . 256 1 . 950 1 . 358 1 . 043 1 .  74 1 
15 OvX W4 9 2 . 488 2 . 314  2 . 008 1 . 436 1 . 080 1 . 796 
15 OvX W7 6 2 . 462  2 . 284 1 . 987 1 . 400 1 . 075 1 .  773 
15 Contro l  12  2 .  364 2 . 185 1 . 893 1 . 294 1 . 018 1 . 680 

MA I N  CLASS MEANS 

OvX 02 24 2 . 336 2 . 168 1 . 84 1 1 . 242 0 . 929 1 . 636 
OvX W4 24 2 . 39 1  2 . 222 1 . 897 1 . 298 0 . 9 79 1 . 693 
OvX W7 20 2 . 370 2 . 203  1 . 875 1 . 273 0 . 965 1 . 670 
Contro l  28  2 . 302 2 . 128 1 . 819 1 . 2 16 0 . 936 1 . 609 

9 30 2 . 231 2 . 066 1 .  728 1 . 133 0 . 814 1 .  521  
12  31  2 . 368 2 . 20 1  1 . 871 1 . 25 1  0 . 973  1 . 672 
15 35 2 . 428 2 .  25 1 1 . 952  1 . 363  1 . 049 1 . 740 



APPEND IX  TABLE  8 . 6B 

SOURC E  O F  VARIATION Degrees  TOTAL WATER OM FAT ASH PROTEI N  
of  

Freedom - MEAN SQUARES I F VALUES 
TREATMENT ( Tr . ) 3 0 . 04303 0 . 04760 0 . 03435 0 . 03583 0 . 0 1569 0 . 03839 

24 . 900 26 . 884 17 . 6 15 4 . 986 9 . 143 23 . 392 
1 )  Al l OvX � Contro1 1 0 . 10§§ . 390 0 . 1 l g� . 937 0 . 07���9 15 0 · 08i��524 a·. O?tt_2B92 0 . 08�. 9 17 
2 )  OvX 02 � OvX W7 1 0 . 0 1641  0 . 0 1598 0 . 0 1 702 0 . 0 1497 0 . 0 1902 0 . 0 165 1  

9 . 493 9 . 024 8 .  726 2 . 082 1 1 . 084 10 . 059 
3 )  OvX W4 � OvX 02 + OvX W7 1 0 . 0 1038 0 . 0 1047 0 . 01025 0 . 00980 0 . 00581 0 . 0 1 184 

6 . 005 5 . 9 10 5 . 255 1 . 363  3 . 387 7 . 2 15 

AGE 2 0 . 3336 0 . 2975 0 . 4 187 0 . 4452 0 . 4575 0 . 4053 
193 . 052  167 . 989 2 1 4 . 708 6 1 . 953  266 . 675 246 . 93 1  

L i nea r ( W9 � W15 } 1 0 . 6489 0 . 5 7 18 o. 827 1 0 . 8873 0 . 8907 0 . 7895 
375 . 497  322 . 900 424 . 163  123 . 484 5 19 . 1 70 480 . 99 3  

Quadra t i c  ( W12 v s  W9 + W15 ) 1 0 . 02 390 0 . 02875 0 . 0 1543 0 . 00007 0 . 03157  0 . 02906 
13 . 82 7  16 . 2 35 7 . 9 13 0 . 009 18 . 40 1  17 . 704 

Treatment X Age I nteracti on 6 0 . 002 145 0 . 00256 0 . 00 170 0 . 00480 0 . 00084 0 . 00 165  
1 . 24 1  1 . 443 0 . 87 3  0 . 668 0 . 490 1 . 006 

Compari son 1 )  W9 � W15 } 1 0 . 00588 0 . 00565 0 . 00665 
3 . 403 3 . 189 4 . 049 

Compari son 1 }  W12 � W9 + W15 1 0 . 000 13  0 . 00004 0 . 00002 
0 . 072  0 . 02 1  0 . 01 1  

Compari son 2 )  W9 v s  W15 1 0 . 00141 0 . 00249 0 . 0005 
0 . 8 14 1 . 406 0 . 30 1  

Compari son 2 )  W12 � W9 + W15 1 0 . 00082 0 . 00156 0 . 00005 
0 . 474 0 . 88 1  0 . 030 

Compari son 3 )  W9 � W15 1 0 . 00064 0 . 00068 0 . 00006 
0 . 373 0 . 384 0 . 039 

Compa ri son 3 )  W12 � W9 + W15 1 0 . 00220 0 . 00285 0 . 00217  
1 . 2 7 1  1 . 607 1 .  324 

RES I DUAL ERROR 84 0 . 00 1728 0 . 00177 1 0 . 00 1950 0 . 007186 0 . 00 1716 0 . 00 1641 
TOTAL 95  w -..J 
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APPEND I X  TABLE  8 . 7A 

W E I G H T S  O F  S K I N C O N S T I TUT E N T S  

AGE TREATMENT NO . TOTAL WATER OM FAT ASH* PROTE I N  
(Weeks ) ·  

SUBCLASS MEANS 
( l og 1 o  gms ) 

7 OvX W4 8 1 . 486 1 . 294 1 . 039 0 . 609  0 . 1916 0 . 807 
7 Contro l  4 1 . 465  1 . 247 1 . 051 0 . 688 0 . 1853 0 .  773 

9 OvX W4 7 1 . 65 1  1 . 444 1 . 228 0 . 828 0 . 2283 0 . 9 76 
9 Contro l  8 1 . 555 1 . 338 1 . 149 0 . 74 7  0 . 2240 0 . 897  

12 OvX W4 8 1 .  777  1 . 559 1 . 373 0 . 960  0 . 2806 1 . 134 
1 2  Control 8 1 . 66 3  1 . 446 1 . 257 0 . 839 0 . 25 14 1 . 0 19 

15 OvX W4 9 1 . 860  1 . 6 1 7 1 . 49 1 1 . 136 0 . 2980 1 . 2 14 
15  Control  12 1 . 706 1 . 477 1 . 319 0 . 924 0 . 2595 1 . 067  

MAI N  CLASS MEANS 

OvX W4 32 1 . 700 1 . 484 1 . 291 0 . 893  0 . 25 18 1 . 040 
Control 32 1 . 628 1 . 406 1 . 227 0 � 829  0 . 2393 0 . 976 

7 12 1 . 479 1 . 2 78 1 . 043 0 . 6 35 0 . 1895 0 . 795 
9 15 1 . 600 1 . 388 1 . 186 0 . 785 0 . 2260 0 . 934 

1 2  16 1 . 7 20 1 . 502  1 .  315 0 . 899 0 . 2660 1 . 076 
15 2 1  1 .  772  1 . 537 1 .  393 1 . 0 15 0 . 2760 1 . 130 

* l og 1  o ( X + 1 . 1 ) 



APPENDIX  TABLE 8 .  78 

SOURCE OF  VARIATION Degrees TOTAL WATER OM FAT 
o f  

Freedom MEAN SQUARES / F VALUES 

TREATMENT ( Tr )  1 0 . 1358 0 . 15 18 0 . 116 1 0 . 1037 
64 . 6 15 5 7 . 0 18 4 3 . 148 16 . 063 

AGE 3 0 . 2568 0 . 2 106 0 . 3485 0 . 3885 
122 . 159 79 . 109 129 . 50 1  60 . 195 

L i near ( W7+W9 � W12+W15 ) 1 0 . 7697 0 . 6282 1 . 0448 1 . 1454 
366 . 138 2 35 . 935 388 . 1 78 177 . 486 

Quadra ti c { W7+W15 � W9 + W12 ) 1 0 . 03782 0 . 04492 0 . 03298 0 . 00836 
17 . 990 16 . 872 12 . 25 3  1 . 294 

Cubi c { W7+W12 � W9+W15 ) 1 0 . 00064 0 . 000 162 0 . 00231  0 . 00886 
0 . 306 0 . 060 0 . 859 1 . 373 

Tr . · x Age I nteracti on 3 0 . 0 1042 0 . 005057 0 . 02065 0 . 05 10 
4 . 957 1 . 899 7 . 671  7 . 903 

Tr . by L i near 1 0 . 02989 0 . 0 1394 0 . 06065 0 . 146 1 
14 . 2 17  5 . 236 22 . 533  22 . 638 

Tr . by Quadrati c 1 0 . 00 177 0 . 0012 1  0 . 00220 0 . 0070 
0 . 842 0 . 455  0 . 818 1 . 085 

Tr . by Cubi c 1 0 . 00213  0 . 00 163  0 . 00232 0 . 01064 
1 . 012  0 . 6 1 1  0 . 861 1 . 649 

RES I DUAL { ERROR )  56 0 . 002102 0 . 002662 0 . 00269 1  0 . 006454 

TOTAL 63  

ASH 

0 . 05628 
8 . 5 15 

0 . 2317  
35 . 053  

0 . 6877 
104 . 036 

0 . 0507 
7 . 663  

0 . 00024 
0 . 036 

0 . 0 1 144 
1 .  731 

0 . 02859 
4 . 324 

0 . 00016 
0 . 023 

0 . 00291  
0 . 439 

0 . 0066 10 

PROTEI N  

0 . 1287 
53 . 5 19 

0 . 3389 
140 . 915  

1 . 0 134 
421 . 382 

0 . 05896 
24 . 5 16 

0 . 00018 
0 . 074 

0 . 00854 
3 . 549 

0 . 02553 
10 . 6 14 

0 . 00062 
0 . 255  

0 . 00013 
0 . 052  

0 . 002405 

w \!) 
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APPENDIX  TABLE 8 . 8 . A  

W E I G HT S  O F  C A R C A S S  C O N ST I T U E N T S  

AGE TREATMENT NO . TOTAL WATER  OM FAT ASH PROTE I N  (Weeks ) · 

SUBCLASS MEANS 
( l og 1 0  gms ) 

7 OvX W4 8 1 . 972 1 . 829 1 . 419 0 . 645 0 . 6 1 5  1 . 246 
7 Con trol 4 1 . 969  1 . 823  1 . 422 0 . 669 0 . 6 14 1 . 244 

9 OvX W4 7 2 . 142 1 . 994 1 . 604 0 . 856 0 . 797  1 . 425 
9 Control 8 2 . 078 1 . 925 1 . 552 0 . 839 0 . 756 1 . 360 

12  OvX W4 8 2 . 271  2 . 1 20 1 . 740 0 . 990 0 . 955  1 . 557 
12 Control 8 2 . 207  2 . 048 1 . 695 0 . 985 0 . 9 17 1 . 499  

15 OvX W4 9 2 . 372 2 . 2 16 1 . 85 1  1 . 134 1 . 046 1 . 664 
15 Control 12  2 . 257  2 . 090 1 .  758 1 . 05 1  0 . 987 1 . 558 

MA I N  CLASS MEANS 
OvX W4 32 2 . 196 2 . 047 1 . 661  0 . 9 15 0 . 86 1  1 . 480 
Control 32 2 . 164 2 . 005 1 . 649 0 . 934 0 . 865 1 . 455 

7 12 1 . 97 1  1 . 827 1 . 420 0 . 653 0 . 6 14 1 . 245 
9 15 2 . 108 1 . 957 1 . 576 0 . 847 0 .  775 1 . 390 

12 16 2 . 239 2 . 084 1 . 718 0 . 987 0 . 936 1 . 528 
15 2 1  2 . 306 2 . 144 1 . 798 1 . 086 1 . 0 13  1 . 604 



APPENDI X  TABLE 8 . 8 . 8  

SOURCE O F  VARIATION Degrees TOTAL WATER 
of 

Freedom 

TREATMENT ( Tr . ) 1 0 . 05558 0 . 06800 
36 . 386 4 1 . 509  

AGE 3 0 . 32201 0 . 2925 
2 10 . 809 178 . 528 

L i near (W7+W9 � W12+W15 ) 1 0 . 9655 0 . 8767 
632 . 085 535 . 157 

Quadrati c (W7+W15 � W9+W12 ) 1 0 . 04159 0 . 03902 
27 . 224 2 3 . 819  

Cubi c W7+W12 vs W9 + W15  1 0 . 00089 0 . 0006 1 
0 . 581 0 . 37 1 

Tr . X Age Interacti on 3 0 . 00766 0 . 00879 
5 . 0 1 7  5 . 368 

Tr . by L i near 1 0 . 020 10 0 . 02349 
1 3 . 156 14 . 338 

Tr . by Quadrati c 1 0 . 00016 0 . 00019 
0 . 103 0 . 1 13 

Tr . by Cub i c  1 0 . 00319 0 . 00315 
2 . 086 1 . 920 

RES I DUAL ( ERROR )  56 0 . 001527 0 . 00 1638 

TOTAL 63  

OM FAT 

MEAN SQUARES I F .  VALUES 

0 . 03174 0 . 00597 
20 . 365 0 . 982 

0 . 3983 0 . 4956 
255 . 550 8 . 1469 

1 . 1947 1 . 4858 
766 . 5 18 " 244 . 229 

0 . 04925 0 . 0646 
3 1 . 597  10 . 6 18 

0 . 00 186 0 . 00954 
1 . 190 1 .  567 

0 . 00556 0 . 00848 
3 . 567 1 . 395 

0 . 0 1368 0 . 0 1755 
8. 774 2 . 884 

0 . 00008 0 . 00120 
0 . 050 . 0 . 197  

0 . 00323 0 . 00390 
2 . 075 0 . 64 1  

0 . 00 1559 0 . 006083 

ASH 

0 . 0 1756" 
9 . 2 18 

0 . 4468 
234 . 530 

1 .  3.379 
702 . 242 

0 . 06381 
33 . 494 

0 . 00022 
0 . 1 16 

0 . 00199 
1 . 042 

0 . 001905 

PROTEI N  -

0 . 04838 
28 . 989 

0 . 3642 
218 . 220 

1 . 0921  
654 . 367 

0 . 0431  
25 . 816 

0 . 00 1 17  
0 . 70 1  

0 . 00647 
3 . 877 

0 . 01627 
9 . 746 

0 . 00028 
0 . 165 

0 . 00367 
2 . 197  

0 . 001669 

ol:>o 
.... 
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APPENDIX  TABLE 8 . 9A .  

W E I G H T S  O F  TO TAL B O D Y  CO N S T I T U T E N T S  

AGE TREATMENT NO . TOTAL WATER DM FAT ASH PROTEI N  
(Weeks ) · 

SUBCLASS MEANS 
( l og 10 gms ) 

7 OvX W4 · a 2 . 095  1 . 940 1 . 570 0 . 929 0 . 660 1 . 381  
7 Control  4 2 . 087 1 . 927  1 . 576 0 . 981  0 . 658 1 . 37 1  

9 OvX W4 7 2 . 264 2 . 102 1 . 757 1 . 144 0 . 836 1 . 557  
9 Con trol 8 2 . 192 2 . 025 1 . 697 1 . 097  0 . 797  1 . 489 

1 2  OvX W4 8 2 . 392  2 . 225 1 . 895 1 . 276 0 . 992 1 . 697  
1 2  Control 8 2 . 316 2 . 145 1 . 830 1 . 2 19 0 . 95 1  1 . 624 

15 OvX W4 9 2 . 488 2 . 3 14 2 . 008 1 . 436 1 . 080 1 . 796 
15 Control 12 2 . 364 2 . 185 1 . 893 1 . 294 1 . 018 1 . 680 

MAI N  CLASS MEANS 

OvX W4 32 2 . 317  2 . 1 52 1 . 815 1 . 206 0 . 899 1 . 6 15 
Control  32 2 . 275  2 . 103 1 . 789 1 . 187 0 . 901  1 . 579 

7 12  2 . 09 2  1 . 936 1 . 572 0 . 946 0 . 659 1 . 377  
9 15 2 . 2 26 2 . 06 1 1 .  725 1 . 1 19 0 . 815 1 . 52 1  

12  16 2 . 354  2 . 185 1 . 863 1 . 248 0 . 972 1 . 660 
15  2 1  2 . 4 18 2 . 240 1 . 942 1 . 355 1 . 045 1 .  730 



APPEND IX  TABLE 8 . 9B 

SOURCE OF  VARIATION Degrees TOTAL WATER 
of 

Freedom MEAN 

TREATMENT { Tr )  1 0 . 07141  0 . 08242 
45 . 2 1 2  48 . 9 14 

AGE 3 0 . 3064 0 . 2 734 
194 . 00 162 . 229 

L i near { W7-fW·9 vs W12+Wl5 ) 1 0 . 9 187 0 . 8191  
581 . 65 486 . 1 14  

Quadrati c { W7+W15 � W9+W12 )  1 0 . 04076 0 . 0397 
25 . 807  23 . 530 

Cubi c { W7+W12 � W9 + W15 ) 1 0 . 00084 0 . 000465 
0 . 531  0 . 275 

Tr . x  Age I nteracti on  3 0 . 00810 0 . 00792 
5 . 128 4 . 700 

Tr . by L i near 1 0 . 02 19 0 . 02 14 
1 3 . 858 1 2 . 695 

Tr . by Quadrati c 1 0 . 00037 0 . 00036 
0 . 235 0 . 2 1 1  

Tr . by Cub i c  1 0 . 0029 1 0 . 00286 
1 . 843 1 . 695 

RESI DUAL { ERROR)  56  0 . 00 1579 0 . 00 1685 

TOTAL 63  

OM -FAT 

SQUARES I F VALUES 

0 . 0504 0 . 0349.9 
29 . 835 6 . 184 

0 . 3841 0 . 4430 
227 . 380 78 . 292 

1 . 1521  1 .  3235 
681 . 987 233 . 923  

0 . 0442 0 . 03 1 1  
26 . 167  5 . 49 1  

0 . 00200 0 . 0081 
1 . 186 1 . 551  

0 . 008737 0 . 0230 1  
5 . 172 4 . 067 

0 . 0237 . 0624 
1 4 . 030 1 1 . 035 

0 . 00041 . 00.049 
0 . 24 1  0 . 086 

0 . 00303 . 00725 
1 . 795 1 . 280 

0 . 00 1689 0 . 005658 

ASH 

0 . 0 1865 
10 .-077 

0 . 4204 
227 . 094 

1 . 2586 
679 . 847  

. 06 169 
33 . 32 1  

. 00018 
0 .. 0 97 

0 . 002072 
1 . 1 19 

0 . 00567 
3 . 065  

0 . 00033 
0 . 178 

0 . 00074 
0 . 399  

0 . 00 185 1 

PROTEI N  

0 . 06534 
38 . 087 

0 . 3576 
208 . 452  

1 . 0721  
624 . 908 

0 . 0469 
2 7 . 332 

. 00080 
0 . 467  

0 . 006763 
3 . 942 

0 . 0 1845 
1 0 . 754 

0 . 00038 
0 . 222  

0 . 0023 
1 . 324 

0 . 0017 16 

� w 
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APPEND I X  TABLE 8 . 10A 

SK IN  

% WET WEIGHT % DRY WEIGHT 

AGE TREATMENT NO . .  WATER FAT ASH PROTEI N  FAT ASH PROTE I N  (Weeks ) 
SUBCLASS MEANS 

12 · OvX 02 8 60 . 896 16 . 036 1 . 292 2 1 . 75 1  40 . 981 3 . 316 55 . 686 
12  OvX  W4 8 60 . 526 15 . 337  1 . 349 22 . 770 38 . 762 3 . 430 57 . 794 
12 OvX W7 7 60 . 974 14 . 83 1 1 . 386 22 . 789 37 . 879 3 . 57 7  58 . 529 
12 Contro l  8 60 . 664 15 . 107 1 .  485 22 . 724 38 . 319  3 . 781  57 . 884 
12 Oes trogen 7 6 1 . 280 13 . 302 1 .  303 24 . 079 34 . 403 3 . 376 62 . 209 

15 OvX 02 8 5 7 . 5 25 18 . 4 16 1 . 356 22 . 680 43 . 230 3 . 204 53 . 552  
15 OvX W4 9 5 7 . 196 18 . 948 1 .  237 22 . 601  44 . 244 2 . 899 52 . 837 
15 OvX W7 6 58 . 122 17 . 795 1 .  267 22 . 797 4 2 . 155 3 . 065 54 . 765 
15 Con trol 12 58 . 978 16 . 64 1  1 . 412  2 2 . 949 40 . 454 3 . 460 56 . 072 
15 Oes trogen 7 55 . 567  19 . 543 1 . 540 23 . 330 43 . 806 3 . 47 1  52 . 704 

MAI N  CLASS MEANS 

OvX 02 16 5 9 . 2 1 1  17 . 226 1 . 324 22 . 2 16 42 . 106 3 . 260 54 . 6 19 
OvX W4 17  5 8 . 763 1 7 . 249 1 .  289 22 . 681 4 1 . 665  3 . 149 55 . 169 
OvX W7 13 59 . 658 16 . 1 99 1 .  331 22 . 792 39 . 852  3 . 34 1  56 . 792 
Contro l  20 59 . 652  16 . 027  1 . 44 1 22 . 859 39 . 600 3 . 588 56 . 796 
Oestrogen 14 58 . 424 16 . 431  1 . 421  2 3 . 704 39 . 104 3 . 424 57 . 456 

12  38 60 . 854 14 . 97 1  1 . 364 22 . 790 38 . 170 3 . 497  58 . 3 18  
15  42 5 7 . 629 18 . 122 1 .  364 22 . 865 42 . 597  3 . 236 54 . 1 5 1  



APPEND IX  TABLE 8 . 108 

% WET WE IGHT ( MEAN SQUARES/ F VALUES ) 
SOURCE OF VAR IATION Degrees 

of WATER FAT ASH PROTE I N  
Freedom 

TREATMENT (Tr . ) 4 4 . 8325 5 . 708 . 0781 4 .  2772 1 
1 . 573  1 . 183 2 . 187 5 . 265  

1 ) Al l OvX � Control 1 9 . 4021  
+ Oes trogen 1 1 . 573  

2 )  Control vs  1 6 . 0976 
Oestrogen 7 . 505 

3 ) OvX D2 vs 1 2 . 3800 
OvX W7 - 2 . 929 

4 )  OvX W4 vs  OvX 02 1 0 . 3502 
+ OvX W/ 0 . 43 1  

AGE 1 222 . 82 216 . 51 . 00001 . 0440 
7 2 . 519  44 . 87 1  . 0002 . 054 

Tr x Age 4 8 . 3825 1 2 . 224 . 08427 1 . 4 157  
( I nteracti o n )  2 .  728 2 . 533 2 . 36 1  1 .  743 

Compari son 1 ) 1 1 . 2481  3 .  7671  0 . 08947 1 . 2640 
v/12 vs W15  0 . 406 0 . 780 2 . 506 1 . 555  

Compari son 2 )  1 32 . 831 44 . 5 13  0 . 1951 1  1 . 9202 
W12 vs W15 10 . 685 9 . 225 5 . 465 2 . 363  

Compari son 3 )  1 0 . 4807 0 . 6087 0 . 0597 1 .  5149 
W12 vs W1 5 0 . 156 0 . 1 26 1 . 672 1 . 864 

Compari son 4 ) 1 0 . 1273 2 . 3425 0 . 0190 1 . 0803 
Wl2 vs W15  0 . 04 1  0 . 485 0 . 531 1 . 329 -
RESI DUAL ( Error ) 70  3 .  0726 4 . 8251  . 03570 . 8124 

TOTAL 79  

% DRY WE IGHT 

FAT ASH 

128 . 037 Q;. 5463 
1 . 927 2 . 250 

429 . 84 1 . 4794 
29 . 54 1  6 . 092  

33 . 870 0 . 2639 
2 . 328 1 . 087 

14 . 730 
1 . 0 12  

106 . 904 
7 . 346 

7 . 3482 
0 . 505 

13 . 1001 
0 . 900 

14 . 551  0 . 2428 

PROTEI N  

22 ·. 370 
1 . 706 

38 1 . 14 
29 . 06 1  

36 . 487 
2 . 782 

1 9 . 639 
1 . 497  

1 19 0 766 
9 . 131  

4 . 7475  
0 . 36 1  

10 . 728 
0 . 818 

1 3 . 1 1 5  

� U1 



-46 

APPENDI X  TABLE 8 . 1 1A 

CARCASS . 

% WET WEI GHT % DRY WEIGHT 

AGE TREATMENT NO . .WATER FAT ASH PROTE I N  FAT ASH PROTE I N  
(Weeks ) 

SUBCLASS MEANS 

12  OvX  D2  8 7 1 . 50 1  4 . 489 4 . 7 35 19 . 259 15 . 742 16 . 6 17 6 7 . 622 
12 OvX W4 8 70 . 545 5 . 270 4 . 832 19 . 330 17 . 865 16 .420 65 . 699 
12 OvX W7 7 70 . 227 5 . 473  4 . 743 1 9 . 536 18 . 3 19 15 . 953 65 . 709 
12 Control 8 69 . 229 6 . 039 5 . 1 26 19 . 586 19 . 606 16 . 666 6 3 . 7 1 1  
12 Oes trogen 7 69 . 156 6 . 206 5 . 186 19 . 433 20 . 139 16 . 837 63 . 007 

15 OvX D2 8 69 . 7 76 5 . 504 4 . 9 36 19 . 76 1 18 . 199 16 . 354 65 . 430 
15 OvX W4 9 69 . 889 5 . 786 4 . 7 19 19 . 587 19 . 2 14 15 . 690 65 . 082 
15  OvX W7 6 69 . 0 13  6 . 180 4 . 9 7 7  19 . 810 19 . 863 16 . 092 64 . 030 
1 5  Control 12 68 . 233 6 . 306 5 . 392  20 . 048 19 . 804 1 7 . 009 6 3 . 172 
15 Oes trogen 7 66 . 044 8 . 646 5 . 603 19 . 686 25 . 401 16 . 537 58 . 046 

MAI N CLASS MEANS 

OvX D2 16 70 . 6 39 4 . 996 4 . 836 19 . 5 10 16 . 97 1  16 . 486 66 . 526 
OvX W4 17 70 . 198 5 . 543  4 .  772 19 . 466  18 . 579 16 . 034 65 . 372 
OvX W7 13 69 . 667  5 . 799 4 . 85 1  19 . 662 19 . 032 16 . 0 17 64 . 934 
Control 20 68 . 63 1  6 . 199  5 . 286 19 . 863 19 . 725 16 . 872 63 . 388 
Oes trogen 14 67 . 600 7 . 426 5 . 394 19 . 559 22 . 7 70 16 . 687 60 . 526 

12 38 70 . 155 5 . 47 7  4 . 922 19 . 426 18 . 287 16 . 504 65 . 191 
15  42  68 . 629 6 . 414  5 . 137 19 . 800 20 . 3 13  16 . 392 63 . 280 



APPENDI X  TABLE  8 . 1 1 8  

% WET WE IGHT ( MEAN SQUARES/ F VALUES )  

SOURC E O F  VARIATION Degrees 
of WATER FAT ASH PROTE IN  

Freedom 
Treatment  ( Tr )  4 22 . 602 1 2 . 299 ] .  2356 0 . 3657 

22 . 9 73 14 . 172 14 . 81 1  1 . 078 

1 ) Al l OvX vs 1 74 . 983 34 . 342 4 .  7782 
Control + Oes trogen 76 . 291  39 . 569 5 7 . 2 74 

2 ) Contro l  � 1 10 . 357 12 . 720 0 . 1474 
Oes trogen 10 . 537 14 . 656 1 . 766 

3 ) ovx 02 � 1 7 . 4 161  4 . 9270 0 . 0042 

OvX W7 7 . 545 5 . 677  0 . 049 

4 ) OvX W4 vs OvX 1 0 . 0814 0 . 1442 0 . 0551  
02  + OvXW7 0 . 082 0 . 166 0 . 66 1  

AGE 1 46 . 020 18 . 959 0 . 783 2 . 3700 
46 . 775 2 1 . 845 9 . 385 6 . 985 

Tr x Age 4 3 . 4475 2 . 75 16 0 . 1514 0 . 0605 
( I nteracti on ) 3 . 504 3 . 170 1 . 814 0 . 178 

Compari son 1 ) 1 3 . 4505 1 .  7423 0 . 2596 
W12 vs  W15 3 . 5 10 2 . O..D7 3 . 1 1 1  

Compari son 2 ) 1 9 . 0629 9 . 5569 0 . 046 1 
W12  v s  \11 1 5  9 . 220 1 1 . 0 1 1  0 . 552  

Compa ri son 3 )  1 0 . 4670 ' 0 . 1694 0 . 00 19  
W12  vs �H5 0 . 475 0 . 195 0 . 022  

Compari son 4 ) 1 1 .  7592 0 . 31 75 0 . 29 16 

W 12  vs  W15  1 . 789 0 . 365 3 . 495 

RESI DUAL ( Erro r )  70 . 9839 . 8679 . 08343 0 . 3393 

TOTAL 79 

% DRY WEIGHT 

FAT ASH 
67. . 185 2 .' 1727 . 

10 . 216  2 . 382 

174 . 1 15 
26 . 474 

76 . 049 
1 1 . 56 3  

32 . 140 
4 . 887 

2 . 7555 
0 . 4 18 

90 . 6 30 0 . 5 1 3  
13 . 781 0 . 526 

14 . 034 0 . 7475 
2 . 1 34 0 . 819 

4 . 2310 
0 . 643 

5 1 . 925 
7 . 895 

1 . 4849 
0 . 225 

1 . 1274 
0 . 171  

6 . 5766 0 . 9 1 2 1  

PROTE I N  

79 . 087 
17 . 408 

246 . 15 
54 . 180 

68 . 818 
15 . 147 

19 . 628 
4 . 320 

1 . 0045 
0 . 22 1  

77 . 350 
17 . 026 

12 . 287 
2 . 705 

7 . 4231  
1 . 6 33 

39 . 59 1  
8 .  7 14 

0 . 4720 
0 . 103 

4 . 6271  
1 . 0 18 

4 . 5431  

� ....:J 



48 

APPEND IX  TABLE  8 . 12A 

WHOLE BODY 

% WET WEIGHT % DRY WE IGHT 

AGE TREATMENT NO . WATER FAT ASH PROTE I N  FAT ASH PROTE I N  
(Weeks ) SUBCLASS MEANS 

12 OvX 02 8 68 . 869 7 . 359 3 . 881  19 . 871  23 . 6 36 1 2 . 4?9 63 . 872 
12 ·OvX W4 8 6 8 . 1 14 7 .  7 12  3 . 987 20 . 166 24 . 147  1 2 . 5 16 63 .320 
12  OvX W7 7 68 . 060 7 . 66 1  3 . 959 20 . 299 2 3 . 896 12 . 426 6 3 . 660 
12 Control 8 6 7 . 330 8 . 052  4 . 316 20 . 281 24 . 6 1 1  13 . 222 62 . 1 5 1  
1 2  Oestrogen 7 6 7 . 40 1  7 .  79 1 4 . 3 17  20 . 4 70 23 . 921  13 . 26 1  62 . 803 

15  OvX  02 8 66 . 889 8 . 554 4 . 096 20 . 445 25 . 782 12 . 387 6 1 . 815 
15 OvX W4 9 66 . 900 8 . 886 3 . 899 20 . 296 26 . 838 1 1 . 794 6 1 . 353 
15 OvX W7 6 66 . 463 8 . 900 4 . 1 10 20 . 508 26 . 382 1 2 . 300 6 1 . 302 
15 Control 12  66 . 196 8 . 583 4 . 5 17 20 . 684 25 . 337 1 3 . 390 6 1 . 259 
15 Oestrogen 7 63 . 807 10 . 977  4 . 733 20 . 466 30 . 237 1 3 . 1 1 1  56 . 6 34 

MAI N  CLASS MEANS 

OvX 02 16 67 . 879  7 . 956 3 . 989 20 . 158 24 . 709 12 . 433 62 . 844 
OvX W4 17  6 7 . 47 1  8 . 334 3 . 94 1  20 . 235 25 . 572 1 2 . 134 62 . 279 
OvX W7 13 6 7 . 323 8 . 233 4 . 028 20 . 395 25 . 043 1 2 . 368 62 . 572 
Control 20 66 . 649 8 . 3 7 1  4 . 436 20 . 523 25 . 046 13 . 32 3  6 1 . 6 16 
Oes trogen 14 65 . 604 9 . 384 4 . 525 20 . 468 27 . 079 1 3 . 186 59 . 7 19 

12 38 6 7 . 967  7 . 7 1 5  4 . 090 20 . 209 24 . 049 12 . 778 63 . 158 
15 42 66 . 1 19 9 . 087  4 . 282 20 . 494 26 . 709 12 . 655 60 . 620 



APPEND I X  TABLE 8 . 1 28 
% WET WEIGHT 

SOURC E  OF VAR IATION Degrees 
of  WATER FAT 

Freedom 

Treatment  ( Tr . ) 4 1 1 . 477  4 . 289 1 
10 . 069  3 . 033 

1 )  Al l OvX vs Contro l  1 35 . 195 8 . 5349 
+ Oes trogen 30 . 876 6 . 034 

2 )  Control � Oestrogen 1 10 . 8688 9 . 2067 
9 . 535 6 . 509 

3)  OvX 02 � 1 2 .  7223 0 . 7526 
OvX W7 2 . 388 0 . 532 

4 )  OvX W4 vs OvX 02 1 0 . 0427 0 . 3468 
+ ovx w·r 0 . 037 0 . 245 

AGE 1 70 . 260 4 1 . 583 
6 1 . 639 29 . 402  

Tr . x Age 4 3 .  7750 3 . 8136 
( I nteracti on ) 3 . 312  2 . 696 

Compari son 1 )  1 2 .  7791  2 . 031 1  
W12  vs  W15 2 . 438 1 . 436 

Compari son 2 )  1 12 . 250 14 . 267  
W 12  v s  Wl5 10 . 747  10 . 087  

Compa ri son 3 )  1 0 . 2626 0 . 0034 
W12 vs W15 0 . 230 0 . 002 

Co!J1pari son 4 )  1 0 . 8781 0 . 0051 
W12 vs W15 o .  770 0 . 003 

RES I DUAL ( Erro r )  70 1 . 1400 1 . 4 143 

Total 79 

( MEAN SQUARES/ F VALUES ) 

ASH PROTE I N  

1 . 1 368 0 . 3500 
19 . 464 1 . 256 

4 . 3850 
75 . 079 

0 . 0954 
1 . 6 33 

0 . 0 148 
0 . 253  

0 . 0497 
0 . 850 

0 . 6 198 1 . 333  
10 . 6 12 4 . 783 

0 . 1271  0 . 2027  
2 . 176 0 . 727  

0 . 2 19 1  
3 . 750 

0 . 0938 
1 . 606 

0 . 0072 
0 . 123 

0 . 1965 
3 .  364 

0 . 05840 0 . 2 787 

% DRY WEIGHT 

FAT ASH 

12 . 886 4 . 4995 
1 . 5 18 6 . 686 

16 . 298 
24 . 218 

0 . 1 162  
0 .. 1 72  

0 . 0 353 
0 . 052 

0 . 6264 
0 . 930 

159 . 97 0 . 658 
18 . 849 0 . 978 

16 . 46 1  0 . 4667 
1 . 939 0 . 693  

5 . 50 14 
0 . 648 

63 . 256 
7 . 453 

0 . 2062 
0 . 024 

0 .  3724 
0 . 043 

8 . 4869 0 . 6730 

PROTE IN  

22 . 240 
3 . 898 

64 . 034 
1 1 . 222  

3 1 . 954 
5 . 600 

0 . 94 16 
0 . 165 

1 . 1280 
0 . 197  

140 . 12 
24 . 557  

15 . 387 
2 . 69 7  

9 . 2864 
1 . 627  

56 . 354 
9 . 876 

0 . 16 1 7  
0 . 028 

0 . 1548 
0 . 027  

5 . 7059 

� \0 
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APPENDIX TABLE  8 . 1 3A 

SKI N 

% WET WEIGHT % DRY WEIGHT 

AGE TREATMENT NO . WATER FAT ASH PROTE I N  FAT ASH PROTE I N  
(Weeks ) 

SUBCLASS MEANS 

9 OvX 02 8 59 . 704 18 . 332 1 . 321 20 . 622  45 . 360 3 . 302 5 1 . 322 
9 OvX W4 7 62 . 149 15 . 397  1 . 3 14 2 1 . 1 1 9  40 . 2 70 3 . 497  56 . 2 19 
9 OvX W7 7 62 . 99 1  14 . 933 . 1 . 354 20 . 703 40 . 170 3 . 686 56 . 126 
9 Contro l 8 60 . 691  15 . 742  1 . 587 2 1 . 956 39 . 846 4 . 082 56 . 145 

12  OvX 02 8 60 . 896 16 . 036 1 . 292 2 1 . 75 1  40 . 981  3 . 3 16 55 . 686 
1 2  OvX W4 8 60 . 5 26 15 . 337 1 . 349 22 . 770 38 . 762 3 . 430 5 7 . 794 
12 OvX W7 7 60 . 974 14 . 831 1 . 386 22 . 789 37 . 879 3 . 577  58 . 529 
12  Control 8 60 . 664 15 . 107 1 . 485 22 . 724 38 . 3 19 3 . 781  5 7 . 884 

1 5  OvX 02 8 57 . 5 25 18 . 416  1 . 356 22 . 680 43 . 230 3 . 204 5 3 . 552 
. 15 OvX W4 9 57 . 1 96 18 . 948 1 . 237 22 . 60 1  44 . 244 2 . 899 52 . 837 

1 5  OvX W7 6 58 . 122  17 . 795 1 . 267 22 . 797 42 . 155 3 . 065 54 . 765 
15 Control 1 2  58 . 978 16 . 64 1  1 . 4 12 22 . 949 40 . 454 3 . 460 56 . 072 

MAI N  CLASS MEANS 

OvX 02 24 59 . 375 17 . 595 1 . 323 2 1 . 685 4 3 . 190 3 . 2 74 5 3 . 520 
OvX W4 24 59 . 750 16 . 709 1 . 297 22 . 225 4 1 . 258 3 . 250 55 . 475 
OvX W7 20 60 . 824 15 . 756 1 . 339 22 . 06 1  39 . 963  3 . 46 1 56 . 558 
Contro l  28 59 . 949 15 . 946 1 . 483 22 . 601  39 . 670 3 . 730 56 . 6 10 

g 30 6 1 . 305 16 . 164 1 . 398 2 1 . 1 13 4 1 . 49 1  3 . 645 54 . 872 
12  31  60 . 758 15 . 344 1 . 378 22 . 499  39 . 02 1  3 . 5 24 5 7 . 439 
15  35  58 . 04 1  17 . 838 1 . 329 22 . 772  42 . 355 3 . 189 54 . 440 



APPENDIX TABLE 8 . 138 

% WET WEIGHT ( MEAN SQUARES I F VALUES )  % DRY WEI GHT 
SOURCE OF VARIATION Deg�ees 

o f  WATER FAT ASH PROTE I N  FAT ASH PROTE I N  
Freedom 

Treatment ( Tr )  3 6 . 3800 16 . 294 0 . 2043 3 . 1413 6 3 . 110 1 . 436 1 50 . 3133 
1 . 629 2 .  771  5 . 92 7  4 . 133 3 . 55 3  5 . 274 3 . 204 

1 )  Al l OvX � 1 1 3 . 5666 0 . 5906 6 . 0772 70 . 2849 3 . 7940 43 . 146 1 
Control 2 . 307 17 . 133 7 . 995 3 . 956 1 3 . 934 2 . 747 

2) OvX 02 � 1 33 . 005 0 . 00 16 2  1 . 8415 106 . 062 0 . 3087 94 . 8351 
OvX W7 5 . 6 1 2  0 . 047 2 . 422 5 . 971  1 . 133 6 . 038 

3 )  OvX W4 � 1 0 . 4094 0 . 0 1341 1 . 1443 4 . 4274 0 . 1060 5 . 8976 
OvX D2+0vX W7 0 . 069 0 . 389 1 . 505 0 . 249 0 . 389 0 . 375 

AGE 2 106 . 06 5 8 . 730 0 . 05379 24 . 296 105 . 040 2 . 0673 89 . 220 
2 7 . 094 9 . 987 1 . 56 1  3 1 . 967 5 . 9 13 7 . 593 5 . 681 

Li near · I  184 . 069 5 3 . 5 16 42 . 976 19 . 2696 3 . 6840 6 . 5443 
(W9 vs W15 ) 47 . 02 1  9 . 100 56 . 543 1 . 084 1 3 . 530 0 . 416 

Quadrati c 1 24 . 839 59 . 6 15 6 . 9602 183 . 856 0 . 3323 167 . 276 
( W1 2  � W9+W15 )  6 . 345 10 . 137 9 . 157 10 . 350 1 . 220 10 . 650 

T� . x Age 6 7 . 7033 6 . 3225 . 026 18 1 . 0427 15 . 4967 0 . 1 704 13 . 075 
1 . 968 1 . 075 0 . 759 1 . 372 0 . 872 0 . 626 0 . 832 

Compari son 1 )  1 17 . 5 183 5 . 3754 2 . 6221  
W9 vs W15  4 . 475 0 . 9 14 3 . 449 

Compari son 1 )  1 0 . 5 198 2 . 7478 0 . 6974 
W12 vs W9+W15 0 . 132 0 . 467 0 . 9 17  

Compari son 2 )  1 12 . 9423 1 3 . 7965 0 . 0024 
W9 vs W15 3 . 306 2 . 346 0 . 003 

Compari son 2 )  1 8 . 5226 1 . 5918 2 . 1616 
W12 vs W9+W15 2 . 177 0 . 270 2 . 844 

Compari son 3 )  1 5 . 1831 10 . 9605 0 . 8932 
W9 vs W15 1 . 324 1 . 86 3  1 . 175 

Compari son 3 )  1 0 . 8458 0 . 0347 0 . 3998 
W12 vs W9 + W15 0 . 216 0 . 005 0 . 526 

RESI DUAL ( Error)  84 3 . 9 145 5 . 8805 0 . 03447 0 . 76005 17 . 7627 0.  2723 15 . 7052 U1 
f-' 

TOTAL 95 
- -
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APPENDI X TABLE 8 . 14A 

CARCASS 
% WET WEIGHT % DRY WEIGHT 

AGE TREATMENT NO . WAiER FAT ASH PROTE I N  FAT ASH PROTE I N  
(Weeks ) SUBCLASS MEANS 

9 OvX D2 8 71 . 022 5 . 150 4 . 6 1 2  19 . 194 17 . 762  15 . 935 66 . 287 
9 OvX W4 7 71 . 030 5 . 279 4 . 509 19 . 161  18 . 1 29 15 . 590 66 . 263  
9 OvX W7 7 71 . 383 5 . 449 4 . 633  19 . 536 19 . 024 16 . 206 64 . 753 
9 ·Contro l  8 70 . 237 5 . 825 4 . 766  19 . 586 19 . 550 16 . 042 64 . 395 

1 2  OvX D2 8 7 1 . 50 1  4 . 489 4 . 735 19 . 259 15 . 742 16 . 6 17 6 7 . 6 22 
1 2  OvX W4 8 70 . 545 5 . 270 4 . 83 2  19 . 330 1 7 . 865 16 . 420 65 . 699 
12 OvX W7 7 70 . 227 5 . 473 4 . 743 19 . 536 18 . 319 15 . 953 65 . 709 
1 2  Contro l  8 69 . 229 6 . 039 5 . 126  19 . 586 19 . 606 16 . 666 6 3 . 7 1 1  

1 5  OvX D2 8 69 . 776 5 . 504 4 . 936 19 . 76 1  18 . 199 16 . 354 65 . 430 
1 5  OvX W4 9 69 . 889 5 . 786 . 4 .  7 1 9  19 . 587 19 . 2 14 15 . 690 65 . 082 
1 5  OvX W7 6 6 9 . 0 13  6 . 180 4 . 977  19 . 810  19 . 863 1 6 . 092 64 . 030 
15 Contro l  12  68 . 2 33 6 . 306 5 . 392  20 . 048 19 . 804 1 7 . 009 63 . 1 72 

MAIN  CLASS MEANS 

OvX D2 24 70 . 767 5 . 047  4 . 76 1  19 . 405  17 . 234 16 . 302 66 . 447  
OvX W4 24 70 . 440 5 . 466 4 . 695  19 . 377 18 . 448 15 . 904 65 . 632 
OvX W7 20  70 . 267 5 . 676 4 .  774 19 . 26 1  19 . 029 16 . 083 64 . 870 
Contro l 28 6 9 . 090 6 . 092 5 . 1 37  19 . 660 19 . 675 16 . 635 6 3 . 676 

9 30 70 . 899 5 . 430 4 . 634 19 . 0 1 7  18 . 6 19 15 . 946 65 . 419  
1 2  3 1  70 . 380 5 . 313  4 . 863 19 . 424 17 . 869 16 . 429 65 . 683 
15 35 69 . 145 5 . 967  5 . 044 19 . 82 3  19 . 296 16 . 363  64 . 327 



APPEND I X  TABLE 8 . 148 

% WET WEI GH� ( MEAN SQUARES I F VALUES )  % DRY WE IGHT 

SOURCE O F  VARIATION Degrees 
PROTEI N  o f  WAT ER FAT ASH PROTE I N  FAT ASH 

Freedom 

Treatment ( Tr )  3 1 1 . 550 4 . 5619 0 . 84 1 3  0 . 4223 26 . 734 2 . 0997 33 . 80 7  
1 3 . 298 5 . 346 1 1 . 173 1 . 477 3 . 842 2 . 596 6 . 837 

1 }  Al l OvX vs 1 30 . 2946 8 . 36 19 2 . 3723 38 . 728 4 . 3901 69 . 02 1  
Con trol - 34 . 878 9 . 798 31 . 506 5 . 565 5 . 428 1 3 . 958 

2 }  OvX 02 � 1 3 . 3977 4 . 6 380 0 . 0057 36 . 594 0 . 5201 28 . 41 3  
O v X  W7 3 . 9 1 1  5 . 435 0 . 075 5 . 258 0 . 64 3  5 . 746 

3 }  OvX W4 vs 1 0 . 0000 0 . 0768 0 . 1137  0 . 9680 1 . 3167 0 . 0282 
OvX D2+0vX W7 0 . 000 0 . 090 1 . 5 10 0 . 1 39 1 . 627 0 . 006 

AGE 2 2 3 . 500 3 . 6237 1 . 1301 4 . 87 3  15 . 500 1 . 8345 14 . 470 
27 . 056 4 . 246 15 . 009 1 7 . 038 2 . 227 2 . 268 2 . 926 

L i near ( W9 � W15 ) 1 44 . 735 4 . 2055 2 . 2 14 1  9 . 9209 15 . 529 
5 1 . 504 4 . 928 29 . 405 34 . 686 3 . 140 

Quadrati c 1 1 . 8927 2 . 7878 0 . 0349 0 . 0 120 1 1 . 908 
( Wl2 � W9+W15 } 2 . 1 79 3 . 266 0 . 463 0 . 042 2 . 408 

Tr . X Age 6 1 . 39 1 7  0 . 372 1 0 . 1201 0 . 3952 2 . 6 300 0 . 9640 2 . 4567  
( I nteracti on ) 1 . 602 0 . 436 1 . 595 1 . 382 0 . 378 1 . 192 0 . 49 7  

Compari son 1 }  1 0 . 5864 0 . 3726 0 . 0623 
W9 vs W15 0 . 675 4 . 948 0 . 2 1 7  

Compari son 1 )  1 0 . 6981 0 . 0002 0 . 0 100 
W12 vs W9 + W15 0 . 803 0 . 003 0 . 035 

Compari son 2 }  1 2 . 2550 0 . 0007 0 . 9403 
W9 vs W15 2 . 596 0 . 009 3 . 28 7  

Compari son 2 )  . 1 2 . 8228 0 . 0012 0 . 8563 
W12 vs W9+W15 3 . 249 0 . 0 16 2 . 994 

Compari son 3 1 1 . 1288 0 . 0387 0 . 6474 
W9 vs W15 1 . 299 0 . 5 14 2 . 26 3  

Compari son 3 )  1 0 . 7930 0 . 2499 0 . 00502 
W12 vs W9+W15 0 . 9 12 3 . 319 0 . 175  

RESI DUAL 84 0 . 8686 0 . 8533  0 . 07530 0. 2.860 6 . 9586 0 . 8088 4 . 9446 
\.11 
w 

TOTAL 95 
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APPENDI X TABLE 8 . 15A 

WHOLE BODY 
% WET WE I GHT % DRY WEIGHT 

AGE TREATMENT NO . HP.TER FAT ASH PROTE IN  FAT ASH PROTE I N  
( Weeks ) SUBCLASS MEANS 

9 OvX D2 8 68 . 166 8 . 482 3 . 785 19 . 546 26 . 585 1 1 . 9 16 6 1 . 482 
9 OvX W4 7 68 . 85 1  7 . 766 3 .  729 19 . 636 24 . 757  12 . 003 6 3 . 226 
9 OvX W7 7 69 . 186 7 . 933 3 .  771  19 . 090 25 . 690 12 . 264 62 . 033 
9 ·control 8 68 . 027  8 . 119  4 . 035 19 . 796 25 . 33 1  12 . 654 62 . 025 

12 OvX D2 8 68 . 869 7 . 359 3 . 881 19 . 871  23 . 636 12 . 479 6 3 . 872 
12 OvX W4 8 68 . 1 14 7 . 71 2  3 . 987 20 . 166 24 . 147 12 . 5 16 63 . 320 
12 OvX W7 7 68 . 060 7 . 66 1  3 . 959 20 . 299 23 . 896 12 . 426 6 3 . 660 
12 Control 8 6 7 . 330 8 . 052  4 .  3 16 20 . 281  24 . 6 1 1  13 . 222 62 . 15 1  

15 OvX D2 8 66 . 889 8 . 554 4 . 096 20 . 445 25 . 782 12 . 387 6 1 . 8 15 
15 OvX W4 9 66 . 900 8 . 886 3 . 899 20 . 296 26 .838 1 1 . 794 6 1 . 353 
15 OvX W7 6 66 . 463  8 . 900 4 . 1 10 20 . 508 26 . 382 12 . 300 6 1 . 302 
15 Control 12  66 . 196 8 . 583 4 . 5 17 20 . 684 25 . 337 13 . 390 6 1 . 259 

MA I N  CLASS MEANS 

OvX D2 24 6 7 . 975 8 . 132 3 . 92 1  19 . 954 25 . 335 12 . 26 1  62 . 390 
OvX W4 24 6 7 . 874 8 . 168 3 . 879 20 . 060 25 . 334 12 . 096 62 . 555 
OvX W7 20 6 7 . 975 8 . 128 3 . 938 19 . 938 25 . 269 12 . 331 6 2 . 383 
Control 28 67 . 043 8 . 299 4 . 322 20 . 315 25 . 1 28 13 . 132 6 1 . 733 

9 30 68 . 527  8 . 090 3 . 835 19 . 527  25 . 6 15 12 . 2 14 62 . 162 
12 31 68 . 094 7 . 697  4 . 038 20 . 150 24 . 078 1 2 . 668 63 . 238 
15 35 66 . 58 1  8 . 709  4 . 192 20 . 499 26 . 004 12 . 564 6 1 . 418 



SOURCE O F  VARIATION 

TREATMENT ( Tr . )  

1 )  Al l OvX vs 
Control -

2 )  OvX D 2  � OvX W7 

3 )  OvX W4 vs OvX 02 
+ OvX W/ 

AGE 

Li near W9 vs W15 

Quadrati c W12 � 
W9 + W15 

Tr X Age 
( Interacti on ) 

Compari son 1 )  
W9 vs W15 

Compari son 1 )  
Wl2 vs W9 + Wl5 

Compari son 2 )  
W9 vs W15 

Compari son 2 )  
W12 vs W9 + W15 

Compari son 3 )  
W9 v s  W15 

Compari son 3 )  
W12 vs W9 + W15 

RESI DUAL ( Erro r )  

TOTAL 

Degrees 
o f  

Freedom 

3 

1 

1 

1 

2 

1 

1 

6 

1 

1 

1 

1 

1 

1 

84 

95 

APPENDIX  TABLE 8 . 1 5 B 

% WET WE I GHT ( MEAN SQUARES I F VALUES)  

WATER FAT ASH PROTE I N  

3 . 7633 0 . 09 183 0 . 94 14 0 . 4943 
3 . 176 0 . 058 16 . 9 17 2 . 209 

1 1 . 1 160 2 .  7261 
9 . 38 1  48 . 987 

0 . 0557 0 . 0073 
0 . 047 0 . 1 30 

0 . 004 1 0 . 0592 
0 . 003 1 . 064 

32 . 785 8 . 900 0 . 8449 7 . 380 
27 . 669 5 . 592 1 5 . 183 32 . 987 

59 . 281 6 . 7322 1 . 6585 
50 . 031 4 . 230 29 . 802 

5 . 345 1 10 . 3277 0 . 0386 
4 . 5 1 1  6 . 489 0 . 692 

1 . 445 · o . 8494 0 . 06402 0 . 3265 
1 . 220 0 . 534 1 . 150 1 . 459 

0 . 0774 0 . 1452 
0 . 065 2 . 609 

0 . 6 142 0 . 0000 
0 . 5 18 0 . 000 

3 . 7312 0 . 0013 
3 . 148 0 . 023 

2 . 9988 0 . 0146 
2 . 530 0 . 26 2  

0 . 0060 O . G607 
0 . 005 1 . 090 

1 . 042 0 . 1 303 
0 . 880 2 . 341  

1 . 1849 1 . 5914 0 . 05565 0 . 2237 

% DRY WE I.GHT 

FAT ASH PROTEI N 

0 . 3130 4 . 979 3 . 0733 
0 . 03 1  7 . 357 0 . 446 

14 . 1419 
20 . 896 

0 . 05204 
0 . 076 

0 . 5599 
0 . 827 

35 . 1965 1 . 5 7 1 5  2 7 . 060 
3 . 5 19 2 . 322 3 . 924 

3 . 8 182 9 . 0258 
0 . 38 1  1 . 309 

64 . 460 42 . 846 
6 . 445 6 . 2 14 

4 . 9428 0 . 5320 3 . 493 
0 . 494 0 . 786 0 . 507 

10 . 0004 0 . 67676 6 . 8950 lJl 
lJl 
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APPEND I X  TABLE  8 . 16A 

SK I N 

% WET WE I GHTS % DRY WEIGHTS 
AGE TREATMENT NO . WATER FAT ASH PROTE I N  FAT ASH PROTE I N  

{Weeks ) SUBCLASS MEANS 

7 OvX W4 8 64 . 232 1 3 . 350  1 . 473  20 . 925 37 . 284 4 . 125  58 . 572 
7 Control 4 6 1 . 348 16 . 760 1 . 480 20 . 390 43 . 388 3 . 838 52 . 762 

9 OvX W4 7 6 2 . 149 15 . 39 7  1 . 314 2 1 . 1 19 40 . 2 70 3 . 49 7  56 . 2 19 
9 Control 8 60 . 69 1  15 . 743  1 . 588 2 1 . 956 39 . 846 4 . 082 56 . 145 

12 OvX W4 8 60 . 526 15 . 338 1 . 349 22 . 770 38 . 762 3 . 430 57 . 794 
12 Control 8 60 . 664 15 . 108 1 . 485 22 . 724 38 . 3 19 3 .  781 57 . 884 

15 OvX W4 9 5 7 . 196 18 . 948 1 . 237 22 . 60 1  44 . 244 2 . 899 5 2 . 837 
15 Control 12 58 . 978 16 . 64 1  1 . 4 1 2  22 . 949 40 . 454 3 . 460 56 . 072 

MAI N  CLASS MEANS 

OvX W4 32 60 . 87 1  15 . 869 1 . 34 1  2 1 . 900 40 . 264 3 . 469 56 . 250 
Control 32 60 . 124 16 . 048 1 . 483 22 . 325 40 . 1 35 3 . 74 3  56 . 129 

7 12 63 . 271  14 . 487  1 . 475 20 . 747 39 . 3 18 4 . 029 56 . 636 
9 15 6 1 . 37 1  15 . 58 1  1 . 460 2 1 . 565 40 . 044 3 . 809 56 . 179 

12 16  60 . 595 15 . 22 3  1 . 4 17 22 . 747 38 . 541  3 . 606 57 . 839 
15  2 1  58 . 2 14 17 . 630 1 . 337 22 . 800 42 . 079 3 . 220  54 . 685 



SOURCE OF  VAR IATION  Degrees 
of 

Freedom 
TREATMENT ( Tr . ) 1 

AGE 3 

L i near 1 
W7+W9 vs W12+W15 
Quadra t i c  1 
W7+W15 vs W9+W12 

.. 

Cubi c 1 
W7+W12 vs W9+W15  

Tr x Age 3 
( I nteracti on ) 

Tr x Li near 1 

Tr x Quadra t i c  1 

Tr x Cub i c  1 

ERROR 56 

TOTAL 63  

APPEND IX  TABLE 8 . 16B  

% WET WE IGHT ( MEAN SQUARES I F VALUES )  % DRY WEIGHT 

WATER FAT ASH PROTE I N  FAT ASH 

5 . 3900 1 . 3660 0 . 3223 0 . 3370 1 . 920 1 . 3470 
1 . 434 0 . 274 8 . 577  0 . 4 16 0 . 120 4 . 822  

62 . 303 29 . 058 0 . 0741 14 . 330 44 . 983 1 . 8944 
16 . 575 5 . 821  1 . 972 17 . 707  2 . 822 6 . 782 

165 . 45 4 7 . 982 40 . 59 1  18 . 503 5 . 02 1  
44 . 0 14 9 . 6 1 1  50 . 155 1 . 160 17 . 973 

2 . 125 14 . 833 5 . 260 68 . 152 0 . 0937 
0 . 565 2 . 97 1  6 . 499  4 . 275 0 . 335 

4 . 837 8 . 804 0 . 533 2 1 . 4 13 0 . 0647 
1 . 286 1 .  763 0 . 658 1 . 343  0 . 23 1  

15 . 263  19 . 555 0 . 0378 1 . 103 5 7 . 313  0 . 5050 
4 . 06 1  3 . 9 1 7  1 . 005 1 . 363  3 . 595 1 . 808 

44 . 6 1 1  55 . 168 150 . 68 0 . 828 
1 1 . 868 1 1 . 05 1  9 . 452 2 . 965  

0 . 0966 1 . 58 1  1 1 . 207  0 . 3635 
0 . 025 0 . 316 0 . 703 1 .  30 1 

0 . 0605 4 . 850 27 . 445 0 . 6 386 
0 . 0 16 0 . 97 1  1 .  721  2 . 286 

3 . 7589 4 . 99 19 0 . 03758 0 . 8093 15 . 9409 0 . 2793 

PROTEI N  

6 . 020 
0 . 433 

34 . 920 
2 . 5 1  

4 7 . 923  
3 . 443  

128 . 05 
9 . 199 

7 . 806 
0 . 560 

20 . 822  
1 . 496 

1 3 . 9 18 

lTI 
-...) 
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APPEND I X  TABLE 8 . 17A 

CARCASS 
% W E T  W E I G H TS % D R Y  W E I G H TS 

AGE TREATMENT NO . WATER FAT ASH PROTEI N  FAT ASH PROTEI N  
{Weeks ) 

SUBCLASS MEANS 

7 OvX W4 8 7 1 . 974 4 . 806 4 .  396 18 . 805 17 . 078 15 . 704 6 7 . 204 
7 Contro l 4 7 1 . 555  5 . 105 4 . 455 18 . 865 17 . 870 15 . 6 10 66 . 503 

9 OvX W4 7 7 1 . 030 5 . 279 4 . 509 19 . 1 6 1  18 . 129 15 . 590 66 . 263  
9 Contro l 8 70 . 2 38 5 . 825 4 . 766 19 . 150 19 . 550 16 . 043 64 . 395 

12 OvX W4 8 70 . 545 5 . 270 4 . 833 19 . 330 17 . 865  16 . 420 65 . 699 
12 Control 8 69 . 229 6 . 039 5 . 126 19 . 586 19 . 606 16 . 666 6 3 . 7 11  

15 OvX W4 9 69 . 889 5 . 786 4 . 7 19 19 . 587 19 . 2 14 15 . 690 65 . 082 
15 Contro l 12 68 . 233 6 . 306 5 . 393 20 . 048 19 . 804 17 . 009 6 3 . 173  

MAI N  CLASS MEANS 

OvX W4 32 70 . 824 5 . 30 1  4 . 621  19 . 234 18 . 105 15 . 854 66 . 025 
Contro l 32 69 . 398 5 . 969  5 . 052 19 . 560 19 . 449 16 . 507  64 . 029 

7 12 71 . 834 4 . 906 4 . 4 16 18 . 825 17 . 342 15 . 673 66 . 970 
9 15 70 . 607 5 . 5 70 4 . 646 19 . 155 18 . 887 15 . 831  65 . 267  

12 16 69 . 887 5 . 654 4 . 9 79 19 . 458 18 . 7 36 16 . 543 64 . 705 
15 21 68 . 943 6 . 083 5 . 104 19 . 850 19 . 551  16 . 444 63 . 99 1  



APEEND I X  TABLE 8 . 178 

% WET _WE IGHT ( MEAN SQUARES / F VALUES )  
SOURCE O F  VARIATION Degrees 

of  WATER FAT ASH PROTE I N  
Freedom 

TREATMENT ( Tr )  16 . 100 4 . 189 1 . 5 16 0 . 540 
16 . 662  4 . 9 1 7  14 . 273 2 . 109 

AGE 3 18 . 9 13  2 . 834 1 . 234 2 . 645 
19 . 574 3 . 326 1 1 . 6 2 1 10 . 33 1  

L i near 1 56 . 256 7 . 970 3 . 600 7 .  723 
W7+W9 vs W12+W15 58 . 221  9 . 355 33 . 895 30 . 170 

Quadra t i c  1 1 . 198 0 . 2575 0 . 2040 0 . 0168 
W7+W15 vs W9+W12 1 . 240 0 . 302  1 . 92 1  0 . 065 

Cubi c 1 0 . 7 18 0 . 7435 0 . 0421  0 . 0357 
W7+W12 vs W9+W15 0 . 743 0 . 872 0 . 396 0 . 139 

TR x Age 3 1 . 1 1 3  0 . 121  0 . 267  0 . 1907 
( I nteracti on ) 1 .1 52 0 . 142 2 . 520 0 . 745 

Tr x L i near 1 0 . 6550 
6 . 167 

Tr x Quadrati c 1 0 . 0201 
0 . 188 

Tr x Cubi c 1 0 . 0525 
0 . 494 

ERROR 56 0 . 9663 0 . 85 19  0 . 1062 0 . 2560 

TOTAL 63  

% DRY WEIGHT 

FAT ASH 

1 8 . 997 3 . 406 
2 . 802 3 . 582 

9 . 734 2 . 5 16 
1 . 436 2 . 646 

1 . 205 1 . 508 
0 . 177 1 . 586 

6 .  7799 0 . 95 10 

PROTEI N  

38 . 440 
6 . 448 

18 . 4 17 
3 . 089 

53 . 864 
9 . 034 

5 . 077 
0 . 85 1  

1 . 840 
0 . 308 

1 . 110 
0 . 186 

5 . 96 18 

U1 \0 
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APPENDIX TABLE 8 . 18A 

W HO L E  B O D Y  

% WET WE IGHTS % DRY WE IGHTS 
AGE TREATMENT NO . WATER FAT ASH PROTE I N  FAT ASH PROTEI N 

(Weeks ) SUBCLASS MEANS 

7 Ovx W4 8 70 . 066 6 . 9 19 3 . 675 19 . 321  23 . 039 1 2 . 296 64 . 651 
7 Contro l  4 6 9 . 1 18 7 . 880 3 . 750  19 . 230 25 . 485 12 . 1 15 62 . 383 

9 OvX W4 7 68 . 85 1  7 . 766 3 .  729 19 . 636 24 . 757  12 . 003 63 . 226 
9 Control 8 68 . 028 8 . 1 19 4 . 035 19 . 796 25 . 33 1  1 2 . 654 6 2 . 025 

12 OvX W4 8 68 . 114  7 .  713  3 . 988 20 . 166 24 . 148 1 2 . 5 16 63 . 320 
12 Control 8 67 . 330 8 . 053 4 . 3 16 20 . 281  24 . 6 1 1  1 3 . 223 6 2 . 151  

15  OvX W4 9 66 . 900 8 . 886 3 . 899 20 . 296 26 . 838 1 1 . 794 6 1 . 353 
15  Control 12 66 . 196 8 . 583 4 . 5 17 20 . 684 25 . 337 1 3 . 390 6 1 . 259 

MA I N  CLASS MEANS 

OvX W4 32  68 . 422 7 . 856 3 . 828 19 . 875 24 . 760 12 . 146 6 3 . 079 
Contro l  32 67 . 303 8 . 247 4 . 250 20 . 180 2 5 . 173  1 3 . 005 6 1 . 814 

7 12  69 . 750 7 . 239 3 . 700 19 . 29 1  23 . 854 12 . 236 63 . 895 
9 15  68 . 4 1 2  7 . 954 3 . 892 19 . 72 1  25 . 063  12 . 350 62 . 585 

12  16  67 . 722 7 . 883 4 . 15 2  20 . 224 24 . 379 12 . 869 6 2 . 736 
15 2 1  66 . 498 8. 713 4 . 252  20 . 5 18 25 . 980 1 2 . 706 6 1 . 299 



SOURCE  O F  VAR IATION Degrees 
of 

Freedom 

TREATMENT ( Tr )  1 

AGE 3 

L i near 1 
( W7+W9 � W12+W15 )  
Quadrati c 1 
(W7+W15 � W9+W12 )  

Cubi c 1 
( W7+�H2 � W9+W15 )  
TR . x Age ( I nteraction ) 3  

Tr . x Li near 1 

Tr . x Quadrati c 1 

Tr . x Cubi c 1 

Error  56  

Total 6 3  

APPEND IX  TABLE 8 . 188 

% WET WEIGHT ( MEAN SQUARES I F VALUES ) % DRY WE I GHT 

Water Fat As h  Prote i n  Fat As h 
9 . 740 1 . 681  1 . 622  0 . 30 1  3 . 6 19 7 . 063  

7 . 936 1 . 188 22 . 107 1 . 383 0 . 404 10 . 301 -
24 . 223 4 . 88 1  0 . 764 4 . 163  1 1 . 96 1  1 . 2 16 

19 . 737 3 . 449 10 . 409 19 . 132 1 . 336 1 .  773 
70 . 330 1 1 . 359 2 . 225 12 . 437 

57 . 303 8 . 025 30 . 324 5 7 . 152  

0 . 2388 0 . 2690 0 . 1359 . 0 . 408 
0 . 194 0 . 190 1 . 852 1 . 876 

1 . 35 1  1 . 862 0 . 0264 0 . 00 16 
1 . 100 1 . 31 5  0 . 360 0 . 007 

0 . 0367 0 . 996 0 . 1897 0 . 1457 9 .  7 1 1  1 . 973 
0 . 030 0 . 703 2 . 586 0 . 669  1 . 085 2 . 877 

0 . 493  5 . 192  
6 . 714 7 . 572  

0 . 0009 0 . 0004 
0 . 0 1 2  0 . 000 

0 . 0522  0 . 62 17 
0 .  7 1 1  0 . 906 

1 . 2273 1 . 4 154 0 . 07336 0 . 2 176 8 . 9531  0 . 6857 

Protei n 
20 . 570 

2 . 968 
1 3 . 477 

1 . 944 

2 . 9233 
0 . 422  

6 . 9309 

<" 1-' 
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APPENDI X TABLE 8 . 19A 

TOTAL S K I N  FAT- FREE WEIGHT , AND COMPONENT PERCENTAGES 

AGE TREATMENT No . TOTAL WATER ASH PROTE I N  
{ Weeks ) { l og 1 0 gms ) SUB CLASS MEANS 

1 2  OvX D2 8 1 . 687 72 . 532 1 . 540 25 . 915  
1 2  OvX W4 8 1 . 704 71 . 497  1 . 590 26 . 897  
12  OvX W7 7 1 . 694 7 1 . 586 1 . 627  26 . 77 1  
12  Control 8 1 . 59 1  71 . 462  1 .  752 26 . 770 
12 Oes trogen 7 1 . 6 18 70 . 699 1 . 504 2 7 . 783 

15 OvX D2 8 1 . 7 14 70 . 529 1 . 667  27 . 789 
1 5  OvX W4 9 1 . 768 70 . 567 1 . 523  27 . 898 
15 OvX W7 6 1 . 744 70 . 703 1 . 540 27 . 740 
15  Control 12  1 . 627 70 . 763 1 . 694 27 . 530 
15 Oestrogen 7 1 . 598 69 . 059 1 . 9 16 29 . 004 

MA I N  CLASS MEANS 

OvX D2 16  1 .  70 1 71 . 531  1 . 604 26 . 852  
OvX W4 17 1 . 738 71 . 005 1 . 555 27 . 427 
OvX W7 1 3  1 .  7 1 7  71 . 178 1 . 587 27 . 218 
Control 20 1 . 6 13  71 . 043 1 .  717  2 7 . 226 
Oestrogen 14 1 . 608 69 . 879 1 .  710 28 . 394 

1 2  38 1 . 659 71 . 577  1 . 605 26 . 804 
15  42  1 . 686 70 . 384 1 . 667  27 . 934 



SOURCE OF  VAR IATION 

TREATMENT 

1 )  Al l OvX vs Con trol + Oes trogen  

2 )  Contro l vs  Oestrogen 

3 )  OvX D2 vs OvX W7 

4 )  OvX W4 vs OvX 02 + OvX W7 

AGE 

TREATMENT X AGE ( I NTERACTI ON )  

Compari son 1 )  W12 v s  W15 

Compari son 2 )  W12 vs W15 

Compari son 3 )  W12 vs W15 

Compari son 4 )  W12 vs W15 

RESI DUAL 

TOTAL 

APPEND IX  TABLE  8 . 19B 

Degrees TOTAL WATER ASH 
of 

Freedom ( MEAN SQUARES I F VALUES ) 

4 0 . 06 132 
26 . 773 

1 0 . 2292 
100 . 090 

1 0 . 00002 
0 . 008 

1 0 . 0024 
1 . 056 

1 0 . 00746 
3 . 257  

1 0 . 0 1888 
8 . 243 

4 0 . 003727 
1 . 627  

1 0 . 007 12 
3 . 107 

1 0 . 00625 
2 .  727  

1 0 . 00 100 
0 . 437 

1 0 . 00175 
0 . 763  

70  0 . 002290 

79 

5 . 6 325 
7 .  723 

10 . 336 
14 . 173 

12 . 336 
16 . 9 14 

1 . 0657 
1 . 46 1  

0 . 9928 
1 . 36 1  

29 . 390 
40 . 300 

1 .  2675 
1 . 738 

0 . 0498 
0 . 068 

1 .  7917  
2 . 456 

2 . 2474 
3 . 081  

0 . 6978 
0 . 956 

0 .  7293 

0 . 09538 
1 . 885 
. .. 

0 . 0828 
1 . 636 

0 . 1638 
3 . 238 

0 . 1621  
3 . 202 

0 . 4467 
8 . 828 

0 . 0823 
1 . 627  

0 . 020 1 
0 . 396 

0 . 05060 

PROTE I N  

5 . 0 165 
6 . 898 

6 . 87 18 
9 . 449 

12 . 5 2 1  
1 7 . 2 1 7  

1 . 1659 
1 . 603  

1 . 2578 
1 .  729 

26 . 300 
36 . 166 

0 . 7607 
1 .  046 

0 . 7272 

(1\ w 
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APPEND I X  TABLE 8 . 20A 

TOTAL CARCASS FAT- FREE WE IGHT , AND COMPONENT PERCENTAGES 

AGE TREATMENT No . TOTAL WATER ASH PROTEI N 
(Weeks) ( l ogl o gms ) 

SUB CLASS MEANS 

1 2  OvX D2 8 2 . 226 74. 864 4 . 956 20 . 165 
12  OvX W4 8 2 . ?.48 74 . 474 5 . 102 20 . 4 10 
1 2  OvX W7 7 2 . 256 74 . 297 5 . 0 19 20 . 669  
12  Contro l  8 2 . 180 73 .684 5 . 457  20 . 845 
12 Oestrogen 7 . 2 . 193 73 . 736 5 . 530 20 . 72 1  

15 OvX D2 8 2 . 289 73 . 847 5 . 222 20 . 9 12  
15 OvX W4 9 2 . 346 74 . 181 5 . 0 11 20 . 792 
15  OvX W7 6 2 . 318 73 . 567 5 . 303 2 1 . 1 13  
1 5  Contro l  12 2 . 228 72 . 830 5 . 753 2 1 . 402 
15 Oestrogen 7 2 . 219  72 . 297 6 . 131  2 1 . 556 

MAI N  CLASS MEANS 

OvX D2 16 2 . 257  74 . 356 5 . 089 20 . 5 39 
OvX W4 1 7  2 . 300 74 . 319 5 . 054 20 . 6 12 
OvX W7 13  2 . 285 73 . 960 5 . 150 20 . 874 
Control 20 2 . 209 7 3 . 171 5 . 6 35 2 1 . 179  
Oestrogen 14 2 . 206 7 3 . 016 5 . 831  2 1 . 139 

12 38 2 . 220 74 . 221 5 . 2 10 20 . 555 
15 42 2 . 2 76 7 3 . 330 5 . 492 2 1 . 16 2  



APPENDI X  TABLE 8 . 208 
SOURCE OF  VARIATION Degrees of TOTAL 

Freedom ( MEAN 
TREATMENT 4 0 . 03086 

16 . 6 1 1  

1 )  Al l OvX � Contro l +Oes trogen 1 0 .  1077 
57 . 955  

2 )  Control � Oestrogen 1 0 . 00002 
0 . 009 

3 )  OvX D2 vs OvX W7 1 0 . 00632 
3 . 403 

4 )  OvX W4 � OvX D2 + OvX W7 1 0 . 00637 
3 . 428 

AGE 1 0 . 06895 
37 . 107 

TREATMENT x AGE ( I NTERACTIO N )  4 0 . 002788 
1 . 500 

Compari son 1 )  W12 vs W15 1 0 . 00681 
3 . 663  

Compari son 2 )  W12 vs W15 1 0 . 00097 
0 . 524 

Compari son 3 )  W12 vs W15 1 0 . 00000 
0 . 002 

Compari son 4 )  W12 vs W15 1 0 . 00336 
1 . 807 

RESIDUAL 70 0 . 001858 

TOTAL 79 

WATER ASH 
SQUARES I F VALUES ) 

6 . 0225 1 . 8731  
1 1 . 959 20 . 790 

2 1 . 543 7 . 155 1 
42 . 780 79 . 414 

0 . 4681 0 . 41 10 
0 . 929 4 . 56 1  

1 . 2835 0 . 0366 
2 . 548 0 . 406 

0 . 3589 0 . 0497 
0 . 712  0 . 55 1  

14 . 540 1 . 4275 
28 . 874 15 . 844 

0 . 6725 0 . 2348 
1 . 335 2 . 606 

1 . 0264 0 . 4 1 18 
2 . 038 4 . 570 

0 . 6923 0 . 1890 
1 . 374 2 . 098 

0 . 1459 0 . 0006 
0 . 289 0 . 006 

0 . 8969 0 . 3580 
1 .  781 3 . 973 

0 . 5036 0 . 09010 

PROTE I N  

1 .  3047 
3 . 572  

3 . 8908 
10 . 65 3  

0 . 00 188 
0 . 005 

0 . 8868 
2 . 428 

0 . 1 376 
0 . 376 

6 . 8200 
18 . 674 

0 . 1412 
0 . 387 

0 . 3652 

0'1 U1 
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APPENDIX  TABLE 8 . 21A 

TOTAL WHOLE BODY FAT-FREE WE I GHT , AND COMPONENT PERCENTAGES 

AGE TREATMENT No . TOTAl WATER ASH PROTE I N  (Weeks· ) ( 1  0 9:L  0 gms ) 
SUB CLASS MEANS 

12 OvX D2 8 2 . 336 74 . 342 4 . 19 1  2 1 . 45 2  
12  OvX W4 8 2 . 357  7 3 . 805 4 . 324 2 1 . 854 
12  OvX W7 7 2 . 36 1  7 3 . 710 4 . 289 2 1 . 984 
12 Control 8 2 . 280 73 . 231 4 . 695 22 . 057  
12  Oestrogen 7 2 . 295 7 3 . 103 4 . 683 22 . 203  

15 OvX D2 8 2 . 392 73 . 15 1  4 . 480 22 . 356 
15 OvX W4 9 2 . 448 73 . 427 4 . 281  22 . 279 
15 OvX W7 6 2 . 421  72 . 963 4 . 5 12 22 . 508 
15 Control 12 2 . 325 72 . 417  4 . 94 1  22 . 627  
15 Oes trogen 7 2 . 312  7 1 . 67 1  5 . 3 17  22 . 996 

MA I N  CLASS MEANS 

OvX D2 16 2 . 364 73 . 747 4 . 336 2 1 . 904 
OvX W4 17  2 . 405  73 . 605 4 . 30 1  22 . 079 
OvX W7 13  2 . 389 7J . 365 4 . 392 22 . 226 
Contro l  20 2 . 307  72 . 743 4 . 842 22 . 399 
Oestrogen 14 2 . 304 72 . 387 5 . 000 22 . 599 

12 38 2 . 326 73 . 65 1  4 . 434 21 . 901  
15  42 2 . 376 72 . 727 4.  7 1 3  22 . 545 



APPEND I X  TABLE 8 . 218  

SOURCE OF VARIATION Degrees of  TOTAL WATER ASH PROTEI N  
Freedom ( MEAN SQUARES / F VALUES ) 

TREATMENT 4 0 . 036 19 4. 9 725 1. 5581 1 . 0755 
19 . 276 12 . 566 25 . 169 3 . 810 

1 )  Al l OvX vs Con trol + Oestrogen 1 0 . 1291  17 . 42 1  5 . 9808 2 . 9952 
6 8 . 827  44 . 024 96 . 6 13 " 10 . 6 12  

2 ) Control vs  Oestrogen 1 0 . 00000 1 . 5478 0 . 2684 0 . 5356 
0 . 003 3 .  9 1 1  4 . 336 1 . 89 7  

3 )  OvX 02 vs OvX W7 1 0 . 00529 1 .  2030 0 . 0297 0 . 8358 
2 . 815  3 . 039 0 . 480 2 . 96 1  

4 )  OvX W4 � OvX 02 + OvX W7 1 0 . 00662 0 . 0584 0 . 0456 0 . 0009 
3 . 525  0 . 147 0 . 735 0 . 003 

AGE 1 0 . 05578 1 6 . 140 1 . 4 1 18 8 . 0 180 
29 . 7 1 1  40 . 787 22 . 806 28 . 408 

TREATMENT x AGE ( I NTERACTION )  4 0 . 00279 0 . 6475 0 . 2217  D . 1560 · · 

.. 1 .  489 1 .  6 36 3 . 581 0 . 553  

Compari son 1 )  W12 � W15 1 0 . 0067 1  0 . 5 797  0 . 3797 
3 . 575 1 . 465 6 . 133 

Compari son 2 )  W12 vs W15 1 0 . 00 168 0 . 7 722  0 . 3054 
0 . 896 1 .  951  4 . 933 

Compari son 3 }  W12 vs W15 1 0 . 00003 0 . 3533 0. 0077 
0 . 015  0 . 892 0 . 124 

COMPARI SON 4 }  W12 vs W15 1 0 . 00298 0 . 9278 0 . 2371  
1 . 587  2 . 344 3 . 829 

RES I DUAL 70 0 . 001877 0 . 3957 0 . 06190 0 . 2822 

TOTAL 79 

0"1 � 
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APPEND IX  TABLE 8 . 22A 

TOTAL SK I N  FAT-FREE WE IGHT , AND COMPONENT P ERCENTAGES 

AGE TREATMENT No TOTAL WATER ASH PROTE I N  
( Weeks ) . ( l .og 1 0 gms ) 

SUB CLASS MEANS 

9 OvX 02 8 1 . 5 19 73 . 1 1 7  1 . 6 19 25 . 250 
9 OvX W4 7 1 . 578 73 . 447 1 . 559 24 . 981  
9 OvX W7 7 1 . 6 15 74 . 043 1 . 590 24 . 349 
9 Contro l  8 1 . 48 1  72 . 021 1 . 885 26 . 077 

12 OvX 02 8 1 . 687 72 . 532 1 . 540 25 . 9 15 
12  OvX  W4 8 1 . 704 71 . 497 1 . 590 26 . 897 
12  OvX W7 7 1 . 694 7 1 . 586 1 . 627  26 . 77 1  
12  Control 8 1 . 59 1  7 1 . 462 1 .  752 26 . 770 

15 OvX 02 8 1 .  7 14 70 . 529 1 . 667  27 . 789 
15 OvX W4 9 1 .  768 70. 567 1 . 523  27 . 898 
15  OvX  W7 6 1 . 744 70 . 703 1 . 540 2 7 . 740 
15  Contro l  12  1 . 627  70 . 763  1 . 694 2 7 . 530 

MAI N  CLASS MEANS 

OvX 02 24 1 . 640 72 . 060 1 . 609 26 . 3 18 
OvX W4 24 1 . 691  7 1 . 717  1 . 556 26 . 7 14 
OvX W7 20 1 . 68 1  72 . 181 1 . 588 26 . 2 14 
Contro l  28 1 . 575 7 1 . 322 1 . 765 26 . 898 

9 30 1 . 545 73 . 118 1 . 669 25 . 198 
12 3 1  1 . 668 7 1 . 775 1 . 627  26 . 583 
15 35 1 . 703  70 . 649 1 . 6 18 27 . 720 



APPENDI X TABLE  8 . 228 

SOURCE OF VARIATION Degrees of TOTAL WATER ASH PROTE I N  
Freedom ( MEAN SQUARES / F VALUES ) 

TREATMENT 3 0 . 07680 2 . 4967 0 . 25 12  1 . 3990 
33 . 776 3 . 6 12 5 . 382 1 · 967 

1 )  Al l OvX � Contro l 1 0 . 2042 6 . 6295 0 .  7 195 
89 . 782 . 9 . 59 1  15 . 414  

2 )  OvX  D2  -� OvX W7  1 0 . 0212  0 . 02835 0 . 0058 . 
9 . 323  0 . 04 1  0 . 123  

3 )  OvX W4 vs ) vX  D2  + OvX W7 1 0 . 00697 0 . 9449 0 . 0245 
3 . 066  1 . 367 0 . 524 

AGE 2 0 . 2268 49 . 1 25 0 . 02681 91 . �1 
99 . 744 7 1 . 073  0 . 5 74 72 . 397 

L i ne a r ( W9 · � W15 ) 1 0 . 4260 99 . 173 103 . 80 
187 . 344 143 . 481 145 . 9 19 

Quadrat i c (W12  � W9 + W15 ) 1 0 . 03064 0 . 3459 0 . 3868 
1 3 . 474 0 . 500 0 . 543 

TREATMENT x AGE ( I NTERACTION ) 6 0 . 00395 2 . 6 300 0 . 03718 2 . 1325 
1 .  739 3 . 805 0 . 797 2 . 998 

Compari son 1 )  w9 · vs W15 1 0 . 00207 9 . 4295 7 . 4954 
0 . 908 13 . 642 10 . 536 

Compari son 1 )  W12 vs W9 + W15 1 0 . 00000 0 . 2908 0 . 2 123  
0 . 003  0 . 420 0 . 298 

Compari son 2 )  wg · vs W15 1 0 . 00765 1 . 0074 1 . 2994 
3 . 362  1 . 457  1 . 826 . 

Compari son 2 )  W12 · vs W9 + W15 1 0 . 00780 5 . 4944 4 . 3482 
3 . 428 7 . 949 6 . 1 1 2  

Compari son 3 )  W9 vs W15 1 0 . 00204 0 . 0 178 0 . 00603 
0 . 897 0 . 025 0 . 008 

Compari son 3 )  W12  vs W9 + W15 1 0 . 0005 0 . 7619 0 . 5413  
0 . 198 1 . 102 0 . 760 

RESI DUAL 84 0 . 002274 0 . 6912  0 . 04668 0 . 7 1 14 

TOTAL 95 

Cl' 1.0 
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APPEND I X  TABLE  8 . 23A 

TOTAL CARCASS FAT-FREE  WE I GHT , AND COMPONENT PERCENTAGES 

AGE TREATMENT No . TOTAL WATER ASH PROTE I N  
(Weeks ) · ( l og 1 o gms ) 

SUB CLASS MEANS 

9 OvX 02 8 2 . 059 74 . 884 4 . 864 20 . 239 
9 OvX W4 7 2 . 119  74 . 990 4 . 763  20 . 23 1  
9 OvX W7 7 2 . 1 10 75 . 50 1  4 . 897  19 . 583 
9 Contro l  8 2 . 052  74 . 587 5 . 062 20 . 335 

12 OvX 01 8 2 . 226 74 . 864 4 . 956 20 . 165 
12  OvX W4 8 2 . 248 74 . 474 5 . 102  20 . 4 10 
12 OvX W7 7 2 . 256 74 . 297 5 . 0 19 20 . 669 
12  Control 8 2 . 180 73 . 684 5 . 45 7  20 . 845 

15  OvX [•2 8 2 . 289 73 . 847 5 . 222 20 . 9 12  
15  OvX W4 9 2 . 346 74 . 181 5 . 0 1 1  20 . 792 
15  OvX W7 6 2 . 3 18 7 3 . 567 5 .  303 2 1 . 1 1 3  
1 5  Control 12 2 . 228 72 . 830 5 . 753  2 1 . 402 

MAI N  CLASS MEANS 

OvX 02  24 2 . 19 1 74 . 532 5 . 0 14  20 . 439 
OvX W4 24 2 . 247 74 . 5 15 4 . 969 20 . 50 1  
OvX W7 20 2 . 224 74 . 500 5 . 06 1  20 . 422 
Control 28 2 . 164 7 3 . 576 5 . 47 1  20 . 938 

9 30 2 . 083 74 . 974 4 . 90 1  20 . 1 10 
12  3 1  2 . 226 74 . 331 5 . 137 20 . 5 1 7  
1 5  35 2 . 288 73 . 536 5 . 364 2 1 . 084 



APPEND I X  TABLE 8 .23 B 

SOURCE OF VARIATION  Degrees TOTAL WATER ASH PROTEI N  
of  

Freedom ( MEAN SQUARES I F VALUES ) 

TREATMENT 3 0 . 03635 4 . 3 133 1 . 14 1 1  1 . 0547 
22 . 187 10 . 250 1 3 . 933 3 . 699 

1 )  Al l OvX vs Control 1 0 . 08246 12 . 674 3.  2230 . 3 . 1 332 
50 . 334 30 . 1 15 39 . 354 10 . 989 

2 )  OvX D2 � OvX W7 1 0 . 0 1483 0 . 0638 0 .  0377 0 . 00284 
9 . 052  0 . 151  0 . 460 0 . 009 

3 )  OvX vs OvX D2 + OvX W7 1 0 . 0 1 1 7 1  0 . 0463 0 . 1 104 0 . 0 1481 
7 . 147 0 . 1 10 1 . 348 0 . 05 1  

AGE 2 0 . 3576 14 . 945 1 . 4384 7 . 1360 
2 18 . 274 35 . 5 13  1 7 . 564 25 . 028 

L i near ( W9 vs W15 ) 1 0 . 6938 30 . 008 2 . 84 1 7  14 . 368 
423 . 528 7 1 . 305 34 . 699 50 . 393 

Quadrat i c ( W12 vs W9 + W15 ) 1 0 . 0286 0 . 0200 0 . 01206 0 . 0599 
17 . 455 0 . 047 0 . 147 0 . 2 10 

TREATMENT x AGE ( I NTERACTI ON )  6 0 . 002 12 0 . 8267 0 . 1410  0 . 5390 
1 . 292 l. 964 1 .  722 1 . 890 

Compari son 1 )  W9 vs W15 1 0 . 00707 0 . 8287 0 . 4174  0 . 0704 
4 . 3 18 1 . 969 5 . 096 0 . 246 

Compari son 1 )  W12 � W9 + W15 1 0 . 00007 0 . 0230 0 . 00473 0 . 00679 
0 . 040 0 . 054  0 . 05 7  0 . 023 

Compari son 2 )  W9 � W15 1 0 . 00090 1 . 4429 0 . 00402 1 . 31 18 
0 . 546 3 . 428 0 . 049 4 . 600 

Compari son 2 )  W12 vs W9 + W15 1 0 . 00022 1 . 3250 0 . 00007 1 .  3 109 
0 . 135 3 . 148 0 . 000 4. 597 . 

Compa ri son 3 )  W9 vs W15 1 0 . 000 18 1 . 1624 0 . 0457 0 . 7440 . 
0 . 108 2 . 762  0 . 558 2 . 609 

Compari son 3 )  W12 vs W9 + W15 1 0 . 00338 0 . 2023 0 . 3094 0 . 0 1 1 1  
2 . 066 0 . 480 3 .  778 0 . 038 

RES I DUAL 84 0 . 001638 0 . 4208 0 . 08190 0 . 285 1 
-....! 

TOTAL 95 ...... 
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APPEND I X  TABLE 8 . 24A 

TOTAL WHOLE BODY FAT- FREE WE I GHTS , AND COMPONENT PERCENTAGES 

AGE TREATMENT No . TOTAL WATER ASH PROTE I N  
(Weeks ) ( l og l  ogms ) 

SUB CLASS MEANS 

9 OvX 02 8 2 . 169 74 . 489 4 . 137 21 . 362  
9 OvX W4 7 2 . 229 74 . 646 4 . 046 2 1 . 293  
9 OvX W7 7 2 . 23 1  7 5 . 150 4 . 097  20 . 740 
9 Contro l  8 2 . 155 74 . 044 4 . 390 21 . 55 1  

12  OvX 02 8 2 . 336 74 . 342 4 . 19 1  21 . 452  
12 OvX W4 8 2 . 357  7 3 . 805 4 . 324 21 . 854 
12 OvX W7 7 2 . 36 1  7 3 . 710 4 . 289 21 . 984 
12 CONTROL 8 2 . 280 7 3 . 231 4 . 695 2 2 . 057  

15  OvX 02 8 2 . 392 7 3 . 151 4 . 480 22 . 356 
15  OvX  W4 9 2 . 448 7 3 . 427 4 . 281  22 . 279 
15 OvX W7 6 2 . 42 1  7 2 . 963 4 . 5 12 22 . 508 
15 Control 12  2 . 325 7 2 . 417 4 . 941  22 . 627 

MAIN CLASS MEANS 

OvX 02 24 2 . 299 7 3 . 994 4 . 270 21 . 724 
OvX W4 24 2 . 354 7 3 . 908 4 . 227 2 1 . 850 
OvX W7 20 2 . 334 73 . 990 4 . 288 2 1 . 706 
Contro l  28  2 . 264 7 3 . 1 15 4 . 7 13 22 . 157 

9 30 2 . 194 74 . 56 1  4 . 174 21 . 251  
12  31  2 . 333 7 3 . 774 4 . 377 21 . 832 
15 35 2 . 388 72 . 938 4 . 592 22 . 455 



APPEND I X  TABLE 8 . 248 

SOURCE OF VARIATION Degrees TOTAL WATER ASH PROTEI N  
of  

( MEAN SQUARES I F VALUES ) Freedom 

TREATMENT 3 0 . 0435 1 3 . 5067 1 . 1 364 0 . 6867 
2 5 . 720 1 1 . 448 18 . 928 3 . 369 

1 )  Al l OvX vs Con trol 1 0 . 1041 10 . 374 3 . 2 9 13 1 .  9676 
6 1 . 545 33 . 866 54 . 818 9 . 655  

2 )  OvX 02  � OvX W7 1 0 . 0 1625 0 . 0306 0 . 0095 0 . 0045 
9 . 605 0 . 099 0 . 158 0 . 022  

3 )  OvX W4 � OvX 02 + OvX W7 1 0 . 0 1049 0 .  00 1 1 1  0 .  0700. 0 . 0853 
6 . 199 0 . 003 1 . 165 0 . 418  

AGE 2 0 . 3260 19 . 700 1 . 1704 1 1 . 262 
192 . 693  6 3 . 314  19 . 494 55 . 264 

L i near  ( W9 � W15 ) 1 0 . 6293 39 . 704 2 . 3308 22 . 769  
3 7 1 . 956 129 . 6 18 38 . 820 1 1 1 . 732 ,/ 

Quadrati c ( W12  � W9 + W15 ) · 1 0 . 02885 0 . 00387 0 . 00414 0 . 0001 
17 . 053 0 . 012  0 . 068 0 . 000 

.TREATMENT x AGE ( I NTERACTION ) 6 0 . 002 182 0 . 6750 0.  0774 0 . 4623 
1 . 289 2 . 204 1 . 289 2 . 269  

Compari son 1 )  W9 vs W15 1 0 . 00554 0 . 00683 0 . 162 1 0 . 1013  
3 . 2 76 0 . 022 2 . 699 0 . 497  

Compari son 1 )  W12 vs W9 + W15 1 0 . 0004 0 . 00150 0 . 0017  0 . 0061  
0 . 02 1  0 . 044 0 . 028 0 . 029 

Compari son 2 )  W9 vs W15 1 0 . 00 187 1 . 2887 0 . 0093 1 . 0723 
1 . 107 4 . 207 0 . 154 5 . 26 1  

Compari son 2 )  W12 vs W9 + W15 1 0 . 00 100 1 . 8528 0 . 0253 1 . 4428 
0 . 59 1  6 . 048 0 . 422 7 . 079 

Compari son 3 )  W9 vs W15 1 0 . 00044 0 . 7487 0 . 0520 0 . 3962 
0 . 260 2 . 444 0 . 866 1 . 944 

Compari son 3 )  W12 vs W9 + W15 1 0 . 00249 0 . 3506 0 . 1774 0 . 0287 
1 . 470 1 . 144 2 . 955 0 . 140 -...I 

RES I DUAL 84 0 . 00 1692 0 . 3063 0 . 06004 0 . 2038 w 

TOTAl 95 
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APPENDI X TABLE 8 . 25A 

TOTAL SK I N FAT-FREE WE I GHT , AND COMPONENT PERCENTAGES 

AGE TREATMENT No . TOTAL WATER ASH PROTE I N  
(.Weeks )" ( l og 1 o gms ) 

SUB CLASS  MEANS 

7 OvX W4 8 1 . 424 74 . 135 1 . 697  24 . 149 
7 Control 4 1 . 384 73 . 705 1. 778 24 . 503 

9 OvX W4 7 1 . 578 7 3 . 447 1 . 559 24 . 981  
9 Contro l  8 1 . 481 72 . 021 1 . 885 26 . 077 

12  OvX W4 8 1 . 704 7 1 . 497 1 . 590 26 . 897  
12 Contro l  8 l. 591  71 . 462 1. 752 26 . 770 

15 OvX W4 9 1 . 768 70 . 567 1 . 523 27 . 898 
15 Control 12 1 . 627  70 . 763 1 . 694 27 . 530 

MAI N  CLASS MEANS 

OvX W4 32 1 . 625 72 . 322 1 . 59 1  26 . 072 
Control 32 1 . 55 1  7 1 . 620 1 .  767 26 . 598 

7 12 1 . 4 1 1  73 . 992 1 .  724 24 . 267 
9 15 1 . 526 72 . 687 1 .  733 25 . 566 

12  16  1 . 648 7 1 . 480 1 . 67 1  26 . 834 
15 2 1  1 . 688 70 . 679 1 . 62 1  27 . 688 



APPEND I X  TABLE 8 . 258 

SOURCE OF VARIATION Deg rees TOTAL 
of  

Freedom 

TREATMENT 1 0 . 1409 
6 2. 345 

AGE 3 0 . 2381 
105 . 337 

L i near W7 + wg · vs W12 + W15 1 0 . 7 109 
314 . 520 

Quadrati c W7 + W15 vs W9 + W12 1 0 . 04654 
20 . 592 

Cubi c  W7 + W12 vs W9 + W15 1 0 .  000 1 1  
0 . 047 

TREATMENT x AGE ( I NTERACTION ) 3 0 . 00615 
2 .  7 2 1  

TREATMENT W7  + W9 vs W12 + W15 1 0 .  01771  
7 . 836 

TREATMENT W7 + W15 vs W9 + W12 1 0 .  001 196 
0 . 529 

TREATMENT W7 + W12 vs W9 + W15 1 0 . 00 1 144 
0 . 506 

RES I DUAL 56  0 . 002260 

TOTAL 63 

WATER ASH 

( MEAN SQUARES I F VALUES } 

2 . 640 0 . 5033 
2 . 69 1  10 . 028 

29 . 350 0 . 0549 
29 . 9 16 1 . 095 

87 . 748 
89 . 44 1  

2 . 201  
2 . 243 

0 . 0 175 
0 . 0 1 7  

2 . 087 0 . 0356 
2 . 127  0 . 708 

2 . 402 
2 . 448 

0 . 684 
0 . 697 

2 . 587 
2 . 636 

0 .  98 11  0 . 05019 

PROTE I N  

0 . 8390 
0 . 94 1  

3 1 . 907 
35 . 778 

95 . 249 
106 . 807 

2 . 034 
2 . 280 

0 . 0 153  
0 . 0 1 7  

1 .  7 1 2  
1 .  9 19 

2 . 468 
2 . 767  

0 . 397  
0 . 444 

1 .  738 
1 . 948 

0 . 89 18 

� 
lJ1 
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APPEND I X  TABLE 8 . 26A 

TOTAL CARCASS FAT- FREE  WE I GHT , AND COMPONENT PERCENTAGES 

AGE TREATMENT No . TOTAL WATER ASH PROTE I N  
( Weeks ) ( l og 1 o gms ) 

SUB CLASS MEA NS 

7 OvX W4 8 1 . 950 75 . 610 4 . 6 22 19 . 755  
7 Contro l  4 1 . 946 75 . 405 4 . 700 19 . 880 

9 OvX W4 7 2 . 1 19 74 . 990 4 . 763 20 . 23 1  
9 Control 8 2 . 052 74 . 587 5 . 062  20 . 335 

12 OvX W4 8 2 . 248 74 . 474 5 . 102  20 . 410  
12  Contro l  8 2 . 180 73 . 684 5 . 457  20 . 845 

15 OvX W4 9 2 . 346 74. 181 5 . 0 1 1  20 . 792 
15 Control 12 2 . 228 72 . 830 5 . 753 2 1 . 402  

MAIN CLASS MEANS 

OvX W4 32 2 . 173 74 . 788 4 . 882 20 . 3 15  
Contro l  32  2 . 137 73 . 805 5 . 375  20 . 806 

7 12 1 .  949 75 . 542 4 . 648 19 . 797 
9 15 2 . 083 74 . 775 4 . 923 20 . 287 

12  16  2 . 2 14 74 . 079 5 . 280 20 . 6 27  
15  21  2 . 279 73 . 409 5 . 435 2 1 . 140 



APPEND I X  TABLE 8 . 268 

SOURCE OF VARIAT ION Degrees TOTAL WATER ASH PROTE I N  
of 

Freedom ( MEAN SQUARES I F VALUES ) 

TREATMENT 1 0 .  060 1 1  6 . 9500 1 . 9994 1 . 4890 
38 . 036 - 17 . 812  16 . 072 5 . 699 

AGE 3 0 . 3 137 10 . 9667 1. 5 702 . 4 . 3427 
198 . 478 28 . 107 1 2 . 622  16 . 620 

L i near W7 + W9 vs W12 · + W15. 1 0 . 9403 32 . 674 4 . 6 190 12 . 706 
595 . 002 83. 740 3 7 . 129 48 . 630 

Quadrati c W7 + W15 vs W9 + W12 1 0 . 04066 0 . 5318 0 . 2452 0 . 0550 
25 . 726 1 . 362 1 . 97 1  0 . 2 10  

Cub i c  W7 + W12 vs W9 + W15 1 0 . 00067 0 . 045 1 0 . 03 109 0 . 1467 
0 . 423 0 . 115  0 . 249 0 . 56 1  

TREATMENT X AGE ( I NTERACTION ) 3 0 . 00777 1 . 0300 0 . 3059 0 . 2447 
4 . 9 19 2 . 640 2 . 459  0 . 936 

TREATMENT W7 + W9 vs W12 + W15 1 0 . 02057 . 2 . 7641 0 . 7 749 
13 . 0 17  7 . 084 6 . 228 

TREATMENT W7 + W15 vs W9 + W12 1 0 . 00022 0 . 0473 0 . 0 1457 
0 . 141  0 . 121  0 . 1 17 

TREATMENT W7 + W12 vs W9 + W15 1 0 . 00313  0 . 0005 0 . 05362 
1 . 983 0 . 00 1  0 . 430 

RES I DUAL 56 0 . 00 1580 0 . 3902 0 . 1244 0 . 2613  

TOTAL 63 

-..J 
-..J 
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APPEND I X  TABLE 8 . 27A 

TOTAL WHOLE BODY FAT- FREE WE IGHT ,  AND COMPONENT PERCENTAGES 

AGE TREATMENT No . TOTAL WATER ASH PROTE I N  
( Weeks ) ( l o� 0 gms ) 

SUB CLASS MEANS 

7 OvX W4 8 2 . 064 75 . 275 3 . 952 20 . 759 
7 Control 4 2 . 052  75 . 035 4 . 070  20 . 880 

9 OvX W4 7 2 . 229  74 . 646 4 . 046 21 . 293  
9 Contra 1 8 2 . 15 5  74 . 044 4 . 390 2 1 . 55 1  

1 2  OvX W4 8 2 . 35 7  73 . 805 4 . 324  2 1 . 854 
1 2  Control 8 2 . 280 73 . 231 4 . 695 22 . 05 7  

15  OvX  W4 9 2 . 448 73 . 427 4 . 281  22 . 279 
15  Control 12 2 . 325  72 . 417  4 . 94 1  22 . 627  

MAIN CLASS MEANS 
OvX W4 32 2 . 28 1  74 . 250 4 . 158 2 1 . 57 7  
Control 32 2 . 237 7 3 . 355 4 . 633  2 1 . 997  

7 1 2  2 . 060 75 . 195 3 . 992  20 . 799 
9 15 2 . 190  74 . 325 4 . 229 21 . 431  

1 2  1 6  2 . 3 18  73 . 5 18 4 . 509 21 . 956 
15  21  2 . 378 72 . 850 4 . 658 22 . 478 



APPEND IX  TABLE 8 . 27B 

SOURCE OF  VARIATION Degrees 
of  

Freedom 

TREATMENT 1 

AGE 3 

L i near W7 + W9 vs W12 · +  W15 1 

Quadrati c W7 + W15 vs W9 + W12 1 

Cubi c W7 + W12 vs W9 + W15 1 

TREATMENT X AGE ( I NTERACTION ) . 3 

TREATMENT W7 + W9 vs W12 + W15 1 

TREATMENT W7 + W15 vs W9 + W12 1 

TREATMENT W7 + W12 vs W9 + W15 1 

RES I DUAL 56 

TOTAL 63  

TOTAL WATER ASH 

( MEAN SQUARES / F VALUES ) 

0 . 07427 5 . 390 2 . 050 
46 . 5 28 15 . 631  23 . 304 

0 . 2959 13 . 713  1 . 068 
185 . 364 39 . 769  12 . 146 

0 . 8867 40 . 964 3 . 159 
555 . 495 1 18 . 80 35 . 923  

0 . 04 143 0 . 859 0 . 137 
25 . 956 2 . 49 1  1 . 553  

0 . 00048 0 . 0270 0 . 0137 
0 . 30 1  0 . 078 0 . 155 

0 . 00738 0 . 380 0 . 1901 
4 . 623  1 . 102 2 . 162 

0 . 01999 0 . 495 
12 . 524 5 . 629 

0 . 0004 0 . 00 1 1  
0 . 250 0 . 0 12 

0 . 00267 0 . 0492 
1 . 67 1  0 . 559 

0 . 001596 0 . 3448 0 . 08795 

PROTE I N  

0 . 797  
3 . 753 

7 . 181 
33 . 813  

21 . 368 
100 . 6 1 

0 . 302 
1 . 422 

0 . 0807 
0 . 380 

0 . 0343 
0 . 162 

0 . 2124  

..., 1.0 



APPENDI X  TABLE 8 . 28 BODY LENGTH : MEANS AND ANALYS I S  OF VARIANCE ANALYS IS  A 

AGE TREATMENT No . L ENGTH SOURCE OF VARIATION Degrees 
( Weeks ) of 

SUB CLASS MEANS Freedom 

12 OvX 02 8 2 1 . 556 TREATMENT 4 

12 OvX W4 8 22 . 281  1 )  Al l OvX � Contro l  + Oestrogen 1 
12  OvX W7 7 22 . 421  2 )  Control vs Oes trogen 1 
12 Control 8 2 1 . 1 7 1  3 )  OvX 02 vs- OvX W7  1 
12  Oes trogen 7 2 1 . 500 4 )  OvX W4 vs OvX 02 + OvX W7 . 1 

15 OvX 02 8 22 . 500 AGE 1 
15 OvX W4 9 23 . 4 1 1  
1 5  OvX W7 6 22 . 783 TREATMENT X AGE ( I NTERACTION ) 4 
15 Contro l  12 22 . 2 1 7  Compari son 1 )  W 1 2  vs W15 1 
15 Oes trogen 7 21 . 879 Compari son 2 )  W12 vs W15 1 

MA I N  CLASS MEANS Compari son 3) W12 vs W15 1 
Compar i son 4 )  W12 vs W15 1 

OvX 02 16 22 . 028 
OvX W4 1 7  22 . 879 RESI DUAL MEAN SQUARE 70 
OvX W7 13 22 . 588 
Control 20 2 1 . 799 TOTAL 79 
Oes trogen 14 21 . 689 

12  38 2 1 . 777 
15 42 22 . 55 1  

F 
VALUE  

12 . 1 15 

32 . 470 
0 . 000 
6 . 327  
8 . 049 

- 30 . 993  

1 . 388 
0 . 126 
2 . 414  
1 . 624 
1 . 624 

0 .  3726 

(X) 0 



APPENDIX  TABLE 8 . 29 BODY LENGTH : MEANS AND ANALYS IS  OF  VARIANCE ANALYS I S  B 

AGE TREATMENT No . L ENGTH SOURCE OF VARIATION  Deg rees F 
( Weeks ) of  VALUE 

SUB CLASS MEANS Freedom 

9 OvX D2 8 19 . 486 TREATMENT 3 20 . 893  
9 OvX W4 7 20 . 400 1 )  Al l OvX vs Contro l  1 33 . 05 1  
9 OvX W7 7 20 . 386 2 )  OvX 02 vs OvX W7 1 16 . 275 
9 Contro l  8 19 . 493  3 )  OvX W4 vs OvX 02  + OvX W7 1 12 . 758 

12  OvX 02 8 2 1 . 556 AGE 2 20 1 . 6 3 
12 OvX W4 8 22 . 28 1  
1 2  OvX W7 7 22 . 42 1  L i near (W9 v s  W15 ) 1 390 . 19 
1 2  Contro l  8 2 1 . 17 1  Quadrati c ( WI2 � W9 + W15 ) 1 18 . 1 7 1  

15  OvX 02 8 22 . 500 TREATMENT X AGE ( I NTERACTION )  6 0 . 780 

15  OvX W4 9 23 . 4 1 1  Compari son 1 )  W9 vs W15 1 
15 OvX W7 6 22 . 783 Compari son 1 )  W12vs W9 + W15 1 
15 Contro l  12  22 . 2 1 7  Compari son 2 )  W9  vs W15 1 

Compari son 2 )  W12 vs W9 + W15 1 
MA I N  CLASS MEANS Compa ri son 3 )  W9 vs W15 1 

Compari son 3 )  W12 vs W9 + W15 1 
Ovx 02 24 2 1 .  181 RES I DUAL MEAN SQUARE 84 0 . 3 1 1 7  OvX W4 24 22 . 156 
OvX W7 20 2 1 . 818 TOTAL 95 Contro l  28 2 1 . 140 

9 30 19 . 9 1 1  
12  3 1  2 1 . 839 
15 35 22 . 686 

c:o 
1-' 



APPEN D I X  TABLE 8 . 30 BODY L ENGTH : MEANS AND ANALYS I S  OF  VARIANCE ANALYS IS  C 
. 

AGE TREATMENT No . L ENGTH SOURCE OF VARIATION Degrees F 
( Weeks ) of  VALUE  

SUB  CLASS MEANS Freedom 

7 OvX D2 6 1 7 . 583 TREATMENT 2 19 . 231  

7 OvX W4 7 18 . 029 1 )  OvX 02 + OvX W4. vs Control 1 15 . 480 
7 Control 6 17 . 583 2 )  OvX 02 vs OvX W4 1 2 2 . 2 18 

9 OvX 02 7 19 . 486 AGE 3 284 . 625 
9 OvX W4 7 20 . 400 L i near W7 + W9 vs W12 + W15 1 845 . 27 9 Contro l  7 19 . 493 Quadrati c W7 +IJ15 vs W9 + W12 1 ·39 . 366 

12  OvX 02 8 2 1 . 556 Cubi c W7 + W12 vs W9 + W15 1 0 . 728 

12 OvX W4 8 22 . 281  TREATMENT X AGE ( I NTERACTION ) 6 . 655 12 Contro l  7 2 1 . 1 7 1  
Compari son 1 )  L i near 1 

15  OvX 02 8 22 . 500 Compari son 1 )  Quadrati c 1 
15 OvX W4 9 23 . 4 1 1  Compari son 1 )  Cubi c 1 
15 Contro l  12  22 . 2 1 7  Compari son 2 )  L i near 1 

Compari son 2 )  Quadrati c 1 
MA I N  CLASS MEANS Compari son 2 )  Cub i c  1 

OvX 02 29 20 . 495 RES I DUAL MEAN SQUARE 80 . 3735 

OvX W4 3 1  21 . 224 TOTAL 9 1  Control 32 20 . 523 

7 19 17 . 747  
9 2 1  19 . 793 

12 23 2 1 . 69 1  
15 29 22 . 666 

(X) 1\.) 
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APPEND I X TABLE 8 . 3 1 · sKI N ALLOMETRY 

EQUATI ONS 

Treatment No . �Jet Dry Water Fat Ash Prote i n  

OvX 02 24 S l ope 3 . 41 58 3 . 6535 3 . 1828 3 . 47 1 7  3 . 5325 3 . 8326 
Const  -280 . 064 -350 . 817  -271 . 9 18 ·-363 . 372 -483 . 504 -40 1 . 796 

. .  

OvX W4 32 S l o pe 3 . 2810 3 . 8925 2 . 8921 4 . 3888 2 . 6536 3 . 6240 
Const  -263 . 895  -385 . 685 -234 . 087 -491 . 102 -368 . 634 -375 . 260 

OvX W7 20 S l ope 2 . 6011  3 . 5 166 2 . 0083 3 .  7767 2 . 3410  3 . 3420 
Const  - 172 . 467  -335 . 822 - 1 14 . 778 -410 . 739 -325 . 293  -337 . 323 

Control 32 S l ope 2 . 609 1 2 . 7904 2 . 4379 2 . 4839 2 . 1425 3 . 0501  
Const  - 180 . 37 1  -244 . 167  .:.179 . 925 -243 . 7 18 -302 . 067  -303 . 483 

Estrogen 14 S l ope 3 . 7226 4 '. 1050 . 3 . 4351 4 . 8310 4 . 7993 3 . 5449 
Const  -328 . 746 -418 . 100 -313 . 748 - 556 . 300 -657 . 680 -367 . 536 

ANOVA AND COMPARI SONS 
Sourc e  of ( F  Va l ues  and S i gn i f i cances ) Var i at ion  OF  

Non Para 1 1  el i sm 4 7 . 264 5 . 461 4 . 143 3 . 808 2 . 76 1  3 . 831  

Al l OvX vs 1 * * 
Contro l+ EB 

* * + * * 

Control · vs EB 1 

OvX 02  vs  1 * * 
OvX W7 

D2 + W7 vs 
OvX H4 

Sl o pe 1 2208 . 07 1 195 . 42 1 108 . 36 303 . 69 284 . 58 2240 . 99 

Pos i t i on 4 31 . 465 14 . 0 15  33 . 877 7 . 184 NS 15 . 494 

Al l OvX vs 1 * * * * * * 
Contro l+ EB 

Contro l  vs 
E strogen 1 

OvX D2  vs 1 * * * 
OvX W7 

D2+W7 · vs 1 
OvX W4 

ERROR (MS )  1 1 3  7 . 8982 14 . 252  9 . 388 6 1 . 106 33 . 9 75 7 . 389 

+ p > . 05 <� . 10 
* p < . 05 

** p < . 01 
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APPEND l X  TABLE 8 . 32 CARCASS ALLOMETRY 

EQUATIONS 

Treatment No . Wet Dry Water Fat Ash Protei n  

OvX 02 25  Sl ope . 3 . 4633 3 . 7640 3 . 5678 4 . 1655 3 . 7932 3 . 6496 
Const  - 237 . 4 10 ... 330 . 790 - 266 . 354 -460 . 701  -413 . 458 -333 . 398 

OvX W4 32  S l ope 3 . 443� 3 , 6942 3 . 3421  4 . 0924 3 . 7383 3 . 5905 
Const . -235 . 739 ...3 22 . 443 �237 . 3 26 -449 . 701 -408 . 273  -326 . 784 
Sl ope 3 . 9988 4 . 5783 3 . 7545 4 . 8427 4 . 3985 4 . 5 124 

OvX W7 20 Const -310 . 2 12 -440 . 499 - 292 . 853 -54 8 . 563 -495 . 846 -450 . 49 1  

Control  ' 32  Sl ope 3 . 0040 3 . 4 256 2 . 8226 3 . 7417  3 . 7999 3 . 24 18 
Const  - 1 78 . 6 10  -285 . 530 - 1 70 . 635 - 398 . 594 -413 . 105 -280 . 75 1  

Oestrogen 14 S l ope 3 . 6202 3 . 9482 3 . 4486 5 . 5409 4 . 4991  3 . 22 1 7  
Cons t  - 259 . 749 -352 . 598 -253 . 840 -630 . 109 - 504 . 020 -277 . 386 

ANOVA AND COMPAR I SONS 
Source of  { F  Va l ues and S i gn i fi cances )  
Var i ati on DF 

Non Para l l e l i sm 4 6 . 440 3 . 642 6 . 544 NS NS  5 . 187 

Al l OvX v s  1 * * * * * 
Contro l+ EB  

· Contra 1 vs  E B  1 
-

OvX 02 vs 1 + + + OvX W7 
-

02 + W7 vs  1 OvX W4 

Combi ned s l ope 1 4524 . 7  2508 . 1  3083 . 2  406 . 97 1878 . 6  2669 . 2  

Pos i ti on 4 2 . 507 5 . 162 6 . 897 10 . 3 14 9 . 736 NS  

Al l OvX vs  
Control+ EB 1 * * * 

Contro l vs  EB 1 
OvX 02 vs  OvX W7 1 + + 

02 + W7 v s  
OvX W4 1 

Error { MS )  1 13  4 . 523 7 . 495 4 . 740 56 . 329 1 0 . 7 1 3 6 . 535 
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APPEND I X  TABLE 8 . 33 WHOLE BODY ALLOMETRY 

EQUAT IONS 

Trea tment No . Wet Dry Water Fa t  Ash Prote i n 

OvX 02 24 Sl ope 3 . 4478 3. 7242 3 . 4838 3 . 7970 3 .  7 705 3 . 6987 
Const  ·-223 . 150  -309 . 330 -244 . 764 -378 . 902 -406 . 699 -326 . 475 

OvX W4 32 S l ope 3 . 4042 3 . 7 534 3 . 2458 4 .  2365 3 . €485 3 . 6004 
Con st  -218 . 51 6  -314 . 826  -214 . 055 -439 . 694 -392 . 560 -314 . 641  

OvX W7 20  Sl ope 3 . 65 13  4 . 2595 3 . 3638 4 .  334 1 4 . 2 249 4 . 1924 
I Const  - 251 . 578 -382 . 488 -229 . 875 -452 . 704 -468 . 855 -394 . 055 

Control 32 Sl ope 2 . 9145  3 . 2463 2 . 7453 3 . 1595 3 . 6678 3 . 1938 
Const  - 155 . 757 -247 . 97 1  - 150 . 696 -296 . 740 - 39 2 . 136 -261 . 989 

14 Sl ope 3 . 6450 3 . 9922 3 . 4508 5 . 2687 4 . 5218 3 . 3 166 
Oestrogen · Const  -252 . 344 -345 . 162  -244 . 718 - 572 . 882 -503 . 973 -277 . 374 

ANOVA and COMPAR I SONS 
Source of (F Va l ues and S i gn i f i ca nces ) 

Vari ati on OF 

Non Para l l e l i sm 4 6 . 604 3 . 699 5 . 447 NS NS 4 . 663 

Al l OvX vs 1 * * + * * * 
Contro l+ EB 

Contra 1 · vs EB 1 . 
OvX 02 vs 1 OvX W7 
02 + W7 vs 1 OvX W4 

Combi nedSl ope 1 2416 . 1  2986 . 6  390 . 46 1 966 . 5  3264 . 1  

Pos i ti on 4 8 . 657 NS 14 . 894 NS 8 . 358 2 . 627  

Al l OvX vs 1 * * * * * 
Contro l+ EB 

Control vs EB 1 

OvX 02 vs OvX 1 
W7 

02 + W7 vs 
OvX W4 1 

ERROR (MS )  1 1 3  4 . 1 1 1  7 . 567  4 . 572 53 . 280 9 . 7 26 5 . 274 
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APPEN D I X  TABLE 8 . 34A 

SKI N ' COMPONENTS AS % WHOLE  BODY COMPONENTS 

AGE TREATMENT NO TOTAL WATER OM FAlf ASH PROTEI N  
(Weeks ) SUB CLASS MEANS 

12  OvX 02 · a 24 . 801  21 . 931  31 . 170  54 . 142 8 . 296  27 . 146 
12 (\)vX W4 8 24 . 269 21 . 562  30 . 042  48 . 264 8 . 226 27 . 402  
12  OvX W7 . ·, 7 23 . 330 2 0 . 887 28 . 513  45 . 394 8 . 156  26 . 204 
12  Control 8 22 . 194 1 9 . 997  26 . 7 1 6  41 . 664 7 . 644 24 . 860 
12 Oestrog_en 7 22 . 357 20 . 336 26 . 547  38 . 224 6 .  776 26 . 31 1  

1 5  ovx 02 8 23 . 540 20 . 237 30 . 200 50 . 74 1  7 . 844 26 . 089 
1 5  · OvX W4 9 23 . 514 20 . 099 30 . 408 50 . 1 53 7 . 399  26 . 182 
1 5  OvX W7 6 23 . 335  20 . 390 29 . 1 35 46 . 908 7 . 17 5  25 . 933 
1 5  Contro l 1 2  21 . 991  1 9 . 590 26 . 688 42 . 778 6 . 901  24 . 394 
1 5  Oes trogen 7 21 . 379 18 . 6 13  26 . 234 38 . 023 6 . 969  24 . 373  

MAI N  CLASS MEANS 

OvX 02 16 24 . 17 1  21 . 084 30 . 685 52 . 442 8 . 070  26 . 617  
OvX W4 1 7  23 . 869 20 . 788 30 . 236 49 . 264 7 . 788 26 . 756 
OvX W7 1 3  23 . 332 20 . 658 28 . 800 46 . 093 7 . 703  26 . 079 
Control 20 22 . 072  19 . 753 26 . 699 42 . 332 7 . 198 24 . 580 
Oestrogen 14 21 . 868 1 9 . 474 26 . 391 38 . 124 6 . 87 2  25 . 342 

12 38 23 . 419  20 . 960 28 . 654 45 . 734 7 . 838 26 . 392 
1 5  42 22 . 702 19 . 774 28 . 428 45 . 673 7 . 238 2 5 . 316  



SOURCE OF VAR IATION 

TREATMENT 

1 )  Al l OvX vs  Control + 
Oestrogen 

2 )  Contro l  � Oestrogen 

3 )  OvX 02 � OvX W7 

4 )  OvX W4 vs  OvX 02 + 
OvX W7 -

AGE 

Treatment x Age 
( Interacti on ) 
Compari son 1 )  W12 � W15 

Compari son 2 )  W12 � W1 5 

Compar i son 3 )  W12  � W15 

Compari son 4 )  W12 vs  W15  

RES I DUAL 

TOTAL 

APPEND IX  TABLE 8 . 34B 

Degrees 
of TOTAL WATER 

Freedom 
4 1 7 . 572 7 . 5725  

23 . 234 1 0 . 866 

1 62 . 397  27 . 965  
82 . 501 40 . 127  

1 0 . 4078 (JQ . 8263 
0 . 539 1 . 185  

1 5 . 0218 1 . 4208 
6 . 639 2 . 038 

1 0 . 2086 0 . 0100 
0 . 275 0 . 014 

1 7 . 9000 25 . 947  
10 . 445  3 7 . 232  

4 1 . 0652 1 . 6925 
1 . 408 2 . 429 

1 0 . 0298 0 .  0 1 10  
0 . 039 0 . 158 

1 1 . 2 18 3 . 502 
1 . 6 10 5 . 025 

1 2 . 866 2 . 559 
3 . 788 3 . 672  

1 0 . 0423 0 . 3605 
0 . 055 0 . 5 1 7  

70  0 . 7 563 0 . 6969 

79  

( MEAN SQUARES I F VALUES ) 
OM FAT 

63 . 064 493 . 60 
36 . 801  79 . 485 

213 . 71 1561 . 3  
1 24 . 7 1 1  251 . 422 

0 . 7860 135 . 93 
0 . 458 21 . 889 

24 . 76 1  282 . 9  
14 . 449 45 . 554 

2 . 357 0 . 0825 
1 . 375 0 . 013  

0 . 0820 0 . 6400 
0 . 048 0 . 103 

1 . 4502 18 . 525 
0 . 846 2 . 983 

0 . 9803 
0 . 157  

3 . 506 
0 . 564 

43 . 18 
6 . 953 

21 . 35 
3 . 437 

1 .  7 1 37 6 . 2100 

ASH 

3 . 3939 
3 . 616  

1 1 . 398 
1 2 . 146 

\· 1 . 296 
1 . 381  

1 . 1 17  
1 . 247  

0 . 0323 
0 . 034 

6 . 1251  
6 . 527 

0 . 7651  
0 . 81 5  

9 . 3843 

PROTEI N  

14 . 353 
1 0 . 068 

42 . 94 
30 . 1 20 

4 . 140 
2 . 903 

2 � 152  
1 . 509 

2 . 147 
1 . 505 

1 9 . 023 
13 . 344 

1 . 5945 
1 . 1 18  

1 . 4256 

(X) --.1 
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APPEND I X  TABLE 8 . 35 A 

SKI N COMPONENTS AS % WHOLE BODY COMPONENTS 

AGE TREATMENT NO TOTAL WATER OM FAT ASH PROTE I N  
(Weeks ) SUB CLASS MEANS 

� 

9 OvX 02 8 25 . 14 1  22 . 009 31 . 830 54 . 376 8 . 787 26 . 496 
9 OvX W4 7 24 . 420 22 . 023 29 . 659 48 . 393 8 . 610  26 . 244 
9 OvX W7 7 26 . 230 23 . 884 31 . 48 1  49 . 306 9 . 427 28 . 459 
9 Control 8 23 . 086 20 . 584 28 . 356 44 . 687 9 . 102 25 . 601  

12  OvX 02 8 24 . 801 21 . 931  31 . 170  54 . 142 8 . 296 27 . 146 
1 2  OvX W4 8 24 . 269 21 . 562  30 . 042  48 . 264 8 . 226 27 . 402 
12 OvX W7 7 23 . 330 20 . 887 28 . 5 1 3  45 . 394 8 . 156 26 . 204 
1 2  Control 8 22 . 194 1 9 . 997  26 . 7 16  41 . 664 7 . 644 24 . 860 

1 5  OvX 0 2  8 23 . 540 20 . 237 30 . 200 50 . 741 7 . 844 26 . 089 
1 5  OvX W4 9 23 . 514 20 . 099 30 . 408 50 . 1 53 7 . 399 26 . 182 
15 OvX W7 6 23 . 335 20 . 390 29 . 135  46 . 908 7 . 175  25 . 933 
1 5  Contro l 1 2  2 1 . 991 1 9 . 590 26 . 688 42 . 778 6 . 9G l  24 . 394 

MA I N  CLASS MEANS 

OvX 02 24 24 . 494 21 . 392  31 . 067  53 . 087 8 . 309 26 . 577 
OvX W4 24 24 . 030 21 . 148 30 . 067 49 . 010  8 . 028 26 . 607 
OvX W7 20 24 . 346 21 . 787 29 . 738 47 . 2 17  8 . 306 26 . 9 12 
Control 28 2 2 . 362 1 9 . 990 27 . 173  43 . 005 7 . 742  24 . 872 

9 30 24 . 679  22 . 070 30 . 3 16  49 . 213  8 . 979 26 . 657 
1 2  3 1  23 . 659 21 . 101  29 . 130 47 . 430 8 . 078 26 . 410 
1 5  35 2 2 . 967 20 . 006 28 . 867  47 . 203 7 . 29 1  25 . 505 



APPEND I X  TABLE  8 . 358 

SOURCE OF VAR IATION Degrees TOTAL WATER OM FAT ASH PROTEIN  
o f  

( MEAN SQUARES I F VALUES) Freedom 

TREATMENT 3 23 . 101  1 3 . 07 1  67 . 545 439 . 34 0 . 9236 19 . 45 1  
23 . 414 1 5 . 822 28 . 066 61 . 206 0 . 925 1 3 . 162 

1 ) Al l OvX Y! Control 1 66 . 845 37 . 202 1 75 . 31 864 . 13 57 . 783 
67 . 750 45 . 029 72 . 845 1 2 0 . 386 39 . 102 

2 ) OvX 02 vs OvX W7 1 0 . 4172  1 . 170 20 . 028 376 . 59 0 . 904 
0 . 422 1 . 416  8 . 32 1  52 . 464 0 . 61 1  

3 ) OvX W4 Y! OvX D2+0vXW7 1 1 . 658 1 . 657 1 . 903 22 . 422 0 . 191 
1 . 680 2 . 005 0 . 790 3 . 123 . 0 . 129 

AGE 2 20 . 555 31 . 979 14 . 826 29 . 005 2 1 . 355 8 . 8870 
20 . 834 38 . 708 6 . 160 4 .04 1 2 1 . 39 1  6 . 014 

Li near ( W9 Y! W15 ) 1 4 1 . 312  6 5 . 535 23 . 45 1  37 . 390 42 . 742 17 . 279 
4 1 . 872 79 . 324 9 . 744 5 . 208 42 . 81 3  1 1 . 692 

Quadra ti c  ( W1 2  v s  W9+W15 ) 1 1 . 386 0 . 00 1 1  7 . 680 22 . 892 0 . 1 17 1 . 079 
1 . 404 0 . 00 1  3 . 191  3 . 189 0 . 1 17 0 . 730 

Treatment x Age ( I nteraction ) 6  3 . 1063 3 . 9033 5 . 2800 1 9 . 7500 1 . 0114 4 . 3817 
3 . 148 4 . 725 2 . 194 2 . 751  1 . 013 2 . 965 

Compari son 1 ) W9 Y! W15 1 1 . 665 6 . 587 1 . 174 0 . 788 0 . 146 
1 . 687 7 . 973 0 . 487 0 . 109 0 . 098 

Compari son 1 ) W12 Y! W9 + W15 1 0 . 054 0 . 0491 0 . 283 7 . 561  0 . 979 
0 . 054 0 . 059 0 . 1 1 7  1 . 053 0 . 662 

Compari son 2 ) W9 Y! W15 1 2 . 99 1  5 . 306 0 . 91 7  2 . 738 8 . 015  
3 . 031 6 . 422 0 . 381 0 . 381 5 . 424 

Compari son 2 ) W12 Y! W9+W1 5 1 8 . 976 10 . 389 9 . 329 45 . 274 8 . 352 
9 . 098 1 2 . 574 3 . 876 6 . 307 5 . 652 

Compari son 3 ) W9 Y! W15 1 4 . 57 7  1 . 276 19 . 026 57 . 932 5 . 007 
4 . 638 1 . 544 7 . 905 8 . 070 3 . 388 

Compari son 3 ) 1 2 . 190 1 . 798 2 . 369 0 . 681 5 . 451 
W12 vs W9 + W15 2 . 219 2 . 175  0 . 984 0 . 094 3 . 688 

RESIDUAL - 84 0 . 9866 0 . 8262 2 . 4067 7 . 1780 0 . 9983 1 . 4 777 

TOTAL 95 00 
\0 
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APPENDIX  TABLE 8 . 36A 

SKI N COMPONENTS AS % WHOLE BODY COMPONENTS 

AGE TREATMENT NO TOTAL . WATER DH FAT ASH PROTE I N  

SUB ClASS MEANS 

7 OvX W4 8 24 . 662 2 2 . 61 0  29 . 456 47 . 902 9 . 887 26 . 67 0  
7 Control 4 23 . 820 2 1 . 140 29 . 863 51 . 065  9 . 620 25 . 283  

9 OvX W4 7 24 . 420 2 2 . 023 29 . 659 48 . 393 8 . 61 0  26 . 244 
9 Control 8 23 . 086 2 0 . 584 28 . 356 44 . 687 9 . 102  25 . 60 1  

1 2  OvX W4 · a 24 . 269 2 1 . 562 30 . 042 48 . 264 8 . 226  27 . 402  
12  Control · a 22 . 1 94 1 9 . 997 26 . 7 16 41 . 664 7 . 644 24 . 860  

. ·  15  OvX  W4 9 23 . 51 4  20 . 099 30 . 408 50 . 1 53  7 . 399  26 . 182 
. · 1 5  Control 1 2  21 . 991  1 9 . 590 26 . 688 42 . 778 6 . 90 1  24 . 394 

MAI N  CLASS MEANS 

OvX W4 32  24 . 188 2 1 . 5 1 3  29 . 9 1 5  48 . 733  8 . 493 26 . 6 23  
Control 3 2  22 . 559 2 0 . 146 27 . 509 44 . 01 3  7 . 977  24 . 923 

7 . 1 2  24 . 382  2 2 . 1 20 29 . 592 48 . 957  9 . 798 26 . 207 
9 . 1 5  23 . 709 2 1 . 255 28 . 964 46 . 41 7  8 . 873  2 5 . 901  

. 12  1 6  23 . 23 1  2 0 . 780 28 . 379 44 . 964 7 . 935 26 . 13 1  
.· 1 5  21  22 . 644 1 9 . 808 28 . 282 45 . 939  7 . 1 1 4  25 . 160  



SOURCE OF VAR IATION  Degrees 
of 

Freedom 

TREAlMENT 1 

AGE 3 

L i near W7 + W9 vs 1 
W12 + W15  
Quadrati c W7  + W15  � 
W9 + W12  

1 

Cubi c W7 + W12  vs  1 
W9 + W15  

Treatment x Age 3 
( I nteracti o n )  
Treatment at  W7 + W9 vs 1 
W1 2+W15 
Treatment at  W7 + W15  vs 1 
W9 + W12 

Treatment  at  W7 + W12 · vs 1 
W9 + W15  
RES IDUAL ( Error )  56 

TOTAL 63  

APPENDIX  TABLE 8 . 368 

( MEAN SQUARES I F VALUES ) 

TOTAL WATER OM FAT 

30 . 671  22 . 836 58 . 004 1 93 . 77 
32 . 8 18 27 . 256 26 . 806 23 . 622 

6 . 146  1 1 . 628 4 . 218  44 . 017  
6 . 576  13 . 879  1 . 949 5 . 362  

18 . 1 50 32 . 400 7 1 . 046 
1 9 . 420 38 . 669 8 . 6 57 

0 . 125  0 . 0987 86 . 603 
0 . 133 0 . 1 17 : 0 . 553 

0 . 0212  0 . 3205 0 . 0522 
0 . 022 1 . 827 . 0 . 006 

0 . 8607 1 . 1 27 1 2 . 602 73 . 067  
0 . 921 1 . 346 5 . 824 8 . 900 

36 . 9 15  202 . 29 
1 7 . 059 24 . 651  

3 . 368 4 5 . 707 
1 . 556 5 . 570  

0 . 1 1 7  5 . 550 
0 . 054 0 . 676 

0 . 9346 0 . 8378 2 . 1638 8 . 2059 

ASH 

0 . 6732 
0 . 553 

18 . 662  
1 5 . 326 

55 . 426 
45 . 5 1 7  

0 . 644 
0 . 528 

0 .  0677 
0 . 055 

0 . 9389 
0 . 77 1 '  

1 . 21 77  

PROTEI N  

37 . 2 14  -

25 . 621  

2 . 5543 
1 . 759 

2 . 4 1 70 
1 . 664 

1 . 4525 

1.0 f-' 
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