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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 

1 

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 .  




