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The Influence o£ General Body Size on the Body Proportions in Man 
and Other Primates' 

By E. L. BON~ (Louvain 2, Belgium) 

The relation between general body size and the size 
of bodily parts began to be investigated about two 
centuries ago by ROBINSON a and by YON HALLER 4 who 
can be considered the discoverers of the laws of allo- 
metric growth. Soon it could be clearly demonstrated 
that, e.g., brain weight and the volume of the heart and 
of the eyes retain no constant relation to body size, but 
become proportionately smaller with increase in the 
general size of the animal, also in the small young these 
organs are relatively larger than in corresponding fully 
grown specimens. During the last 60 years, a great 
many papers have appeared dealing with allometric 
problems. H U X L E Y  5, HAMMOND 6, LATIMER a n d  A I K -  

MAN 7, T E I S S I E R  8, and SCHULTZ 9 have studied some 
phases of this problem, while D'ARcY THOMPSON 1°, 
H E R S C H  11, R O B B  1~, OSBORN la, L U M E R  14, G R A Y  15, and 
others have dealt chiefly with its phylogenetic aspects. 
HALLER'S allometric law, expressing the relative 
reduction of the parts in relation to increasing body 
size, has been tested for many structures, e.g. for the 
brain weight by CUVIER 16, SNELL 17, KEITH ~8, DUBOlS ~9, 
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In spite of so many investigations dealing with 
different aspects of allometry, the influence of general 
body size on the relative dimensions of the parts within 
homogenous groups or definite species deserves further 
study, particularly in man. Relevant observations 
were undertaken by PFITZNER 1, BERTILLON 2, H A N -  

SEN 3, !-'~[ANOUVRIER 4, HARRIS 5, a n d  BACH 6, b u t  

without very definite conclusions. 
The writer has at tempted to analyze the influence 

of body Size on the size of a considerable number o f  
different bodily dimensions in a very extensive series of 
human beings and in some other primates. This study, 
which promised to have a significant bearing on many 
anthropological problems, was undertaken at the sug- 
gestion and with the help of the writer 's  teacher, Prof. 
ADOLPH H. SCHULTZ, in the Anthropological Institute 
of the University of Ztirich. In this greatly condensed 
English abstract of the work, published in detail (and 
in French) elsewhere 7, only the most essential facts, 
methods and results will be enumerated as follows : The 
entire analysis is based on measurements on a total of 
68,040 adult individuals belonging to 63 human 
populations, roughly two thirds male and one third 
female, a n d  measurements on a total of slightly over 
2~00 m6nkeys and apes. This entire mass of data had 
been exclusively collected by others and for different 
purposes; a large part could be obtained from the 
literature and a smaller, unpublished part  had very 
kindly been placed at the writer's disposal by a number 
of anthropologists. I t  seems certain, therefore, that  all 
these individual measurements are free from any 
subconscious idea of allometry. Determined by the 
nature of the available data, this s tudy deals chiefly 
with homogenous groups of adult man, while onto- 
genetic a s  well as phylogenetic questions could be 
investigated in only a preliminary way. The following 
measurements were selected for analysis: sitting 
height, t runk height, length of limbs and of all main 
limb segments, breadths of shoulders, hips and pelvis, 
total and upper face height, nose height; head length, 
and head breadth, or whenever given as such, mean 
head diameter. For a variety of good reasons, stature 
was considered as meaningless or as even misleading 
for the purposes of this study in which sitting height 
represents a far more suitable measure of body size. 
The absolute measurements of the bodily par ts  were 
all calculated by the writer from the original data in 
percentage of the trunk height. 

1 W. PFITZNER, Morphol. Arbeit. 2, 93 (1893); 7, 473 (1897); 
Z. Morphol. Anthropol. 3, 485 (1901); 5, 20l (1903). 

A. BERTILLOU, Rev. Sci. Paris 17, 524 (1889). 
3 S. HA.riSEN, Arch. Anthropol. ZO, 321 (1892). 
4 L. MANOVVRmR, Bull. M6m. Soc. Anthropol. Paris 2, 1 (190"2). 
5 j .  A. HARRXS, Amer. Natural. 58, 254 (1924). 
s F. BACH, Z. Konst. lZ, 469 (19~26) ; 13, 219 (19~7) ; 16, ~8 (1932). 

L'in]luence de la haule~r du buste sur l'allomdtrie des segments 
particuliers chez l'homme et divers autres primates, Arch. suisses An- 
thropol, g6n. (Geneva), 18, 1-192 (1953), 79 tables, 19 figures. 

Every population was scaled according to increasing 
sitting height. The indices of the segments S have been 
calculated as S • 100/T (T -- t runk height). In order 
to distinguish any modification of the index, i.e. its 
increase or decrease from one extreme size-class of the 
population to the other extreme size-class, each popu- 
lation has been divided into 4 groups of an equal 
number of individuals; in such a manner that  the first 
(I) of them contains the smallest sitting heights, the 
fourth one (IV) the largest. In each group and for 
every dimension referred to, the average index has 
been calculated. The indices compared furnish a 
quantitat ive expression of the modification of the 
segment under consideration throughout the popula- 
tion, in relation to its increasing general body size. The 
difference between the average indices I and IV shows 
in some few instances an increase or, more generally, a 
decrease of a few units. In order to compare various 
segments and their reciprocal modifications, this 
difference had to be put  in relation to the absolute value 
of the corresponding index according to the following 
formula: 

SI • 100 SIV" 100 

100 TI  TIV __ I 0 0 T I  ( S I  SlY ) 
S I "  100 SI  TI  T lv  

TI  

This expression, which was called "Growth reductional 
coefficient" or G.R.C., has been provided with a 
positive or negative sign, according to the increase or 
the decrease of the indices respectively. 

A generally valid, negative or decreasing allometry 
has been clearly demonstrated in 42 human adult 
populations, and for 17 proportions. I t  was present in 
94"88~o of all the cases, and the G.R.C. averages 
--4.873. Increasing sitting height causes an evident 
decrease of the relative dimensions of many parts of 
the body. This reduction i s most pronounced in head 
and face dimensions. Next come the lower and upper 
extremities with their parts: the distal segments (foot 
and hand) are in all cases more affected than the 
proximal (thigh and upperarm), and these are more 
affected than the intermediate ones (leg and forearm). 
These results confirm mathematically, and by new 
evidence, the old observation of the important  role of 
the distal segment of the caudal extremity in increasing 
body size. The relative breadth of the pelvis is the least 
reduced dimension, although it, too, shows a marked 
reduction. 

Evidence of a sexual difference in reference to this 
problem is not clearly present ill human populations. 
In the Figure, the two lines for both sexes of the average 
G.R.C. are very near each other at most places. How- 
ever, the size of some coefficients seems to indicate a 
sexual influence. The reduction of relat ive dimensions 
with increasing sitting height is less pronounced among 
women in several segments of the lower extremity, but 
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Table/.-Average G r o w t h  r e d u c t i o n a l  coe f f i c i en t s  in  h u n m n  a d u l t  p o p u l a t i o n s  w i t h  r e f e r ence  to  sex a n d  race  

T o t a l  

Race  U p p e r  
ex t r e -  
m i t y  

W h i t e s  . . - 6 . 8 5  

N e g r o i d s  . - 3"31 
A l l  
p o p u l a t i o n s  I - 4 " 6 4  

W h i t e s  . . - 5 . 0 4  
A l l  

) o p u l a t i o n s  ~ - 4 -31  

Upper-arm Fore-arm ] 1HnagMh 

l e n g t h  l e n g t h  

-- 5-81 - 5 "29  -- 5"73  

-- 2 -51  -- 3"10  -- 3"62 

-- 3-87 -- 3"83  -- 4"77  

-- 4 " 8 4  - 5"49  -- 4 "22  

- - 4 " 2 6  -- 3"51 - - 4 " 6 5  

T o t a l  
I o w e r  T h i g h  
ex t re -  l e n g t h  
m i t y  

- 4 - 3 0  - 4 . 8 7  

- 3 -62  - 2 -68  

- 4 . 6 3  - 4 . 4 9  

- 3 -27  - 7 -03  

- 6 -05  - 7 . 0 3  

I n c l u d i n g  o t h e r  p o p u l a t i o n s  be s ide s  W h i t e s  a n d  N e g r o i d s .  
( L e n g t h  + B r e a d t h ) / 2 .  

-- 5 . 4 5  - 6 . 3 4  

- 1 .90  -- 4 "46  

- 3-82 - 5 -12  

- 5 -78  -- 5"41 

- 5 . 7 8  - 5 . 3 0  

Bis-  , Bi-  A v e r -  A v e r -  T o t a l  U p p e r  Nose  
age  L e g  F o o t  s p i n a l  I c r i s t a l  F a c e  F a c e  

l e n g t h  l e n g t h  ~ H e a d  h e i g h t  age  
b r ead th lb r ead tb  d i a m 3  h e i g h t  h e i g h t  F~.R.C. a 

- 6 " 7 9  - 5 . 5 5  - 6 . 1 8  - 6 , 0 6 1  
(74) 

- 3 . 77  - 3-94 - 6 -07  - 4 .091 

(83) 
- 5 . 8 4  - 4 . 3 6  - 5 - 8 0  - 4 . 8 6  

(204)  
i -  4 . 9 7  - 4 . 3 0  - 4 . 9 7  - 5 -43  

(59) 
- 1 .93  - 2 . 1 4  - 4 . 9 7  - 4 . 8 8  

(89) 

I n  p a r e n t h e s i s ,  t h e  n u m b e r  of c a l c u l a t e d  G r o w t h  r e d u c t i o n a l  
coef f ic ien ts ,  

- 8 , 0 1  - 7 . 1 6  - 5 . 8 5  

- 7-43 i -  4 . 4 2  - 3"60 
i 

- 7 . 4 2  - 5"26  J - 4"21 

- 7 " 5 5  - 5 ' 5 9  - 5"51 

- 8 . 0 8  - 5 . 5 9  - 4 , 1 3  

more so in diameters of the pelvis. I t  is a common place 
that a relatively wide pelvis and relatively short ex- 
tremities are feminine secondary sexual charactersh 
The corresponding G.R.C.s seem to indicate that  tall 
women show these sexual characteristics more clearly 
than do small women. 

~ ~ ' ~  ~ ~ 

~ ~ ~ ~ 
~ .~ .~ .~ ~ ~ g ~ ~ ~ ~ ~ 
. . . .  ~ ~  ~ 
~ ~  o ~ o  ~ 

. 8  

_7 

~ 6  

. 4  

. 3  

- 2  

A v e r a g e  g r o w t h  r e d u c t i o n a l  coe f f i c i en t  ( h u m a n  ad.  popu l . )  

..................... m a l e s  f ema les  

The average G.R.C.s are less marked in Negroes than 
in white races. The difference is quite evident for each 
studied segment and is usually larger than two units; 
its maximum is found in the leg, its minimum in the 
average head diameter and the nasal height. An 
increase of general body size determines again the 
negative allometry of body parts, but this influence is 
much less pronounced in Negroes than among Euro- 

1 N e w  e v i d e n c e  o n  t h i s  f a c t  ha s  b e e n  f o u n d  i n  t h e  p r e s e n t  work ,  
b y  c o m p a r i n g  a b s o l u t e  d i m e n s i o n s  a m o n g  i n d i v i d u a l s  of b o t h  sexes  
and  of  t he  s a m e  s i t t i n g  h e i g h t  i n  a s i n g l e  p o p u l a t i o n ,  t h u s  e l i m i n a t i n g  
the  p s e u d o - s e x u a l  i n f l u e n c e  of  g e n e r a l  b o d y  size. 

peans. The Negro is macroscelic and the distal segment 
is mainly responsible for the elongation of the lower 
extremity. The Negro further has one of the shortest 
noses ever measured in anthropology. Both racial 
features are more clearly manifested in tall people, 
since the leg is relatively least and the nose relatively 
most reduced. Table I shows the average G.R.C. for 
both sexes and in the main racial groups. 

In infra-human primates, the same general allo- 
metric law has been tested and found to exist. Again 
increasing body size in a homogeneous adult population 
has a negative, i.e. decreasing influence on the relative 
dimensions of various parts. I t  can be demonstrated in 
about 98% of all cases. This reduction is more pro- 
nounced in the platyrrhine primates than in the 
catarrhines. Table I I  shows the average G.R.C. and 
compares them with the corresponding values in adult 
man. The gibbons have constantly greater, the 
chimpanzees smaller coefficients than man. A sexual 
difference, as far as our problem is concerned, is much 
more marked among monkeys and apes: the males show 
a much greater negative allometry than the females of 
the same group. 

The connections between this negative allometry 
and age changes, hybridization and changes due to 

Table//.-Average g r o w t h  r e d u c t i o n a l  coe f f i c i en t s  i n  p r i m a t e s  ( a d u l t s  
of b o t h  sexes) 

S e g m e n t  

T o t a l  U p p e r  e x t r e m i t y  
U p p e r  a r m l e n g t h  . . 
F o r e a r m  l e n g t h  
H a n d  l e n g t h  
T o t a l  l o w e r  e x t r e m i t y  
T h i g h  l e n g t h  
L e g  l e n g t h  
F o o t  l e n g t h .  
U p p e r  f a c e  h e i g h t  . . 

A v e r a g e  s e g m e n t  . . 

• - 6 "24  
- 5"98 
- 7 . 4 9  

- 6 " 2 4  
- 6 . 2 2  
- 6 - 9 6  

• - 9 " 1 4  

. - 6 " 8 9  

- 5 . 9 3  -- 4 . 5 5  
- 6 . 1 2  - 3 . 9 8  
- 5 . 3 7  - 3 . 7 4  
- 6 . 3 4  - 4 . 7 3  
- 5 . 5 1  - 5"22  
- 6 " 0 0  i _  5 . 1 7  
- 5 " 1 6  - 4 " 3 1  

- 6 " 3 6  - 5 "18  
- 4 " 1 9  

- 5 "84  - 4 . 5 6  

P l a t . y r - G i b b o n  M a n  C M m -  I n f r a -  h u m a n  
rmman[ I nzce catarrh. 

- 3 . 0 9  - - 4 . 5 5  

- 4 . 5 0  - 5 . 4 2  
- 2 . 4 0  - 3 .95  

- 3 " 7 5  - 5"05 
- 2 . 1 0  

- 3 . 4 3  - 4 . 2 1  
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m i g r a t i o n  h a v e  b e e n  s t u d i e d  for  t h e  d i s s e r t a t i o n  in  a 

p r e l i m i n a r y  w a y  o n  a l i m i t e d  a m o u n t  of  d a t a .  I n  

t h i s  a b s t r a c t  i t  c a n  m e r e l y  b e  m e n t i o n e d  t h a t  i t  w a s  

f o u n d  t h a t  in  m o s t  F ~ - h y b r i d  g r o u p s  a n  i n c r e a s e d  

s i t t i n g  h e i g h t  w a s  a c c o m p a n i e d  b y  r e d u c t i o n s  in  t h e  

r e l a t i v e  d i m e n s i o n s  of  t h e  b o d y  p a r t s  i n v e s t i g a t e d .  T h e  

e f f ec t s  of m i g r a t i o n ,  w h e n e v e r  c o n s i s t i n g  p r i m a r i l y  in  

i n c r e a s e d  s i t t i n g  h e i g h t s ,  show" c l e a r l y  t h i s  l a w  of 

n e g a t i v e  a l l o m e t r y .  

Z u s a m m e n / a s s u n g  

Die vo r l i egende  A r b e i t  be f a s s t  s ich m i t  d e m  E in f iu s s  
de r  S i t z h 6 h e  au f  die r e l a t i v e  Gr6sse  de r  K o p f d u r c h -  

messer ,  de r  G e s i c h t s h 6 h e ,  N a s e n h 6 h e ,  L/ tnge  de r  Gl ied-  
m a s s e n  u n d  d e r e n  Tei le  sowie  de r  t r a n s v e r s a t e n  D u r c h -  
m e s s e r  des R u m p f e s .  Sic s t f i t z t  s ich au f  Masse,  die a n  
e t w a  68 000 I n d i v i d u e n  ( M e n s c h e n  u n d  Affen)  g e m e s s e n  
w u r d e n .  Bei  Z u n a h m e  der  S i t z h 6 h e  weisen die n a c h  de r  
R u m p f h 6 h e  b e r e c h n e t e n  Ind i ze s  in  9 5 - 9 8 %  der  Ffille 
e ine  p rogres s ive  A b n a h m e  auf.  Z w i s c h e n  b e i d e n  e x t r e -  
m e n  Klas sen  de r  n a c h  S i t z h 6 h e  g e o r d n e t e n  Bev61ke-  
r u n g e n  be t r / i g t  diese A b n a h m e  u n g e f ~ h r  5 % des  d u r c h -  
s c h n i t t l i c h e n  I n d e x e s  ; sic w u r d e  a b e r  m e h r  i m  e inze lnen ,  
den  v e r s c h i e d e n e n  KOrper t e i l en  u n d  P r i m a t e n b e v 6 1 -  
k e r u n g e n  n a c h  sowie in B e z i e h u n g  m i t  e v e n t u e l l e m  
G e s c h l e c h t s e i n f l u s s  b e r e c h n e t .  A u c h  in den  d u r c h  Al ter ,  
V e r p f l e g u n g s v e r h / i l t n i s s e ,  W a n d e r z t i g e  u n d  K r e u z u n g  
v e r u r s a c h t e n  A n d e r u n g e n  de r  S i t z h 6 h e  k o m m t  die ne-  
g a t i v e  A l l o m e t r i e  z u m  A u s d r u c k .  

Br ves c o m m u n i c a t i o n s  - Kurze Mit te i lungen  
Brevi c o m u n i c a z i o n i  - Brief  Reports  

Les auteurs sont seuls responsables des opinions exprim6es dans ces communications. - Ffir die kurzen Mitteilungen ist aussehliesslich 
der Autor verantwortlich. - Per le brevi comunicazioni 6 responsabile solo l'autore. - The editors do not hold themselves responsible for 

the opinions expressed by their correspondents. 

M e s u r e  d e s  f i g e s  g 4 o l o g i q u e s  par les  ha los  
p l6och ro iq u es  

Nous  a v o n s  6 tud i6  la poss ib i l i t4  de d 6 t c r m i n e r  l'g~ge 
g6ologique  des  roches  c r i s t a l l ines  h p a r t i r  des h a l o s  
p l6och ro iques  en  c o m b i n a n t  la p h o t o m 6 t r i e  des ha los  g 
la m e s u r e  de l ' a c t i v i t 6  e des  i n c l u s i o n s k  

Nous  c royons  u t i l e  de pub l i e r  ici que lques  r6 su l t a t s  
pr61iminaires .  Les d6 ta i l s  e x p 6 r i m e n t a u x  e t  la  b ib l io-  
g r a p h i c  c o m p l e t e  s e r o n t  pub l i6s  a i l l eu rs ;  c i t ons  cepen -  
d a n t  l ' i n t 6 r e s s a n t  t r a v a i l  de HAYASE 2 su r  le m ~ m e  su je t .  

Les  mesu re s  o n t  6t6 fa i t es  su r  des  l a m e s  m i n c e s  
c lass iques .  Nous  n ' a v o n s  r e t e n u  que  les ha los  clans la  
b io t i t e  form6s  p a r  des inc lus ions  de d i m e n s i o n  sup6r ieu re  

50 /~, de fa~on k 8tre  dans  les c o n d i t i o n s  & 4 m i s s i o n  
en  couche  6paisse.  L ' a c t i v i t 6  ~ des  inc lus ions  a 6t4 
mesur6e  p a r  la t e c h n i q u e  des  6mul s ions  p h o t o g r a p h i q u e s  
nuc l6a i res  (6muls ion I t f o r d  C2) .  L ' a b s o r p t i o n  de la  
lumi6re  p a r  le ha lo  a 6t6 mesu r6e  s u r  la  l a m e  m i n c e  g 
l ' a ide  d ' u n  m i c r o p h o t o m 6 t r e  en reg i s t r eu r .  Nous  a v o n s  
6clair6 la  p r 6 p a r a t i o n  p a r  de la  lumi6re  b l a n c h e  polar is6e  
pa ra l l61emen t  h la  d i r e c t i o n  d ' a b s o r p t i o n  m a x i m u m  de 
la  b io t i te .  L a  f igure  1 r e p r 6 s e n t e  un  prof i l  p h o t o m 6 t r i q u e  
t y p i q u e  g t r a v e r s  u n  ha lo  in tense .  

P o u r  e x p r i m e r  l ' i n t e n s i t 6  de  c o l o r a t i o n  d ' u n  ha lo ,  
l ' i n t 6 g r a l e  de la dens i t6  o p t i q u e  le long  d ' u n  profila,  D, 
s ' e s t  av6r6e  u n  p a r a m 6 t r e  i n t 6 r e s s a n t .  E l le  es t  d f f in i e  
p a r  : 

1 j .  JOLY et E. RVTI~ERt:ORD, Phil. Mag. g5, 644 (1913). 
I. HAVaSF., Am. Miner., 39, 761 (1954). 

a D est proportionnel ~ l'6paisseur de la lame; nos lames avaient 
une 6paisseur de 30/1 environ. 

r 

D ~ -- log 1~ dx 

0 

off 

x = d i s t a n c e  pe r t ) end icu la i r c  au  b o r d  de l ' i n c l u s i o n ;  

[h = Ih (x) = t r a n s m i s s i o n  en u n  p o i n t  du  ha lo  ; 

IB = t r a n s m i s s i o n  m o y e n n e  de la  b io t i t e  n o n  affect4e  
p a r  le ha lo  ; 

r = r a y o n  & a c t i o n  du  ha lo  (d i s t ance  x p o u r  l aque l le  

/h = I , ) .  

Soi t  N~ = l ' a c t i v i t 6  sp6cif ique mesu r6e  de l ' i n c l u s i o n ;  
elle es t  e x p r i m 6 e  en  n o m b r e  d '~  6mis  p a r  seconde  
et  p a r  em e en  t o u c h e  6paisse.  

t = le t e m p s  p e n d a n t  lequel  la  b i o t i t e  a 6t6 soumise  
g F a c t i o n  du  r a y o n n e m e n t  ~ de l ' i n c l u s i o n  (£ge); 

= l ' i r r a d i a t i o n  t o t a t e  ou n o m b r e  t o t a l  d ' e  p a r  c m  2 
6mis  pa r  l ' i n c lu s ion  p e n d a n t  le t e m p s  t; 

= N~ t p o u r  des  roches  d o n t  l '~ge es t  p e t i t  d e v a n t  
la p6r iode  de I 'U.  S inon,  il f a u t  t e n i r  c o m p t e  de la  
d6c ro i s sance  de l ' a c t iv i t6 .  

On sa i t  que  D -- f(~) p r6 sen t e  une  zone c r o i s s a n t e  l in6- 
aire,  une  zone s a tu r6e  et  une  zone d6c ro i s san t e  d ' i n -  
ve r s i on  1, 

Nous  a v o n s  admis ,  p o u r  les 6 c h a n t i l l o n s  choisis ,  les 
2 h y p o t h 6 s e s  s u i v a n t e s :  

1 H. JEDRZEJOWSKI, C. r. Acad. Sci. r. I86, I35 (19~8). - G. H. 
H~D~RSON et S. BAT~SOS, Proc. roy. Soc. 145, 563 (1934). 


