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ABSTRACT 

I n 1973 and 1975 hand p r i n t s were c o l l e c t e d from 6,235 

Kenyan s c h o o l c h i l d r e n drawn from 61 e t h n i c p o p u l a t i o n s , of which 

57 male and 53 female sampl es are s u i t a b l e f o r a n a l y s i s . The 

study d e s c r i b e s dermatoglyphic v a r i a t i o n i n these samples, and 

attempts p r e l i m i n a r y explanatory a n a l y s i s . 

P a r t One i s concerned with background (Chapter 1) and 

the nature of b i o l o g i c a l p o p u l a t i o n s , sampling and f i e l d w o r k 

(Chapter 2 ) . 

P a r t Two d i s c u s s e s methodology, and i n t e r - s a m p l e 

dermatoglyphic v a r i a t i o n . Chapter 3 introduces the approach to 

the d e s c r i p t i v e and explanatory i n v e s t i g a t i o n s , and Chapter 4 

o u t l i n e s m e t h o d o l o g i c a l procedures adopted for dermatoglyphic 

a t t r i b u t e measurement, coding and the m i n i m i s a t i o n of e r r o r s . 

The d e s c r i p t i v e i n v e s t i g a t i o n begins i n Chapter 5, by examining 

the " b a s i c s t r u c t u r e " of dermatoglyphic v a r i a t i o n i n Kenya. The 

r e s u l t s show th a t the v a r i a t i o n i s d i s c o r d a n t , and t h a t no 

d i s t i n c t i v e c l u s t e r s are i n evidence when m u l t i v a r i a t e measures 

of i n t e r - s a r c p l e a f f i n i t y are a p p l i e d i n Chapter 6. 

A f e a t u r e of the d e s c r i p t i v e r e s u l t s i s the f a i l u r e 

of the male and female s e r i e s to e x h i b i t s i m i l a r taxonomic 

r a n k i n g s f or e q u i v a l e n t dermatoglyphic t r a i t s , The explanatory 

i n v e s t i g a t i o n i n P a r t Three begins with an a n a l y s i s of sex 

d i f f e r e n c e s to t r y and account f o r t h i s discordance (Chapter 7 ) . 

Chapters 8 and 9 are devoted to the examination of 

major types of v a r i a t i o n . Chapter 8 explores the extent to 

which observed dermatoglyphic resemblance between population 



samples corresponds to p a t t e r n s of l i n g u i s t i c and e t h n i c a f f i n i t y . 

I n Chapter 9 e c o t y p i c v a r i a t i o n i 3 c o n s i d e r e d . S p e c i f i c a l l y 

i n v e s t i g a t e d i s the question whether s y s t e m a t i c and non-random 

dermatoglyphic v a r i a t i o n e x i s t s when samples are pooled i n t o 

a l t i t u d e and r a i n f a l l zones. The p o s i t i v e r e s u l t s obtained are 

amongst the most i n t e r e s t i n g of the study. 
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INTRODUCTION 

1.1 P h y s i c a l anthropology as a h i s t o r i c a l d i s c i p l i n e 

P h y s i c a l anthropology i s and has been p r i m a r i l y 

concerned 

"with d e s c r i b i n g and i n t e r p r e t i n g the p a t t e r n s of 
geographical v a r i e t y which are found to be so 
s t r i k i n g i n the human s p e c i e s " 

( H a r r i s o n 1977:1) 

I n the pre war and e a r l y post war y e a r s , the main p h y s i c a l 

a n t h r o p o l o g i c a l approach was a s s o c i a t e d with the c o n s t r u c t i o n 

and comparison of r a c i a l taxonomies based on anthropometric and 

other p o l y g e n i c a t t r i b u t e s . I n r e c e n t y e a r s , however, the 

emphasis has changed to the d e t a i l e d study of the operation of the 

laws of population g e n e t i c s i n human populations ( e s p e c i a l l y 

micro p o p u l a t i o n s ) , and the c o l l e c t i o n of u n i f a c t o r i a l g e n e t i c 

data has been a c e n t r a l concern of workers i n the f i e l d . 

The r i s e of what Weiner c a l l s the new "bio-anthropology" 

(Weiner 1979:4), has seen i n c r e a s i n g c r i t i c i s m of the pre war 

taxonomical approach, which Weiner i n the 1978 Huxley Memorial 

L e c t u r e accuses of: 

"landing p h y s i c a l anthropology i n t o the c u l - d e - s a c 
of r a c i a l taxonomy, of r a c i a l c l a s s i f i c a t i o n and 
craniometry pursued r e l e n t l e s s l y f o r i t s own sake ,-
an e r a of u n r e s t r a i n e d e v o l u t i o n a r y i n t e r p r e t a t i o n , 
a m u l t i p l i c a t i o n of s p e c u l a t i v e p h y l o g e n e t i c t r e e s , " 

(Weiner 1979:4) 

H a r r i s o n , however, reminds us th a t the pre-war taxonomic 

approach was not j u s t a matter of c l a s s i f i c a t i o n , 
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" f o r on the Darwinian premise t h a t s i m i l a r i t y 
i n d i c a t e s p h y l o g e n e t i c a f f i n i t y , i t was taken 
that taxonomies attempted to express the 
ev o l u t i o n a r y h i s t o r y of the s p e c i e s . 
A s c e r t a i n i n g t h i s h i s t o r y has always been 
and remains one of the main goals of p h y s i c a l 
anthropology." 

( H a r r i s o n 1977:1) 

In s p i t e of t h i s a f f i r m a t i o n of the t r a d i t i o n a l h i s t o r i c a l 

r o l e of p h y s i c a l anthropology, the study of the phyl o g e n e t i c o r i g i n s 

of human populations i s much more u n c e r t a i n today than i t was i n 

the pre-war e r a . The reason f o r t h i s i s not so much antipathy 

towards taxonomy and phylogeny, or a p r e f e r e n c e f o r co n c e n t r a t i n g 

on synchronic population s t u d i e s , but r a t h e r the complexity of 

d e f i n i n g human taxonomic populations o b j e c t i v e l y . 

S i n c e p h y s i c a l a n t h r o p o l o g i s t s began s e r i o u s l y to examine 

s e r o l o g i c a l g e n e t i c v a r i a t i o n , and to i n v e s t i g a t e the c o m p l e x i t i e s 

of l o c a l i s e d p a t t e r n s of v a r i a t i o n w i t h i n major geographical 

populations, i t has become c l e a r t h a t : 

a) there i s of t e n c o n s i d e r a b l e o v e r l a p i n the ranges of 

b i o l o g i c a l means and f r e q u e n c i e s between populations that were 

once thought to be d i s t i n c t taxons: 

b) p a t t e r n s of v a r i a t i o n f o r d i f f e r e n t a t t r i b u t e s are often 

not concordant between major populations: 

c ) many a t t r i b u t e s are more adaptive than was p r e v i o u s l y 

suspected, thus i n c r e a s i n g the p r o b a b i l i t y that c l o s e resemblance 

between populations f o r these a t t r i b u t e s i s s u p e r f i c i a l , and does 

not, t h e r e f o r e , imply common o r i g i n s . 

Hiernaux i n p a r t i c u l a r (e.g. Hiernaux 1972), has done much 

to i l l u s t r a t e the d i f f i c u l t y of d e l i n e a t i n g d i s t i n c t i v e taxons 

w i t h i n major geographical populations. In sub-Saharan A f r i c a , an 



area once thought to c o n t a i n a m u l t i p l i c i t y of taxons (e.g. see 

Oschinsky 1954), Hiernaux f a i l e d to f i n d any d i s t i n c t i v e 

population c l u s t e r s t h a t could be l i n k e d h i e r a r c h i c a l l y to d e p i c t 

phylogenetic a n c e s t r y . Hiernaux wonders from h i s f i n d i n g s whether 

the s i t u a t i o n he found i n A f r i c a might not apply i n the r e s t of 

the world too (Hiernaux 1972:106-7). 

The experience of p h y s i c a l a n t h r o p o l o g i s t s s i n c e the war 

i n s t u d i e s u s i n g both m u l t i f a c t o r i a l and u n i f a c t o r i a l a t t r i b u t e s , 

has been t h a t only major c o n t i n e n t a l populations show any t r u l y 

taxonomically d i s t i n c t c h a r a c t e r i s t i c s . As H a r r i s o n remarks: 

"broad c o n t i n e n t a l p a t t e r n s emerge, and taxonomies of 
man, based on polymorphic systems, are broadly i n 
harmony with those based on anthropometric t r a i t s . " 

( H a r r i s o n 1977:2) 

I t i s because of the non-taxonoraically d i s t i n c t range of 

v a r i a t i o n found between populations w i t h i n c o n t i n e n t s , and 

the f a c t t h a t even c o n t i n e n t a l populations show an o v e r l a p i n 

ranges of a t t r i b u t e means and f r e q u e n c i e s (e.g. for dermatoglyphic 

d i g i t a l p a t t e r n s ( L e s c h i 1 9 5 0 ) ) , t h a t t h e r e have been few r e c e n t 

phylogenetic s t u d i e s of human macro populations. Even the elegant 

phylogenetic r e c o n s t r u c t i o n s of Howells (1973) u s i n g c r a n i o m e t r i c 

t r a i t s , and C a v a l l i - S f o r z a and Edwards (1967) using s e r o l o g i c a l 

t r a i t s , are more methodological e x e r c i s e s than s e r i o u s attempts 

at e v o l u t i o n a r y r e c o n s t r u c t i o n . 

The modern trend i s r a t h e r to concentrate on the study of 

populations at a s m a l l e r r e g i o n a l s c a l e , B i o l o g i c a l h i s t o r y i s 

s t i l l an important i n t e r e s t i n such s tudies f but the emphasis i s 

on nonrtaxonomic s i m i l a r i t y between b i o l o g i c a l populations as 

measured m u l t i v a r i a t e l y by c o e f f i c i e n t s of g e n e t i c d i s t a n c e . As 



i n the taxonomic o r i e n t a t i o n , r e l a t i v e s i m i l a r i t y s t i l l i m p l i e s 

a common o r i g i n , but i t i s no longer expected t h a t phylogenetic 

r e l a t i o n s h i p s should be h i e r a r c h i c a l i n s t r u c t u r e . The non-

taxonomic h i s t o r i c a l approach has been advocated by Hiernaux i n 

p a r t i c u l a r (Hiernaux 1972). One of h i s most notable s u c c e s s e s 

has been to confirm the common o r i g i n s of the Bantu populations 

of sub-Saharan A f r i c a through the a n a l y s i s of r e l a t i v e d i s t a n c e 

c a l c u l a t e d from a s e r i e s of mostly polygenic a t t r i b u t e s (Hiernaux 

1968b). 

Another important advance has been the use of g e n e t i c 

s i m i l a r i t y to r e c o n s t r u c t the phylogenetic h i s t o r y of s m a l l 

i s o l a t e d populations, where the i n f l u e n c e of c o m p l i c a t i n g f a c t o r s 

such as s y s t e m a t i c s e l e c t i o n and mixture i s s l i g h t . T h i s phylogenetic 

model was developed by C a v a l l i - S f o r z a and Edwards (1966-1967) and 

i s based on the assumption that d i f f e r e n t i a t i o n over time r e s u l t s 

mainly from random s t o c h a s t i c p r o c e s s e s . Through the p r o b a b i l i s t i c 

e s t i m a t i o n of r a t e s of divergence, i t i s p o s s i b l e not only to l i n k 

populations h i e r a r c h i c a l l y , but a l s o to c a l c u l a t e the time elapsed 

s i n c e the divergence of each branch. T h i s model was adapted with 

some s u c c e s s by Malyutov e t . a l . (1972) to r e c o n s t r u c t the phylogenetic 

r e l a t i o n s h i p of i s o l a t e d E a s t Sayan populations from S i b e r i a . 

I t remains to be seen however, how f a r t h i s approach can be 

p r o f i t a b l y adapted to r e c o n s t r u c t the b i o l o g i c a l h i s t o r y of 

populations i n areas where the b i o l o g i c a l s i t u a t i o n i s much more 

complex. 

I n i n t e r p r e t i n g e v o l u t i o n a r y h i s t o r y to be mainly 

concerned with the r e c o n s t r u c t i o n of phylogenetic o r i g i n s , i n 



terms j u s t d i s c u s s e d , p h y s i c a l a n t h r o p o l o g i s t s have followed the 

t r a d i t i o n a l h i s t o r i c a l a s p i r a t i o n s of the z o o l o g i c a l s c i e n c e s , 

There i s , however, a more general h i s t o r i c a l ambition i m p l i c i t 

i n p h y s i c a l anthropology, and th a t i s the r e c o n s t r u e t i o n of the 

pre-documentary h i s t o r y of human peoples, i n p a r t i c u l a r of t h i r d 

world peoples who u s u a l l y l a c k any documentary h i s t o r i c a l 

sources before the p r e - c o l o n i a l p e r i o d . 

I n a " z o o l o g i c a l " o r i e n t a t i o n , human populations are 

viewed as b i o l o g i c a l p o p u l a t i o n s , or n a t u r a l breeding u n i t s i n 

which matings between i n d i v i d u a l s w i t h i n a u n i t are much more 

common than those between u n i t s . During the course of gen e r a t i o n s , 

s t a b l e , r e l a t i v e l y endogamous popul a t i o n s w i l l become b i o l o g i c a l l y 

homogeneous and r e l a t i v e l y d i s t i n c t from other b i o l o g i c a l 

populations. The onus on the p h y s i c a l a n t h r o p o l o g i s t t h e r e f o r e , 

i s to i d e n t i f y such u n i t s , sample them and exp l o r e r e l a t i v e 

resemblance between them i n order to deduce some phylogenetic 

scheme. In the second, " e t h n o l o g i c a l " approach however, the 

h i s t o r i c a l u n i t s of i n t e r e s t are peoples who are defined according 

to l i n g u i s t i c and c u l t u r a l c r i t e r i a r a t h e r than b i o l o g i c a l ones. 

I n f a c t peoples' own views of t h e i r i d e n t i t y are 

independent of academic d e f i n i t i o n s - f o r example the h i s t o r y of 

the Kikuyu or Welsh i s one of s e l f - d e f i n e d communities. The f a c t 

t h a t e t h n o l o g i c a l h i s t o r y i s th a t of " r e a l " populations means that 

the task of the p h y s i c a l a n t h r o p o l o g i s t i s much more complex than 

i t would be were he to focus on groups l i k e " A u s t r a l o i d s " , or 

"Hamites", defined not by the peoples themselves but by s c i e n t i s t 

o u t s i d e r s . To assume, f o r example, that people who c a l l themselves 



"Kikuyu" or "Sonjo" or "Benin" c o n s t i t u t e a b i o l o g i c a l population, 

and to embark on a phylogenetic study, would be dangerously 

s i m p l i s t i c . I t i s more than l i k e l y that the "Kikuyu", "Sonjo" 

and "Benin" are each composed of some s u b s e c t i o n s of d i v e r s e 

o r i g i n s . 

The i n i t i a l task of a p h y s i c a l a n t h r o p o l o g i c a l approach to 

e t h n o l o g i c a l h i s t o r i c a l r e c o n s t r u c t i o n i s to explore how f a r the 

populations of i n t e r e s t do i n f a c t r e p r e s e n t homogeneous b i o l o g i c a l 

p o pulations. I t i s of paramount h i s t o r i c a l i n t e r e s t f o r i n s t a n c e , 

to a s c e r t a i n whether homogeneous l i n g u i s t i c and c u l t u r a l populations 

are composed of heterogeneous b i o l o g i c a l elements, or co n v e r s e l y 

whether peoples who are l i n g u i s t i c a l l y and s o c i a l l y heterogeneous 

are b i o l o g i c a l l y homogeneous. In p r a c t i c e , t h i s r e q u i r e s a s h i f t 

of emphasis from d e a l i n g d i r e c t l y with known peoples, to examining 

the b i o l o g i c a l h i s t o r y of geographical r e g i o n s . I n other words, 

the g r e a t e s t p r o f i t i s to be d e r i v e d when the questions asked are 

not f o r i n s t a n c e , "what are the o r i g i n s of the Kikuyu and Meru, 

have there been previous migrations of Kikuyu from the c o a s t ? " but 

r a t h e r "are the people c u r r e n t l y l i v i n g i n the Kikuyu a r e a of the 

same o r i g i n , and i f not, are there any c l u e s which might help us 

e x p l a i n t h e i r h e t e r o g e n e i t y ? I s i t reasonable to suppose t h a t 

the Kikuyu area was o r i g i n a l l y populated by people from the c o a s t , 

followed by l a t e r waves from d i f f e r e n t a r e a s ? How can an 

examination of the b i o l o g i c a l evidence help i l l u m i n a t e these q u e s t i o n s ? " . 

The e t h n o l o g i c a l h i s t o r i c a l r o l e of p h y s i c a l anthropology 

has never been o v e r t l y d i s t i n g u i s h e d from the " z o o l o g i c a l " 

o r i e n t a t i o n . There are f o r i n s t a n c e , no t r e a t i s e s s p e c i f i c a l l y 

devoted to e t h n o l o g i c a l i s s u e s i n the p h y s i c a l a n t h r o p o l o g i c a l 



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

treatment of e t h n o l o g i c a l i s s u e s has been attempted, (e.g. Hiernaux 

1968b) . I t i s thus not s u r p r i s i n g t h a t p r o f e s s i o n a l h i s t o r i a n s 

who s p e c i a l i s e on the p r e - c o l o n i a l past of t h i r d world peoples, 

have not viewed p h y s i c a l anthropology with much enthusiasm. 

Kiernan f o r i n s t a n c e , i n a review of the r o l e of the h i s t o r i a n 

i n E a s t A f r i c a , remarks that the 

" r e s u l t s of the work of p h y s i c a l a n t h r o p o l o g i s t s , 
biochemists and b i o l o g i s t s have been d i s a p p o i n t i n g . 
Attempts to c l a s s i f y peoples of A f r i c a have not 
been s u c c e s s f u l . . . . Human remains provided by 
archaeology have not been numerous enough to 
enable any worthwhile c o n c l u s i o n s to be reached ... 
and i t was hoped a t one time that the i n v e s t i g a t i o n 
of man's g e n e t i c i n h e r i t a n c e would provide more 
information than has been the ca s e " . 

(Kiernan 1974:14) 

He u n f l a t t e r i n g l y adds that " g e n e t i c s t u d i e s are most u s e f u l from 

a h i s t o r i c a l point of view when they r e l a t e to p l a n t s " (Kiernan 

1974:15) - here; he i s r e f e r r i n g to s t u d i e s concerned with mapping 

the i n t r o d u c t i o n of v a r i o u s crops i n t o A f r i c a . By c o n t r a s t , the 

c o n t r i b u t i o n of l i n g u i s t s , c u l t u r a l a r c h a e o l o g i s t s and o r a l 

h i s t o r i a n s i s h i g h l y p r a i s e d . 

Kiernan expresses the hope that "human biology and r e l a t e d 

s c i e n c e s w i l l produce i n the course of time some more s o p h i s t i c a t e d 

t o o l s f o r d e t e c t i n g the e f f e c t of h i s t o r y " (Kiernan 1974:14). I t 

i s however, not so much a question of developing techniques, but 

r a t h e r one of c o l l e c t i n g adequate data and of askin g the c o r r e c t 

q u e s t i o n s . The f u t u r e of p h y s i c a l anthropology as an e t h n o l o g i c a l 

s c i e n c e l i e s i n the s h o r t term at l e a s t , not so much i n s e t t i n g 

up major h i s t o r i c a l schemes as l i n g u i s t s have done, but i n 



i n t e g r a t i n g i t s m a t e r i a l w i t h the f i n d i n g s of l i n g u i s t s , a r c h a e o l o g i s t s 

and o r a l h i s t o r i a n s , as Hiernaux did i n h i s assessment of Bantu 

expansions (Hiernaux 1968b). We must examine hypotheses c o n s t r u c t e d 

by h i s t o r i a n s i n these other d i s c i p l i n e s , and decide which of them 

can be t e s t e d by u s i n g b i o l o g i c a l data, and t e s t them by c o l l e c t i n g 

r e l e v a n t m a t e r i a l . 

Looked at i n t h i s way, the p o t e n t i a l range of h i s t o r i c a l 

questions t h a t can be examined by p h y s i c a l a n t h r o p o l o g i s t s i s 

l a r g e . The more e x t e n s i v e the data a v a i l a b l e from any r e g i o n , 

both i n terms of the number of r e g i o n a l sampling p o i n t s and of the 

a t t r i b u t e s measured, and the more d e t a i l e d the s y n c h r o n i c 

explanatory a n a l y s i s of r e g i o n a l v a r i a t i o n of a t t r i b u t e s , the more 

s o p h i s t i c a t e d the treatment of h i s t o r i a l q u e s t i o n s can become. 

The e t h n o l o g i c a l p o t e n t i a l of any r e g i o n a l b i o l o g i c a l study 

t h e r e f o r e , i s h i g h l y dependent on the q u a l i t y of conventional 

b i o l o g i c a l explanatory a n a l y s i s . I t i s not j u s t a matter of 

obt a i n i n g enough data to be able to compute r e l a t i v e resemblance 

between samples. For example, an assessment of r e l a t i v e resemblance 

based on non adaptive a t t r i b u t e s can t e l l us how f a r sampled micro-

populations i n an a r e a can be s a i d to have a common o r i g i n . I f we 

know t h a t d i f f e r e n t i a t i o n i s p r i m a r i l y a consequence of random 

s t o c h a s t i c p r o c e s s e s , then some form of dating of divergence of 

branches can be attempted usi n g the Edwards and C a v a l l i - S f o r z a models 

mentioned e a r l i e r . I f s e l e c t i o n , whether through adaptation or 

not, i s c h a r a c t e r i s t i c of s p e c i f i c a t t r i b u t e s , then d i f f e r e n t 

problems can be i n v e s t i g a t e d . For example, i n the case of s i c k l e 

c e l l t r a i t , i f an A f r i c a n population shows a very low i n c i d e n c e of 

the t r a i t i n a h i g h l y m a l a r i a l environment where other populations 



manifest high s i c k l i n g r a t e s , we could assume that the group has 

only r e c e n t l y migrated to the zone. 

1.2 O b j e c t i v e s of the r e s e a r c h 

I n 1972, I decided to study how f a r human b i o l o g i c a l data 

from sampled Kenyan peoples could be u t i l i s e d to f u r t h e r the 

r e c o n s t r u c t i o n of t h e i r p r e - c o l o n i a l h i s t o r y . From the o u t s e t , 

there were th r e e options open to me. F i r s t l y , I could use the 

m a t e r i a l from e x i s t i n g surveys to develop a n a l y t i c a l techniques to 

t e s t h i s t o r i c a l hypotheses. Secondly, I could c o l l e c t my own 

d e t a i l e d data from a l i m i t e d a r e a of Kenya and use the m a t e r i a l 

f o r a case study i n h i s t o r i c a l a n a l y s i s . T h i r d l y , I could attempt 

a n a t i o n a l survey f o r a l i m i t e d range of a t t r i b u t e s and pursue 

h i s t o r i c a l a n a l y s i s at d i f f e r e n t l e v e l s of r e s o l u t i o n . 

The study of p r e - e x i s t i n g data held some promise. As 

Table 1:1 shows th e r e had been by 1972 some e x t e n s i v e surveys f o r 

ABO blood groups, s i c k l e - c e l l haemoglobin and a l i m i t e d range of 

anthropometric measurements. F u r t h e r data i n the form of Rhesus, 

MN and other s e r o l o g i c a l systems, PTC t a s t i n g and c o l o u r b l i n d n e s s 

were a v a i l a b l e f o r s e v e r a l s c a t t e r e d samples. I decided a g a i n s t 

c o n f i n i n g my study to p r e - e x i s t i n g data however, f o r s e v e r a l 

reasons. F i r s t l y , the range of a t t r i b u t e s surveyed e x t e n s i v e l y 

i s extremely l i m i t e d . In the case of s i c k l e - c e l l and s t a t u r e , 

n a s a l and head length and breadth ( (the f i v e anthropometric 

measurements with adequate coverage), moreover, t h e i r w e l l known 

adaptive c h a r a c t e r i s t i c s make them u n s u i t a b l e f o r the assessment 

of common o r i g i n s . Secondly, the e t h n i c groups sampled i n most 
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d e t a i l are the C o a s t a l and C e n t r a l Bantu. Samples of other groups 

are e i t h e r absent, too s m a l l or too g e n e r a l i s e d , t h a t i s , l a r g e 

s c a l e e t h n i c u n i t s were t r e a t e d as s i n g l e populations. Leys and 

Joyce (1913) f o r example took only two L u y i a samples; the L u y i a 

from the Kakamega area and the other L u y i a . In r e a l i t y , the L u y i a 

are composed of 17 once autonomous s u b - t r i b e s which should a l l be 

sampled i n d i v i d u a l l y . T h i s g e n e r a l i s e d treatment of l a r g e s c a l e 

populations such as the L u y i a and Kikuyu i s i n d i r e c t c o n t r a s t 

with t h a t f o r the C o a s t a l peoples where i n d i v i d u a l s u b - t r i b e s such 

as the Giriama, Ribe, Kauma, Jiba n a and Digo have been i n d i v i d u a l l y 

sampled i n s e v e r a l surveys (see Table 1.2.1). Another disadvantage 

of the p r e - e x i s t i n g data i s the non-concordance of populat ions 

sampled i n d i f f e r e n t s u r v e y s . There are f o r example very few 

populations sampled f o r ABO, s i c k l e - c e l l and anthropometric 

measurements. 

Owing to these drawbacks, I decided that i t was p r e f e r a b l e 

to c o l l e c t my own data, although the p r e - e x i s t i n g m a t e r i a l can s t i l l 

be u s e f u l f o r p a r t i c u l a r types of a n a l y s i s . For i n s t a n c e , the 

p o t e n t i a l f o r comparison of populations f o r s e r o l o g i c a l a t t r i b u t e s 

has i n c r e a s e d s i g n i f i c a n t l y s i n c e the work of C o r r a i n (see b i b l i o g r a p h y ) . 

In any case i t would have been a p i t y to have by-passed the opportunity 

to add to the number of b i o l o g i c a l markers from Kenya. 

The option of c o l l e c t i n g d e t a i l e d data from a l o c a l region 

of Kenya seemed p a r t i c u l a r l y a t t r a c t i v e when I designed the study, 

I could for i n s t a n c e , have taken r e g i o n a l samples w i t h i n an e t h n i c 

group f o r a l a r g e range of s e r o l o g i c a l , anthropometric, and p o s s i b l y 

dermatoglyphic a t t r i b u t e s , with some comparative m a t e r i a l from 

neighbouring p o p u l a t i o n s . T h i s was the approach of C o r r a i n above. 



C o r r a i n r s approach, however, i s not i d e a l f o r an e t h n o l o g i c a l study, 

where a l a c k of comparative m a t e r i a l from a wide geographical 

range might have s e v e r e l y l i m i t e d the p o t e n t i a l of e t h n o l o g i c a l 

i n v e s t i g a t i o n . I tended to favour a l a r g e s c a l e survey i n the 

f i r s t i n s t a n c e , followed i n the f u t u r e by more d e t a i l e d r e g i o n a l 

s t u d i e s . There was one a d d i t i o n a l c o n s t r a i n t . As a beginner i n 

p h y s i c a l a n t h r o p o l o g i c a l r e s e a r c h , i t seemed i n a d v i s a b l e to t r y and 

survey s e r o l o g i c a l a t t r i b u t e s i n a country where the ne c e s s a r y 

and expensive back-up f a c i l i t i e s were not at hand. I t consequently 

seemed u n p r o f i t a b l e to pursue a d e t a i l e d r e g i o n a l study w i t h any 

l e s s p r e c i s e g e n e t i c measures. 

T h i s l e f t me with the option of t r y i n g to achieve some 

s o r t of w i d e - s c a l e comprehensive coverage of Kenya f o r fewer 

a t t r i b u t e s . The a t t r i b u t e s I chose to survey were dermatoglyphic, 

as the c o l l e c t i o n of p r i n t s i s r e l a t i v e l y uncomplicated, and 

pr o v i d i n g t h a t standards of p r i n t i n g are high, are not prone to 

methodological e r r o r s of measurement i n the f i e l d . Mistakes 

i n p r i n t reading f o r i n s t a n c e , can be remedied by r e r e a d i n g the 

permanent rec o r d s , but inex p e r i e n c e d e r r o r s i n measuring 

anthropometric t r a i t s or c o l l e c t i n g s e r o l o g i c a l t r a i t s cannot be 

r e c t i f i e d a f t e r f i e l d w o r k . Secondly, p r i n t s can be obtained with 

a minimum of equipment, and on m a t e r i a l s that are cheap to buy, an 

important c o n s i d e r a t i o n with the funds I had a v a i l a b l e f o r fieldwo r k . 

F i n a l l y hand and f i n g e r p r i n t s c o n t a i n many g e n e t i c a l l y i n h e r i t e d 

a t t r i b u t e s , which, when I began my study, appeared to have the 

advantage of being non-radaptive. 



The f i n a l r e s e a r c h design t h e r e f o r e , had four s t a g e s . 

The f i r s t was f i e l d w o r k , during which I planned to obtain 

dermatoglyphic samples of both sexes from as many high r e s o l u t i o n 

e t h n i c and geographical populations as I could cover i n the time 

a v a i l a b l e . The second stage was measuring the d i g i t a l and 

palmar p r i n t s and preparing the data f o r s t a t i s t i c a l a n a l y s i s . 

The t h i r d e n t a i l e d c onventional d e s c r i p t i v e a n a l y s i s to determine 

the extent and nature of dermatoglyphic v a r i a t i o n i n Kenya, and 

to t r y and determine p o s s i b l e causes f o r the v a r i a t i o n . The 

f i n a l stage was to use the r e s u l t s of the a n a l y s i s to explore 

r e l e v a n t h i s t o r i c a l hypotheses. 

I t became evident however, as the r e s e a r c h progressed, 

that the p r o j e c t was too b i g to i n c l u d e a l l of i t i n a PhD t h e s i s . 

When i t came to w r i t i n g up the r e s u l t s , I found there was so much 

information and a n a l y s i s t h a t i t would have taken s e v e r a l volumes 

to cover a l l aspects of the r e s e a r c h . For the PhD study t h e r e f o r e , 

I decided to l i m i t the report to those a s p e c t s of the p r o j e c t 

that r e l a t e to d e s c r i b i n g and accounting f o r the observed 

dermatoglyphic v a r i a t i o n between the sampled populations. I n 

essence t h e r e f o r e , the present work i s a conventional human 

b i o l o g i c a l study of dermatoglyphic v a r i a t i o n . Even so, i n t h i s 

more l i m i t e d f i e l d of i n q u i r y there are s t i l l many areas that 

have not yet been explored i n d e t a i l . I hope th a t aspects not 

covered here w i l l be w r i t t e n up i n the f u t u r e i n the form of 

a r t i c l e s - The h i s t o r i c a l a n a l y s i s , to which I have devoted many 

hours, i s so complex t h a t i t w i l l take some time to explore i n 

s u f f i c i e n t depth, and r e q u i r e s d e t a i l e d c o n s u l t a t i o n with 
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a u t h o r i t i e s i n other h i s t o r i c a l f i e l d s . T h i s o v e r - r i d i n g aim 
of the r e s e a r c h , t h e r e f o r e awaits f u t u r e d i s c u s s i o n . 

L 3 P l a n of the present study 

The study begins i n Chapter 1, with a background 

d e s c r i p t i o n of Kenya and i t s peoples, i n c l u d i n g s e c t i o n s on 

topography, r a i n f a l l , v e g e t a t i o n and e c o l o g i c a l zones, a 

d e s c r i p t i o n of the peoples and t h e i r e t h n i c and l i n g u i s t i c 

a f f i n i t i e s , a b r i e f s k e t c h of t h e i r h i s t o r y , and f i n a l l y macro 

demographic c h a r a c t e r i s t i c s drawn from the Kenya Population Census 

1969. The chapter i s p r i m a r i l y intended to put the reader i n t o 

the p i c t u r e , e s p e c i a l l y i f he or she i s u n f a m i l i a r w i t h Kenya 

and i t s peoples. Various a n a l y t i c a l chapters a l s o draw on the 

b a s i c information o u t l i n e d i n t h i s chapter, i n p a r t i c u l a r Chapters 

2, 8 and 9. 

The i n v e s t i g a t i o n begins i n e a r n e s t i n Chapter 2, which 

i s d i v i d e d i n t o two p a r t s . I n the f i r s t I d i s c u s s the t r a d i t i o n a l 

p h y s i c a l a n t h r o p o l o g i c a l view of A f r i c a n e t h n i c u n i t s as 

c o n s t i t u t i n g n a t u r a l b i o l o g i c a l p o p u l a t i o n s , on the assumed 

c h a r a c t e r i s t i c s t h a t they are h i g h l y endogamous and r e l a t i v e l y 

homogeneous b i o l o g i c a l l y . I c r i t i c i s e t h i s standpoint, and o u t l i n e 

the c o m p l e x i t i e s of the A f r i c a n s o c i e t i e s and peoples. In 

p a r t i c u l a r I draw on the experience of s o c i a l a n t h r o p o l o g i s t s to 

advance a view that pre^-colonial A f r i c a n peoples were f a r from 

cohesive u n i t s , being r a t h e r s t r u c t u r e d on s m a l l s c a l e semi-autonomous 

primary groups l o o s e l y l i n k e d to v a r y i n g degrees of common i d e n t i t y , 

i n t e r a c t i o n and purpose. I t i s , i n f a c t , only s i n c e c o l o n i a l 

times t h a t i d e n t i t y has broadened and c o h e s i v e n e s s i n c r e a s e d . As 



p r e - c o l o n i a l A f r i c a n peoples c o n s i s t e d of l o o s e l y l i n k e d primary 

groups, they were r e l a t i v e l y u n s table s t r u c t u r e s , being l i a b l e to 

d i s i n t i g r a t i o n i n times of d i s a s t e r such as famine or warfare. 

Many A f r i c a n e t h n i c u n i t s , t h e r e f o r e , f a r from being s t a b l e cohesive 

s o c i e t i e s over time, are more than l i k e l y recent aggregations 

of primary group s e c t i o n s of d i v e r s e o r i g i n s . The nature of 

A f r i c a n populations today, t h e r e f o r e , are h i g h l y complex, and i f 

my a p p r a i s a l i s c o r r e c t , a sampling design should be based on 

s m a l l s c a l e populations that w i l l be abl e to pick up any heterogeneity 

w i t h i n e t h n i c u n i t s . The i d e a l u n i t f o r study, I suggest, i s the 

minimal population u n i t , which i s the u n i t of maximal i d e n t i t y and 

common purpose i n p r e - c o l o n i a l times, 

The second p a r t of Chapter 2 c o n s i d e r s the c o r r e c t u n i t s 

to sample i n Kenya s p e c i f i c a l l y , and f o l l o w s with an account of 

fi e l d w o r k and the sampling procedures adopted. 

I n P a r t Two I co n s i d e r the d e s c r i p t i v e a n a l y s i s of the 

survey. Chapter 3 i s a t h e o r e t i c a l d i s c u s s i o n of the 

c o r r e c t approach to adopt i n the a n a l y s i s of r e g i o n a l b i o l o g i c a l 

v a r i a t i o n , and provides the framework f o r subsequent i n v e s t i g a t i o n . 

I argue that i n order to e x p l a i n d i f f e r e n t i a t i o n , i t i s f i r s t 

n e cessary to d e s c r i b e i t adequately ( J a r d i n e 1971). The conventional 

p r a c t i c e of viewing the d e s c r i p t i o n of v a r i a t i o n as f a l l i n g i n t o 

two p a r t s , u n i v a r i a t e and m u l t i v a r i a t e , with explanatory a n a l y s i s 

being a s s o c i a t e d mainly with the l a t t e r , i s not only w a s t e f u l , but 

p o t e n t i a l l y a i m l e s s . I n a dermatoglyphic study , when a l a r g e 

number of a t t r i b u t e s and populations i s in v o l v e d , the d e t a i l e d 

d e s c r i p t i o n of u n i v a r i a t e and m u l t i v a r i a t e elements of v a r i a t i o n 

can be very lengthy. I t i s necessary t h e r e f o r e , to formulate 



c a r e f u l l y the aims of d e s c r i p t i o n and a n a l y s i s p r i o r to the 

i n v e s t i g a t i o n . In order to p r eserve a c o r r e c t balance between 

the openess of survey d i s c o v e r y and the r i g i d i t y of pre-formulated 

aims and hypotheses, one must draw from the experience of previous 

human b i o l o g i c a l s t u d i e s . These show th a t r e g i o n a l v a r i a t i o n 

u s u a l l y conforms to a l i m i t e d number of types. I t i s the 

assessment of which of these types best f i t s the data t h a t g i v e s 

survey d e s c r i p t i o n f l e x i b l e purpose. The remainder of the chapter 

o u t l i n e s v a r i o u s types of b i o l o g i c a l d i f f e r e n t i a t i o n , and t r i e s 

to show th a t they are b e s t explored through s e e i n g v a r i a t i o n not 

as a s e r i e s of independent elements, but as having a s t r u c t u r e . 

The s t r u c t u r e of v a r i a t i o n i s d i s c u s s e d i n d e t a i l , and s t a t i s t i c a l 

methods f o r i t s i n v e s t i g a t i o n are suggested. 

Foll o w i n g t h i s t h e o r e t i c a l framework, the d e s c r i p t i v e 

a n a l y s i s of the Kenyan v a r i a t i o n commences i n Chanter 4 with 

o u t l i n e of the methodology of a t t r i b u t e measurement and the 

s e t t i n g up of the d a t a m a t r i c e s f o r s t a t i s t i c a l a n a l y s i s . A f t e r 

a s h o r t s e c t i o n to introduce the b a s i c evidence i n the form of 

u n i v a r i a t e t a b l e s , Chapter 5 i s devoted to the d e s c r i p t i o n of 

s t r u c t u r a l r e l a t i o n s h i p s between a t t r i b u t e s , and i s i n t h r e e 

s t a g e s . The f i r s t i s designed to e s t a b l i s h whether there i s 

s u f f i c i e n t u n i v a r i a t e s i g n i f i c a n c e to warrant a more s o p h i s t i c a t e d 

s t r u c t u r a l a n a l y s i s . Having shown that t h e r e i s a great d e a l of 

s i g n i f i c a n t v a r i a t i o n , I go on i n the second stage to examine the 

r e l a t i o n s h i p between taxonomic a t t r i b u t e s , and a s s e s s the extent 

of taxonomic discordance between a t t r i b u t e s . In the t h i r d stage 

I examine how f a r taxonomic discordance i s r e l a t e d to u n d e r l y i n g 

p a t t e r n s of s t a t i s t i c a l discordance between the same a t t r i b u t e s i n 

i n d i v i d u a l s . 



Chapter 6 introduces the concept of " o v e r a l l " s t r u c t u r e 

and i n v e s t i g a t e s through v a r i o u s techniques the nature of 

m u l t i v a r i a t e v a r i a t i o n . The r e s u l t s of the a n a l y s i s of s t r u c t u r e 

through the use of p r i n c i p a l component a n a l y s i s are compared to those 

of the a n a l y s i s of g e n e t i c d i s t a n c e , to help gauge the p o t e n t i a l 

u s e f u l n e s s of the d i s t a n c e s t r a t e g y as an a n a l y t i c a l r a t h e r than a 

d e s c r i p t i v e t o o l . One of the major aims of t h i s chapter i s to see 

whether the o v e r a l l s t r u c t u r e of dermatoglyphic v a r i a t i o n i n Kenya 

i s s i m i l a r to th a t found by Hiernaux f o r other sub-Saharan 

populations i n resembling a complex network of r e l a t i o n s h i p s r a t h e r 

than a s e r i e s of d i s t i n c t c l u s t e r s (Hiernaux 1972). 

F o l l o w i n g the d e s c r i p t i o n of v a r i a t i o n , i n P a r t Three I 

move on to explore some explanatory i s s u e s . I n Chapter 7 

I c o n c e n t r a t e on t r y i n g to e x p l a i n why the s e x e s , w h i l e showing 

c o n s i d e r a b l e r e p l i c a t i o n i n s t r u c t u r a l t r e n d s , n e v e r t h e l e s s 

demonstrate marked taxonomic disc o r d a n c e i n a t t r i b u t e v a r i a t i o n . 

I n Chapter 8 , p a t t e r n s of l i n g u i s t i c and c u l t u r a l a f f i n i t y 

between Kenyan populations at three l e v e l s of r e s o l u t i o n are 

co n t r a s t e d w i t h p a t t e r n s of b i o l o g i c a l resemblance. At the 

hi g h e s t l e v e l of r e s o l u t i o n , t h a t f or minimal population samples, 

the concept of s t r u c t u r a l s i m i l a r i t y i s introduced to i n v e s t i g a t e 

b i o l o g i c l r e l a t i o n s h i p s w i t h i n e t h n i c groups, and to a s c e r t a i n 

whether these r e l a t i o n s h i p s approximate to known p a t t e r n s of 

l i n g u i s t i c divergence. Chapter 9 moves on to consider whether 

s y s t e m a t i c dermatoglyphic r e l a t i o n s h i p s e x i s t with c l i m a t e , i n 

p a r t i c u l a r a l t i t u d e and r a i n f a l l zones, and the p o s s i b i l i t y that 

s e l e c t i o n may be operating on some dermatoglyphic a t t r i b u t e s i s 

b r i e f l y d i s c u s s e d . 



The explanatory a n a l y s i s , cannot be considered 

comprehensive. I simply explore the p o s s i b i l i t i e s of c e r t a i n key 

a r e a s . The number of p o s s i b l e explanatory i s s u e s i s f a r from 

exhausted i n the present work. 



PART ONE: BACKGROUND DESCRIPTION, THE POPULATIONS, 

SAMPLING AND FIELDWORK. 



CHAPTER 1 

I n t r o d u c t i o n to Kenya and i t s Peoples 

1.1 The P h y s i c a l Environment 

1.1.1 R e l i e f and drainage 

P a r t of the charm of Kenya i s the d i v e r s i t y of i t s topography. 

C o r a l s t r a n d s , white beaches and the Indian Ocean give way to 

thousands of square miles of low l y i n g p l a i n s , which g r a d u a l l y r i s e 

to meet the c e n t r a l Highlands, a region of mountain ranges, p l a t e a u x 

and l a k e s . Of o u t s t a n d i n g beauty i s Mt. Kenya, permanently covered 

in snow and at 17,058 f e e t , A f r i c a ' s second highest mountain. 

B i s e c t i n g the highlands i s the s p e c t a c u l a r R i f t V a l l e y , with i t s 

p i c t u r e s q u e l a k e s and imposing escarpments. F i n a l l y i n the f a r west, 

l i e s the Winam Gul f (formerly Kavirondo G u l f ) , p a r t of Lake Nyanza, 

the l a r g e s t l a k e i n A f r i c a . 

a) The c o a s t a l s t r i p and low l y i n g p l a i n s 

The coast as Map 1 shows, runs i n an i r r e g u l a r north e a s t e r l y 

d i r e c t i o n . Prominent f e a t u r e s are Mombasa I s l a n d and i t s channels, 

the K i l i f i i n l e t , the Galana/Sabaki and Tana R i v e r s e s t u a r i e s , and 

the two b i g i s l a n d s of Lamu and Pate. 

The c o a s t a l p l a i n (below the 500 f t . c o n t o u r ) , i s very narrow 

i n the south, r i s i n g r a p i d l y south of Mombasa to the Shimba H i l l s 

which j u s t exceed 1,000 f t . North of Mombasa i t widens r a p i d l y , 

l e a v i n g an i s l a n d of high ground, Mengea Hi 11 west of Malindi. I t 

broadens northwards west of the Tana R i v e r f or about 150 m i l e s , and 

then swings north eastwards p a r a l l e l to the coast i n t o Somalia. 

North of Lamu t h e r e f o r e , the c o a s t a l p l a i n i s very wide. 



The land between 500 f t . and 4,000 f t . i s low l y i n g p l a i n s 

the i n c r e a s e i n a l t i t u d e i s gradual and not normally broken by any 

notable f e a t u r e of r e l i e f . From Map 1 i t w i l l be seen t h a t t h e r e 

are two a l t i t u d e g r a d i e n t s . The f i r s t i s the r i s e i n a l t i t u d e 

from the coast to the highlands i n the west. The 3,000 f t . contour 

runs from south to north, p a r a l l e l to the 4,000 f t . contour forming 

a narrow s t r i p of high ground, and the 2,000 and 1,000 f t . contours 

form a wider band to the e a s t . T h i s concourse of lower contours 

swings g r a d u a l l y westwards i n a c i r c l e as i t approaches the 

escarpments round Lake Turkana. 

The second g r a d i e n t i s an i n c r e a s e i n a l t i t u d e from south 

to north towards the E t h i o p i a n Highlands. The 4,000 f t . contour 

runs j u s t o f f the map, f o l l o w i n g the E t h i o p i a n s i d e of the Kenya/ 

E t h i o p i a n border. I n the e a s t of the country the 500 to 1,000, 

and 1,000 to 2,000 f t . bands which run f o r some way from the Somali 

border i n an e a s t to west course, are very wide, and i n c r e a s e i n 

a l t i t u d e i s gradual. Only near the E t h i o p i a n border does a l t i t u d e 

s t a r t to i n c r e a s e more r a p i d l y . 

The c o a s t a l and low l y i n g p l a i n s cover some two t h i r d s of 

Kenya i n area, and are mostly f e a t u r e l e s s . The only r e l i e f l i e s 

c l o s e to the highland areas i n the north and west. Of the few 

i s l a n d s of higher ground the most s p e c t a c u l a r i s Mt. Marsabit i n 

the c e n t r a l north, which r i s e s to over 5,000 f t . from the surroundin 

p l a i n s . 

The p l a i n s are i n t e r s e c t e d by hundreds of water-courses, 

which are dry f o r most of the year, and sometimes f o r y e a r s at a 

time. In t h i s v a s t area there are only four permanent r i v e r s ; 



a) the Galana Daua which r i s e s i n the E t h i o p i a n Highlands and forms 

part of the Kenya/Ethiopian border i n Mendera; b) the Ewaso Ngiro 

which r i s e s i n the highlands north of Mt, Kenya and d i s a p p e a r s i n 

the L o r i a n Swamp, never to reach the sea; c) the Tana R i v e r which 

has i t s source i n the Kikuyu Highlands and flows i n t o the sea some 

50 m i l e s north of Malindi ( a t 440 m i l e s Kenyas longest r i v e r ) ; and 

f i n a l l y d) the Athi/Galana/Sabaki R i v e r which r i s e s near Nairobi 

and reaches the sea j u s t north of M a l i n d i . There are a l s o two 

other semi-permanent r i v e r s , the T i v a and the Voi r i v e r s , the former 

north of the Galana, and the l a t t e r to i t s south. Neither reaches 

the s e a . 

b) The Highlands and R i f t V a l l e y 

The d e t a i l e d r e l i e f of the Highland and R i f t V a l l e y regions 

i s extremely complex. The r e g i o n can b e s t be envisaged as a s e r i e s 

of escarpments and o f f - l y i n g plateaux f o l l o w i n g the e a s t e r n and 

western r i d g e s of the R i f t V a l l e y , which runs from north to south 

between the 36/37° l o n g i t u d i n a l meridians, 

b . i ) The northern R i f t V a l l e y and Lake Turkana Region 

Lake Turkana occupies the R i f t V a l l e y f l o o r for some 150 

m i l e s from the E t h i o p i a n border. U n l i k e the more southern s e c t i o n s 

of the R i f t V a l l e y however, the s e c t i o n around Lake Turkana i s not 

a s s o c i a t e d with very high land masses. The escarpment on the 

e a s t e r n shores of the l a k e i s low, b a r e l y r i s i n g above 3,000 f t . 

On the west s i d e the escarpment i s not continuous, but a broken 

s e r i e s of s m a l l h i l l ranges which do not exceed 4,000 f t . Beyond 

these immediate h i l l s to the west the Turkana P l a i n s s t r e t c h f o r 

some eighty to a hundred m i l e s westwards i n a north south d i r e c t i o n 



p a r a l l e l to the l a k e , 

The Turkana p l a i n s l i k e those to the east of Kenya are low 

l y i n g , mostly between 1,000 to 3,000 f t . U n l i k e the e a s t e r n p l a i n s 

however, they are f r e q u e n t l y i n t e r s p e r s e d with ranges of h i l l s , 

For example, the Karasuk H i l l s i n south-western Turkanaland are 

p a r t i c u l a r l y high, reaching 9,000 f t . Turkanaland a l s o enjoys two 

permanent r i v e r s , the Turkwell and the Ke r i o which d r a i n i n t o Lake 

Turkana a f t e r journeys of over 200 m i l e s from the highl a n d s to the 

south and west. 

The western boundaries of Turkanaland , and of Kenya i n 

the northwest, are marked by a long s e r i e s of escarpments which 

exceed 5,000 f t . The d i r e c t i o n of the escarpments i s i n a s l i g h t 

north west to south e a s t d i r e c t i o n , and they merge i n t o the 

western R i f t V a l l e y land masses towards the south. 

The highlands immediately south of Lake Turkana, and as 

f a r e a s t as Mt. Marsabit, are of recent v o l c a n i c o r i g i n . The whole 

are a i s l i t t e r e d w i t h v o l c a n i c c r a t e r s , some of which are s t i l l 

smouldering. The v o l c a n i c a c t i v i t y has been r e s p o n s i b l e f o r the 

c r e a t i o n of lar g e expanses of l a v a d e s e r t e a s t of Lake Turkana. 

b . i i ) The C e n t r a l R i f t V a l l e y and a s s o c i a t e d land masses 

The R i f t V a l l e y f l o o r south of Lake Turkana i s a very 

complicated a r e a , with a major range of broken h i l l s w i t h i n i t . 

The higher land of the L o r i u P l a t e a u , which exceeds 4,000 f t , i n 

p l a c e s , g r a d u a l l y r i s e s towards the Tugen H i l l s , which are higher 

than 7,000 f t , i n some p a r t s , E a s t of the L o r i u P l a t e a u , the 

R i f t V a l l e y i s c a l l e d the Suguta V a l l e y , and i s one of the h o t t e s t 

p l a c e s i n Kenya. 



To the south of Lake Turkana i s Mt. Nyiro, the apex of a 

t r i a n g l e of p l a t e a u lands which widens as i t nears the equator, 

The western escarpments of the plateau areas are those of the e a s t e r n 

R i f t V a l l e y , and the e a s t e r n escarpments are a s e r i e s of mountain 

ranges, the Ndoto and Mathews Ranges. The plateaux occupy the 

whole of the Samburu and L a i k i p i a D i s t r i c t s , and vary between 3,000 

and 6,000 f t . i n h e i g h t , with the mountain ranges reaching 7,000 f t . 

i n p l a c e s . 

The western escarpment of the R i f t V a l l e y i s extremely 

dramatic j u s t north of the equator, r i s i n g from under 2,000 f t . 

along the K e r i o V a l l e y west of the Tugen H i l l s , to over 11,000 f t . 

above the Elgeyo Marakwet escarpment i n the Cherangani H i l l s . 

To the west of these h i l l s , the land f a l l s away i n a s e r i e s of high 

plateaux i n the south, bordered by the bulk of Mt. Elgon on the 

Uganda border, which at 14,170 f t . i s Kenya's second h i g h e s t mountain. 

The R i f t V a l l e y f l o o r r i s e s r a p i d l y as i t approaches the 

equator. From about 3,000 f t . around the Lake Baringo and Lake 

Hannington areas, i t r i s e s to over 6,000 f t . i n the Eldama Ravine, 

Nakuru and Njoro region, i s s t i l l 6,000 f t . at Lake Naivasha, and 

only drops down to low a l t i t u d e s again south of the Kedong V a l l e y , 

south-west of N a i r o b i . 

The highland areas bordering the R i f t V a l l e y near the 

equator are perhaps the most s p e c t a c u l a r i n Kenya, To the west 

there i s the great Mau range/escarpment which i s over 10,000 f t . 

at i t s highest point, and the high ground continues up to the Lake 

Nyanza b a s i n to the west and south. To the e a s t there i s the 

Aberdare Range, which reaches 13,000 f t . Almost a c o n t i n u a t i o n of 



the Aberdares i s Mt. Kenya and the Nyambeni Range, which border 

the E a s t e r n p l a i n s . 

The R i f t V a l l e y south west of Nairobi f a l l s i n a l t i t u d e , 

and c o n t a i n s Lake Magadi, an almost l i f e l e s s water c o n t a i n i n g l a r g e 

d e p o s i t s of soda. To the west the Nguruman Escarpment g i v e s 

way to the L o i t a H i l l s and the L o i t a p l a i n s , which at 6,000 f t , form 

a high p l a t e a u a r e a . The land r i s e s again s l i g h t l y at the E s o i t 

O l o o l o l o Escarpment, and then g r a d u a l l y f a l l s again towards the 

Lake Nyanza b a s i n . To the e a s t of the Magadi R i f t V a l l e y there i s 

another s e r i e s of high p l a i n s , the Kadjiado and Athi p l a i n s , which 

reach as f a r as N a i r o b i i n the north e a s t and drop i n a l t i t u d e 

towards Mt. K i l i m a n j a r o i n the south e a s t . E a s t of these p l a i n s 

i s the southward c o n t i n u a t i o n of the Mt. Kenya land mass, which 

continues w e l l i n t o Kamba Land, exceeding 5,000 f t . i n p l a c e s . 

The southernmost h i l l s of t h i s land mass are the Chyulu Range 

and the T a i t a H i l l s , which are c l o s e to the Mt. K i l i m a n j a r o , Pare 

mountains. The most b i z a r r e f e a t u r e of the highlands south west 

of Mt. Kenya i s the Y a t t a P l a t e a u , a massive and a n c i e n t l a v a 

flow, over two hundred m i l e s long, ten to twenty miles wide, and 

f l a t at the top, f a l l i n g a few f e e t every m i l e . At the western 

base of the Y a t t a flows the Athi or Galana R i v e r , which flows 

e v e n t u a l l y i n t o the sea at M a l i n d i . 

The Kenya Highlands are w e l l watered, and there i s a 

multitude of permanent r i v e r s and streams. Major drainage 

systems are the K e r i o and Turkwell i n the north west, Ngwaso Ngiro, 

Tana and A t h i / G a l a n i i n the e a s t , Ewaso Ngiro and Mara i n the south 

and south west, and the Nzoia and Y a l a i n the west. 



c ) The Lake Nyanza b a s i n 

Lake Nyanza l i e s at 3,718 f t . and i n Kenya the prominent 

Winam Gulf i s surrounded by p l a i n s ranging from 4,000 to 5,000 f t . 

On the northern shores of the g u l f t h e r e i s a l a r g e area of 

swampland i n the S a i y a d i s t r i c t , formed by the Y a l a e s t u a r y , and 

south of Kisumu the Kano p l a i n s s t r e t c h southwards, an area of poor 

drainage and b l a c k s o i l s t h a t are o f t e n flooded. South of these 

p l a i n s the r e l i e f becomes more broken, w i t h h i l l s i n the Homa Bay 

v i c i n i t y r e a c h i n g 7,000 f t . i n the case of the Gwasi H i l l s . On 

the whole, the Winam b a s i n i s narrow, with a l t i t u d e r i s i n g r a p i d l y 

at a l l p o i n t s eastwards, towards the K i s i i highlands and the Mau 

i n the south and the Nandi Escarpment in the c e n t r e and north, 

North west of the b a s i n l i e s the L u y i a country, a f l a t 

p l a t e a u extending i n t o Uganda, surrounded on the e a s t and north 

by the Nandi, Uasin Gishu and Mt. Elgon highland a r e a s . The 

s l o p e of the L u y i a p l a i n s decreases from over 5,000 f t , c l o s e to 

these highland a r e a s , to under 4,000 f t . near the Uganda border 

south of B u s i a . 

I t i s important to note that the Luo and L u y i a areas are 

separated by prominent and near continuous p r e c i p i t o u s escarpments 

from the higher plateaux that surround them, and are thus r e l a t i v e l y 

i s o l a t e d by these topographical b a r r i e r s . 

1.1.2 Climate and R a i n f a l l 

Kenya i s famous f o r the temperate c l i m a t e of i t s highlands. 

I t i s sobering to point out however, that 72 per cent of i t s s u r f a c e 

area r e c e i v e s a mean r a i n f a l l of l e s s than twenty inches a year and 



only 15 per cent of the land enjoys r e g u l a r r a i n f a l l of more than 

30 inches, The proportion r e c e i v i n g more than 50 inches i s only 

3 per cent, ( G r i f f i t h s 1962:79). 

R a i n f a l l i n Kenya i s dependent on the South E a s t trade 

winds, which blow moist a i r c u r r e n t s over the country from A p r i l 

to December. Atmospheric moisture i s a l s o supplemented by Lake 

Nyanza, the surrounding areas of which r e c e i v e a d d i t i o n a l r a i n f a l l . 

The d i s t r i b u t i o n of mean annual r a i n f a l l i s given i n Map 2, 

As much r a i n f a l l i s o r o g r a p h i c a l l y induced i n Kenya, the d i s t r i b u t i o n 

of r a i n f a l l contours f o l l o w s c l o s e l y the d i s t r i b u t i o n of a l t i t u d e 

contours. The higher the a l t i t u d e , the g r e a t e r the r a i n f a l l i s 

l i k e l y to be. The h i g h e s t r a i n f a l l zones tend to be at a l t i t u d e s 

of over 6,000 f t . and r e g u l a r r a i n f a l l i s thus concentrated i n the 

c e n t r a l h ighlands. 

I n the highlands e a s t of the R i f t V a l l e y , p a r t i c u l a r l y 

Mt. Kenya and the Aberdare Ranges, and to some extent on the Mau 

Range to the west, there i s a pronounced r a i n shadow on the north 

e a s t e r n s l o p e s , w i t h the south e a s t e r n f l a n k s r e c e i v i n g the 

h i g h e s t r a i n f a l l . 

The Kenya coast i s e x c e p t i o n a l i n t h a t i t r e c e i v e s up 

to f i f t y i nches of r a i n f a l l a year i n s p i t e of i t s low a l t i t u d e . 

The highest r a i n f a l 1 occurs south of Mombasa, but as we proceed 

north towards Lamu i t g r a d u a l l y f a l l s to an annual average of 30 

i n c h e s . Throughout the c o a s t a l s t r i p moreover, r a i n f a l l f a l l s 

r a p i d l y to l e s s than 20 inches a year beyond ten to twenty m i l e s 

west i n t o the i n t e r i o r from the c o a s t . 

The j o i n t c o n t r i b u t i o n of the South E a s t Trades and the 

moist a i r streams from Lake Nyanza produces very high r a i n f a l l 



indeed on the highlands bordering the Lake. I n the Kakaraega area 

over 70 inches a year i s u s u a l , and i n the K i s i i zone r a i n f a l l often 

exceeds 60 inches -

The high plateaux and p l a i n s south and west of N a i r o b i 

( A t h i and L o i t a p l a i n s ) , though o f t e n above 5,000 f t , , do not r e c e i v e 

more than 30 inches a year, with an average nearer twenty. T h i s i s 

due to the f a c t that these areas l i e a t the periphery of the main 

moisture-bearing c u r r e n t s , and t h e r e i s an absence of very high 

mountains to help cause the r a i n f a l l . 

The low l y i n g p l a i n s to the e a s t and north are extremely 

a r i d , o f t e n r e c e i v i n g l e s s than 20 i n c h e s a year and i n the north 

and e a s t , under 10 i n c h e s . The low zones e a s t and south e a s t of 

Lake Turkana, and i n the Lodwar ar e a of Turkanaland, r e c e i v e under 

5 inches of r a i n f a l l a year, and can be c l a s s e d as t r u e d e s e r t . 

R a i n f a l l g r a d u a l l y i n c r e a s e s i n the f a r north, approaching the 

southern E t h i o p i a n Highlands. 

Mean annual r a i n f a l l however, i s only a rough guide. 

Even when r a i n f a l l appears to be adequate (e.g. 30-40 i n c h e s ) , i t 

can be e r r a t i c , with y e a r s of abundance i n t e r p e r s e d by drought. 

Moreover r a i n f a l l can be very l o c a l i s e d , with farmers s u f f e r i n g 

from a s u r f e i t of r a i n w h i l e t h e i r neighbours, s u f f e r drought. Every 

two or t h r e e decades furthermore, there can occur deluges i n areas 

which normally r e c e i v e l i t t l e r a i n , c a u s i ng d i s a s t r o u s f l o o d i n g and 

e r o s i o n . The r e l i a b i l i t y of r a i n f a l l tends to i n c r e a s e as 

a l t i t u d e i n c r e a s e s , but i t i s only above 5,000 f t . on the p l u v i a l 

s i d e of mountains that r e g u l a r y e a r l y r a i n f a l l becomes a r u l e . 

The only exception i s the Lake Nyanza b a s i n , where drought i s 



v i r t u a l l y unknown. 

In a d d i t i o n to a f f e c t i n g r a i n f a l l , a l t i t u d e has a 

n o t i c e a b l e e f f e c t on temperature, The higher the a l t i t u d e , the 

c o o l e r i t becomes, F r o s t becomes p o s s i b l e at a l t i t u d e s g r e a t e r 

than 7,000 f t . , and snow above 14,000 f t . Permanent snow occurs 

only above 15,000 f t . and i s confined to Mt. Kenya. I n the low 

l y i n g areas temperatures can o c c a s i o n a l l y exceed 120° F a r e n h e i t , 

and temperatures i n the n i n e t i e s are common during the day. In 

high a l t i t u d e areas however (above 6,000 f t . ) , the maximum 

temperatures seldom exceed 80°F., and the mean temperature i s 

u s u a l l y c l o s e to 60°F. 

1.1.3 E c o l o g i c a l zones and t r a d i t i o n a l modes of l i v e l i h o o d 

The major e c o l o g i c a l zones i n Kenya can be d e l i n e a t e d on 

the b a s i s of the p l a n t communities that c h a r a c t e r i s e them. The 

composition of each p l a n t community i s p r i m a r i l y determined by the 

c l i m a t i c c o n d i t i o n s p r e v a i l i n g i n an a r e a , although s o i l c o n d i t i o n s 

are a l s o important f o r the d e t a i l e d d i s t r i b u t i o n of s p e c i e s w i t h i n 

each v e g e t a t i o n zone. 

In s p i t e of i t s g e n e r a l i s e d c h a r a c t e r , the c l a s s i f i c a t i o n 

by Edwards and Bodgan (1951) and Edwards (1956) of v e g e t a t i o n zones 

i n Kenya i s one of the most u s e f u l , as i t i s a c c u r a t e enough f o r 

g e n e r a l use without being o v e r - d e t a i l e d . Edwards d i s t i n g u i s h e s 

eleven major ve g e t a t i o n communities, shown i n Map 3. These are 

d e s c r i b e d below, and the a g r i c u l t u r a l and p a s t o r a l p o t e n t i a l of 

each zone i s o u t l i n e d . 



1) Highland f o r e s t and g r a s s l a n d 

T h i s v e g e t a t i o n zone u s u a l l y occurs between an a l t i t u d e 

of 6,500 and 9,000 f t . , and i s c h a r a c t e r i s e d by l a r g e t r a c t s of 

montane f o r e s t , i n t e r s p a c e d by areas of r o l l i n g g r a s s l a n d and 

moorland where the f o r e s t has been c l e a r e d . R a i n f a l l v a r i e s from 

40 inches i n the lower a l t i t u d e s and areas of r a i n shadow, to 90 

inches i n the best watered s l o p e s . R a i n f a l l i s supplemented by 

frequent mountain m i s t s which play an important r o l e i n ensuring 

an adequate moisture l e v e l during periods of low r a i n f a l l . 

Temperature r a r e l y exceeds 75° or f a l l s below 45° F a r e n h e i t , 

although f r o s t sometimes occurs at the higher a l t i t u d e s , 

The d i s t r i b u t i o n of the zone (see Map 3 ) , corresponds 

with the e l e v a t e d land masses th a t f l a n k both s i d e s of the R i f t 

V a l l e y i n c e n t r a l Kenya. E a s t of the R i f t , the f o r e s t zone 

predominates along the whole length of the Aberdare Range above 

6,000 f t . i n the e a s t and 7,500 f t . i n the west (where the r a i n 

shadow i s ) . I n the western slopes of the Aberdares, e s p e c i a l l y 

i n the Kinankop and Thompson F a l l s r e g ions, l a r g e areas of 

highland g r a s s l a n d e x i s t where f o r e s t growth has been i n h i b i t e d by 

the r a i n shadow, or where i t has been c l e a r e d . Mt. Kenya i s 

a l s o surrounded by a broad b e l t of f o r e s t . In the e a s t e r n s l opes 

which are p a r t i c u l a r l y w e l l watered, the f o r e s t , a f t e r e x t e n s i v e 

c l e a r i n g now begins at 5,000 f t . In the north west of the 

mountain however, the r a i n shadow i s pronounced,and the f o r e s t b e l t 

i s t h i n . A l a r g e t r a c t of g r a s s l a n d and moorland l i e s between 

6,000 and 9,000 f t . I n the north e a s t , the Mt, Kenya f o r e s t 

continues u n i n t e r r u p t e d along the Nyambeni range f o r a d i s t a n c e 

of over 60 m i l e s . 



The f o r e s t zone f l a n k i n g the western escarpments occupies 

an even g r e a t e r a r e a . I t s t r e t c h e s almost c o n t i n o u s l y from the 

northern Cherangany and Pokot H i l l s to the Tanzanian border, with 

a s h o r t break i n the Narok and Magadi l o c a l i t i e s . The width of 

the zone v a r i e s from 20-30 m i l e s i n the Elgeyo escarpment to over 

70 m i l e s i n the M a u - K i s i i region. An i s o l a t e d but s i z e a b l e f o r e s t 

t r a c t a l s o occurs on the higher s l o p e s of Mt, Elgon. Highland 

g r a s s l a n d and moorland i s e s p e c i a l l y p r e v a l e n t i n the Uasin Gishu 

area where the f o r e s t b e l t was narrow. E x t e n s i v e f o r e s t c l e a r i n g 

has occurred i n patches throughout the western zone, e s p e c i a l l y 

i n the T i n d e r e t , Molo, Nandi, Londiani and Kericho r e g i o n s . In 

these p l a c e s , g r a s s l a n d i n t e r s p e r s e d with patches of f o r e s t i s s t i l l 

common. 

Whil s t the l o c a l i t i e s mentioned above form the main highland 

f o r e s t zone, there are a l s o s m a l l e r mountains above 6,000 f t , dotted 

about Kenya ( f o r example Mt. K u l a l which have patches of f o r e s t on 

the higher s l o p e s ) a 

The c h a r a c t e r of the f o r e s t v a r i e s according to l o c a l i t y 

and p r e v a i l i n g s o i l and moisture c o n d i t i o n s . On the higher 

mountains, i t e v e n t u a l l y g i v e s way to bamboo at around 9,000 to 

11,000 f t . , followed by moorland and a l p i n e v e g e t a t i o n which can 

continue up to the snow l i n e . The l a r g e t r a c t s of g r a s s l a n d are 

u s u a l l y a d i r e c t consequence of f o r e s t c l e a r i n g or p e r s i s t e n t 

burning, accompanied by e r o s i o n , which removes the top l a y e r of s o i l . 

Where burning and a g r i c u l t u r e predominated, red oat g r a s s and 

Kikuyu g r a s s ( i n a s s o c i a t i o n with Kenya White C l o v e r are the 

dominant s p e c i e s . These g r a s s e s are important, as they provide 

e x c e l l e n t g r a z i n g and a "productive sward" which maintains a high 



l e v e l of s o i l f e r t i l i t y (Edwards 1956:95). 

The f o r e s t s are now a n a t u r a l resource protec ted by the 

c r e a t i o n of f o r e s t r e s e r v e s , which p r o h i b i t s encroachment by 

c u l t i v a t o r s . The highland f o r e s t zone however, has never been the 

most f e r t i l e or most productive a g r i c u l t u r a l zone, i n s p i t e of i t s 

high r a i n f a l l , except at the lower a l t i t u d e s (5,000 to 7,000 f t . ) . 

T h i s i s because the c o o l e r c l i m a t e and the danger of f r o s t s i n h i b i t 

crop production. The a l l o c a t e d a g r i c u l t u r a l e x - f o r e s t zones are 

today predominantly devoted to cash crops such as t e a , c o f f e e , and 

pyrethrum. The g r a s s l a n d and moorland however, i s v a l u a b l e g r a z i n g , 

and t r a d i t i o n a l l y f o r e s t c l e a r i n g s have always been used to graze 

c a t t l e , even as f a r as the high moors above the t r e e l i n e . Today, 

many of these a r e a s are devoted to i n t e n s i v e r e a r i n g of European 

breeds of sheep, and c a t t l e are s t i l l to be found g r a z i n g i n s i d e 

f o r e s t r e s e r v e s . 

2) C o a s t a l f o r e s t and c o a s t a l bush and open high gr a s s glades 

T h i s zone s t r e t c h e s from the coast up to t h i r t y to f i f t y 

m i l e s i n l a n d . The predominant c o n d i t i o n s are seasonal r a i n f a l l of 

30 to 50 inches w i t h periods of high humidity, which encourage the 

growth of t r o p i c a l f o r e s t of a d i s t i n c t l y West A f r i c a n type. Where 

r a i n f a l l i s lower, or s o i l c o n d i t i o n s are not r i g h t , t h i c k bush 

i n t e r s p e r s e d by s i z e a b l e t r e e s o c c u r s , with Baobabs, s p e c i e s of 

Terminal!a and Combretum a c h a r a c t e r i s t i c f e a t u r e . The f o r e s t and 

bush zones are f r e q u e n t l y i n t e r s p e r s e d by l a r g e g r a s s l a n d c l e a r i n g s , 

which have r e s u l t e d from p e r s i s t e n t burning. North of the Tana 

R i v e r , a great deal of the g r a s s l a n d i s n a t u r a l and marshy i n 

c h a r a c t e r . 



The f o r e s t i s mostly confined to areas w i t h i n twenty m i l e s 

of the c o a s t and i s l o c a t e d i n two main areas, the Shimba H i l l s 

south of Mombasa, and the Arabuko Sokoke f o r e s t south west of 

M a l i n d i , The main areas of c o a s t a l bush woodland are e a s t of 

Malindi and north of the Tana R i v e r to the west of Lamu, The 

immediate c o a s t a l s t r i p i s l a r g e l y c l e a r of woodland and bush. 

Towards the i n t e r i o r , the t h i c k woodland bush degenerates r a p i d l y 

i n t o scrub as r a i n f a l l d i m i n i s h e s . 

The c o a s t a l zone has a high a g r i c u l t u r a l p o t e n t i a l , and 

people l i v i n g i n the zone grow a wide v a r i e t y of a g r i c u l t u r a l 

produce, c o n c e n t r a t i n g on maize, t r o p i c a l f r u i t s , sorghum, m i l l e t 

and palms. Cash crops i n c l u d e cashew nuts, s i s a l and kapok. 

C a t t l e are a l s o r e a r e d i n some l o c a l i t i e s . The main disadvantage 

to c u l t i v a t i o n i n the w e l l watered zones i s the d i v e r s i t y and 

r i c h n e s s of the i n s e c t and epedemiological fauna. The c o a s t a l 

zone i s thus p a r t i c u l a r l y prone to the scourges of a g r i c u l t u r a l 

and c a t t l e d i s e a s e s , and the d e b i l i t a t i n g e f f e c t of human d i s e a s e , 

e s p e c i a l l y m a l a r i a . 

3) S c a t t e r e d t r e e g r a s s l a n d (low t r e e , high g r a s s ) 

T h i s zone i s mainly s i t u a t e d between 3,000 and 6,000 f t . , 

and c o n s i s t s of u ndulating high g r a s s up to 8 f t . high and s c a t t e r e d 

woodland. The t r e e s , which r a r e l y exceed 15 f t , i n h eight, are 

broad-leafed and deciduous. Of the many s p e c i e s that c h a r a c t e r i s e 

t h i s zone, the most numerous are those of the Combreturn fam i l y , 

with those of T e r m i n a l i a , F i c u s , Faura and Heeria a l s o common. The 

c l i m a t i c c o n d i t i o n s which help to maintain t h i s p l a n t community are 

high r a i n f a l l v a r y i n g from 35 to 70 i n c h e s , and a warm, mean annual 



temperature, r a r e l y exceeding 85° F a r e n h e i t and seldom f a l l i n g 
o 

below 50 . 

The g r a s s l a n d depends f o r i t s e x i s t e n c e on p e r i o d i c burning 

and c l e a r i n g f o r a g r i c u l t u r e . When burning i s not p r a c t i s e d , 

woodland r a p i d l y engulfs the g r a s s l a n d . Where r a i n f a l l and ground 

water l e v e l s are e x c e p t i o n a l l y high, t a l l e r t r e e s occur, up to 90 

f e e t high. I n some l i m i t e d a r e a s , f o r e s t of a t r o p i c a l moist West 

A f r i c a n c h a r a c t e r i s i n evidence. I n other favourable a r e a s , 

e s p e c i a l l y between the 4,000 and 6,000 foot e l e v a t i o n s south and 

e a s t of Mt. Kenya and the Aberdares, there used to be a b e l t of 

t h i c k low t r e e f o r e s t (patches s t i l l s u r v i v e ) , forming a t r a n s i t i o n a l 

zone between the Combretum woodland and the highland f o r e s t . 

T h i s p l a n t community has an e x t e n s i v e d i s t r i b u t i o n i n 

Kenya. In western Kenya the Combretum woodland extends i n a broad 

b e l t from the Endebess and Kwanza p l a i n s f l a n k i n g the north e a s t e r n 

s l o p e s of Mt. Elgon to the Lake Nyanza b a s i n . A l a r g e p o r t i o n of 

t h i s a r e a i s composed of r o l l i n g g r a s s y p l a i n s , which are poorly 

drained i n p a r t s , r e s u l t i n g i n swampland. B e l t s of l u s h r i v e r i n e 

f o r e s t a l s o occur along the banks of r i v e r s that d r a i n the a r e a . 

I n the Kakamega and Bungoma d i s t r i c t s , r a i n f a l l exceeds 70 i n c h e s , 

r e s u l t i n g i n t r o p i c a l f o r e s t around Kakamega and Malava. E a s t of 

the R i f t V a l l e y , the d i s t r i b u t i o n of t h i s v e g e t a t i o n community i s 

confined to the lower e a s t e r n and southern slopes of Mt. Kenya 

and the Aberdares, The woodland, from the evidence of remnant 

patches, must once have been e x t e n s i v e l y dense before i t was c l e a r e d 

by the a n c e s t o r s of the present Bantu i n h a b i t a n t s . 



Where r a i n f a l l i s r e g u l a r and p l e n t i f u l , and s o i l c o n d i t i o n s 

are f e r t i l e , the zone i s extremely productive f o r s t a p l e a g r i c u l t u r a l 

crops. T h i s e x p l a i n s why i t c o n t a i n s the highest d e n s i t y r u r a l 

population i n Kenya, i n both the Western and E a s t e r n areas. At 

the lower a l t i t u d e s (3,000 to 4,000 f t . ) , when r a i n f a l l f a l l s below 

40 inches a year, a g r i c u l t u r e becomes a r i s k y e n t e r p r i s e . In good 

years a high y i e l d can be obtained, but only too o f t e n drought 

a f f l i c t s these a r e a s . These marginal areas are to be found i n the 

lower s l o p e s of Mt. Kenya and the Aberdares below 4,000 f t . , and 

i n the B u s i a area of Western Kenya. 

4) S c a t t e r e d t r e e g r a s s l a n d (Acacia-Themeda) 

The Acacia-Themeda g r a s s l a n d s are the best known of the 

E a s t A f r i c a n v e g e t a t i o n zones, being f r e q u e n t l y f e a t u r e d on t e l e v i s i o n 

w i l d l i f e f i l m s , where gr a s s y p l a i n s with g r a z i n g gnus and zebra are 

i n t e r r u p t e d by the s i g h t of a f l a t - t o p p e d a c a c i a . The A c a c i a -

Themeda community occurs at medium a l t i t u d e s of 4.000 to 6,500 f t . , 

and i s a s s o c i a t e d with e r r a t i c r a i n f a l l of 20 to 30 i n c h e s , with 

frequent droughts. The g r a s s l a n d i s c h a r a c t e r i s e d by a dominant 

s p e c i e s , Themeda t r i a n d r a , which i s a gra s s seldom exceeding 

5 f e e t i n hei g h t . S c a t t e r e d amongst the g r a s s are s p e c i e s of 

a c a c i a , of which the " w h i s t l i n g thorn" a c a c i a (A. drepanolobium), 

6 to 8 f e e t high, i s p a r t i c u l a r l y common. Many s p e c i e s of A c a c i a 

are to be found i n the community, but they seldom grow higher 

than 20 f e e t , being s t u n t e d by the frequent burnings t h a t maintain 

the g r a s s l a n d , and by poor drainage i n the black cotton s o i l s on 

which they commonly grow. I n areas of good drainage and no burning, 

mostly around r i v e r s , the a c a c i a s grow to a c o n s i d e r a b l e s i z e , 

exceeding f i f t y f e e t i n h e i g h t . 



The d i s t r i b u t i o n of the community i s e x t e n s i v e . As Map 3 

shows, the main areas are concentrated in and around the c e n t r a l 

and southern R i f t V a l l e y . One major zone i s north west of Mt. Kenya 

i n the L a i k i p i a d i s t r i c t . A s m a l l e r b e l t a l s o occurs north of 

Mt. Elgon i n Karasuk. The biggest zone however, i s south of the 

equator, s t r e t c h i n g down the R i f t V a l l e y from Nakuru to Suswa. 

branching out to the west over the L o i t a and Mara p l a i n s , and to the 

e a s t over the Kaputie and A t h i p l a i n s w e l l p a s t Machakos. 

The e r r a t i c r a i n f a l l makes t h i s v e g e t a t i o n zone u n p r o f i t a b l e 

f o r c u l t i v a t i o n , although s e c t i o n s around Machakos are used f o r 

crop production where the s o i l i s b e t t e r drained and r a i n f a l l more 

r e l i a b l e . For the most part however, the c h a r a c t e r i s t i c s of the 

zone makes i t i d e a l f o r r a i s i n g c a t t l e , and l a r g e herds are found 

throughout. The droughts when widespread p e r i o d i c a l l y r e s u l t i n 

the death of many c a t t l e , through s t a r v a t i o n and weakened r e s i s t a n c e 

to d i s e a s e caused by impoverished pasture r a t h e r than an absence of 

d r i n k i n g water. N e v e r t h e l e s s , a few good y e a r s q u i c k l y recuperate 

the l o s s , as the graze i s r i c h and abundant, given an adequate r a i n 

supply. 

5) Desert and semi-desert zones 

Edwards (1956) d i s t i n g u i s h e s four d e s e r t and semi-desert 

p l a n t communities (see Map 3 ) . "Desert Grass-Bush (dry bush with 

t r e e s ) " occupies by f a r the l a r g e s t area of the l o w - l y i n g p l a i n s , 

occupying most of the p l a i n s and low highlands south of the 

Tana R i v e r , and most of the north e a s t e r n p l a i n s near the Somali 

border. T h i s community c o n s i s t s of l a r g e areas of t h i c k bush, 

with deciduous Commiphora s p e c i e s predominating, accompanied by 



s p e c i e s of A c a c i a and T e r m i n a l i a i n some ar e a s . The bush, u s u a l l y 

from 8 to 15 f e e t high, a l s o c o n t a i n s l a r g e r t r e e s i n some l o c a l i t i e s , 

The d i s t r i b u t i o n of t h i s v e g e t a t i o n type i s a s s o c i a t e d with r a i n f a l l 

from 10 to 15 i n c h e s , with extremely l o c a l i s e d r a i n f a l l , and droughts 

l a s t i n g s e v e r a l y e a r s are not uncommon. D e s s i c c a t i n g winds a l s o 

blow through a l a r g e p a r t of the year. I n the areas north e a s t 

of the Tana the bush i s i n t e r s p e r s e d with l a r g e areas of p e r e n n i a l 

g r a s s l a n d . South of the Tana the c l e a r i n g of bush and the development 

of g r a s s l a n d has only begun i n the l a s t ten y e a r s , except i n the 

areas e a s t and north e a s t of Mt. K i l i m a n j a r o , which have been 

converted to g r a s s l a n d f o r a much longer p e r i o d . 

As r a i n f a l l decreases to under ten i n c h e s , d e s e r t scrub 

appears, c o n s i s t i n g of a t h i n covering of stunted t r e e s , s t i l l 

mainly Commiphora and A c a c i a , i n t e r s p e r s e d by l a r g e t r a c t s of bare 

ground. The presence of g r a s s e s i s ephemeral, the g r a s s e s depend 

on the e r r a t i c r a i n f a l l f or the s t i m u l a t i o n of growth. Where 

r a i n f a l l f a l l s below 5 i n c h e s , the scrub and g r a s s cover becomes 

very t h i n , and where s o i l and ground c o n d i t i o n s are very unfavourable, 

there i s very l i t t l e v e g e t a t i o n . 

The d i s t r i b u t i o n of these d e s e r t communities i s confined 

to the c e n t r a l and western northern a r e a s . Most of Turkanaland 

west of Lake Turkana i s semi^-desert, and t h e r e i s a l a r g e b e l t of 

d e s e r t and semi-desert e a s t of Lake Turkana s t r e t c h i n g from the 

Lake i n a south e a s t e r l y d i r e c t i o n as f a r as the Tana R i v e r . The 

most a r i d zones are south, north and west of Mt. Marsabit, where 

the combination of l a v a and very low r a i n f a l l i s extremely h o s t i l e 

to p l a n t growth. 



These a r i d environments are for the most part t o t a l l y 

u n s u i t a b l e f o r any form of a g r i c u l t u r e . The s o i l s however t are 

g e n e r a l l y f e r t i l e , and c u l t i v a t i o n i s p o s s i b l e along the banks 

of permanent r i v e r s such as the Tana and T u r k w e l l . T r a d i t i o n a l l y , 

c u l t i v a t i o n along the banks of these r i v e r s has depended on 

f l o o d i n g during the r a i n y season, but today i r r i g a t i o n i s a l s o 

beginning to play an important r o l e . 

Outside these very l i m i t e d areas only p a s t o r a l i s m i s 

p o s s i b l e . P a r a d o x i c a l l y , the b e t t e r watered dry Commiphora 

woodland, which provides e x c e l l e n t browse f o r camels and goats a l s o 

encourages the breeding of t s e t s e f l i e s , and i s thus mostly 

uninhabited where the bush i s very t h i c k . South of the Tana 

R i v e r moreover, the absence of permanent water away from the Tana 

and Galana R i v e r s i s a l s o a c o n s i d e r a b l e l i m i t a t i o n to p a s t o r a l i s m . 

North of the Tana the bush i s a s s o c i a t e d with much l a r g e r areas 

of r e l a t i v e l y f l y - f r e e g r a s s l a n d , and sources of water are more p l e n t i f u l 

The dry bush zone i n the north thus supports a much higher d e n s i t y 

of c a t t l e , sheep, goats and camels than i n the south. 

The semi-desert scrub only supports c a t t l e i n the b e t t e r 

watered a r e a s , such as the Merti P l a t e a u , For most of i t s 

d i s t r i b u t i o n c a t t l e are uncommon, and the predominant economy i s 

based on s m a l l stock and camels. E a s t of Lake Turkana i t i s so 

a r i d t h a t the l o c a l R e n d i l l e people keep no c a t t l e at a l l . I n 

Turkanaland, c a t t l e are a l s o v i r t u a l l y absent from the semi-desert 

and d e s e r t p l a i n s , and are kept only on the higher slopes of the 

mountain ranges. Camels, s m a l l l i v e s t o c k and donkeys however, are 

a common s i g h t on the p l a i n s . 



1.2 The E t h n i c and L i n g u i s t i c D i v e r s i t y of the Peoples of Kenya 
and t h e i r D e t a i l e d D i s t r i b u t i o n 

The indigenous peoples of Kenya can, on the b a s i s of t h e i r 

l i n g u i s t i c c h a r a c t e r i s t i c s , be c l a s s i f i e d i n t o t h r e e A f r i c a n 

language f a m i l i e s , the Niger-Congo, C h a r i - N i l e and A f r o a s i a t i c 

f o l l o w i n g Greenberg's nomenclature. (Greenberg 1963). These 

language fami l i e s are analogous to " o r d e r s " i n z o o l o g i c a l taxonomy, 

and encompass many s u b - d i v i s i o n s at d i f f e r e n t h i e r a r c h i c a l l e v e l s , 

before we reach the minimal u n i t which i s a named t r i b a l population 

(e.g . the Nandi). 

These 1 i n g u i s t i c fami l i e s a r e , as t h e i r names imply, 

d i s t r i b u t e d widely i n A f r i c a . The A f r o a s i a t i c group extends even 

o u t s i d e A f r i c a to the Middle E a s t (the S e m i t i c languages are part of 

the f a m i l y ) . I n s p i t e of the widespread d i s t r i b u t i o n however, 

each language family i s a s s o c i a t e d with peoples who f o l l o w 

d i s t i n c t i v e l i f e s t y l e s . The Niger-Congo speakers tend to be 

a g r i c u l t u r a l i s t s and are a s s o c i a t e d w i t h l u s h savannah and t r o p i c a l 

f o r e s t s , the C h a r i - N i l e speakers are predominantly c a t t l e p a s t o r a l i s t s 

i n more a r i d Savannah, and the A f r o a s i a t i c speakers are a g r i c u l t u r a l i s t s 

and/or p a s t o r a l i s t s , a s s o c i a t e d with highland and a r i d semi-desert. 

A f o u r t h f a m i l y , the Khoisan, which a l s o occurs i n E a s t A f r i c a , 

though i t i s not confirmed i n Kenya, c o n s i s t s of the a n c i e n t 

languages of Bushmanoid hunting and gathering peoples. E a s t A f r i c a 

owes a great d e a l of i t s l i n g u i s t i c d i v e r s i t y to i t s geographical 

p o s i t i o n , which i s p e r i p h e r a l to the main c e n t r e s of a l l these 

f a m i l i e s , and a l s o to i t s topographical and c l i m a t i c d i v e r s i t y , 

which produces c o n d i t i o n s favourable to the p r e f e r r e d l i f e s t y l e s 

of peoples a s s o c i a t e d with each f a m i l y . 



The p r e c i s e l i n g u i s t i c a f f i n i t i e s of Kenya's indigenous 

peoples are o u t l i n e d i n T a b l e 1.1. T h e i r g e n e r a l d i s t r i b u t i o n 

i s given i n Map 4, and t h e i r d e t a i l e d d i s t r i b u t i o n and c h a r a c t e r i s t i c s 

are d i s c u s s e d more f u l l y below. 

1.2.1 Peoples of the Niger-Congo fa m i l y 

As Table 1.1 r e v e a l s , the Bantu l i n g u i s t i c group i s the 

only Kenyan r e p r e s e n t a t i v e of the Benue-Congo d i v i s i o n , which i s 

i n turn a major s u b - d i v i s i o n of the Niger-Congo f a m i l y . Of the 

many Bantu sub-groups, which can be found from the Cameroons r i g h t 

down to South A f r i c a , t h r e e are to be found i n Kenya. These are 

the I n t e r l a c u s t r i n e , Highland and C o a s t a l Bantu sub-groups. 

The Bantu are t r a d i t i o n a l l y a g r i c u l t u r a l i s t s through much 

of t h e i r range, p r a c t i s i n g s m a l l s c a l e s l a s h and burn c u l t i v a t i o n 

i n the wooded and f o r e s t environments that they u s u a l l y i n h a b i t . 

As i s to be expected given the v a s t area of t h e i r d i s t r i b u t i o n , t h e r e 

i s a great deal of s o c i a l and c u l t u r a l v a r i a t i o n . For i n s t a n c e , 

some Bantu peoples, l i k e the G i s u of Uganda, are a d e c e n t r a l i s e d 

c o l l e c t i o n of v i l l a g e s based on p a t r i l i n e a g e s , w h i l e at the opposite 

extreme are peoples such as the L o z i of Zambia who are organised 

i n v i l l a g e s based on m a t r i l i n e a g e s , under the c e n t r a l a u t h o r i t y 

of a king. In Kenya however, the Bantu peoples tend to follow 

the G i s u type of primary o r g a n i s a t i o n , modified i n v a r i o u s areas 

by c u l t u r a l f e a t u r e s borrowed from non^Bantu neighbours such as 

age s e t s , c i r c u m c i s i o n and c l i t o r i d e c t o m y . 

1.2.1.1 The I n t e r - L a c u s t r i n e Bantu 

The c e n t r a l d i s t r i b u t i o n of t h i s l a r g e Bantu d i v i s i o n i s 

i n Uganda, where i t represented predominantly by l a r g e , s o p h i s t i c a t e d 



and powerful kingdoms such as those of Nyore, Ganda and Toro, 

The Kenyan members of t h i s group l i e at the e a s t e r n periphery of 

the d i s t r i b u t i o n , and u n l i k e many of the Ugandan r e p r e s e n t a t i v e s 

of the group are not c e n t r a l i s e d kingdoms - except f o r one people, 

the Wanga. 

The l i n g u i s t i c s i m i l a r i t y of the I n t e r - l a c u s t r i n e Bantu i n 

Kenya and the c l o s e r e g i o n a l proximity to each other i n the area 

north of the Winam G u l f , have l e d them to assume a common i d e n t i t y 

i n r e c e n t y e a r s . They are now known as "L u y i a " , although i n the 

past they were 18 autonomous peoples b e l i e v e d to be of heterogenous 

o r i g i n s . 

The d i s t r i b u t i o n of the Luy i a peoples i s shown i n Map 4,1. 

To the south are the Isukha, Idakho, T i r i k i , Maragoli, Bunyore and 

K i s a . The population d e n s i t y f o r these peoples i s one of the 

hig h e s t i n Kenya, over 400 people a square m i l e through most of 

t h i s a r e a . The high r a i n f a l l makes i t p o s s i b l e f or t h i s l a r g e 

c o n c e n t r a t i o n of peoples to eke out a l i v i n g from the few 

acr e s they p o s s e s s , i n s p i t e of the f a c t that the boulder strewn 

s o i l s are not as f e r t i l e as other areas of the L u y i a country. The 

T i r i k i stand out c u l t u r a l l y from t h e i r neighbours i n having a g e - s e t s , 

a custom borrowed from the bordering Nyangori and Nandi (who are 

N i l o t e s - see below). 

I n the c e n t r e of the L u y i a country l i e s the s m a l l former 

kingdom of Wanga, and i t s neighbours the Mararaa and Butsotso. The 

Wanga are a i s b i s e c t e d by the Nzoia r i v e r , and i s r e l a t i v e l y swampy. 

As a r e s u l t , the population d e n s i t y i s lower than i n the land 

f u r t h e r south, and i n r e c e n t y e a r s , the t r a d i t i o n a l s u b s i s t e n c e 



a g r i c u l t u r e has been supplemented by the c u l t i v a t i o n of sugar cane 

f o r the Mumias sugar r e f i n e r y . 

To the west and south near the Uganda border the country 

becomes more a r i d and population d e n s i t y d e c l i n e s a p p r e c i a b l y . 

The Southern Bunyala and Busonga l i v e on the e s t u a r y of the Y a l a , 

and the country i s very swampy, p e r m i t t i n g the c u l t i v a t i o n of r i c e 

as w e l l as maize. F i s h i n g i s a l s o an important source of revenue 

and food. The Samia and Bukhayo to the north grow cotton as a 

cash crop, as w e l l as the u s u a l s t a p l e s , and as they o v e r l a p i n t o 

Uganda, smuggling t h r i v e s . 

F i n a l l y , the northern L u y i a are represented by the 

Bakusu (by f a r the l a r g e s t L u y i a p o p u l a t i o n ) , the Tachoni, Kabras 

and Northern Bunyala. I n the northern regions the land i s both 

f e r t i l e and r e l a t i v e l y unpopulated, p e r m i t t i n g a g r e a t e r acreage 

for each f a m i l y . C a t t l e moreover, are f a r more i n evidence than 

f u r t h e r south. The Bukusu are c l o s e l y r e l a t e d to the Gisu of 

Uganda, and i n r e c e n t times they have expanded i n t o the Trans 

Nzoia D i s t r i c t as a r e s u l t of s e t t l e m e n t schemes on former white-

owned land. I n a d d i t i o n , development i n the form of a m u l t i -

m i l l i o n d o l l a r paper m i l l on the Nzoia R i v e r at Webuye has come 

to the Bukusu area . The m i l l l i e s c l o s e to the r u i n s of Chetambe 

For t where Bukusu r e s i s t o r s put up a hopeless l a s t d i t c h stand 

a g a i n s t the B r i t i s h i n 1865. The Tachoni are somewhat anomalous, 

being predominantly of K a l e n j i n a n c e s t r y , although they have been 

c u l t u r a l l y and l i n g u i s t i c a l l y a s s i m i l a t e d by the L u y i a . (Were 1967 

63) . 



1.2.1,2 The Highland Bantu 

Of the 16 major Highland Bantu populations l i s t e d by 

Sutton (1974:82), h a l f are i n Kenya and the r e s t i n northern 

Tanzania, In Kenya the c e n t r e of t h e i r d i s t r i b u t i o n i s around 

Mt. Kenya and a s s o c i a t e d highlands, but the sub-group i s a l s o 

represented on the south Kenya coast by the Segeju, and i n the 

south west by the K u r i a , G u s l i and Suba (See Map 4 ) . 

i ) The C e n t r a l Bantu 

T h i s sub-group r e f e r s to the main c o n c e n t r a t i o n of 

Highland Bantu around Mt. Kenya, and i s more a geographical group 

than a s t r i c t l i n g u i s t i c s u b - d i v i s i o n . L i k e the L u y i a , the C e n t r a l 

Bantu peoples share a strong sense of common i d e n t i t y and repr e s e n t 

one of the major e t h n i c a l l i a n c e s i n the present day. In pre-

c o l o n i a l times however, the C e n t r a l Bantu comprised 15 autonomous 

peoples. T h e i r d i s t r i b u t i o n i s o u t l i n e d i n d e t a i l i n Map 4.2. 

Demographically, the C e n t r a l Bantu can be d i v i d e d i n t o 

t h r e e main groups, The f i r s t group c o n s i s t s of those peoples who 

l i v e mainly between the 4,000 to 6,000 f t . contours. These are 

the Kikuyu on the southern f l a n k s of the Aberdares, the Ndia, 

Gicugu and Embu on the southern s l o p e s of Mt. Kenya, and the Chuka 

on the south e a s t of Mt, Kenya, A l l these populations i n h a b i t 

the b est watered p a r t s of the Combretum high g r a s s zone, and enjoy 

some of the most f e r t i l e and productive lands i n Kenya. Population 

d e n s i t y i n t h i s zone i s extremely high, and a wide range of s t a p l e 

crops are grown, i n c l u d i n g beans which a r e very c h a r a c t e r i s t i c of 

t h i s a r e a . Today moreover, cash crops ( c o f f e e , pyrethrum, t e a 

and c i t r u s f r u i t s ) a re a common s i g h t , as are European breeds of 

c a t t l e i n the southern Kikuyu areas near the highland f o r e s t zone. 



The second group of populations i n h a b i t the lower a l t i t u d e 

and r a i n f a l l zones (2,000 to 4,000 f t . , 20 to 40 i n c h e s ) . These 

are the Mbere and Tharaka. who show a r e l a t i v e l y low population 

d e n s i t y , and are r e g u l a r l y a f f l i c t e d by droughts. The g r a z i n g of 

smal1 l i v e s t o c k i s p a r t i c u l a r l y important, and i n times of hunger, 

hunting, f i s h i n g and ga t h e r i n g are a l s o p r a c t i s e d . The government 

i s c u r r e n t l y encouraging the growing of cotton and, where i r r i g a t i o n 

i s p o s s i b l e , r i c e as cash crops. 

The t h i r d group are those populations who have s e c t i o n s i n 

both the high and lower a l t i t u d e zones. These are the Kamba, 

Muthambi, Mwimbi, I g o j i , Imentl, T i g a n i a and Igembe. The Iroenti, 

T i g a n i a and Igembe are p a r t i c u l a r l y favoured, i n that not only do they 

have a c c e s s to the lower and high s l o p e s of the Nyambeni Range, where 

low and high a l t i t u d e crops are grown, but they a l s o possess 

c o n s i d e r a b l e g r a z i n g c o n c e s s i o n s i n the p l a i n s south and e a s t of 

I s i o l o . The g r a z i n g of c a t t l e i s thus an important aspect of t h e i r 

economy. 

The Kamba deserve a s p e c i a l mention, as they cover by f a r 

the l a r g e s t a r e a of any C e n t r a l Bantu population (see Map 4 ) . The 

Kamba themselves d i s t i n g u i s h t h r e e major d i v i s i o n s of t h e i r land, 

the Machakos area, with high h i l l s , medium r a i n f a l l where population 

d e n s i t y i s high, and i n t e n s i v e c u l t i v a t i o n i s p r a c t i s e d , the K i t u i 

s e c t i o n where a c c e s s to the dry bush country permits the g r a z i n g of 

c a t t l e as w e l l as marginal a g r i c u l t u r e , and southern Kamba where 

hunting and gathering used to be e s s e n t i a l to supplement the meagre 

y i e l d of the land. Most of the Kamba country i s u n f o r t u n a t e l y 

marginal f o r both a g r i c u l t u r e and gr a z i n g , I t i s only comparatively 

r e c e n t l y that the Kamba have begun to share the r i c h e r g r a z i n g areas 



of the Athi p l a i n s t h a t border Machakos, which were denied to them 

by f i r s t l y Maasai and subsequently European occupation. 

The Kikuyu are a l s o a complex people, who today at over 

2,000,000 are Kenya's l a r g e s t " t r i b e " , much bigger than any other 

C e n t r a l Bantu people except the Kamba. Even before B r i t i s h r u l e , 

the Kikuyu country was t h i c k l y populated, and there was a growing 

d i f f e r e n c e between the people south and north of the Chania R i v e r . 

(Lambert 1949:4). North of the Chania t h e r e was a l s o some degree of 

sepa r a t e n e s s between the southern and northern i n h a b i t a n t s . These 

th r e e r e g i o n a l d i v i s i o n s are known as the Karuara, Metume and Gaki 

s e c t i o n s by the Kikuyu, and correspond i n are a to the present 

Kiambu, Muranga and Nyeri D i s t r i c t s . 

The r e c e n t h i s t o r y of the Kikuyu i s one of a high r a t e of 

expansion and development. R u r a l development a c c e l e r a t e d i n the 

e a r l y 1950's when the i n d i v i d u a l ownership of land was permitted 

w i t h i n the " r e s e r v e " by the C o l o n i a l a d m i n i s t r a t i o n , g i v i n g landowners 

the i n c e n t i v e to grow cash crops with enthusiasm. T h e i r proximity 

to the urban and i n d u s t r i a l areas of Nairobi and Thi k a a l s o p r e c i p i t a t e d 

c o n s i d e r a b l e p a r t i c i p a t i o n i n i n d u s t r y and urban e n t r e p r e n e u r s h i p . 

Chronic land hunger l e d Kikuyu f a m i l i e s to spread en masse i n t o 

the Nyandarua D i s t r i c t west of the Aberdares, f i r s t as l a b o u r e r s 

to European farms, and a f t e r independence as o c c u p i e r s under 

settlement schemes. Kikuyu farmers are now to be found i n pockets 

throughout Kenya, and there i s no urban c e n t r e without a s i g n i f i c a n t 

Kikuyu population of a d m i n i s t r a t o r s , t r a d e r s and entrepreneurs. 

From the point of view of 1 i n g u i s t i c and geographical 

a f f i n i t y , the C e n t r a l Bantu f a l l i n t o two bl o c k s , the Kikuyu and 



Meru c l u s t e r s . C l o s e l y r e l a t e d to the Kikuyu are the Ndla and 

Glcugu i n K i r i n y a g a D i s t r i c t , who c a l l themselves Kikuyu now i f asked 

to r e v e a l t h e i r i d e n t i t y . The Embu, Mbere and Kamba are a l s o 

c l o s e l y a l l i e d to the Kikuyu i n language and i d e n t i t y , although 

they p r e s e r v e t h e i r s e p a r a t e s t a t u s . Of the nine Meru peoples, 

the Muthamb-i, Mwimbi, I g o j i , Imenti, T i g a n i a and Igembe seldom c a l l 

themselves anything other than Meru nowadays. The Chuka however, 

have always been proud of t h e i r s e p a r a t e i d e n t i t y , having often 

been i n a s t a t e of war with the other Meru peoples. They are the 

only Meru people to c l a i m a b o r i g i n a l o r i g i n s (Lambert 1949;3), 

The Tharaka are a l s o d i s t i n c t from the other Meru, e s p e c i a l l y i n 

t h e i r l i f e s t y l e which resembles more that of the Kamba. Lambert 

does not c o n s i d e r them to be true members of the "Meru proper" 

(Lambert 1949:3). 

The C e n t r a l Bantu peoples, though s o c i a l l y organised on 

an acephalous p a t r i l i n e a l b a s i s , have borrowed many customs from 

t h e i r Maasai and C u s h i t i c neighbours. P a r t i c u l a r l y d i s t i n c t i v e 

f o r Kenyan Bantu i s the high s t a t e of development of age-sets and 

t r a d i t i o n a l m i l i t a r y o r g a n i s a t i o n , and the prev a l e n c e of c i r c u m c i s i o n 

and c l i t o r i d e c t o m y . 

i i ) The C o a s t a l and Western Highland Bantu 

The Segeju on the Kenya coast near the Tanzania border 

(see Map 4,3) have d i s t i n c t l i n g u i s t i c a f f i n i t i e s with the Kikuyu 

c l u s t e r . I n c u l t u r e and l i f e s t y l e however, they are very s i m i l a r 

to the other c o a s t a l peoples d e s c r i b e d i n the next s u b - s e c t i o n . 

The western Highland Bantu are represented by the G u s i i , 

K u r i a and Suba (see Map 4 ) , a group that extends w e l l i n t o Tanzania, 
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The K u r i a and G u s i i occupy highland south west of the Winam Gulf, 
and much of the are a i s t y p i c a l of the highland g r a s s l a n d and f o r e s t 
zone. Population d e n s i t y i s high and s u b s i s t e n c e a g r i c u l t u r e i s 
the p r e v a l e n t form of l i v e l i h o o d . The area i s r e l a t i v e l y under
developed compared to other Bantu regions, and cash crops are not 
ne a r l y so common as i n the Kikuyu and Meru country. The Suba 
however, are a s m a l l people, and 1i v e on the I s l a n d s of Lake 
Nyanza (Mufinga, Rusinga, T a k a w i r i and Bukula I s l a n d s ) . They can be 
considered a remnant of the G u s i i ^ K u r i a peoples which were cut o f f by 
the Luo p e n e t r a t i o n of the Lake Nyanza b a s i n i n the nineteenth 
century. T h e i r r e l a t i v e i s o l a t i o n on the i s lands and the low Luo 
d e n s i t y on the lak e shore opposite the i s l a n d s , which i s mountainous 
and i n f e c t e d with t s e t s e , saved them from otherwise i n e v i t a b l e 
a s s i m i l a t i o n . 

The G u s i i and K u r i a , though l i n g u i s t i c a l l y r e l a t e d to the 

C e n t r a l Bantu, are more s i m i l a r c u l t u r a l l y to the L u y i a i n the north. 

O r a l t r a d i t i o n , as Were (1974:189) p o i n t s out, even s t a t e s an o r i g i n 

i n the Luy i a area f o r the G u s i i , but i t i s d i f f i c u l t to r e c o n c i l e t h i s 

with the l i n g u i s t i c evidence. 

1.2.1.3 The C o a s t a l and H i n t e r l a n d Bantu 

T h i s i s another l a r g e Bantu group, which o v e r l a p s w e l l 

i n t o Tanzania. I n Kenya, i t i s represented by four major d i v i s i o n s , 

the Mji Kenda and S w a h i l i peoples of the c o a s t , the Pokomo of the 

Tana R i v e r , and the T a i t a and Taveta of the highlands e a s t of 

Mt. K i l i m a n j a r o . 



i ) The S w a h i l i group 

The S w a h i l i are the most ancient Bantu i n h a b i t a n t s of the 

co a s t , and are d i s t r i b u t e d i n a t h i n s t r i p of c o a s t 1 i n e near Mombasa 

and Malin d i ^ In Lamu, th e r e i s a c l o s e l y a l l i e d p opulation, the 

Bajun, 

The S w a h i l i language i s a h y b r i d i s e d blend of a Bantu 

grammatical and vocabulary base, supplemented by hundreds of Arabic 

words. The language r e f l e c t s the long and c l o s e r e l a t i o n s h i p 

between the S w a h i l i peoples and Arabs, who s e t t l e d and traded along 

the coast f o r c e n t u r i e s . During i t s long c o n t a c t with the Arabs, 

the S w a h i l i community became i n c r e a s i n g l y h y b r i d i s e d both c u l t u r a l l y 

and p h y s i c a l l y , and was expanded with the a s s i m i l a t i o n of 

e x - s l a v e s . Today the S w a h i l i are h i g h l y I s l a m i c i s e d , and tend to be 

predominantly urban, though they a l s o p r a c t i c e some a g r i c u l t u r e i n 

the v i c i n i t y of the old Arab and S w a h i l i towns such as Lamu, Malindi 

and Mombasa. 

i i ) The Mji Kenda Peoples 

The Mji Kenda are a heterogeneous c l u s t e r of nine peoples, 

the Digo, Duruma, Kauma, Kambe, Ribe , Rabai, J i b a n a , Chonyi and 

Giriama, who assumed a common i d e n t i t y i n c o l o n i a l times. T h e i r 

d e t a i l e d d i s t r i b u t i o n i s given i n Map 4,3. I t should be noted 

however, that the boundaries i n d i c a t e d on the map are somewhat 

a r b i t r a r y , and there i s c o n s i d e r a b l e i n t e r - m i n g l i n g of peoples i n 

c l o s e proximity. 

Most of the Mji Kenda, apart from the Duruma and western 

Giriama, i n h a b i t the best-watered s e c t i o n s of the c o a s t a l p l a i n . 

The p i c t u r e presented up to 15 to 20 miles i n l a n d i s a s e r i e s of 



s m a l l - h o l d i n g s and maize f i e l d s , under a canopy of mango, coconut, 

kapok and cashew nut t r e e s . The coconuts, as w e l l as p r o v i d i n g a 

steady source of revenue from s e r v i c i n g the t o u r i s t c o a s t a l h o t e l s 

and the s a l e of c o p r a , are used for making palm wine which i s of 

c o n s i d e r a b l e s o c i a l s i g n i f i c a n c e (see P a r k i n 1972). Mangos, kapok 

and cashew nuts are a l s o v a l u a b l e cash crops. In some l o c a l i t i e s 

cotton i s a l s o grown, and r e c e n t l y there have been experiments with 

d a i r y farms to provide milk f o r the t o u r i s t h o t e l s . F i s h i n g along 

the c o a s t i s a l s o p r a c t i s e d i n some a r e a s . P a r t i c u l a r l y v a l u a b l e 

i s the c o l l e c t i o n of s h e l l s which f e t c h good p r i c e s i n the l o c a l 

t o u r i s t markets. 

The Mji Kenda peoples, owing to the proximity of the 

s o p h i s t i c a t e d Arab/Swahili towns, have enjoyed the b e n e f i t s of trade 

f o r many gene r a t i o n s , an economic opportunity denied to most Bantu 

peoples of the i n t e r i o r . As w e l l as s e r v i c i n g the food requirements 

of the Arab towns, they used to a c t as middle men f o r i v o r y , procured 

by the hunting groups of the c o a s t a l i n t e r i o r . 

The Duruma and western Giriama l i v e i n the more a r i d p a r t s 

of the c o a s t a l p l a i n s , and t h e i r environment i s mostly dry bush and 

woodland. For these people, drought and the l o s s of crops are 

frequent hazards, and i n times of emergency hunting, trapping, 

gathering and f i s h i n g are necessary f o r s u r v i v a l . The range of 

animals eaten by the Giriama f o r i n s t a n c e , i s a source of amazement 

for v i s i t i n g Bantu peoples from the i n t e r i o r . 

C onsidering the length of time the Mji Kenda have been i n 

contact with the Arab and Swahi1i peoples, they have been remarkably 

u n a f f e c t e d by I s l a m i c i s a t i o n . The most a f f e c t e d are the Digo south 

of Mombasa, l a r g e numbers of whom are now Muslims. North of Mombasa 
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however, e s p e c i a l l y i n Giriama land, most people s t i l l p r a c t i s e 

t h e i r t r a d i t i o n a l r e l i g i o n s and customs. 

i i i ) The Pokomo peoples 

The Pokomo are u s u a l l y c l a s s e d as one t r i b e i n the 

l i t e r a t u r e , They c o n s i s t however, of t h i r t e e n peoples who l i v e 

e x c l u s i v e l y on the banks of the Tana R i v e r from i t s e s t u a r y up to 

about 200 m i l e s i n l a n d . T h e i r i d e n t i t y and d i s t r i b u t i o n i s given 

i n Map 4.4. The map only g i v e s t h e i r rank p o s i t i o n along the r i v e r , 

as I have not been able to f i n d any information regarding p r e c i s e 

boundaries. 

The Pokomo l i v e f o r most of t h e i r i n l a n d range i n a harsh, 

a r i d c l i m a t e , with r a i n f a l l e r r a t i c and seldom exceeding 15 inches 

a year. The p l a i n s f l a n k i n g the Tana are amongst the most a r i d i n 

Kenya. The Pokomo n e v e r t h e l e s s are s u c c e s s f u l a g r i c u l t u r a l i s t s . 

C u l t i v a t i o n i s p o s s i b l e during the r a i n y season i n those p a r t s where 

the r i v e r f l o o d s , and the Pokomo are p r o f i c i e n t at maximising 

production during the growing season without r e s o r t i n g to i r r i g a t i o n 

T h i s i s achieved through c a r e f u l s e l e c t i o n of f i e l d s . I n many 

p a r t s of the Tana, l a r g e t r a c t s of r i v e r i n e f o r e s t occur, and these 

play an important p a r t i n r e t a i n i n g moisture i n the s o i l . 

Apart from l i m i t e d a g r i c u l t u r e however, the Pokomo have had 

l i t t l e opportunity to t r y out other forms of 1 i v e l i h o o d . I n t e r 

mingled with the Pokomo are the C u s h i t i c Orma on the south bank of 

the Tana and Somali on the north, who herd c a t t l e on the surrounding 

p l a i n s and on those p a r t s of the r i v e r shore t h a t are not c u l t i v a t e d 

T h e i r s u p e r i o r railitary o r g a n i s a t i o n and t h e i r f a n a t i c a l love of 

c a t t l e has ensured f or them a complete monopoly of c a t t l e ownership. 



The c l o s e proximity of the Orma has r e s u l t e d i n c o n s i d e r a b l e 

i n t e r m i x t u r e i n the northern a r e a s . The Malakote are probably the 

most h y b r i d i s e d of the Pokomo Bantu speaking peoples, and north of 

the Malakote, the Korokoro, once Pokorao speakers, now speak a d i a l e c t 

of Orma. One consequence of cont a c t with the Somali has been the 

spread of Islam, which i s now almost complete. One m a n i f e s t a t i o n 

of t h i s i s the l a r g e numbers of Koran charms to be found impaled i n 

f i e l d s of growing crops. I n s p i t e of the spread of Islam, the 

t r a d i t i o n a l c u l t u r e i s s t i l l very much a l i v e . For i n s t a n c e , 

Pokomoland i s one of the few p l a c e s i n Kenya where drums may beat 

throughout the nig h t , accompanying t r a d i t i o n a l ceremonies, 

i v ) The T a i t a and Taveta 

The T a i t a and Taveta are often c l a s s e d together i n one 

group, but i n r e a l i t y the s i m i l a r i t y between them i s s u p e r f i c i a l . 

The Taveta l i v e on the e a s t e r n lower slopes of Mt. K i l i m a n j a r o , 

and c l a i m to be r e l a t e d to the Tanzanian Chagga, w h i l s t the T a i t a 

have a long h i s t o r y of u n i n t e r r u p t e d occupation of the T a i t a H i l l s 

near V o i , an o a s i s of highland i n a s e a of bush. 

The Taveta occupy a s t r a t e g i c point along the Tanzania/Kenya 

border, which was an important s t a g i n g post f o r caravans and t r a d e r s 

i n the nineteenth century. The present i n h a b i t a n t s are t h e r e f o r e 

most probably a heterogeneous amalgam of groups from the neighbouring 

a r e a s , predominantly Chagga and Pare, with some Maasai (Dundas1924) 

During c o l o n i a l times, Taveta Town became an important r a i l w a y l i n k 

with Tanzania, and numbers of Luo and Kamba labourers s e t t l e d there 

to work on Greek-owned s i s a l e s t a t e s , 
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The T a i t a are composed of three r e g i o n a l s e c t i o n s , the 

Dabida, S a g a l l a and Kasigau, which i n h a b i t r e s p e c t i v e l y the upper 
slopes of the T a i t a , S a g a l l a and Kasigau H i l l s , which exceed 5,000 f t . 
Each range of h i l l s i s s eparated from the o t h e r s by low l y i n g , a r i d 
p l a i n s . The l a r g e s t of the s e c t i o n s i s the Dabida, which a l s o 
d i s p l a y s the h i g h e s t population d e n s i t y . The v a l l e y between the 
Dabida and S a g a l l a i s i n t e r s e c t e d by the Mombasa/Nairobi and Voi/ 
Taveta r a i l w a y s . Voi, at the base of the S a g a l l a H i l l s , i s an 
important town and c o n t a i n s a s i z e a b l e population of migrants from 
up-country. Luo, Kamba and L u y i a l a b o u r e r s are a l s o e s t a b l i s h e d 
on the l a r g e s i s a l e s t a t e s near Voi and Mwatate. The migrants 
however, are on the p l a i n s , and have l i t t l e c o n t a c t w i t h the main 
population c o n c e n t r a t i o n s on the upper s l o p e s . 

The s m a l l e s t and most i s o l a t e d of the T a i t a peoples i s the 

Kasigau, who l i v e on the upper slopes of Kasigau H i l l some f i f t y 

m i l e s to the south e a s t . They are one of the most i s o l a t e d 

communities i n Kenya, surrounded on a l l s i d e s by m i l e s of uninhabited 

dry bushland. 

I n the l a s t ten y e a r s , some attempt has been made to develop 

the uninhabited p l a i n s around the T a i t a H i l l s . Experimental cooperative 

T a i t a Ranches have now been e s t a b l i s h e d i n the a r e a , and the b u i l d i n g 

of T a i t a H i l l s S a l t L i c k Lodge has brought i n t o u r i s t s . The 

e f f e c t s of these developments however, are s t i l l marginal f o r the 

m a j o r i t y of T a i t a . 

1.2.2 The C h a r i - N i l e Family 

T h i s complex l i n g u i s t i c family i s represented by only one 

d i v i s i o n i n Kenya, the E a s t e r n Sudanic, and of t h i s d i v i s i o n , only 



one sut>T-branch ( the N i l o t i c Group occurs. (See Table 1,1). A l l 

three of the N i l o t i c sub-groups t h a t are represented i n E a s t A f r i c a 

are found i n Kenya. These are the River-Lake N i l o t e s , P l a i n s 

N i l o t e s , and Highland N i l o t e s . U n t i l r e c e n t l y , the P l a i n s and 

Highlands N i l o t e s were not considered true N i l o t e s , but were 

r e f e r r e d to as N i l o - H a m i t i c , and when the term Hamitic f e l l i n t o 

d i s r e p u t e (see Sutton 1974:96), were sometimes r e f e r r e d to as 

P a r a n i l o t e s . The j u s t i f i c a t i o n f o r the " Nilo-Hamitic" c l a s s i f i c a t i o n 

was the o b s e r v a t i o n t h a t , both c u l t u r a l l y and p h y s i c a l l y , the peoples 

encompassed by the term seem to d i s p l a y a h y b r i d i s e d mixture of 

N i l o t i c and Haraitic c h a r a c t e r i s t i c s . Sutton however, s t a t e s the 

modern view when he p o i n t s out t h a t 

" r e c e n t s t u d i e s of t h e i r languages show th a t they 
are b a s i c a l l y N i l o t i c , and t h a t any C u s h i t i c 
word borrowings are s u p e r f i c i a l . Some of them 
(notably K a l e n j i n and Maasai, have a s s i m i l a t e d numbers 
of C u s h i t e s and have a l s o made c u l t u r a l borrowings from 
them, but t h i s i s i r r e l e v a n t to a s t r i c t l y l i n g u i s t i c 
c l a s s i f i c a t i o n t h a t we i n s i s t on u s i n g here." (Sutton 1974:97), 

Indeed there i s no c h o i c e but use a l i n g u i s t i c c l a s s i f i c a t i o n , as 

there i s no r e a l l y o b j e c t i v e method of c l a s s i f y i n g peoples on the b a s i s 

of c u l t u r a l c h a r a c t e r i s t i c s . Besides, the C e n t r a l Bantu have a l s o 

borrowed many C u s h i t i c c u l t u r a l c h a r a c t e r i s t i c s , but nobody r e f e r s 

to them as Bantu-Cushites, or Parabantu. 

1.2.2.1 The R i v e r - L a k e N i l o t e s 

The c l a s s i c type populations of t h i s group are the Nuer and 

Dinka that i n h a b i t the N i l e savannahs i n the Sudan. They are 

predominantly c a t t l e people who a l s o hunt and f i s h at favourable 

times of the year. They are t r a d i t i o n a l l y organised i n t o acephalous 

segmentary l i n e a g e s , which help to d e f i n e t e r r i t o r i a l groups (Evans-

P r i t c h a r d 1940), 



The only r e p r e s e n t a t i v e s of the R i v e r L a k e ^ N i l o t e s i n Kenya 

are the Luo, who belong to the Lwoo l i n g u i s t i c sub-group. They 

occupy a l a r g e p a r t of the Lake Nyanza b a s i n around the Winam Gulf 

(see Map 4 ) , a c l i m a t i c zone of moist g r a s s l a n d s , woodland and swamp 

not too d i s s i m i l a r to t h e i r a n c e s t r a l environments i n the Sudan. 

The Luo though considered as one " t r i b e " , are i n r e a l i t y a 

c o l l e c t i o n of over 20 u n i t s t h a t operated autonomously i n the 

nineteenth century. The p r e c i s e i d e n t i t y and number of these 

" t r i b e s " i s d i f f i c u l t to e s t a b l i s h from the l i t e r a t u r e . Ogot (1967) 

fo r i n s t a n c e , does not give a complete l i s t i n h i s "H i s t o r y of the 

Southern Luo", by f a r the most d e t a i l e d account of t h i s people. 

The l i s t compiled i n Table 1.1 i s thus p r o v i s i o n a l , and needs 

v e r i f y i n g . The d i s t r i b u t i o n of these " t r i b e s " i s given i n Map 4.5, 

and the boundaries are based on those of Luo L o c a t i o n s given by 

Morgan and S h a f f e r (1966:30). 

The predominant mode of l i v e l i h o o d f o r the Luo used to be 

c a t t l e - k e e p i n g . P o p u l a t i o n d e n s i t y however, i s now so high around 

the Winam Gulf b a s i n that t h e r e i s l i t t l e land f o r l a r g e - s c a l e 

g r a z i n g . The dominant mode of l i v e l i h o o d has t h e r e f o r e been 

r e p l a c e d by a g r i c u l t u r e , w i t h c a t t l e grazed where there i s room. 

In the south moreover, t s e t s e f l i e s are common, and bovine s l e e p i n g 

s i c k n e s s has discouraged c a t t l e keeping. O c c a s i o n a l outbreaks 

of human s l e e p i n g s i c k n e s s have a l s o been recorded i n the Luo area. 

Around the Lake shore, f i s h i n g i s a l s o an important 

a c t i v i t y . S i n c e independence, s e v e r a l f i s h i n g c o o p e r a t i v e s have 

been e s t a b l i s h e d to e x p l o i t the f i s h commercially. Sugar cane i s 

another common cash crop, supplementing l a r g e s c a l e company 



p l a n t a t i o n s i n the Nyando V a l l e y north e a s t of Kisumu. 

The Luo are Kenya's second l a r g e s t " t r i b e " a f t e r the 

Kikuyu, and are to be found i n a l l l a r g e urban c e n t r e s , where they 

f i l l a m u l t i p l i c i t y of occupations. On the whole, t h e i r g r e a t e s t 

c o n t r i b u t i o n to the modern n a t i o n has been i n the f i e l d of labour, 

where most trade unions are organised by Luos. They are a l s o 

prominantly a c t i v e i n the r a i l w a y s . 

1.2.2.2 The P l a i n s N i l o t e s 

The P l a i n s N i l o t e s t r a d i t i o n a l l y occupy the d r i e r savannahs, 

which can support a f a i r number of c a t t l e , but where r a i n f a l l i s 

e r r a t i c enough to discourage a g r i c u l t u r e . The s c a t t e r e d t r e e 

g r a s s l a n d (Acacia-Themeda type) i s a t y p i c a l environment, although 

they a l s o occupy semi-desert bush i f not too dry. Of the t h r e e 

c l u s t e r s found i n E a s t A f r i c a the B a r i are e x c l u s i v e l y i n the 

southern Sudan and northern Uganda, the Itunga/Karimojong s t r a d d l e 

e a s t e r n Uganda and the Sudan, overlapping i n t o Kenya, and the Maasai 

c l u s t e r i s i n Kenya and northern Tanzania. 

i ) The Karimojong C l u s t e r 

Kenya has only two r e p r e s e n t a t i v e s of t h i s group, the 

I t e s o south west of Mt. Elgon, an offshoot of the Uganda Teso, and 

the Turkana west of Lake Turkana (see Map 4 ) . 

The I t e s o occupy the lush g r a s s l a n d and wooded savannah 

that i s t y p i c a l of the L u y i a a r e a . They migrated to the area i n 

the mid and l a t e n i neteenth century from the main Teso group north 

west of Mt, Elgon. Although an e n t h u s i a s t i c c a t t l e people, they 

l i v e i n a r i c h a g r i c u l t u r a l environment, and have not h e s i t a t e d to 

e x p l o i t a g r i c u l t u r a l methods of s u b s i s t e n c e and revenue, The 



high p o t e n t i a l of the I t e s o environment f o r both pas t o r a l i s m and 

a g r i c u l t u r e i s the reason why the population d e n s i t y f o r the I t e s o 

area, though lower than that of t h e i r Bantu neighbours, i s by f a r 

the h i g h e s t of any other P l a i n s N i l o t i c people. 

Turkanaland i n c o n t r a s t has a population d e n s i t y which 

ranks amongst the lowest i n Kenya, c o n s i s t i n g of a v a s t area of low 

l y i n g p l a i n s , i n t e r s p e r s e d by areas of high ground (s e e Map 1 ) . The 

Turkana p r e f e r to l i v e near sources of water on the hot p l a i n s , where 

they s u b s i s t mainly on milk from goats, camels and donkeys, with t h e i r 

d i e t supplemented with e d i b l e w i l d v e g e t a b l e s and r o o t s which they 

gather and any mammals they can hunt. The Turkana are organised 

i n t o f a m i l y v i l l a g e s , c o l l e c t i o n s of p i c t u r e s q u e bee-hive huts 

normally i n h a b i t e d by the e l d e r generation, women and c h i l d r e n . 

The younger men however, have a much more nomadic e x i s t e n c e . A 

m i n o r i t y are d e t a i l e d to herd the camels, donkeys and goats on the 

low p l a i n s , w h i l e the m a j o r i t y look a f t e r and guard the c o n s i d e r a b l e 

herds of c a t t l e , which as they cannot f i n d adequate graze on the 

p l a i n s , are confined to the b e t t e r watered higher a r e a s . Most of 

the men t h e r e f o r e , are often to be found many mil e s away from t h e i r 

home v i l l a g e s . 

The Turkana t e r r i t o r y i s on the whole so h o s t i l e t h a t 

p r o t r a c t e d droughts can cause major human tragedy. Loss of 

l i v e s t o c k so common during droughts means not j u s t impoverishment, 

but death to a man and h i s dependents. Host poor Turkana today 

have a chance of s a f e t y when they l o s e t h e i r herds through e i t h e r 

migrating as labourers to the towns and highland farms, or by 

becoming fishermen on the shores of Lake Turkana. Some Turkana 
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f a m i l i e s have even begun to c u l t i v a t e along the banks of R i v e r 
T u r k w e l l . 

In s p i t e of the poverty of the environment and the 

extremely d e c e n t r a l i s e d s o c i a l system, one of the l e a s t c o h e s i v e 

i n Kenya (Mair 1962), the Turkana are remarkably s u c c e s s f u l as a 

people. They s u c c e s s f u l l y expanded t h e i r t e r r i t o r y at the expense 

of the seemingly f a r more organised Samburu (Maasai) and the 

K a l e n j i n Pokot i n the n i n e t e e n t h century, and s i n c e independence 

i n 1963 have succeeded i n i n f i l t r a t i n g and p o s s e s s i n g a great deal 

of t r a d i t i o n a l Samburuland on the e a s t e r n R i f t V a l l e y south of 

Lake Turkana. Moreover t h e i r seemingly undeveloped and t r a d i t i o n a l l y 

p i c t u r e s q u e l i f e s t y l e i s misleading. Many Turkana fought f o r the 

Kings A f r i c a n R i f l e s i n Burmah, and have spent time as l a b o u r e r s on 

European farms before r e t u r n i n g to Turkana. Some Turkana (mostly 

d i s a f f e c t e d s o l d i e r s of the King's A f r i c a n R i f l e s who resented t h e i r 

Kikuyu o f f i c e r s a f t e r independence), have even formed a s o p h i s t i c a t e d 

bandit movement c a l l e d the Ngoroko, which s p e c i a l i s e i n c a t t l e 

r u s t l i n g over four i n t e r n a t i o n a l f r o n t i e r s and are reputed to possess 

modern r i f l e s and machine guns. The Turkana on the whole are not 

n e a r l y so out of touch w i t h the t w e n t i e t h century as t h e i r t r a d i t i o n a l 

appearance suggests. 

i i ) The Maasai Peoples 

The Maasai peoples i n the nineteenth century occupied a l l 

the f l o o r of the R i f t V a l l e y and much of the p l a t e a u land o f f i t 

from the shores of Lake Turkana as f a r down as the miombo woodland 

of southern Tanzania. At the height of t h e i r power however, around 

the 1840s, d i f f e r e n t Maasai peoples embarked on a s e r i e s of d i s a s t r o u s 



c i v i l wars, which saw the a n n i h i l a t i o n of the Uasin Gishu 

a g r i c u l t u r a l Maasai and a l a r g e s e c t i o n of the L a i k i p i a Maasai by 

the Purko and other southern s e c t i o n s . T h e i r population was 

f u r t h e r decimated i n the l a t e n i n e t e e n t h century by epidemics which 

a f f l i c t e d both humans and c a t t l e . By the time the B r i t i s h took on 

the a d m i n i s t r a t i o n of Kenya, t h e r e were l a r g e empty areas i n the 

northern R i f t V a l l e y , which were a l i e n a t e d for European s e t t l e m e n t , 

with the remaining Maasai pushed backwards to the south. In 1913 

the remaining L a i k i p i a Maasai were "persuaded" p e a c e f u l l y to 

evacuate the L a i k i p i a p l a t e a u , and were r e - s e t t l e d i n the area west 

of the Mara Game Reserve near the G u s i i and K u r i a . The Maasai were 

thus s p l i t i n t o two geographical groups, a northern group c o n s i s t i n g 

of the Samburu and s m a l l Maasai speaking Dorobo groups ( N d i g r i , 

Momonyot, L u a s i , Ngwesi), and a l a r g e r southern group c o n s i s t i n g of 

the d i s p o s s e s s e d L a i k i p i a k , the Purko, L o i t a , I s i r i a , Damat and 

Moitanik from Narol: D i s t r i c t , Kaputie, Keekonyokle, K e l a n i and 

Kankere from Kadjiado D i s t r i c t (see Table 1.1 and Map 4 ) . 

With the e x t i n c t i o n of the Uasin Gishu A g r i c u l t u r a l 

s e c t i o n , a l l the present Kenya Maasai are p a s t o r a l i s t s , r e l y i n g 

mostly on c a t t l e . Although deprived of some of t h e i r b e s t g r a z i n g 

lands, they use the p l a i n s south and west of Nairobi which are 

s t i l l some of the best g r a z i n g areas i n Kenya. Only the Samburu i n 

the north have s u b s t a n t i a l areas of a r i d bush w i t h i n t h e i r a r e a , 

although t h i s i s compensated by lush g r a z i n g i n the higher l a t i t u d e s 

around M a r a l a l ; 

The Maasai have often been d e s c r i b e d as pround and r e s i s t i n g 

change and development i n favour of t h e i r t r a d i t i o n a l l i f e s t y l e , 

T h i s however, i s not r e a l l y t r u e . The Maasai were r e s i s t a n t to 
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change advocated by the c o l o n i a l a d m i n s t r a t i o n , as they d i s t r u s t e d 

t h e i r a c t i o n s a f t e r the e a r l y land a l i e n a t i o n . S i n c e independence, 

the Maasai have encouraged development, and schools and roads are 

slowly blossoming i n a l l a r e a s . The Kaputie Maasai have p a r t i c i p a t e d 

i n a government-sponsored ranching scheme, and the Purko Maasai have 

l e a s e d a c r e s of prime a g r i c u l t u r a l land near the Mau F o r e s t f o r 

wheat growing, with the l o c a l c o u n c i l i n Narok d i r e c t l y b e n e f i t t i n g . 

As Ole Sankan, former l e c t u r e r i n H i s t o r y at the U n i v e r s i t y of 

Nairobi and h i m s e l f a Maasai p o i n t s out, 

" a t t i t u d e s have begun to change r a p i d l y , with the 
Maasai i n c e r t a i n a r e a s a c c e p t i n g the f a c t that 
u l t i m a t e l y they w i l l have to s e t t l e down permanently 
i n d e f i n i t e a r e a s , and properly demarcate t h e i r land, 
a c cepting t i t l e deeds." (Ole Sankan 1971:xxxix). 

1.2.2.3 The Highland N i l o t e s 

The Highland N i l o t e s are so c a l l e d because they tend to 

l i v e at high a l t i t u d e s i n the Highland F o r e s t and G r a s s l a n d zones. 

There a r e two l i n g u i s t i c branches of t h i s f a m i l y , the Dadog group 

which i s now confined to Tanzania, and the K a l e n j i n peoples which 

are a l l i n Kenya except f o r one population, the Sebei who occupy 

the northern s l o p e s of Mt. Elgon i n Uganda. 

The K a l e n j i n are t r a d i t i o n a l l y confined to the highland 

areas on the western escarpments of the R i f t V a l l e y and a s s o c i a t e d 

land masses, and i n the northern reaches are a l s o found on the 

R i f t V a l l e y f l o o r . G e o g r a p h i c a l l y and l i n g u i s t i c a l l y i t i s p o s s i b l e 

to d i s t i n g u i s h three c l u s t e r s , the Sabaot on the s l o p e s of Mt. Elgon, 

the Pokot, and the Nandi group. 

The Nandi group i s the l a r g e s t c l u s t e r , and c o n t a i n s e i g h t 

peoples, which from north to south are the Endo, Marakwet, Tugen, 



Keyo, Nandi, Nyangori, K i p s i g i s and Ogiek. The Endo, Marakwet, 

Keyo and Tugen i n h a b i t the highlands of the Cherangani and Tugen 

H i l l s , where they herd c a t t l e i n the f o r e s t glades and grow s t a p l e 

crops along the f o r e s t edges. The Tugen however, stand out i n 

occupying a l a r g e a r e a of the R i f t V a l l e y f l o o r south and west of 

Lake Baringo, which they mainly use f o r g r a z i n g c a t t l e . The general 

p a t t e r n i s f o r the main population to l i v e i n the higher a l t i t u d e 

zones, w h i l e the young men herd c a t t l e below i n the p l a i n s . On 

Lake Baringo at Kampi-ya-saraaki t h e r e i s now a Tugen f i s h i n g v i l l a g e , 

o r i g i n a l l y sponsored by the Government to a l l e v i a t e the p l i g h t of 

l a n d l e s s Tugen. 

The Nandi and K i p s i g i s , who occupy r e s p e c t i v e l y the Nandi 

P l a t e a u and the western slopes of the Mau Range below the f o r e s t , 

are the most developed K a l e n j i n i n Kenya. The K i p s i g i s area 

borders the g r e a t Brook Bond tea e s t a t e s around Kericho, and th e r e 

are a l s o l a r g e t e a e s t a t e s near the Nandi H i l l s zone i n the Nandi 

country. A v i s i t o r to the Nandi and K i p s i g i s areas would be s t r u c k 

too by the number of European breeds of c a t t l e to be found there, 

as w e l l as the mounds of potatoes on s a l e on the road s i d e s . 

The Nandi and K i p s i g i s had a formidable m i l i t a r y system 

i n the nineteenth century, based on age s e t s and a system of 

a l l i a n c e s between t e r r i t o r i a l s e c t i o n s ( P e r i s t i n n y 1939). In the 

f i r s t decade of t h i s century, the Nandi i n p a r t i c u l a r t e r r o r i s e d 

the Uganda r a i l w a y , and i t took the B r i t i s h twelve years to subdue 

t h e i r r e s i s t a n c e . Even today they are n a t u r a l s o l d i e r s , and form 

a c o n s i d e r a b l e proportion of the Kenya R i f l e s : In an uneasy 

a l l i a n c e with the Kikuyu, they have come to dominate the Nandi 



s e c t i o n s of the R i f t V a l l e y p r e v i o u s l y a l l o c a t e d f o r White settlement 

( e s p e c i a l l y the Uasin Gishu and Cherangany p o r t i o n s of the Trans 

Nzoia D i s t r i c t ) . With the other K a l e n j i n peoples they are now a 

po w e r f u l n a t i o n a l p o l i t i c a l b l o c , and have produced Kenya's second 

p r e s i d e n t Mr. Daniel Arap Moi (who i s a Tugen). F i n a l l y they have 

a l s o produced the m a j o r i t y of Kenya's Olympic a t h l e t e s . 

The Nyangori to the north west of the Nandi p l a t e a u are 

unusual i n t h a t they have i n t e r - b r e d s i g n i f i c a n t l y with the Luy i a , 

e s p e c i a l l y the T e r i k i whom they now resemble c l o s e l y c u l t u r a l l y . 

S c a t t e r e d about the Mau and T i n d e r e t f o r e s t s moreover, are bands of 

hunters and g a t h e r e r s c a l l e d the Ogiek group, who speak K a l e n j i n 

( t h e s e w i l l be d i s c u s s e d i n s e c t i o n D below). 

The Pokot occupy a l a r g e a r e a of the northern Cherangany 

H i l l s , and the surrounding p l a i n s north of Lake Baringo and i n the 

Sig o r and Karasuk a r e a s . Although they speak a K a l e n j i n language, 

they have borrowed many of the customs of the Turkana and Karimojong 

peoples whom they border. L i k e the Tugen they have a highland 

a g r i c u l t u r a l s e c t i o n , i n the Kapenguria D i s t r i c t , and a p a s t o n a l 

s e c t i o n i n the surrounding p l a i n s . U n l i k e the Tugen however, the 

lowland zone i s i n h a b i t e d permanently by f a m i l i e s who do not 

migrate backwards and forwards from the h i l l s . The Pokot l i k e the 

Turkana were u n t i l r e c e n t l y one of the l e a s t changed peoples of 

Kenya. I n the l a s t ten years however, they have responded (not 

without trauma), to vigorous government propoganda to develop. 

In s p i t e of t h i s however, t h e i r s i s s t i l l a very poor area . 

F i n a l l y , the Sabaot peoples l i v e on the southern and 

northern s l o p e s of Mt. Elgon. In Kenya the main r e p r e s e n t a t i v e s 

are the Kony, Pok and Bungomek, small i s o l a t e d groups on the f o r e s t 



edge of the mountain where they mainly c u l t i v a t e s t a p l e s such as 

maize. A l l these peoples are surrounded by Bukusu of the L u y i a 

group, and i t i s probable that there has been c o n s i d e r a b l e i n t e r 

marriage i n recent y e a r s . The Kony, Pok and Bungomek however, 

(see Map 4.1), remain poor and underdeveloped, r e c e i v i n g l i t t l e 

of the n a t i o n a l cake. 

1.2.3 The A f r o a s i a t i c f a m i l y 

T h i s family i n E a s t A f r i c a and the Horn i s predominantly 

represented by f i v e d i v i s i o n s of C u s h i t i c speakers, whose main 

c o n c e n t r a t i o n i s i n E t h i o p i a and Somalia. The C u s h i t e s are more 

l i k e b l a c k Caucasoids than n e p r o e s i n e x t e r n a l appearance, p o s s e s s i n g 

f i n e f a c i a l f e a t u r e s and long h a i r . The a n c i e n t C h r i s t i a n Empire 

of E t h i o p i a and the strong I s l a m i c Somali c u l t u r e t e s t i f i e s to 

t h e i r long proximity to the Middle E a s t e r n and E a s t e r n Mediterranean 

c i v i l i s a t i o n s . 

In Kenya and Tanzania there are two C u s h i t i c d i v i s i o n s , 

the Southern and E a s t e r n C u s h i t e s . The Southern C u s h i t e s were the 

f i r s t N e o l i t h i c i n h a b i t a n t s of E a s t A f r i c a , and pre-date a l l the 

Bantu and N i l o t i c peoples. Today they have been reduced to small 

groups i n the northern Tanzania R i f t V a l l e y , with only one 

r e p r e s e n t a t i v e i n Kenya, the Dahalo of the lower Tana R i v e r (see 

Map 4.4). A l l except the Iraqw are i n danger of dying out through 

being absorbed by t h e i r more numerous neighbours (Sutton 1974:84). 

The E a s t e r n C u s h i t e s however, are r e l a t i v e l y r e c e n t migrants 

to Kenya, having a r r i v e d i n the l a s t few hundred y e a r s , and occupy 

most of the low l y i n g p l a i n s east of Lake Turkana and north of the 

Galana R i v e r . T h e i r t r a d i t i o n a l environments are a r i d dry bush and 



semi-desert zones, where they herd camels and small l i v e s t o c k and 

c a t t l e where the c o n d i t i o n s are favourable. Although they d i s p l a y 

the d e c e n t r a l i s e d p o l i t i c a l and s o c i a l s t r u c t u r e s so t y p i c a l of 

Kenyan p a s t o r a l i s t s , t h e i r m i l i t a r y o r g a n i s a t i o n based on age s e t s 

was once h i g h l y developed, and these peoples had a r e p u t a t i o n of 

being f e r o c i o u s f i g h t e r s . T h e i r C u s h i t i c customs of c i r c u m c i s i o n , 

c l i t o r i d e c t o m y and a d i s l i k e of e a t i n g f i s h have been adopted to 

va r y i n g e xtents by many of the Maasai and K a l e n j i n N i l o t e s , and 

by the C e n t r a l Bantu. 

I n Kenya i t i s p o s s i b l e to d i s t i n g u i s h four main E a s t e r n 

C u s h i t i c sub-groups, the G a l l a , the Somali, the Mukogodo and the 

B u r j i . The l a t t e r two are small i s o l a t e d groups. 

1.2.3.1 The G a l l a C l u s t e r 

The G a l l a group c o n s i s t s of four peoples, the Gabbra from 

the north of Kenya, the Boran from south and north-east of Mt. 

Marsabit, the Sakuye from the same gene r a l areas as the Boran, and 

the Orma south of the Tana R i v e r . (See Map 4 ) . The Sakuye are 

only c a u t i o u s l y i n c l u d e d here i n the G a l l a group, as I have not 

been able to f i n d any a c c u r a t e account of t h e i r a f f i n i t i e s . 

The G a l l a peoples a l l share a mutually i n t e l l i g i b l e 

language. Before c o l o n i a l r u l e , they were s u f f e r i n g badly from 

Somali encroachment, and were saved by the c o l o n i a l a d m i n i s t r a t i o n 

which demarcated and enforced a boundary between the two peoples. 

Once peace was e s t a b l i s h e d , the G a l l a were l e f t much to themselves, 

and i t i s only very r e c e n t l y t h a t development has begun to a f f e c t 

them s i g n i f i c a n t l y . One n o t i c e a b l e change has been the spread of 

Islam amongst them i n r e c e n t decades, 
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1.2.3.2 The Somali Group 

The Somali are often r e f e r r e d to as i f they were one homogeneous 

people. T h i s i s f a r from the case, f o r Lewis (1955), l i s t s and 

maps the d i s t r i b u t i o n of over t h r e e hundred Somali " t r i b e s " i n 

Somalia, E t h i o p i a and Kenya, a l 1 l i n k e d together i n a complex 

h i e r a r c h y of l i n g u i s t i c a f f i n i t i e s . One consequence of the 

p r a c t i c e of seeing them as j u s t "Somali" has been th a t i t i s 

d i f f i c u l t to f i n d any r e l i a b l e map a c c u r a t e l y l i s t i n g and demarcating 

Somali peoples i n Kenya. Even Lewis's survey mentioned above 

s u f f e r s from a n a t u r a l c o n c e n t r a t i o n on the Somalia groups at the 

expense of the p e r i p h e r a l p o p u l a t i o n s . The Somali peoples l i s t e d 

i n Map 4, t h e r e f o r e . only approximate to t h e i r r e a l i d e n t i t y and 

d i s t r i b u t i o n . 

Although a m a j o r i t y of Somali i n Kenya are s t i l l to be seen 

tending t h e i r f l o c k s and herds, many have e x p l o i t e d the commercial 

p o t e n t i a l of the wider Kenya economy. In the northern and e a s t e r n 

areas of the country, Somali t r a d e r s and shopkeepers are a common 

s i g h t . The r i c h e r and more e n t e r p r i s i n g t r a d e r s send t h e i r l o r r i e s 

as f a r a f i e l d as Uganda and the Sudan. The Somali have a l s o been 

prominent i n recent years i n the poaching b u s i n e s s , and have 

s u c c e s s f u l l y exterminated most of the v a l u a b l e game on the e a s t e r n 

and northern p l a i n s . 

The Somali peoples of Kenya r e p r e s e n t one of the f i v e 

p oints on the s t a r on the f l a g of the Somali Republic. The Somali 

claim to t h i s p a r t of Kenya l e d to a p r o t r a c t e d g u e r i l l a war i n the 

1960s and e a r l y 1970s, which occupied s i z e a b l e detachments of the 

Kenya army through most of the period. The Kenya army i s s t i l l 



deployed i n the Somali country, and i s c e r t a i n to have brought 

major changes to the l o c a l Somali peoples. I t i s by no means c l e a r 

however, what the extent of t h i s change i s , or how f a r the Kenya 

Somali p a r t i c i p a t e d i n the g u e r i l l a o f f e n s i v e . 

L i n g u i s t i c a l l y r e l a t e d to the Somali, but not pa r t of the 

tr u e Somali group are the R e n d i l l e , who occupy the very a r i d d e s e r t s 

and semi-desert p l a i n s e a s t and south e a s t of Lake Turkana (see 

Hap 4 ) . T h e i r land i s so barren that they do not keep any c a t t l e , 

and r e l y f or most of t h e i r s u b s i s t e n c e on camels and goats. 

C u l t u r a l l y , they have much i n common w i t h the Samburu Maasai w i t h 

whom they have enjoyed a c l o s e a l l i a n c e w i t h i n l i v i n g memory. A 

s u b s t a n t i a l proportion of the s u r p l u s R e n d i l l e population, moreover, 

migrates and i s absorbed by the Samburu, whose much l u s h e r country 

and c a t t l e economy can support a much g r e a t e r population (Spencer 

1973:138-142). The I t e n d i l l e are amongst the poorest and l e a s t 

developed of the Kenya p a s t o r a l i s t s , and even today development i s 

o c c u r r i n g only at a very slow pace. 

1.2.3.3 The B u r j i Group 

Thi s group c o n s i s t s of the B u r j i and Konzo, two sm a l l 

populations l i v i n g on the higher slopes of Mt. Marsabit, where 

they s u b s i s t e x c l u s i v e l y by c u l t i v a t i o n . They are i n f a c t , the 

only C u s h i t i c peoples i n Kenya that p r a c t i c e any form of a g r i c u l t u r e 

The B u r j i and Konzo are very recent migrants, having a r r i v e d i n the 

f i r s t two decades of t h i s century from the southern E t h i o p i a n 

Highlands, where the E t h i o p i a n Konzo and B u r j i a re s i z e a b l e peoples. 

According to informants, the c o l o n i a l a d m i n i s t r a t i o n permitted 

t h e i r s e t t l e m e n t on Mt. Marsabit around 1912, but I have not been 

able to confirm t h i s date. 



1.2.3.4 The Mukogodo 

The Mukogodo are C u a h l t i c speaking hunters and g a t h e r e r s , 

and w i l l be d i s c u s s e d below. 

1.2.4 Hunting, gathering and f i s h i n g groups 

S c a t t e r e d over much of Kenya a r e s m a l l populations who 

s u b s i s t e d u n t i l r e c e n t l y by hunting and gathering or f i s h i n g . These 

peoples are u s u a l l y c a l l e d the "Ndorobo" by the Maasai, meaning 

"the poor ones", or those without c a t t l e , and the "Sanye" by the 

Orma, meaning "bl a c k s m i t h s " , as they used to be the o r i g i n a l i r o n 

s m e l t e r s before the Bantu a r r i v e d . These hunting groups tend to adopt 

the language of the more powerful peoples that surround them. Thus 

the Dorobo of the Mau speak K a l e n j i n , those of L a i k i p i a speak Maasai 

and those of the Tana R i v e r area speak C u s h i t i c languages. T h e i r 

l i n g u i s t i c i n s t a b i l i t y i s best demonstrated by the E l Molo, a 

f i s h i n g group on the southern shores of Lake Turkana, who used to 

speak a C u s h i t i c language f i f t y y ears ago, and today speak e x c l u s i v e l y 

Samburu, i n s p i t e of the f a c t that there have been very few c a s e s 

of i n t e r - m a r r i a g e between the E l Molo and Samburu (Spencer 1973: 

213-214). Spencer e x p r e s s e s the modern view t h a t the present 

Dorobo are the " r e s i d u e of the e x i s t i n g peoples of the area than 

the descendants of an a b o r i g i n a l r a c e " ( S p e n c e r 1973:218). T h i s 

however, may not be t r u e f o r some of the Dorobo, i n p a r t i c u l a r some 

of the Sanye and Boni groups who appear to have some remnant 

Khoisan f e a t u r e s . 

1.2.4.1 The K a l e n j i n Groups 

These groups are s c a t t e r e d throughout the margins of the 

Western Mau f o r e s t , and i n the T i n d e r e t and Eldama Ravine f o r e s t s . 



T h e i r c o l l e c t i v e name i s the "Ogiek". In the nineteenth century 

they used s o p h i s t i c a t e d hunting techniques, i n c l u d i n g t r a p s , weighted 

spears and booby t r a p s to k i l l f o r e s t antelope and elephant. Today 

however, they are i n c r e a s i n g l y s e t t l i n g down to c u l t i v a t i o n . 

1.2.4.2 The L a i k i p i a and Samburu Dorobo 

These groups used to be found i n pockets a l l over the 

Nanyuki . L a i k i p i a and Saraburu D i s t r i c t s . Spencer (1973:201-203) 

l i s t s 17 of these groups, who l i v e d i n the a r e a during the 

nineteenth century. Of these, some have s i n c e been completely 

absorbed by t h e i r Bantu and N i l o t i c neighbours. Today there are 

two main c o n c e n t r a t i o n s , the Sueie and Laidotok groups who i n h a b i t 

the Mathews and Ndoto Mountains r e s p e c t i v e l y , and the Leuaso, Lngwes 

N d i g i r i , Mukogodo and Mumonyot who occupy the Dol Dol " r e s e r v e " 

i n the northern p a r t of the Nanyuki D i s t r i c t . The Dol Dol groups 

a l l speak Maasai and have taken to p a s t o r a l i s m i n recent y e a r s . 

Only the Mukogodo s t i l l e n t h u s i a s t i c a l l y pursue t h e i r t r a d i t i o n a l 

g a thering and bee keeping. The Mukogodo d i f f e r from the o t h e r s i n 

that they are p r e s e n t l y b i - l i n g u a l i n Maasai and t h e i r a n c i e n t 

C u s h i t i c language which they spoke e x c l u s i v e l y u n t i l r e c e n t l y . 

The Mukogodo language i s yet to be s t u d i e d i n d e t a i l , but i t i s 

b e l i e v e d to be an a r c h a i c form of E a s t e r n C u s h i t i c , with some 

resemblance a l s o to Southern C u s h i t i c . The Ngwesi moreover, are 

r e l a t i v e l y recent a r r i v a l s from the Meru ar e a , whence they were 

removed by the c o l o n i a l a d m i n i s t r a t i o n . T h e i r s t a y i n Meru had 

been r e l a t i v e l y b r i e f , as they had been moved the r e from L a i k i p i a 

in the l a t e nineteenth century. 



I n the north of Samburu D i s t r i c t on the e a s t e r n shore of 

Lake Turkana, there used to be another group of C u s h i t i c hunters 

and f i s h e r s . Of these, only the E l Molo are l e f t today. I n the 

R i f t V a l l e y on the southern shores of Lake Baringo there i s a l s o 

a Maasai f i s h i n g population c a l l e d the Njemps. They are b e l i e v e d 

to be on heterogeneous o r i g i n s having o r i g i n a t e d from northern Maasi 

s e c t i o n s d i s p e r s e d during the nineteenth century c i v i l wars. 

1.2.4.3 The Kikuyu Hunters and G a t h e r e r s 

These are strong o r a l t r a d i t i o n s i n the Kikuyu areas and 

p a r t s of Meru th a t speak of the e x i s t e n c e of a people c a l l e d the 

"Gumba", who were s m a l l and d w a r f - l i k e i n appearance. These were 

g r a d u a l l y absorbed during the eighteenth and nineteenth century 

migrations of the Kikuyu i n t o the Aberdare f o o t s l o p e s . There 

was a l s o another group of hunters who were reputed to have 

i n h a b i t e d the p l a i n s around the Athi R i v e r . The d e s c r i p t i o n s of 

the Athi are more i n keeping with accounts of present Dorobo groups 

(Lambert 1949:Chapter I V ) . Today there are no hunting peoples 

l e f t i n Kikuyuland. They have a l l been a s s i m i l a t e d . In h i s 

evidence to the 1932 Land Commission however, L.S.B. Leakey was 

s t i l l able to s t a t e t h a t 

"up behind K i j a b e (on the southern Aberdare 
f o r e s t near the R i f t V a l l e y escarpment) there 
are innumerable f a m i l i e s , h a l f t r u e Dorobo and 
h a l f Kikuyu .., They c a l l themselves Kikuyu, 
but l i v e l i k e Dorobo...." 

(quoted by Lambert 1949:58). 

1.2.4.4 The Sanye and Boni Groups 

I n the t h i c k t dry bush country north and south of the 

Tana R i v e r , t h e r e are two r e l a t e d groups of C u s h i t i c speaking hunters 
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c a l l e d the Boni (north of the Tana) and the Sanye or L l i a n g u l o south 

of the R i v e r . They are famous f o r t h e i r massive bows, with p u l l s 

of over 150 pounds, and t h e i r mastery of poison f o r arrows. T h e i r 

bows however, are t e c h n o l o g i c a l l y f a r i n advance of those of any 

other Kenyan people, and are an improvement of the s o p h i s t i c a t e d 

G a l l a design. ( P a r k e r , p r i v a t e communication). T h e i r c u l t u r e i s 

centred on elephant hunting, and f o r many generations they have paid 

t r i b u t e i n i v o r y to the Orraa, i n exchange f o r commodities of which 

tobacco i s nowadays the most important. 

There i s some evidence that these groups may have been i n 

t h e i r p r esent areas f o r a very long time. T h e i r b u s h c r a f t f o r 

i n s t a n c e , i s f a r more d e t a i l e d than other Kenyan hunting groups, 

and they have none of the s t r i c t food p r o h i b i t i o n s which other 

groups have borrowed from t h e i r neighbours. Moreover some groups, 

the Dahalo i n p a r t i c u l a r , have r e c e n t l y been found to have c l i c k s 

i n t h e i r language, a t y p i c a l l y Khoisan t r a i t (Nurse and Parker, 

p r i v a t e communication). T h i s suggests t h a t they might have been a 

Khoisan people before assuming C u s h i t i c customs. 

The Sanye and Boni are i n an unenviable p o s i t i o n today. 

T h e i r lands are slowly being l e a s e d (without t h e i r consent) to r a n c h e r s , 

and they are not permitted to hunt. Nor i s t h e i r c u l t u r e compatible 

with the demands of the twentieth century. L i k e the American 

Indians i n the l a t e nineteenth century, i t i s l i k e l y that they w i l l 

s u f f e r as change comes. 



1.3 H i s t o r i c a l o u t l i n e of the peopling of Kenya 

1.3.1 E a r l y pre^-colonial h i s t o r y 

The Middle Stone Age (50,000 B.C. to 15,000 B.C.) i n E a s t 

A f r i c a saw Homo sap i e n s becoming i n c r e a s i n g l y s p e c i a l i s e d i n the 

manufacture of t o o l s . During t h i s period, t h r e e stone i n d u s t r i e s 

can be d i s t i n g u i s h e d . The Songoan and the l a t e r Lupemban i n d u s t r i e s 

are a s s o c i a t e d with wooded zones, and t o o l s from major s i t e s such as 

Nsongezi and Sango Bay (Uganda) and the Kinangop (Kenya) show 

s p e c i a l i s a t i o n i n wood working and digging t o o l s (Posnansky 1974;64). 

The t h i r d i n d u s t r y , the S t i l l b a y , occurs on s i t e s i n more open 

savannah areas such as the R i f t V a l l e y (e.g. G i l G i l R i v e r ) and i s 

c h a r a c t e r i s e d by small leaf-shaped a r t e f a c t s . 

By 15,000 B.C. these i n d u s t r i e s had given way to the Wilton 

and Kenya Cap s i a n i n d u s t r i e s , i n which the development of new stone 

working techniques l e d to the c r e a t i o n of s o p h i s t i c a t e d composite 

t o o l s , such as arrows w i t h barbed heads, and the manufacture of 

m i c r o l i t h s . The new technology permitted f o r the f i r s t time the 

e x p l o i t a t i o n of hard stones such as j a s p e r and rock c r y s t a l . The 

Wilton i n d u s t r i e s , which are found over most of A f r i c a south of the 

equator, are a s s o c i a t e d w i t h s k e l e t o n s of proto-rBushman or Boskopoid 

type. T h i s suggests that Khoisan speaking hunters were w e l l 

e s t a b l i s h e d in E a s t A f r i c a . The e x i s t e n c e of remnant Khoisan 

speakers i n northern Tanzania to t h i s day, such as the Hadza and 

Sandawe, would seem to i n d i c a t e t h a t Bushman type hunters must have 

s u r v i v e d for some time i n Kenya too. 

The Kenya Capsian c u l t u r e i s a s s o c i a t e d with Caucasoid people 

The e x c a v a t i o n of Gamble's Cave near Lake E l e m e n t e i t a i n Kenya, f o r 



example, r e v e a l e d s k e l e t o n s d i s t i n c t l y s i m i l a r to those of modern 

C u s h i t e s . The Capsian i n d u s t r i e s have been found as f a r north as 

North A f r i c a , i n areas i n h a b i t e d by modern A f r o - A s i a t i c speakers. 

The Caucasoid Capsian hunters reached a high l e v e l of s o p h i s t i c a t i o n 

i n the p r e - N e o l i t h i c p e riod, e s p e c i a l l y i n the manufacture of f i s h i n g 

harpoons and s p e a r s . The l a t e r Wilton c u l t u r e s moreover, a r e 

a s s o c i a t e d with rock p a i n t i n g s , many examples of which s u r v i v e i n 

E a s t , C e n t r a l and South A f r i c a . I n E a s t A f r i c a the main 

c o n c e n t r a t i o n i s near the present Khoisan speaking a r e a around Lake 

E y a s i , where over a thousand s i t e s are known. 

The d i f f u s i o n of p a s t o r a l i s m and a g r i c u l t u r e i n t o Kenya 

began between 1,500 and 1,000 B.C. (Posnansky 1974:68), and i s 

l i n k e d with the l a t e r Capsian and E l e m e n t e i t a i n d u s t r i e s . From 

l i n g u i s t i c a n a l y s i s , i t now seems that these e a r l y p a s t o r a l l s t s 

and a g r i c u l t u r a l i s t s were Southern C u s h i t i c speakers. During the 

course of time they cooperated w i t h and a s s i m i l a t e d many of the 

surrounding hunting peoples, although pockets of hunters s u r v i v e d 

i n the more remote a r e a s . Some of the hunters adopted the 

Southern C u s h i t i c language without changing t h e i r mode of l i v e l i h o o d 

(e.g. the Dahalo), and o t h e r s adopted the l i f e s t y l e without changing 

t h e i r Khoisan language (e.g. the Sandawe) ( E h r e t 1974:155). 

The end of the f i r s t millenium B.C. and the f i r s t few 

c e n t u r i e s A-D. saw the advance of two new peoples i n t o Kenya. The 

f i r s t wave was the a n c e s t o r s of the present Highland N i l o t e s , who 

migrated down from the Lake Turkana region, and g r a d u a l l y completely 

a s s i m i l a t e d the Southern C u s h i t i c peoples i n the Kenya Highlands 

west of the R i f t V a l l e y , adopting many of t h e i r customs i n the 

p r o c e s s . T h i s can be deduced from the s i g n i f i c a n t p roportion of 



C u s h i t i c words i n the present Highland N i l o t i c d i a l e c t s , and the 

prevalence of customs such as c i r c u m c i s i o n and c l i t o r i d e c t o m y , and 

an a v e r s i o n to e a t i n g f i s h . Many of these customs however, were 

a l s o acquired e a r l i e r through co n t a c t w i t h p r o t o - E a s t e r n C u s h i t i c 

peoples i n the E t h i o p i a n v i c i n i t y before the southward migration 

( E h r e t 1974:154). 

The second wave was the Bantu peoples, who f i r s t began 

to a r r i v e i n Tanzania about 2,000 years ago. They began to 

in t e r m i n g l e with and a s s i m i l a t e the Southern C u s h i t e s on the 

southern Tanzanian R i f t V a l l e y , g r a d u a l l y adopting many C u s h i t i c 

customs i n the pro c e s s . The a n c e s t o r s of the present Highland 

Bantu were w e l l e s t a b l i s h e d i n the northern Tanzania highlands by 

the middle of the f i r s t millenium A.D. As they expanded, the Bantu 

introduced i r o n to E a s t A f r i c a between about 300 and 500 A.D. 

During t h i s e a r l y p e r i o d , E a s t A f r i c a was not completely 

i s o l a t e d from the Roman Empire to the north. There e x i s t two 

documents from the I m p e r i a l Roman period, the f i r s t an anonymous 

Greek commercial handbook c a l l e d " P e r i p l u s of the Erythean Sea" 

w r i t t e n i n 110 A.D. and the "Geography of Ptolemy" from about the 

fou r t h century A.D. These which show that the E a s t A f r i c a n coast 

was p a r t of an e x t e n s i v e network of trade between the Roman Empire, 

P e r s i a and I n d i a . There was a number of "emporia" or t r a d i n g 

p o r t s down the Red Sea and the Somalia, Kenya and Tanzanian C o a s t s , 

which acted as t r a n s i t p o r t s f o r s h i p p i n g from I n d i a . The 

southernmost was Rhapta, which was a t h r i v i n g port exporting i v o r y 

and importing i r o n implements. The "Geography of Ptolemy" even 

mentions the e x i s t e n c e of snow-rcapped mountains i n the h i n t e r l a n d , 

implying some e x p l o r a t i o n of the i n t e r i o r (Mathew 196^). The 
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E a s t A f r i c a n ports however, were not d i r e c t l y under the c o n t r o l of 
Rome, but under the s u z e r a i n i t y of "Charbael, r u l e r of Himyar In 
south-west A r a b i a " ( C h i t t i c k 1974:104), with e f f e c t i v e c o n t r o l 
r e s i d i n g i n the people of Mouza from the Yemen. A f t e r the d e c l i n e 
of the Roman Empire, the Arab connection was maintained, although 
the extent of Arab involvement v a r i e d c o n s i d e r a b l y from one e r a to 
another. 

About the end of the f i r s t roillenium A.D. the a n c e s t o r s 

of the present Maasai branches of the P l a i n s N i l o t e s began to move 

i n t o Kenya from the Sudan/Ethiopian c r a d l e lands. The Maasai by 

t h i s stage had a l r e a d y been s t r o n g l y i n f l u e n c e d by the E a s t e r n C u s h i t e s , 

borrowing as the Highland N i l o t e s d id before them many of t h e i r 

c u l t u r a l t r a i t s . The Maasai expansion was much more r a p i d than 

th a t of the e a r l i e r peoples, w i t h movement c h a n n e l l i n g down the 

R i f t V a l l e y w e l l i n t o Tanzania by the f i r s t three c e n t u r i e s A.D. 

The Maasai g r a d u a l l y s p l i t o f f i n t o two s e c t i o n s , the a g r i c u l t u r a l 

Maasai represented by the Uasin Gishu i n Kenya and the Arusha peoples 

i n Tanzania, and the more widespread p a s t o r a l peoples on the R i f t 

V a l l e y f l o o r and surrounding p l a i n s . During the course of t h i s 

expansion they came i n t o contact with both the Highland N i l o t e s 

and the Bantu. I t i s p o s s i b l e t h a t the h i g h l y evolved m i l i t a r y 

system based on age s e t s , and m i l i t a r y p a r a p h e r n a l i a such as o v a l 

s h i e l d s and o s t r i c h head d r e s s e s were borrowed from the Highland 

N i l o t e s . T h e i r i n t e r a c t i o n with the Bantu peoples was c o n s i d e r a b l e . 

As E h r e t remarks, "former Maasai speakers probably c o n s t i t u t e 

a s i g n i f i c a n t element of the p h y s i c a l a n c e s t r y of the Kikuyu and 

Chagga" ( E h r e t 1974:162), these being the peoples c l o s e s t i n 

proximity to the Maasai areas-



While the Maasai were expanding southwards down the R i f t 

V a l l e y , the f i r s t E a s t e r n C u s h i t e s migrated westwards from the 

northern Somali/Ethiopian regions, around the turn of the millenium. 

L i t t l e i s known about these e a r l y i n v a d e r s , but t h e i r descendants are 

represented by the modern R e n d i l l e people and remnant hunting groups 

of which only the Mukogodo now r e t a i n the language. The R e n d i l l e 

are c l o s e r l i n g u i s t i c a l l y to the Somali, suggesting an o r i g i n i n 

the Somali areas of the Horn. These e a r l y E a s t e r n C u s h i t e s however, 

were e i t h e r a s s i m i l a t e d or pushed back by the G a l l a peoples around 

1600 A.D. The G a l l a occupation of the e a s t e r n p l a i n s drove a wedge 

between the R e n d i l l e and Somali peoples. By the nineteenth century 

however, Somali power had i n c r e a s e d , and the Somali re-conquered 

much of the e a s t e r n p o r t i o n of the country, a process t h a t was not 

completed by the time of the e s t a b l i s h m e n t of c o l o n i a l r u l e . 

Meanwhile the Bantu had expanded i n t o a l l t h e i r p resent 

e a s t e r n and g e n e r a l l o c a l i t i e s by the s i x t e e n t h century. By the 

tenth century, the ancestors of the Mji Kenda and Pokomo had probably 

already s e t t l e d along the Kenya c o a s t . At one time i t was thought 

th a t they had reached as f a r as the Juba and S h e b e l l e R i v e r s i n 

Somalia, where apparently remnant negro populations are s t i l l to be 

found (Murdock 1959). There are a l s o strong o r a l t r a d i t i o n s t h a t 

speak of an o r i g i n for the C o a s t a l and C e n t r a l Bantu i n a m y t h i c a l 

p l a c e c a l l e d "Shungwaya", s i t u a t e d somewhere along the southern 

Somali Coast. Turton (1975) and Lewis. (1966) however, have 

pointed out that there i s no subs t a n t i v e evidence t h a t the present 

C o a s t a l Bantu ever reached north of Lamu, as the "remnant negroes" 

are i n f a c t very C u s h i t i c i n c h a r a c t e r , and the Shungwaya Myth 



has been reported by Morton (1972) as being of c o l o n i a l o r i g i n . 

By the eighteenth century, the C o a s t a l Bantu, e s p e c i a l l y the Pokomo 

had come i n t o e x t e n s i v e contact with the southwards G a l l a expansion, 

r e s u l t i n g i n the l i n g u i s t i c a s s i m i l a t i o n of the Korokoro and 

c o n s i d e r a b l e impact on other northern Pokomo groups such as the 

Malakote. 

The l i n g u i s t i c s i m i l a r i t y between the Kenya C e n t r a l Bantu 

and the Tanzanian north e a s t e r n Highland Bantu suggests t h a t the 

o r i g i n a l m i gration routes emanated from those a r e a s , e i t h e r v i a the 

Kenya Coast and a c r o s s the dry p l a i n s f o l l o w i n g the Tana R i v e r , or 

from the south v i a the T a i t a and Kamba H i l l s . Very l i t t l e i s known 

about the e a r l y expansion i n t o the Mt. Kenya Highlands i n the e a r l y 

c e n t u r i e s of t h i s millenium and p o s s i b l y e a r l i e r . By 1800 however, 

the c h a r a c t e r of the present peoples was f i r m l y e s t a b l i s h e d , with 

subsequent movement confined to the gradual expansion of the Kikuyu 

south of the Aberdares, and t h e i r a s s i m i l a t i o n of the Gumba and Athi 

peoples (Lambert 1949). One of the important aspects of the Bantu 

occupations of these regions was th a t there was much cont a c t between 

the c o a s t and the h i n t e r l a n d . The Kamba for example, had e s t a b l i s h e d 

a s i g n i f i c a n t t r a d i n g network with the coast by the e a r l y nineteenth 

century (Kimambo 1974:207). 

I n Western Kenya, the peopling of the L u y i a and Lake Nyanza 

areas by Bantu was accomplished between the f i f t e e n t h and eighteenth 

centuries.. The pa t t e r n s of movement are extremely complex, and there 

i s s t i l l much that i s u n c l e a r . The peopling of the south-west by 

the G u s i i / K u r i a peoples i s e s p e c i a l l y obscure. I t i s c l e a r however, 

that migrations of I n t e r - l a c u s t r i n e Bantu from the Uganda shores of 
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Lake Nyanza were a major source of t h i s expansion, and that many of 
the present L u y i a peoples o r i g i n a t e from that region. The Kingdom 
of the Wanga i n p a r t i c u l a r was e s t a b l i s h e d by the s i x t e e n t h century 
and was to dominate the region u n t i l c o l o n i a l times. 

The expansion of the Bantu i n t o Western Kenya r e s u l t e d i n 

the a s s i m i l a t i o n of a l l remaining Southern C u s h i t i c groups i n the 

area , and the complete absorption of the whole K i t o k i Highland 

N i l o t i c branch, a process complete by 1800. I n the north the 

T e r i k i , G i s u and Bukusu Bantu peoples had been so a f f e c t e d by Highland 

N i l o t i c contact t h a t they p r e s e r v e many c h a r a c t e r i s t i c s of th a t c u l t u r e 

today. The K a l e n j i n Highland N i l o t i c peoples however, escaped 

l a r g e s c a l e contact w i t h the Bantu, except i n the case of the Nyangori 

who s t i l l show many Bantu f e a t u r e s today. The Bantu migrations i n t o 

the L u y i a a r e a a l s o e f f e c t i v e l y cut o f f the Mt. Elgon Sabaot branch 

of the K a l e n j i n from the main groups on the western R i f t V a l l e y 

escarpments. These remaining K a l e n j i n r e p r e s e n t a t i v e s of the 

Highland N i l o t e s e f f e c t i v e l y r e s i s t e d any f u r t h e r Bantu encroachment 

i n t o t h e i r areas ( E h r e t 1974) . 

The l a s t major population migrations i n t o Kenya were those 

of the Karimojong P l a i n s N i l o t e s and the Lwoo branch of the River-Lake 

N i l o t e s . The Turkana entered the R i f t V a l l e y i n about the eighteenth 

century, from the southern Sudan, and g r a d u a l l y d i s p l a c e d the Maasai 

Samburu who i n h a b i t e d the whole v a l l e y f l o o r west of Lake Turkana 

(Spencer 1973:Chapter 5 ) . I n the south, the Turkana came i n t o 

contact with the Pokot K a l e n j i n speakers, and the Pokot acquired 

many Turkana customs, such as the wearing of mud head packs and 

the p r a c t i c e of removing the lower i n c i s o r s , making a hole i n the 

lower l i p , and i n s e r t i n g l i p plugs. 



I n the meantime, the main Karimojong c l u s t e r had expanded 

southwards i n e a s t e r n Uganda, and i n the l a t t e r decades of the 

century the Teso s t a r t e d to migrate around the west of Mt. Elgon i n t o 

Kenya i n the M a l a k i s i area. T h i s migration was h a l t e d by the 

a r r i v a l of the B r i t i s h . 

The seventeenth and nineteenth c e n t u r i e s a l s o saw an i n t e n s e 

d r i v e southwards by the Lwoo s e c t i o n of the Riv e r - L a k e N i l o t e s , 

from c e n t r a l Uganda i n t o Kenya around the Winam G u l f . The Kenya 

Luo migration was marked by many b a t t l e s , and they drove the Bantu 

i n h a b i t i n g the Lake shores and any remaining Highland N i l o t i c 

s e c t i o n s i n t o the h i l l s e a s t of the b a s i n . As Ogot points out 

however, the Luo migration c o n s i s t e d of the independent movement 

of many autonomous s e c t i o n s , who although were f i e r c e f i g h t e r s , 

n e v e r t h e l e s s f o r the most p a r t achieved t h e i r conquest through 

a s s i m i l a t i o n r a t h e r than extermination (Ogot 1967:153-154). By the 

l a t e n i n e t e e n t h century the Luo's n a t u r a l southern progress was 

ha l t e d by the coming of the B r i t i s h . 

1.3.2 H i s t o r y of the Coast and the immediate P r e - C o l o n i a l Period 

From the eighth century onwards the h i s t o r y of the Coast i s 

documented i n Arab c h r o n i c l e s and geographies. The e a r l y accounts 

up to the tenth century however, are few and sketchy. The t r u e 

s c a l e of Arab involvement with the Coast i n e a r l y times i s not 

r e a l l y known, but i s not thought to have been great. In the 

eleventh century however, there occurred a migration of people from 

the P e r s i a n Gulf and South Arabia c a l l e d the " S h i r a z i " . They 

spread southwards from Mogadishu, and Muslim S u l t a n a t e s and s e t t l e m e n t s 

arose at po i n t s down the Coast as f a r south as the Comoro I s l a n d s 



( C h i t t i c k 1974) . The g r e a t e s t S u l t a n a t e was th a t of Kilwa on 

the south T a r z a n i a n c o a s t , which held hegemony as f a r north as 

Zanzibar. By the f i f t e e n t h century however, i t s power was on the 

d e c l i n e , and the power of se t t l e m e n t s i n Zanzibar, Mombasa, Mali n d i , 

Gedi and Pate i n c r e a s e d c o n s i d e r a b l y . 

The impact of the I s l a m i c p e n e t r a t i o n on the indigeneous 

negro population i s of c o n s i d e r a b l e i n t e r e s t . The c o a s t a l negroes 

or Zenj as the Arabs c a l l e d them, though not mentioned i n the Roman 

accounts, werely c l e a r l y e s t a b l i s h e d on the coast by the l a t e Roman 

per i o d . As I s l a m i c power i n c r e a s e d , one might have expected 

c o n s i d e r a b l e a s s i m i l a t i o n of these peoples by the Arab i n v a d e r s . 

C h i t t i c h however, t h i n k s t h a t the Arab impact was not as 

s i g n i f i c a n t as one might th i n k : 

"The impact of t h i s c i v i l i s a t i o n on much of the 
mainland c o a s t was s l i g h t , and i n l a n d n o n - e x i s t a n t . 
I t i s u n l i k e l y t h a t any Moslems went i n t o the 
i n t e r i o r , save on an o c c a s i o n a l w a r - l i k e r a i d . 
T h e i r r e l i g i o n never penetrated beyond the shore 
of the mainland, nor did t h e i r i m p r e s s i v e s k i l l s i n 
b u i l d i n g have any i n f l u e n c e i n the h i n t e r l a n d . 
B u i l d i n g s i n stone and the burning of lime f o r 
mortar were unknown even 5 mil e s from the c o a s t . " 

( C h i t t i c h 1974:113). 

The s i x t e e n t h century witnessed the a r r i v a l of Europeans 

to E a s t A f r i c a f o r the f i r s t time s i n c e the Roman e r a . In a 

period from 1505 to 1512 the Portuguese conquered Kilwa and 

e s t a b l i s h e d a g a r r i s o n there, and the occupation of the southern 

t e r r i t o r i a l p o s s e s s i o n s of Kilwa was to form the nucleus of 

Por t u g a l ' s E a s t A f r i c a n Empire. The Portuguese expansion i n t o 

the north however, met with p e r s i s t e n t r e s i s t a n c e . On the Kenya 

Coast, Mombasa, which was by then the dominant power, proved 



e s p e c i a l l y stubborn, and was sacked t h r e e times (1505, 1528 and 

1589) before f i n a l l y r e l i n q u i s h i n g i t s independence (Berg 1974;120). 

The Portuguese presence i n E a s t A f r i c a was motivated 

by s t r a t e g i c c o n s i d e r a t i o n s , designed to expand and preserve 

P o r t u g a l ' s European maritime t r a d i n g monopoly i n the Indian Ocean. 

As long as s t r a t e g i c p o r t s such as Mombasa could be kept f i r m l y 

under c o n t r o l through the presence of a g a r r i s o n and the e x a c t i n g 

of t r i b u t e , t h e r e was no need f o r f u r t h e r involvement. Portuguese 

r u l e i n E a s t A f r i c a t h e r e f o r e , had only a minimal impact on the 

t r a d i t i o n a l l i f e s t y l e s of the peoples i n i t s sphere of i n f l u e n c e . 

By the eighteenth century, P o r t u g a l ' s monopoly and power 

i n the I n d i a n Ocean was undermined by E n g l i s h and Dutch commercial 

i n c u r s i o n s . As Portuguese power d e c l i n e d , the g a r r i s o n s i n E a s t 

A f r i c a found i t i n c r e a s i n g l y d i f f i c u l t to suppress frequent 

u p r i s i n g s . I n the 1720s they were f i n a l l y ousted from Mombasa 

and the other Kenyan ports and s e t t l e m e n t s , with the help of the 

Imam of Oman, who had designs on the are a h i m s e l f . 

The replacement of Portuguese a u t h o r i t y with Omani 

s u z e r a i n t y never m a t e r i a l i s e d , owing to the i n v a s i o n of Oman by 

P e r s i a i n the middle decades of the eighteenth century, which saw 

the downfall of the r u l i n g Omani Yarubi dynasty (Berg 1974:125). 

Nevertheless the involvement of Omani i n d i v i d u a l s (migrant f a m i l i e s 

and t r a d e r s ) , l e d to a 

"process of re - r-Arabisation i n which Arab k i n s h i p , 
v a l u e s and some elements of m a t e r i a l c u l t u r e gained 
p r e s t i g e at the expense of the S w a h i l i c u l t u r e . I n 
the long run S w a h i l i s o c i e t y was co n s i d e r a b l y 
modified by the p r o c e s s . " (Berg 1974:126). 



Around 1750 however, an Omani f a m i l y , the Mazrui, 

e f f e c t i v e l y e s t a b l i s h e d a r u l i n g dynasty i n Mombasa and made Mombasa 

the most powerful town on the c o a s t . By the 1820s, t h e i r power 

d e c l i n e d as d i r e c t Omani a u t h o r i t y was r e - a s s e r t e d , and the Muscat 

Bu-Saidi family e s t a b l i s h e d i t s e l f on Zanzibar. By the 1830s 

Zanzibar was the c e n t r a l power of the co a s t and Mombasa became s u b j e c t 

to i t s r u l e . With the backing of Ind i a n f i n a n c e , Zanzibar became 

very prosperous, the c h i e f port f o r the e a s t A f r i c a n s l a v e and iv o r y 

trade. 

The e a r l y n i n e t e e n t h century was a period of c o n s i d e r a b l e 

p e n e t r a t i o n of the E a s t A f r i c a n i n t e r i o r by Arab t r a d e r s , who 

e s t a b l i s h e d a v i r t u a l t r a d i n g monopoly i n iv o r y and s l a v e s . At 

f i r s t , t r a d i n g was done w i t h i n t e r m e d i a r i e s i n the i n t e r i o r ( f o r 

example the Kamba i n 1825 organised a caravan to the coast to t r a d e ) . 

I t was not long however, before the Arabs and S w a h i l i s organised t h e i r 

own caravans, which "traded" as f a r as Z a i r e , 

The s l a v e trade i n E a s t A f r i c a i n the e a r l y decades of 

the nineteenth century was the main f a c t o r that s t i m u l a t e d B r i t i s h 

i n t e r e s t i n the area. F o l l o w i n g the a b o l i t i o n of s l a v e r y from 

B r i t i s h p o s s e s s i o n s i n 1833 and i t s e l i m i n a t i o n i n the West I n d i e s 

and West A f r i c a , humanitarian f o r c e s i n B r i t a i n caused the B r i t i s h 

Government to focus on the E a s t A f r i c a n s l a v e t r a d e . 

The use of f o r c e was considered l o g i s t i c a l l y i m p r a c t i c a l 

and too c o s t l y , I n s t e a d the ideas was born to "regenerate" A f r i c a , 

to introduce trade and commerce th a t would, through overwhelming 

competition, s t i f l e and g r a d u a l l y e l i m i n a t e the s l a v e trade as an 

economically v i a b l e p r o p o s i t i o n . In the l i g h t of i t s commitment 



to a b o l i s h s l a v e r y , the p o l i c y of the B r i t i s h Government i n E a s t 

A f r i c a was to c r e a t e the c o n d i t i o n s necessary f o r missionary and 

commercial expansion, T h i s p o l i c y was implemented by s t r e n g t h e n i n g 

the S u l t a n a t e of Zanzibar and applying p r e s s u r e , r a t h e r than by d i r e c t 

c o l o n i s a t i o n . In 1840, a B r i t i s h Consul was appointed to Zanzibar 

and he p r e s s u r i s e d the S u l t a n to reduce the s l a v e trade and accept 

compensation. I n 1875 m i l i t a r y a i d was "accepted" by the S u l t a n 

and an army equipped w i t h modern weapons was e s t a b l i s h e d on the 

mainland under the g e n e r a l s h i p of a B r i t i s h Naval O f f i c e r , with the 

purpose of r e i n f o r c i n g and extending the S u l t a n ' s a u t h o r i t y and to 

help B r i t i s h commercial i n t e r e s t s . 

The i m p o s i t i o n of i n d i r e c t c o n t r o l on Zanzibar provided 

a convenient base from which e x p e d i t i o n s to the i n t e r i o r could be 

mounted. By the 1880s the days of the great e x p l o r e r s were over. 

L i v i n g s t o n e , Speke, Burton, Grant, Thomson, Von Honell and Stanely 

had a l l s t a r t e d from Zanzibar, and i t was due to t h e i r e f f o r t s that 

E a s t A f r i c a was put on the European map. Of major i n t e r e s t was 

the d i s c o v e r y of the l a r g e and s o p h i s t i c a t e d i n t e r l a c u s t r i n e kingdoms 

around Lake V i c t o r i a , which were seen as being of great commercial 

p o t e n t i a l and provided a s t i m u l u s for expansion of European settlement 

and e n t e r p r i s e . 

In the wake of the great e x p l o r e r s came the m i s s i o n a r i e s . 

The w r i t i n g s of L i v i n g s t o n e i n the 1840s did much to draw a t t e n t i o n 

to the b a r b a r i c a t t r o c i t i e s of the Arab s l a v e trade. The p i o n e e r i n g 

e f f o r t s of the Church Missionary S o c i e t y i n the 1840s l a i d the 

foundations f o r e f f o r t s to p e n e t r a t e i n l a n d i n the 1860s and 70s. 

The S o c i e t y by the mid 1870s had founded missions i n Uganda, the 

primary focus of i n t e r e s t , with Kenya viewed p r i m a r i l y as a route 



to Uganda. I n 1878 the French C a t h o l i c White F a t h e r s had a l s o l e f t 

f o r Uganda, the f i r s t s i g n s that B r i t a i n was no longer the only party 

i n t e r e s t e d i n A f r i c a , 

With i t s v i t a l i n t e r e s t i n I n d i a the B r i t i s h p o l i c y was to 

safeguard a g a i n s t any s t r a t e g i c t h r e a t to t h i s i n t e r e s t . The 

dis c o v e r y of the source of the N i l e and the b u i l d i n g of the Suez Canal 

meant i t was v i t a l to strengthen the B r i t i s h p o s i t i o n i n Egypt and 

the Red Sea. In p a r t i c u l a r , c o n t r o l of the source of the N i l e was 

considered of c o n s i d e r a b l e s t r a t e g i c importance. The annexation 

of the Cameroons and South West A f r i c a by Germany i n the 1880s s t a r t e d 

the "scramble f o r A f r i c a " . I n E a s t A f r i c a the f a n a t i c a l i m p e r i a l i s t 

z e a l of K a r l P e t e r s l e d to the d e c l a r a t i o n of the German P r o t e c t o r a t e 

of Tanganyika, and p a r t s of the Kenya Coast around Witu were a l s o 

claimed. The I t a l i a n d r i v e to annex E t h i o p i a i n the north had a l s o 

s t a r t e d . The subsequent B r i t i s h b a cklash led to the t r e a t i e s of 

1888 and 1890 which p a r t i t i o n e d E a s t A f r i c a i n t o three spheres of 

i n f l u e n c e , with B r i t a i n e n j o y i n g the p r i z e of Uganda and the N i l e , 

and the i n t e r v e n i n g i n t e r i o r - most of what i s now Kenya, 

To e x p l o i t i t s sphere, B r i t a i n c r e a t e d the I m p e r i a l E a s t 

A f r i c a Company, which r e c e i v e d i t s c h a r t e r i n 1888. I t was granted 

wide powers to govern under concessions or t r e a t i e s obtained from 

l o c a l r u l e r s . As a delegate of B r i t i s h power i t was i n i t i a l l y 

s u c c e s s f u l , with t r e a t i e s negotiated with s e c t i o n s of the Taveta, 

Tai t a , Pokomo, G a l l a , Kamba, Kikuyu, and Wanga to open up a s a f e 

route f o r caravans to Uganda. S t a t i o n s were a l s o b u i l t along the 

caravan route, and kept w e l l stocked with p r o v i s i o n s . On the other 

hand, as a commercial venture the I m p e r i a l E a s t A f r i c a Company was 



an abysmal f a i l u r e , f i n d i n g l i t t l e i n the i n t e r i o r to o f f s e t i t s 

c o n s i d e r a b l e expenses. I n 1894 the c h a r t e r was revoked, and the 

Ugandan P r o t e c t o r a t e was de c l a r e d , followed soon afterwards by the 

E a s t A f r i c a n P r o t e c t o r a t e i n 1895, which encompassed a l l of modern 

Kenya e a s t of the R i f t V a l l e y . 

The new a d m i n i s t r a t i o n faced two s t r a t e g i c problems. 

F i r s t l y i t had to s e t up an e f f i c i e n t a d m i n i s t r a t i o n and persuade 

the peoples of the h i n t e r l a n d of the b e n e f i t s of Pax B r i t a n n i c a . 

Secondly i t had to r e a l i s e some of the economic p o t e n t i a l of the 

P r o t e c t o r a t e to help pay i t s way. As a matter of urgency, the Uganda 

r a i l w a y was b u i l t to a l l e v i a t e c h r o n i c t r a n s p o r t d i f f i c u l t i e s and to 

l i n k the coast with Uganda, the area thought to be of hi g h e s t economic 

p o t e n t i a l . The r a i l w a y was s t a r t e d i n 1895, and i t s progress was 

made p o s s i b l e by s u c c e s s f u l p a c i f i c a t i o n of the Maasai, who were 

advised by t h e i r l e a d e r s not to r e s i s t . As the r a i l w a y progressed 

towns sprang up at s t r a t e g i c points , i n c l u d i n g the f u t u r e c a p i t a l 

of Kenya, N a i r o b i . 

In order to provide labour f o r the r a i l w a y b u i l d i n g , l a r g e 

numbers of Indians were r e c r u i t e d . By the time the r a i l w a y was 

completed i n 1900, many of these Asians had s u c c e s s f u l l y s t a r t e d shops 

and busineses both i n the coast and at the new towns. The Asians 

were the f i r s t people to e x p l o i t the commercial p o t e n t i a l of the new 

P r o t e c t o r a t e . 

The e a r l y 1900s saw the f i n a l p a c i f i c a t i o n of a l l the 

peoples near the r a i l w a y except the Nandi, who r e s i s t e d stubbornly 

for 12 y e a r s . In 1901 and 1902 s u c c e s s f u l p u n i t i v e e x p e d i t i o n s 

were mounted a g a i n s t the northern Kikuyu ( and i n the next s i x y e a r s 



the Embu, Tharaka, Kikuyu and G u s i i were brought under c o n t r o l . 

The way was paved f o r the opening up of the l a r g e t r a c t s of seemingly 

uninhabited country i n the R i f t V a l l e y and the Nairobi area to 

sett l e m e n t . 

The e a r l y a d m i n i s t r a t o r s however, were not as a r u l e 

e n t h u s i a s t i c about the prospects f o r European s e t t l e m e n t . As 

Sorrenson notes 

"Ainsworth i n 1896 pointed out th a t there was not 
much room f o r European c o l o n i s a t i o n , c e r t a i n l y 
not i n Kikuyu, which i s a s m a l l country, t h i c k l y 
populated... Lugard too, was s t r u c k by the d e n s i t y 
of Kikuyu c u l t i v a t i o n s when he a r r i v e d i n D a g o r e t t i 
i n 1890. Although he subsequently passed through 
unoccupied land i n the highlands beyond the Kikuyu 
escarpment, i t did not occur to him when w r i t i n g up 
h i s d i a r y t h a t t h i s might be s e t t l e d by Europeans." 

{Sorrenson 1968:32). 

Indeed i n 1901 and 1902 very s e r i o u s c o n s i d e r a t i o n was being given 

to opening up a r e a s f i r s t l y f o r I n d i a n s e t t l e m e n t and secondly 

f o r the r e p a t r i a t i o n of E a s t e r n European Jews. I t was only the 

e f f o r t s of a s m a l l but v o c i f e r o u s and i n f l u e n t i a l number of 

pioneer B r i t i s h s e t t l e r s l e d by Lord Delamere, and championed by 

E l i o t , the commisioner, t h a t f i n a l l y persuaded the F o r e i g n O f f i c e 

to c o n s i d e r European s e t t l e m e n t more favourably. 

The a l i e n a t i o n of land f or European settle m e n t began i n 

ear n e s t i n 1903. By 1915, 3,168 hol d i n g s comprising a t o t a l 

of 5,275,000 a c r e s were s e t a s i d e f o r European use (Sorrenson 1968: 

Appendix 2 ) . The bulk of t h i s land was for p a s t o r a l use, and came 

from s p a r s e l y i n h a b i t e d Maasai lands i n the R i f t V a l l e y north of 

Na i r o b i . In 1913 the whole of the Rumuruti P l a t e a u was a l s o claimed, 

and the L a i k i p i a k Maasai were "persuaded" to move ignominiously over 

f i v e hundred m i l e s to a new area i n the south west of the country 



(Trans Mara). The a g r i c u l t u r a l i s t s , i n p a r t i c u l a r the Kamba, 

Kikuyu and G u s i i , l o s t comparatively l i t t l e , but i n the case of the 

crowded Kikuyu, the l o s s of t h e i r land was deeply r e s e n t e d . 

The growth of the s e t t l e r community had a profound i n f l u e n c e 

on the d i r e c t i o n of government p o l i c y , i n p a r t i c u l a r on the a l l o c a t i o n 

of r e s o u r c e s f o r economic development. In other B r i t i s h C o l o n i e s 

and P r o t e c t o r a t e s with no s e t t l e r communities, the growth of the 

A f r i c a n r u r a l s m a l l - s c a l e cash economy was a c t i v e l y encouraged. 

In the E.A.P. however, i t was the l a r g e s c a l e European farming 

economy that r e c e i v e d the bulk of the a i d , e s p e c i a l l y i n the form 

of government marketing and buying of a g r i c u l t u r a l produce and 

c a t t l e , which ca t e r e d almost e x c l u s i v e l y f o r the needs of the 

European farms. 

Meanwhile the indigenous peoples were a l l o c a t e d to 

r e s e r v e s with f i x e d boundaries, and g r a d u a l l y came under d i r e c t 

l o c a l a d m i n i s t r a t i o n i n the form of P r o v i n c i a l and D i s t r i c t 

Commissioners and D i s t r i c t O f f i c e r s . In 1902, Hut Tax was 

introduced, provoking f o r the f i r s t time a need for cash. To 

help enforce t h i s law i n the f a c e of a t r a d i t i o n a l absence of any 

indigenous form of c e n t r a l i s e d a u t h o r i t y , Government C h i e f s were 

appointed. 

By 1914, the c h a r a c t e r of the f u t u r e colony was f i r m l y 

e s t a b l i s h e d . Any moves towards an i n t e r n a l l y s e l f governed s e t t l e r 

colony on the Rhodesia model however, were suspended on the 

outbreak of the f i r s t world war. E a s t A f r i c a proved to be an 

a c t i v e t h e a t r e of war. By 1917 the s m a l l German army under Von 

Lettow had proved so d i f f i c u l t to pin down th a t the number of 



B r i t i s h and c o l o n i a l troops reached 30,000, a s t a g g e r i n g f i g u r e 

f o r a c o l o n i a l army i n A f r i c a . T h i s however, was not enough. 

The ravages of d i s e a s e were d e p l e t i n g reinforcements so r a p i d l y 

t h a t the B r i t i s h commander, General Smuts, who had thought that 

n a t i v e E a s t A f r i c a n s would be u n s u i t a b l e troops, changed h i s mind. 

Within weeks, the Kings A f r i c a n R i f l e s were expanded from a few 

thousand to 35,000 ( M i l l e r 1974:260). Even more dramatic was 

the d e c i s i o n to supplement the c o s t l y methods of truck and horse 

t r a n s p o r t w i t h A f r i c a n p o r t e r s . The E a s t A f r i c a n C a r r i e r Crop 

was founded, and the number of p o r t e r s r a i s e d through " v o l u n t e e r i n g " 

from about 7,000 to 135,000. The bulk of these r e c r u i t s came 

from the t r i b e s surrounding the Uganda Railway - they could not 

have numbered more than l i to 2 m i l l i o n i n a l l at t h a t time. For 

the f i r s t time, a very s i g n i f i c a n t p roportion of the adult male 

generation of these peoples was thrown i n t o c l o s e c o n t a c t w i t h 

hundredsof white men, and with peoples from other t r i b e s and c o u n t r i e s . 

People who had o f t e n not walked f u r t h e r than a few m i l e s from t h e i r 

homes i n the course of t h e i r l i v e s were suddenly aware of the 

d i v e r s i t y of the o u t s i d e world. Above a l l , the myth of the superhuman 

q u a l i t i e s of the white man was d i s p e l l e d . These f a c t o r s were to 

be important i n changing the awareness and a s p i r a t i o n s of A f r i c a n s 

a f t e r the war. 

I n 1920, a f t e r a period of post-war recovery, the E a s t 

A f r i c a n P r o t e c t o r a t e was upgraded to c o l o n i a l s t a t u s and was renamed 

Kenya Colony and P r o t e c t o r a t e , A s u b s t a n t i a l area west of the R i f t 

V a l l e y , Uganda's e a s t e r n province, was added to the colony, a1 though 

some regions such as Karasuk remained under Ugandan a d m i n i s t r a t i o n 



u n t i l the 1950s. The C o a s t a l s t r i p however, remained a P r o t e c t o r a t 

as the land was nominally s t i l l under the s u z e r a i n i t y of the S u l t a n 

of Zanzibar, and was leased from him by the Kenyan A d m i n i s t r a t i o n . 

1.3.3 C o l o n i a l and p o s t - C o l o n i a l H i s t o r y 

The period of economic recovery a f t e r the f i r s t world war 

was marked by the expansion of the road and r a i l w a y network w i t h i n 

the Colony to s e r v i c e the White settlem e n t a r e a s , and the f u r t h e r 

development of a g r i c u l t u r a l marketing. The most s e r i o u s handicap 

to the development of the White farming areas however, was a c h r o n i c 

shortage of labour. The s u r v i v o r s of the E a s t A f r i c a n C a r r i e r 

Corps when they returned home were poor advertisements f o r the 

b e n e f i t s of s e r v i c e with the white man due to t h e i r unhappy 

ex p e r i e n c e s , and t h e r e was a d d i t i o n a l l y l i t t l e i n c e n t i v e f o r men who 

could make an adequate s u b s i s t e n c e l i v i n g i n the manner to which 

they were accustomed, to embark on a new c a r e e r . 

The a t t i t u d e of the A d m i n i s t r a t i o n to the A f r i c a n s under 

t h e i r charge was one t h a t saw l i t t l e u l t i m a t e advantage i n l e a v i n g 

the " n a t i v e s " to t h e i r own d e v i c e s . They had to be persuaded 

e v e n t u a l l y to become w e s t e r n i s e d c i t i z e n s of the new Colony. In 

the s h o r t term however, the Government pursued a dual p o l i c y , Thos 

peoples who l i v e d f a r from the areas of White settlem e n t around the 

r a i l w a y were l e f t very much to t h e i r own d e v i c e s , provided t h a t they 

broadly observed the peace. Those peoples i n the highlands c l o s e 

to the r a i l w a y , however, were earmarked for p a r t i c i p a t i o n i n the 

wider economy, and t h i s meant p a r t i c i p a t i o n i n s u p p l y i n g labour. 

In 1921 the hut and p o l l taxes were s h a r p l y r a i s e d to encourage 

the need f o r cash (Middleton 1965:356), and t h i s r e s u l t e d i n a 



gradual i n c r e a s e i n the supply of labour, and succeeded i n extending 

cash awareness to the r u r a l a r e a s , A l o t of the labour however, 

was r e c r u i t e d u s i n g more dubious means, i n c l u d i n g the b r i b i n g of 

c h i e f s to employ c o e r c i o n i n t h e i r a r e a s . The Government, w h i l e 

not approving of these measures, did not succeed i n stamping them 

out u n t i l the end of the decade. 

By the 1930s, the labour c r i s i s was eased by the r a p i d 

r i s e i n population amongst the peoples i n the prime a g r i c u l t u r a l 

areas around Mt. Kenya and the L u y i a and Luo c o u n t r i e s . As land 

became i n c r e a s i n g l y s h o r t e r i n supply, and t r a d i t i o n a l expansion 

was blocked by s t r i c t p o l i c i n g of boundaries, the s u r p l u s population 

had l i t t l e c h o i c e but e i t h e r to move to the towns and c i t i e s or to 

become labo u r e r s on white farms. By t h i s time too, some aspects of 

European consumerism had taken deep root i n the peoples bordering 

the r a i l w a y . B i c y c l e s , c l o t h e s , t e x t i l e s and even gramophone 

re c o r d s became i n c r e a s i n g l y sought a f t e r , s t i m u l a t i n g a need for 

cash t h a t could only be s a t i s f i e d by f u l l e r p a r t i c i p a t i o n i n the 

s e t t l e r economy. As land became s c a r c e r , even t r a d i t i o n a l a s p e c t s 

of l i f e such as the paying of b r i d e w e a l t h and t r i b a l f i n e s became 

more c a s h - o r i e n t a t e d . 

T h i s enforced p a r t i c i p a t i o n i n the cash economy was 

accompanied by an expansion of education mainly through the 

establishment of m i s s i o n s c h o o l s . By the 1920s, the m i s s i o n a r y 

educated boys of the pre-war period were already m o b i l i s i n g p o l i t i c a l 

a c t i v i t y . In 1920 the Kikuyu A s s o c i a t i o n was formed, followed by 

the Young Kikuyu A s s o c i a t i o n i n 1921 under the l e a d e r s h i p of Harry 

Thuku. Follo w i n g h i s o r g a n i s a t i o n of a c t i v e p r o t e s t a g a i n s t the 

i n c r e a s e i n the p o l l tax and the establishment of r e g i s t r a t i o n f o r 



adult males (the kipande system), he was a r r e s t e d i n 1922 and became 

the f i r s t Kenyan p o l i t i c a l martyr. The Rev. J.W. Arthur wrote 

i n 1922: 

"The development of the n a t i v e peoples i n Kenya 
i n one s h o r t year i s simply past t h i n k i n g . They 
are almost now able to safeguard themselves a g a i n s t 
oppression and e x p l o i t a t i o n . What i s much more 
to be f e a r e d i s the n a t i v e u p r i s i n g s l e d by young 
educated Kikuyu .... Thuku has now got hold of the 
m a j o r i t y of young Kikuyu." 

(quoted i n Middleton 1965:358). 

I n 1925 the more mature Kikuyu C e n t r a l A s s o c i a t i o n was 

formed, under the l e a d e r s h i p of Joseph Kangethe and J e s s e K a r i u k i , 

who were to become prominent p o l i t i c i a n s , and was j o i n e d by a 

p r o l i f e r a t i o n of p o l i t i c a l a s s o c i a t i o n s i n Kikuyuland. During the 

1920s and e a r l y 30s these A s s o c i a t i o n s became the v o i c e of Kikuyu 

p o l i t i c a l p r o t e s t a g a i n s t p a r t i c u l a r Government measures. 

The Kikuyu example was followed q u i c k l y by other peoples 

bordering the r a i l w a y . I n the Nyanza area, the Kavirondo Tax 

Payer's Welfare A s s o c i a t i o n was i n s t i g a t e d i n 1923, under the 

d i r e c t i o n of an Anglican Archdeacon Owen. T h i s s p l i t up i n t o Luo 

and L u y i a s e c t i o n s , and i n 1934 the f i r s t p o l i t i c a l L u y i a o r g a n i s a t i o n , 

the North Kavirondo C e n t r a l A s s o c i a t i o n was formed modelled on 

the Kikuyu C e n t r a l O r g a n i s a t i o n . T h i s p a t t e r n of growing p o l i t i c a l 

awareness was followed by the Kamba, Meru, Mji Kenda and K a l e n j i n 

(Middleton 1965). I n a l l these t r i b a l a r e a s , p r e v i o u s l y autonomous 

peoples were forming e t h n i c a l l i a n c e s f o r p o l i t i c a l ends. 

The Nyanza (Luo and L u y i a ) A s s o c i a t i o n s however, had 

f u n c t i o n s other than p o l i t i c a l p r o t e s t . T h e i r branches i n the urban 

c e n t r e s provided w e l f a r e , l o c a l community l e a d e r s h i p and a focus of 

i d e n t i t y f o r incoming r u r a l migrants. T h e i r importance f o r the 



s o c i a l o r g a n i s a t i o n of Luo and L u y i a communities i n b i g c i t i e s such 

as Kampala and Nairobi i s d e s c r i b e d i n c o n s i d e r a b l e d e t a i l by P a r k i n 

(1969, 1978). 

By the end of the 1930s, a s i g n i f i c a n t proportion of the 

Highland and western Bantu peoples, and the Luo, had been i n t e g r a t e d 

i n t o the s e t t l e r r u r a l and urban economies, e i t h e r as l a b o u r e r s , or 

sm a l l s c a l e entrepreneurs and workers ( i n l i g h t i n d u s t r i e s , p o r t s , 

roads and r a i l w a y s ) . By 1948 h a l f of Kenya's A f r i c a n labour f o r c e 

was to become n o n - a g r i c u l t u r a l (Bennett and Smith 1976:111). 

There was moreover, an emergence of what Middleton terms 

" i n d i v i d u a l i z a t i o n " : 

"The concept of " i n d i v i d u a l i z a t i o n " i m p l i e s the 
appearance of the i n d i v i d u a l as the u n i t of 
production and r e s i d e n c e . A s i n g l e man, of t e n 
helped by h i s w i f e and c h i l d r e n , came to be the 
producer of cash crops, or the labourer or s q u a t t e r 
i n urban and r u r a l areas a l i k e . Women a l s o moved 
to the towns to work as i n d i v i d u a l s . The t r a d i t i o n a l 
l i n e a g e and neighbourhood work-groups, although s t i l l 
f u n c t i o n i n g i n many a r e a s , were l o s i n g importance. 
T i e s and o b l i g a t i o n s of k i n s h i p and neighbourhood 
were irksome to the men who could earn money and 
a s p i r e d to a new way of l i f e and standard of l i v i n g . 
I n d i v i d u a l ownership, e s p e c i a l l y i n money and i n some 
p l a c e s of land, was developing, with consequent changes 
i n the r e s p e c t i v e r o l e s of s e n i o r and j u n i o r men i n 
the t r a d i t i o n a l system. D i s t i n c t i o n s of wealth and 
power appeared w i t h i n t r i b a l u n i t s where t r a d i t i o n a l l y 
t h e r e had been few or none. There was a marked 
i n c r e a s e i n s o c i a l m o b i l i t y , both i n s p a t i a l terms, 
with widespread labour m i g r a t i o n to the towns and 
European farming areas, and a l s o i n c l a s s terms, with 
the growth of i n c i p i e n t c l a s s e s and c l a s s d i s t i n c t i o n . " 

(Middleton 1965.385-386). 

By the second world war t h e r e f o r e , Kenya was developing most of 

the c h a r a c t e r i s t i c s of a complex s o c i e t y . 

The second world war, l i k e the f i r s t , saw the rec r u i t m e n t 

of a l a r g e number of men i n t o the Kings A f r i c a n R i f l e s . A l t o g e t h e r 

there were 75,000 men from Kenya, which Middleton c a l c u l a t e s was 



some 20 per cent of the a d u l t male population (Middleton 1965:386). 

The Kenyan s o l d i e r s w e r e not confined to the A f r i c a n t h e a t r e , but saw 

s e r v i c e i n the Middle E a s t and the Far E a s t . The major consequence 

of the c o n s c r i p t i o n of such a l a r g e percentage of the male population 

was not so much the broadening of horizons through s e e i n g s t r a n g e 

lands and being i n c o n t a c t w i t h f o r e i g n peoples, though t h i s was an 

important f a c t o r , but the c o n s i d e r a b l e education that the s o l d i e r s 

r e c e i v e d i n the army. Not only were they taught E n g l i s h and b a s i c 

l i t e r a c y , but many r e c e i v e d t e c h n i c a l t r a i n i n g i n a v a r i e t y of f i e l d s . 

A f t e r the war, t h i s army of s e r a i - t r a i n e d and t r a i n e d men, 

w i t h the i n c e n t i v e of a great d e a l of army back pay which was saved 

for them, was to have a c o n s i d e r a b l e impact on the more p r o g r e s s i v e 

areas where the temptation to l a p s e back i n t o a t r a d i t i o n a l l i f e s t y l e 

was l e s s s t r o n g . They were abl e to take f u l l advantages of the 

l i f t i n g of r e s t r i c t i o n s on r e t a i l t r ade and growing of cash crops 

p r e v i o u s l y imposed on A f r i c a n s . As Middleton remarks: 

"For the f i r s t time A f r i c a n s entered i n t o r e t a i l 
trade i n l a r g e numbers i n d i r e c t and open competition 
with I n d i a n t r a d e r s ; they a l s o entered the market as 
buyers of l o c a l produce and i n both Nyanza and Kikuyu 
they captured a l a r g e share of the t r a d e . " 

(Middleton 1965:387). 

The post war period saw growing p o l i t i c a l u n r e s t , with 

the s u c c e s s o r of the Kikuyu C e n t r a l A s s o c i a t i o n , the Kenya A f r i c a n 

Union at the f o r e f r o n t , one of whose l e a d e r s was Jomo Kenyatta. 

The l e a d e r s of the KAU and other prominent A f r i c a n p o l i t i c i a n s began 

to pr e s s hard for g r e a t e r and e l e c t e d r e p r e s e n t a t i o n on the 

L e g i s l a t i v e C o u n c i l . 

These moves co i n c i d e d with a growing resentment i n the 

r u r a l areas of Government economic reform, i n v o l v i n g c o n s e r v a t i o n 



measures such as c a t t l e c u l l i n g to prevent e r o s i o n , and improved 

a g r i c u l t u r a l techniques such as contour r i d g i n g . T h i s reform was 

seen as an e s s e n t i a l p r e r e q u i s i t e of f u t u r e p o l i t i c a l progress by 

the Government, (Bennett and Smith 1976:119), but was regarded as 

a r i b i t r a r y and i r r e l e v a n t by A f r i c a n s i n the l i g h t of the great 

d i f f e r e n t i a l i n land a l l o c a t i o n between Europeans and A f r i c a n s . 

Growing gri e v a n c e s i n Kikuyuland, both p o l i t i c a l and econom 

led to the Mau Mau r e b e l l i o n i n 1950. T h i s traumatic experience 

f o r the Kikuyu peoples led to major changes, such as land 

c o n s o l i d a t i o n , the c o n c e n t r a t i o n of the population i n t o p o l i c e d 

and c o n t r o l l e d vi11ages, and e v e n t u a l l y , to the i n d i v i d u a l ownership 

of land. 

I n the s h o r t term, the Mau Mau r e b e l l i o n hampered r a t h e r 

than aided the move to independence. P o l i t i c a l p a r t i e s were 

banned under the s t a t e of emergency, and money that could have 

been poured i n t o r u r a l development was used f o r the war. I n the 

long term, however, i t probably c o n t r i b u t e d s i g n i f i c a n t l y to the 

growing B r i t i s h view that e a r l y independence f o r the A f r i c a n 

p o s s e s s i o n s was a n e c e s s i t y . 

Any s i g n s of Kikuyu n a t i o n a l i s m were held f i r m l y i n 

check by the Government i n the middle 1950s. T h i s gave the other 

l a r g e e t h n i c groups, p a r t i c u l a r l y the Luo, who had not p a r t i c i p a t e d 

i n the r e b e l l i o n , to put forward t h e i r own p o l i t i c a l c l a i m s . In 

1957 the e l e c t i o n s to the L e g i s l a t i v e C o u n c i l , the f i r s t i n which 

A f r i c a n s voted, saw a l l the e l e c t e d A f r i c a n posts going to non 

Kikuyus. 

In the l a t e f i f t i e s and e a r l y s i x t i e s the Kikuyu were 



permitted back i n t o the p o l i t i c a l arena. With independence i n the 

a i r two r i v a l p a r t i e s were e s t a b l i s h e d , the Kenya A f r i c a n National 

Union which was supported by the C e n t r a l Bantu peoples and was 

under Kikuyu l e a d e r s h i p , and the Kenya A f r i c a n Democratic Union 

which was a mainly western Kenya Luo, L u y i a and K a l e n j i n a l l i a n c e 

under Luo l e a d e r s h i p . The f u t u r e of Kenya was negotiated by these 

two p a r t i e s w i t h the B r i t i s h at the L a n c a s t e r House Conferences i n 

1960 and 1962. Although KADU, and i n p a r t i c u l a r the n u m e r i c a l l y 

s m a l l e r K a l e n j i n s e c t i o n , won important c o n c e s s i o n s , i t was s t r o n g l y 

outvoted i n the 1961 and 1963 e l e c t i o n s . 

In June 1963 the l e a d e r of KANU, Jomo Kenyatta, became the 

f i r s t prime m i n i s t e r of Kenya and l e d the country to independence 

on the 12th December 1963. The f o l l o w i n g year he d e c l a r e d a 

Republic, and Jomo Kenyatta became the f i r s t p r e s i d e n t . He a l s o 

r a p i d l y banned a l l o p p o s i t i o n p a r t i e s and made Kenya a one p a r t y 

s t a t e . 

S i n c e independence there have been many f a r reaching 

changes. The r u r a l areas have developed out of a l l r e c o g n i t i o n , 

as the r e s o u r c e s of the country have been concentrated on t h i s 

p r e v i o u s l y n e g l e c t e d s e c t o r . Today cash crops and i n d i v i d u a l land 

ownership have brought the opportunity of wealth to a l l the 

a g r i c u l t u r a l peoples, and the p a s t o r a l peoples are slowly being 

encouraged to s e t t l e down. With the population almost doubled 

s i n c e c o l o n i a l times, more and more s u r p l u s population has had to 

l e a v e the r u r a l s e c t o r , A l l urban populations have expanded 

s i g n i f i c a n t l y during t h i s p e r iod, as have the i n d u s t r i e s to provide 

employment. In the r u r a l a r e a s , moreover, there has grown a l a r g e 



network of t r a d e r s , shop keepers, bar and h o t e l employers and s t a f f , 

entrepreneurs and t a x i (Matatatu) d r i v e r s ) . 

On the u g l i e r s i d e i s the i n e v i t a b l e i n c r e a s e i n unemployed 

l a n d l e s s peoples as land shortage i n c r e a s e s . The many settlement 

schemes on p r e v i o u s l y white owned a g r i c u l t u r a l and p a s t o r a l land have 

only been p a r t i a l l y s u c c e s s f u l i n a l l e v i a t i n g the problem, and at 

best are only a s h o r t term remedy. The u l t i m a t e hope i s the 

expansion of i n d u s t r y , as unused good a g r i c u l t u r a l land i s r a p i d l y 

d i s a p p e a r i ng. 

F i n a l l y , the g r e a t e s t s u c c e s s has been to bring education 

at l e a s t on the primary l e v e l to a l l the a g r i c u l t u r a l r u r a l a r e a s , 

and to p a r t s of the p a s t o r a l ones. I n 1976 primary school f e e s 

were a b o l i s h e d , making t h i s l e v e l a c c e s s i b l e to the c h i l d r e n of a l l 

parents who can a f f o r d the school uniform. The f u l l impact of 

t h i s great i n c r e a s e i n l i t e r a c y however, w i l l only be known I n the 

f u t u r e . As Kenya e n t e r s i t s second post independence e r a under 

the p r e s i d e n c y of D a n i e l Arap Moi, i t i s f a s t becoming a h i g h l y 

complex n a t i o n . 



1.4 Major demographic trends s i n c e 1948 

The f i r s t population census of Kenya was c a r r i e d out i n 

1948. Since then there have been three f u r t h e r censuses, i n 1962 

j u s t before independence, i n 1969 and i n 1979. The 1979 Census 

however, has not been analysed y e t , and i s not r e l e v a n t to t h i s 

study, as i t post-dates my l a s t f i e l d w o r k e x p e d i t i o n i n 1975 by four 

y e a r s . The r e s u l t s of the 1948, 1962 and p a r t i c u l a r l y of the 1969 

Censuses, provide d e t a i l e d information on many important a s p e c t s of 

demography i n the country, i n c l u d i n g age, sex, t r i b e or n a t i o n a l i t y , 

b i r t h p l a c e , m a r i t a l s t a t u s , u r b a n i s a t i o n and m o r t a l i t y and f e r t i l i t y . 

The r e l i a b i l i t y of the Census v a r i e s c o n s i d e r a b l y from one area to 

another - the most remote e a s t e r n p a s t o r a l areas being the most 

u n s a t i s f a c t o r y . S e l f r e p o r t i n g of age for i n s t a n c e , becomes 

i n c r e a s i n g l y suspect i n these a r e a s . 

1.4.1 P r e s e n t d i s t r i b u t i o n of population: (Republic of Kenya 
1969 Population Census) 

As Table 1.2 shows, the population of Kenya i n 1969 was 

j u s t under 11 m i l l i o n , of which 97 per cent were Kenyan A f r i c a n s . 

The most numerous t r i b a l populations are the Kikuyu, ( 2 | m i l l i o n ) , 

the Luo (l£ m i l l i o n ) , the L u y i a ( j u s t under l j m i l l i o n ) and the 

Kamba (1 m i l l i o n ) . The Kikuyu alone account f or 20 per cent of 

the t o t a l population, and these four peoples i n t o t a l comprise 58 

per cent of the t o t a l . Other Bantu populations (Meru, K i s i i , and 

Mji Kenda) approach the h a l f m i l l i o n mark, and these are jo i n e d by 

the K a l e n j i n speaking K i p s i g i s , The remaining populations u s u a l l y 

number l e s s than 200,000, P a r t i c u l a r l y s m a l l are the Taveta, S w a h i l l 

Boni/Sanye, Njemps, Sakuye, and Gosha who number under 10,000, In 



f a c t of the 42 Kenyan A f r i c a n populations s p e c i f i e d i n the census, 

34 populations i n t o t a l comprise only 28 per cent of the population 

and of these 23 c o n t r i b u t e d i n d i v i d u a l l y l e s s than one per cent. 

Populations s i z e t h e r e f o r e , i s very unevenly d i s t r i b u t e d . The 

l a r g e s t populations are Bantu, and N i l o t i c Luo, followed a long way 

behind by the Maasai and K a l e n j i n N i l o t e s and the Somali C u s h i t e s , 

w i t h the s m a l l e s t populations being the G a l l a C u s h i t e s and the 

hunting Sanye and Dorobo groups. 

T h i s d i s t r i b u t i o n of population s i z e i s c l o s e l y r e l a t e d 

to two f a c t o r s . The f i r s t i s the s c a l e of d e f i n i t i o n f o r each 

t r i b a l population i n the Census. For i n s t a n c e the L u y i a are 

s t r i c t l y speaking not t r u l y comparable to the Nandi, K i p s i g i s and 

Tugen, as the L u y i a are not d i f f e r e n t i a t e d by minimal u n i t , w h i l e 

the K a l e n j i n are. The c o l l e c t i v e K a l e n j i n a c t u a l l y number over a 

m i l l i o n . I f minimal u n i t s were d i f f e r e n t i a t e d then only the Kamba 

would f i g u r e as d i s p r o p o r t i o n a t e l y numerous. The second f a c t o r i s 

mode of l i v e l i h o o d , and the percentage of a r a b l e land occupied by 

each people. The most numerous populations are a g r i c u l t u r a l i s t s 

who occupy the most f e r t i l e lands, or who have l a r g e proportions of 

urban d w e l l e r s . 

Populations s i z e i s a l s o h i g h l y r e l a t e d to population 

d e n s i t y . The areas with the h i g h e s t population d e n s i t i e s are 

found i n two zones, The f i r s t i s i n western Kenya i n the high 

r a i n f a l 1 and f e r t i l e a g r i c u l t u r a l zones bordering the Lake V i c t o r i a 

b a s i n . Population d e n s i t y r i s e s from j u s t oyer 100 persons per 

square k i l o m e t r e around the Lake shore reaching very high d e n s i t i e s 

i n the K i s i i , Kakamega and South Elgon a r e a s , ranging from about 300 



to over 500 a square k i l o m e t r e . The second high d e n s i t y zone i s 

the f o o t s l o p e s of the Aberdare and Mt. Kenya Highlands, where the 

average d e n s i t y i s n e a r l y 200 a square k i l o m e t r e . In the Kikuyu 

Meru and Kamba d i s t r i c t s , up to 500 people a square k i l o m e t r e are 

found i n the most favourable l o c a l i t i e s , and i n the Kiambu Kikuyu 

D i s t r i c t the maximum d e n s i t y i s n e a r l y 800. The areas of h i g h e s t 

d e n s i t y t h e r e f o r e , c o i n c i d e with the homelands of the Kikuyu, L u y i a , 

Luo, G u s i i and Meru, the most numerous e t h n i c populations. 

The c o a s t a l and high f o r e s t and g r a s s l a n d areas support 

medium population d e n s i t i e s , ranging from about 50 to 200 people 

a square k i l o m e t r e o u t s i d e the f o r e s t r e s e v e s . These d e n s i t i e s 

r e f l e c t the f a c t t h a t the land they occupy, though f e r t i l e and w e l l 

watered, i s e i t h e r underdeveloped or not t o t a l l y s u i t a b l e f o r 

i n t e n s i v e a g r i c u l t u r e . For example, the high f o r e s t and g r a s s l a n d 

areas s u f f e r from e r o s i o n and o c c a s i o n a l ground f r o s t s . These 

zones of medium de n s i t y are mostly occupied by the C o a s t a l Bantu 

and the K a l e n j i n N i l o t e s . 

The areas of lowest d e n s i t y are the a r i d e a s t e r n and 

northern p l a i n s , where the average d i s t r i c t d e n s i t i e s i f I s i o l o , 

Marsabit, G a r i s s a , Mandera, W a j i r , Tana R i v e r , Samburu and Turkana 

are w e l l under 5 to the square k i l o m e t r e . These are the d i s t r i c t s 

i n h a b i t e d by the C u s h i t i c peoples and the Turkana and Samburu P l a i n s 

N i l o t e s . The Maasai p a s t o r a l i s t s from Narok and Kadjiado D i s t r i c t s 

a l s o manifest a very low d e n s i t y of under 10 a square m i l e . The 

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

with r a i n f a l l r e l i a b i l i t y and i n t e n s i t y , 



1.4.2 Population Growth s i n c e 1948 

In the f i r s t decades of t h i s century, the population of 

Kenya was roughly estimated to be around 2^ to 3 m i l l i o n (Middleton 

1968:337). By the time of the f i r s t population Census i n 1948, i t 

had n e a r l y doubled to 5| m i l l i o n . S i n c e then, there has been a 

dramatic r i s e to 8 i m i l l i o n i n 1962, and to 11 m i l l i o n i n 1969. 

U n o f f i c i a l e s t i m a t e s of the 1979 Census speak of a c u r r e n t f i g u r e 

of around 15 m i l l i o n . The population t h e r e f o r e , had doubled between 

1948 and 1969, and had i n c r e a s e d t h r e e f o l d between the e a r l y decades 

of the Century and 1969, and probably f i v e - f o l d up to 1980. The 

most dramatic symptom of t h i s i n c r e a s e i s the very l a r g e proportion 

of young people i n the population, with 76 per cent of the population 

under 25 years of age, and 19 per cent under 5 years (Kenya 1969 

Population Census V o l . IV: Table 1.2). 

Nobody r e a l l y knows why the population has i n c r e a s e d so 

d r a m a t i c a l l y . The i n c r e a s e d a v a i l a b i l i t y of medicines, improved 

standards of l i v i n g and hygiene, and the i n t r o d u c t i o n of high y i e l d 

hybrid maize have undoubtedly had a c o n s i d e r a b l e impact. Perhaps 

more important however, has been the e l i m i n a t i o n of the l o c u s t 

plagues that were so prominent i n the 1930s, the s u c c e s s of a n t i - p e s t 

measures f o r crops and gene r a l dipping of c a t t l e , and above a l l 

twenty y e a r s i n the s i x t i e s and s e v e n t i e s of adequate r a i n f a l l and 

the absence of famine i n most a r e a s . Linked with these trends has 

been the expansion of urban o p p o r t u n i t i e s , and the opening up of 

larg e areas of p r e v i o u s l y white owned a g r i c u l t u r a l land, to absorb 

the s u r p l u s population. The favourable c o n d i t i o n s of the p'ost-

independence years are r e f l e c t e d i n a decrease i n the i n f a n t m o r t a l i t y 
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r a t e of 13 per cent between 1962 and 1969. (Kenya Population Census 
1969: Vol. IV: 4 3 ) . 

The population i n c r e a s e or decrease of each t r i b a l population 

i s d e t a i l e d i n Table 1.2. Two populations, the Bajun and Sakuye 

have i n c r e a s e d by over 100 per cent s i n c e 1962. These f i g u r e s 

however, probably r e f l e c t a r e d e f i n i t i o n of t r i b a l i d e n t i t y s i n c e 

1962. The Bajun are a b i t of a mystery i n t h i s regard; p o s s i b l y 

many were put down as S w a h i l i or Pokomo i n 1962. The Sakuye however, 

may have i n c r e a s e d almost e n t i r e l y because a l a r g e number c a l l e d 

themselves Boran i n 1962, and have r e v e r t e d to a more s p e c i f i c 

i d e n t i t y i n 1969. 

E x c l u d i n g these anomalies, the l a r g e s t i n c r e a s e of 40 - 60 

per cent have occurred i n the K u r i a , Nandi, Njemps, Dorobo, Orma 

and Gurreh. The Nandi i n c r e a s e c o i n c i d e s w i t h a major expansion 

i n t o the neighbouring p r e v i o u s l y white owned Uasin Gishu D i s t r i c t . 

The i n c r e a s e of the Dorobo and Njemps i s probably due to r a p i d 

t r ansformation from a predominantly hunting, g a t h e r i n g and f i s h i n g 

mode of l i v e l i h o o d to a g r i c u l t u r e and p a s t o r a l i s m . The Orma and 

Gurreh i n c r e a s e s almost c e r t a i n l y r e f l e c t a s i g n i f i c a n t amount of 

" t r i b a l r e d e f i n i t i o n " . 

Most of the major Bantu populations and the Luo have 

i n c r e a s e d i n the 30 per cent range. In view of the o r i g i n a l s i z e s 

of these populations i t means th a t they have shown by f a r the 

g r e a t e s t numerical i n c r e a s e . The Kikuyu have even improved t h e i r 

o v e r a l l percentage composition of the t o t a l Kenya population by 1 

per cent. 

The peoples i n the p a s t o r a l areas have on the whole e i t h e r 

r e g i s t e r e d a n e g l i g a b l e i n c r e a s e ( f o r example the Maasai i n c r e a s e d by 



only 0.5 per c e n t ) , or sharp d e c r e a s e s . P a r t i c u l a r l y dramatic 

decreases are those f o r the Boran (-41.6%), the Gosha (-59.7%). The 

Sanye/Boni and many of the Somali groups a l s o show a marked re d u c t i o n 

i n population s i z e . Although the C u s h i t i c peoples do show a higher 

r a t e of i n f a n t m o r t a l i t y and a lower r a t e of f e r t i l i t y than other 

Kenyan populations (Kenya Population Census V o l . I V ) , t h i s cannot 

p o s s i b l y account f o r such l a r g e d e c r e a s e s . The most l i k e l y 

e x p l a n a t i o n i s t h a t the e x h i b i t e d decreases i n population s i z e are a 

r e f l e c t i o n of the u n r e l i a b i l i t y of the 1969 Census i n the C u s h i t i c 

a r e a s ; i n v o l v i n g some element of t r i b a l r e - d e f i n i t i o n and above a l l 

a s e r i o u s underestimation of numbers. I t cannot be c o i n c i d e n t a l 

that the populations most a f f e c t e d by sharp decrease i n s i z e l i e i n 

the areas i n v o l v e d i n the war a g a i n s t Somalia i n the mid 1960s. 

1.4.3 P a t t e r n s of Movement 

Si n c e the i m p o s i t i o n of c o l o n i a l r u l e , there has been an 

i n c r e a s i n g m igration of people from t h e i r t r a d i t i o n a l homelands to 

seek employment and new o p p o r t u n i t i e s i n areas of l a r g e s c a l e farming 

and i n the c i t i e s . S i n c e independence m i g r a t i o n has a c c e l e r a t e d 

f o r s e v e r a l major reasons. F i r s t l y c o l o n i a l laws r e s t r i c t i n g and 

monitoring movement no longer apply. Secondly t h e r e i s the 

shortage of land caused by the l a r g e population i n c r e a s e i n the 

highlands which has forced l a r g e numbers of people to seek a l t e r n a t i v e 

o p p o r t u n i t i e s . T h i r d l y there has been the development of new 

o p p o r t u n i t i e s . Prominant among these have been the opening up of 

l a r g e areas p r e v i o u s l y a l l o c a t e d to l a r g e s c a l e farming to r e - s e t t l e m e n t 

by A f r i c a n f a m i l i e s ; the widespread development of many s e c t o r s of 

the Kenyan economy both r u r a l and urban; and f i n a l l y the expansion 



of Government p o s t s . The 1969 Census provides d e t a i l e d f i g u r e s 

from which migratory p a t t e r n s can be estimated, although not as 

p r e c i s e l y or r e l i a b l y as one would wish. 

One method of e s t i m a t i n g the extent of population movement 

i s by examining the proportion of people from each population 

have b i r t h p l a c e s t h a t do not c o i n c i d e with t h e i r present d i s t r i c t s 

of r e s i d e n c e . In Table 1.3 I have reproduced the f i g u r e s given 

i n the 1969 Census a n a l y s i s (Kenya Population Census Vol. IV; Table 

6.8). The r e s u l t s r e v e a l a very s t a t i c p i c t u r e , w i t h 15 of the 42 

populations l i s t e d having over 90 per cent of t h e i r population born 

i n t h e i r d i s t r i c t of r e s i d e n c e , and only 11 w i t h over 20 per cent 

o u t s i d e t h e i r d i s t r i c t of b i r t h . 

The l a r g e s t p r o p o r t i o n of "migrants" occur i n the Kikuyu, 

Tharaka, Pokomo, Taveta, T a i t a , Bajun, Keyo, Turkana, Dorobo, 

R e n d i l l e and Boran. The Tharaka, Turkana and R e n d i l l e are 

p a r t i c u l a r l y s t r i k i n g i n t h a t over 40 per cent were found to l i v e 

o u t s i d e t h e i r d i s t r i c t of b i r t h . The R e n d i l l e are a l s o remarkable 

i n t h a t over 40 per cent appear to be l i v i n g o u t s i d e t h e i r province 

of b i r t h . 

These f i g u r e s however, are c u r i o u s to say the l e a s t . In 

Vol.1 of the 1969 Census f o r i n s t a n c e , the number of R e n d i l l e 

l i v i n g i n Marsabit D i s t r i c t , the t r a d i t i o n a l d i s t r i c t of r e s i d e n c e , 

i s put at 17,931 which i s 95,7 per cent of the t o t a l number of 

R e n d i l l e i n Kenya, i n marked c o n t r a s t to the above f i g u r e s from 

Vol.IV. S i m i l a r l y i t i s d i f f i c u l t to b e l i e v e t h a t 30.1 per cent 

of T a i t a were not born i n t h e i r D i s t r i c t of r e s i d e n c e when Vol.1 

l i s t s 80.1 per cent l i v i n g i n t h e i r t r a d i t i o n a l hone d i s t r i c t i n 
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1969. F i n a l l y the f i g u r e of 41.9 per cent of Turkana having been 
born o u t s i d e t h e i r d i s t r i c t of r e s i d e n c e i s e q u a l l y c u r i o u s seeing 
t h a t 86 per cent of Turkana s t i l l l i v e i n Turkana D i s t r i c t . Even 
all o w i n g f o r movement back from non-^tribal areas and c o n s i d e r a b l e 
m o b i l i t y f o r those o u t s i d e t h e i r t r a d i t i o n a l areas of o r i g i n , there 
i s s t i l l a c o n s i d e r a b l e d i s c r e p a n c y . 

Furthermore the comparison of b i r t h p l a c e w i t h r e s i d e n c e 

cannot d i s t i n g u i s h c l e a r l y between migration from t r a d i t i o n a l home 

areas to the c i t i e s and developed l a r g e s c a l e farming d i s t r i c t s , and 

movement w i t h i n n o n - t r a d i t i o n a l areas of r e s i d e n c e . I n view of 

t h i s I have c o n s t r u c t e d a d i f f e r e n t s e t of f i g u r e s from the 1969 

Census Vol.1, which compare the proportion of each people s t i l l 

l i v i n g i n t h e i r t r a d i t i o n a l home d i s t r i c t s and i n t h e i r home province. 

As i n the per i o d j u s t preceding c o l o n i a l i s a t i o n a l l but a very low 

percentage of each people l i v e d i n t h e i r t r a d i t i o n a l home a r e a s , 

the percentage now l i v i n g o u t s i d e them can be used as a rough measure 

of the extent of migration i n t o the c i t i e s and areas a l i e n a t e d i n 

e a r l y c o l o n i a l times. 

Of the 36 populations l i s t e d i n Table 1.4 (not 42 as i n 

the Census as I have amalgamated the Somali p o p u l a t i o n s ) , 29 (80.5 

per c e n t ) have over 90 per cent of t h e i r populations l i v i n g i n 

t h e i r "home" pro v i n c e s and only one population, the S w a h i l i , f a l l 

under 80 per cent. Moreover 21 populations (58 per cen t ) have 90 

per cent or more of t h e i r population s t i l l l i v i n g i n s i d e t h e i r 

t r a d i t i o n a l home d i s t r i c t or d i s t r i c t s . The notable "migrants" are 

the Kikuyu, S w a h i l i , Bajun, Nandi, and Keyo over 20 per cent of 

which l i v e o u t s i d e t h e i r t r a d i t i o n a l home d i s t r i c t s . Of t h i s l i s t 
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however, only the Kikuyu and S w a h i l i can he termed l a r g e s c a l e 

migrants, as the m a j o r i t y of the movement f o r the Bajun, Nandi and 

Keyo i s w i t h i n the home province, (see Table 1.4). I f we take 

movement o u t s i d e the home province as the g r e a t e s t i n d i c a t o r of 

movement, we get ten populations only who have more than ten per cent 

of t h e i r p o pulation l i v i n g o u t s i d e t h e i r t r a d i t i o n a l home province. 

These are the Kikuyu, Kamba, L u y i a , Taveta, S w a h i l i , Luo, I t e s o 

and Boran. Numerically the g r e a t e s t c o n t r i b u t o r s to migration 

have been the Kikuyu, Kamba, Luo and L u y i a , the l a r g e s t of the 

Kenyan peoples, and the peoples most a f f e c t e d by land shortage i n 

t h e i r densely i n h a b i t e d home ar e a s . 

I n Table 1.5 I have broken down the people l i v i n g o u t s i d e 

t h e i r home pr o v i n c e f o r these ten peoples according to where they 

are now l i v i n g . I t shows th a t the Kikuyu although to be found i n 

a l l of Kenya's p r o v i n c e s , have only migrated i n very l a r g e numbers 

to R i f t V a l l e y P r o v i n c e (84.7 per cent of 403,095). Of the 341,480 

Kikuyu who have migrated to R i f t V a l l e y P r o v i n c e 49 per cent have 

moved to Nakuru D i s t r i c t , 17 per cent to the Uasin Gishu/Trans Nzoia 

D i s t r i c t s , and 11 per cent to L a i k i p i a D i s t r i c t and 8 per s e n t to 

Kericho D i s t r i c t . E i g h t y - f i v e per cent of Kikuyu i n R i f t V a l l e y 

Province t h e r e f o r e , have moved to n o n - t r a d i t i o n a l D i s t r i c t s occupied 

i n c o l o n i a l times by l a r g e s c a l e European farms, and where i n the 

case of Nakuru and the Uasin Gishu D i s t r i c t s , c o n s i d e r a b l e l i g h t 

i n d u s t r y has been developed s i n c e independence. 

The importance of these areas can be seen from the f a c t 

that R i f t V a l l e y P r o v i n c e c o n t a i n s a. s i g n i f i c a n t percentage of 

migrants from a l l other peoples l i s t e d i n Table 1.5 except f o r the 



Kamba. A s i g n i f i c a n t proportion of migrants f o r a l l peoples 

except the I t e s o moreover, i s accounted f o r by Na i r o b i , e s p e c i a l l y 

i n the case of the Kamba and Luo. The Kamba i n s t e a d of having 

moved s i g n i f i c a n t l y to R i f t V a l l e y P r o v i n c e , have tended to move 

to Coast Province, e s p e c i a l l y to Mombasa. A s u r p r i s i n g number 

of Luo (16 per cen t ) have a l s o moved to the c o a s t , p a r t i c u l a r l y 

Mombasa. The Kikuyu however, are n o t i c e a b l y under-represented 

at the c o a s t as are the L u y i a . 

The important aspect of these r e s u l t s i s the low p r o p o r t i 

of migrants to t r a d i t i o n a l home areas of other peoples. For 

example North-Eastern, Nyanza and Western P r o v i n c e s were mostly 

u n a f f e c t e d by European land a l i e n a t i o n and are the t r a d i t i o n a l 

home areas of the Somali, Luo and L u y i a peoples r e s p e c t i v e l y . 

The proportion of migrants of each people f o r these areas i n Table 

1.5 i s minimal. Only the 10 per cent of Luo migrants i n Western 

Prov i n c e c o n t r a d i c t the trend, which i s not s u r p r i s i n g as the 

many of these apparent migrants are i n r e a l i t y Luo who have land 

overlapping i n t o Western Province at the Luo land borders, and who 

are d i f f i c u l t to p r e c i s e l y s c r e e n , to e l i m i n a t e t h i s b i a s . 

The extent of o v e r a l l m igration o u t s i d e home p r o v i n c e s , 

t h e r e f o r e , i s p r o p o r t i o n a l l y s m a l l compared to the numbers of each 

people who s t i l l i n h a b i t t h e i r home areas.. I n Table 1.6 I have 

broken down movement w i t h i n home pr o v i n c e s o u t s i d e t r a d i t i o n a l 

home d i s t r i c t s - Only the Bajun, T a i t a . Nandi, K i p s i g i s and Keyo 

have more than ten per cent of t h e i r population l i v i n g o u t s i d e 

t r a d i t i o n a l home d i s t r i c t s w i t h i n t h e i r home province, and when the 

thr e s h o l d i s lowered to 7 per cent, they are j o i n e d by the Kikuyu, 



Pokoiuo, Tugen and Turkana. The major Nandi migration has been 

to the Uasin Gishu D i s t r i c t , where l a r g e numbers have been r e s e t t l e d 

on exr-European farms. The Uasin Gishu D i s t r i c t moreover, borders 

the t r a d i t i o n a l Nandi D i s t r i c t and i s today considered as an 

e x t e n s i o n of the Nandi country by them. S i m i l a r l y 91 per cent 

of the Keyo migrants have a l s o s e t t l e d i n the Uasin Gishu D i s t r i c t , 

which borders the t r a d i t i o n a l homeland i n the north e a s t . The 

K i p s i g i s have moved i n numbers to Narok D i s t r i c t , encroaching on 

the southern Mau f o r e s t s l o p e s bordering K i p s i g i s country which was 

h i s t o r i c a l l y disputed with the Maasai, and secondly to Nakuru 

D i s t r i c t which i s a l s o c l o s e to the K i p s i g i s Home area. The Tugen 

have a l s o j o i n e d t h e i r K a l e n j i n neighbours i n s h a r i n g the s p o i l s 

of the Nakuru and U a s i n Gishu ex-European farming a r e a s . The 

Turkana i n c o n t r a s t have migrated more evenly to the ex-European 

D i s t r i c t s of L a i k i p i a , Trans Nzoia, Uasin Gishu and Nakuru, where 

they worked as herdsmen f o r European farmers. 

The other major c e n t r e of i n t e r n a l migration i s at the 

Coast, where a m a j o r i t y of the Bajun, Pokomo and T a i t a i n t e r n a l 

migrants have moved to the c i t y of Mombasa. The Bajun and Pokomo 

presence i n K i l i f i D i s t r i c t i s accounted for by two f a c t o r s . 

F i r s t l y , the a r e a i s c l o s e s t to t h e i r t r a d i t i o n a l a r e a s , and they 

do not have so f a r to migrate. Secondly, K i l i f i c o n t a i n s the major 

town of Malindi which a t t r a c t s migrants not only because of i t s 

r e p u t a t i o n as a t r a d i n g c e n t r e , but a l s o i t i s the c e n t r e of the 

c e n t r a l Kenya Coast t o u r i s t i n d u s t r y . 

F i n a l l y , the Kikuyu a l s o show some 7 per cent of " i n t e r n a l " 

movement, a f i g u r e which r i s e s to 25 per cent i f we c l a s s N airobi 



as l y i n g o u t s i d e the home area. Of these migrants 47 per cent 

have moved to the ex^-white areas on the western Aberdare slopes 

(Nyandarua, D i s t r i c t ) and 53 per cent to Nairobi . 
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CHAPTER 2 

The Population U n i t s , Sampling and Fieldwork 

2.1 Overview 

At the beginning of any p h y s i c a l a n t h r o p o l o g i c a l study, 

previous experience t e l l s us which types of human populations are 

l i k e l y to correspond to b i o l o g i c a l u n i t s . According to Hiernaux 

(1972), the i d e a l u n i t s are "those human groups formed from t h a t way 

of d i v i d i n g the population which comes n e a r e s t to a model of 

contiguous i s o l a t e s , or g e n e t i c a l l y c l o s e d communities." (Hiernaux 

1972:97). 

I n complex i n d u s t r i a l s o c i e t i e s where population movement 

i s f l u i d , and s o c i a l b a r r i e r s to mating are not i n s t i t u t i o n a l i s e d 

beyond a minimal p r o h i b i t i o n on marriages between incenstuous 

c a t e g o r i e s of r e l a t i v e s and a l e g a l enforcement of monogamy( the 

main b a r r i e r to mating i s geographical d i s t a n c e , Other f a c t o r s t h a t 

could i n h i b i t mating, such as s o c i a l d i s a p p r o v a l of marriage p a r t n e r s , 

are d i f f i c u l t to s e p a r a t e and q u a n t i f y i n any s o c i a l s i t u a t i o n . Most 

models seeking to d e l i n e a t e "contiguous i s o l a t e s " t h e r e f o r e , are based 

on geographical and demographic assessments of mating p a t t e r n s . 

(See Dennis 1977 s.Chapter 3) . 

I n t h i r d world c o u n t r i e s however, there appears to be l e s s 

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

c a s t e s f o r i n s t a n c e , are almost t o t a l l y endogamous i n many areas of 

I n d i a . Hiernaux moreover, argues t h a t i n sub-Saharan A f r i c a : 
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" I t i s r e l a t i v e l y easy to come near to such an optimum 
d i v i s i o n . I n many p a r t s of the sub-continent people 
l i v e i n h i g h l y endogamous t r i b e s or c a s t e s . For 
example the S h i l l u k and Dinka, two adjacent t r i b e s 
i n the Sudan, intermarry at a frequency of only 0,02 
i n both d i r e c t i o n s (Roberts 1962). In the Bedik, an 
e t h n i c group of E a s t Senegal, the males marry w i t h i n 
the group at a frequency of 0.975 (Gomila 1971). The 
Moyen C h a r i P r o v i n c e i n the Tchad i s i n h a b i t e d by ten 
e t h n i c groups; i n these the f a t h e r s of the p r e s e n t 
young a d u l t s took t h e i r w i f e i n t h e i r own group at 
an o v e r a l l and s t a t i s t i c a l l y uniform frequency of 
0.975 (Hiernaux 1969). These endogamy r a t e s from 
three d i s t i n c t a r e a s of middle A f r i c a are n e a r l y 
i d e n t i c a l and very high. The e t h n i c groups concerned 
are s u f f i c i e n t l y c l o s e d to make thera a c c e p t a b l e as u n i t s . " 

(Hiernaux 1972:97) 

High endogamy however, i s not the only c o n d i t i o n t h a t 

must be s a t i s f i e d f or t r i b a l populations to be t r e a t e d as n a t u r a l 

breeding u n i t s Hiernaux - argues t h a t : 

"They must a l s o s a t i s f y a c o n d i t i o n of g e n e t i c 
homogeneity. T h i s c o n d i t i o n was s a t i s f i e d by the 
l a r g e s t ( i n demographic s i z e and a r e a occupied) of 
the Moyen-Chari e t h n i c groups, the Majingay; when the 
t r i b e i s sub-divided i n t o t h r e e r e g i o n s , r e g i o n a l exogamy 
amounts to 0.10, four times higher than inter-group 
exogamy. No r e g i o n a l d i f f e r e n t i a t i o n i s observed i n 
those m e t r i c a l f e a t u r e s i n which d i f f e r e n t t r i b e s of 
the a r e a show s i g n i f i c a n t d i f f e r e n c e s f o r s i m i l a r 
samples s i z e s . (Hiernaux 1969), 

So f a r there have been no combined demographical 
and a n t h r o b i o l o g i c a l survey of s u i t a b l e u n i t s i n 
sub-Saharan A f r i c a . I n any a n t h r o b i o l o g i c a l study 
on so l a r g e a geographical s c a l e , we have to accept 
as u n i t s those groups which are d e s c r i b e d as endogamous 
and homogeneous, as long as c o n t r a r y evidence i s not 
produced. A rough estimate of the number of such 
u n i t s i n A f r i c a south of 22°N i s 1,000." 

(Hiernaux 1972:97). 

Hiernaux's views on the r e l a t i o n of sub-Saharan A f r i c a n 

t r i b a l populations to n a t u r a l b i o l o g i c a l populations are very 

important, as they r e f l e c t the general a t t i t u d e of p h y s i c a l 

a n t h r o p o l o g i s t s to these populations. The conformity of most p h y s i c a l 
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a n t h r o p o l o g i s t s to these views i s b e s t i 1 l u s t r a t e d by the numerous 

examples i n the l i t e r a t u r e of r e s e a r c h e r s who have procured samples 

of named t r i b e s , f o r example the Hehe (Roberts e t . a l . , 1976), t h e K a l a h a r i 

Bushman (Tobias 1961) and the numbers of b i o l o g i c a l s u r v e y e r s i n 

A f r i c a reviewed i n Tobias (1966). By procuring samples of say 

Kikuyu, Nandi or Dinka, we are b a s i c a l l y acknowledging through the 

e t h n i c d e f i n i t i o n of such populations t h a t endogamy i s maintained 

by s o c i o - c u l t u r a l b a r r i e r s to mating. By assuming t h a t the sample 

i s t y p i c a l of the wider u n i t , we a l s o assume g e n e t i c homogeneity 

for the t o t a l population. 

I n the s e c t i o n which f o l l o w s I w i l l q u estion Hiernaux's 

views on the nature of the correspondence between so c a l l e d " t r i b a l " 

A f r i c a n populations and b i o l o g i c a l u n i t s . I w i l l q u estion the use 

of the term " t r i b a l " to designate a p a r t i c u l a r type of population 

i n A f r i c a whether now or i n the p a s t . I w i l l argue t h a t the e t h n i c 

u n i t s used i n Hiernaux's s t u d i e s are more a c r e a t i o n of the c o l o n i a l 

and post c o l o n i a l e r a s than of t r a d i t i o n . In p a r t i c u l a r I w i l l 

examine the "high r a t e s of endogamy" l i s t e d by Hiernaux, and suggest 

th a t g e n e t i c a l l y homogeneous populations are probably uncommon rjiven 

the nature of p r e - c o l o n i a l A f r i c a n h i s t o r y . W h i l s t demonstrating 

how Hiernaux's approach i s u n s a t i s f a c t o r y , I w i l l suggest a more 

appropriate and u s e f u l d e f i n i t i o n of the u n i t s of study which p h y s i c a l 

a n t h r o p o l o g i s t s can use. 

2.2 The nature of " t r i b a l " populations i n A f r i c a 

The New Century D i c t i o n a r y and Cyclopedia (quoted i n F r i e d 

1975:7)defines a t r i b e as a "primary aggregate of people i n a p r i m i t i v e 
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or barbarous c o n d i t i o n " . No a n t h r o p o l o g i s t today would a s s o c i a t e 

him or h e r s e l f with the unde r l y i n g sentiments of such a d e f i n i t i o n . 

N e v e r t h e l e s s , peoples l i v i n g i n A f r i c a and other p o s t - c o l o n i a l 

areas of the world are i n v a r i a b l y c a l l e d " t r i b a l " peoples, i n an 

e f f o r t to d i f f e r e n t i a t e them from the more complex s o c i e t i e s of 

Europe, America and some p a r t s of A s i a . The word " t r i b e " through 

i t s vagueness i s u s e f u l , because i n an all-emb r a c i n g symbolic sense 

i t e n c a p s u l a t e s the r a d i c a l d i f f e r e n c e s between " c i v i l i s e d " 

s o c i e t i e s and l e s s s o p h i s t i c a t e s ones. 

The symbolic power of the concept of " t r i b e " however, i s 

much g r e a t e r than i t s s c i e n t i f i c u s e f u l n e s s , as i t i s d i f f i c u l t to 

f i n d concrete c h a r a c t e r i s t i c s t h a t d e f i n e a " t r i b a l " s o c i e t y , Indeed, 

the sheer d i v e r s i t y of peoples encompassed by the term i s immense, 

What have s m a l l hunting and ga t h e r i n g groups such as Pygmies and 

Negritos i n common for i n s t a n c e , w i t h p r e - l i t e r a t e c e n t r a l i s e d 

kingdoms such as are found i n Uganda and N i g e r i a ? Yet both types 

of s o c i e t i e s have been c a l l e d t r i b e s i n the pa s t . We can w e l l 

sympathise with Uchendu when he remarks: 

"the word t r i b e ... l a c k s a p r e c i s e meaning. 
When l a r g e population groups l i k e the Ibo and 
Yoruba, each numbering f i v e m i l l i o n , p o s s e s s i n g 
a common language, a s i m i l a r sense of h i s t o r i c a l 
e x perience, a common world view, and s h a r i n g a 
strong sense of common i d e n t i t y i n r e l a t i o n to 
other population groups - c h a r a c t e r i s t i c s 
a s s o c i a t e d with n a t i o n a l e n t i t i e s - are not 
t e r m i n o l o g i c a l l y d i s t i n g u i s h e d from s m a l l descent 
groups, one wonders how absurd conventional l a b e l s 
can become." 

(Uchendu 1970:53) 

S o c i a l a n t h r o p o l o g i s t s today r a r e l y use the word " t r i b e " 

any more, and p r e f e r the phrase " s m a l l - s c a l e " to d e s c r i b e the types 

of s o c i e t i e s t h a t i n h a b i t e d many t h i r d world c o u n t r i e s i n p r e - c o l o n i a l 
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times. Small-rscale s o c i e t i e s according to Burton Benedict (1969) 

are d i s t i n g u i s h e d from more s o p h i s t i c a t e d s o c i e t i e s by being composed 

" c h i e f l y of primary groups", a primary group being a l o c a l i s e d 

c o l l e c t i o n of f a m i l i e s occupying a minimal t e r r i t o r i a l s e c t i o n to 

provide them with land for s u b s i s t e n c e . Primary groups moreover, 

f a l l i n t o two types. I n the f i r s t the " t o t a l s o c i a l f i e l d i s s m a l l " , 

(Benedict 1966:24) or i n other words the primary groups are h i g h l y 

autonomous and s e l f s u f f i c i e n t with l i t t l e i n t e r a c t i o n between them, 

while the second comprises "a s e r i e s of i n t e r l o c k i n g s i m i l a r s m a l l 

groups .... I s l a n d s o c i e t i e s such as T i k o p i a and Dobu are examples 

of the f i r s t type, and segmentary s o c i e t i e s (e.g. Nuer, T i v , T a l l e n s i ) 

are i n s t a n c e s of the second type"(Benedict 1966:24). Nadel, quoted 

by Benedict, provides a model f o r the second type: 

"Think f o r example, of a " t r i b e " d i v i d e d i n t o a 
number of extended f a m i l i e s ; these a l l d u p l i c a t e 
each other, both i n t h e i r s t r u c t u r e and i n t h e i r 
modes of a c t i o n ; each i s r e l a t i v e l y s e l f - c o n t a i n e d , 
and such r e l a t i o n s as obtain between them ( i n t e r 
marriage , economic cooperation e t c . ) do not follow 
from t h e i r c o n s t i t u t i o n or " s t a t u t e s " , but are 
contingent upon circumstances and o u t s i d e i n t e r e s t s . 
Though such segments may i n f a c t combine to form the 
s o c i e t y at l a r g e , they could e x i s t without each other 
and i n any number; one could add or s u b t r a c t from i t 
without a f f e c t i n g the working e i t h e r of each segment, 
or of the embracing group." 

(Nadel 1951:178). 

Nadel's model e x p l a i n s (to paraphrase Benedicts next 

p o i n t ) , why l a r g e A f r i c a n s o c i e t i e s such as those mentioned by 

Uchendu e a r l i e r , who number m i l l i o n s , can s t i l l be regarded as 

small s c a l e . The primary groups ( u s u a l l y a vi11age or l i n e a g e 

t e r r i t o r i a l segment, or i n the case of hunters, a band) f u n c t i o n i n g 

semi-autonomously, are the b a s i s of p r a c t i c a l l y a l l sub-Saharan 

t r a d i t i o n a l s o c i e t i e s . Even i n c e n t r a l i s e d kingdoms such as those 
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i n Uganda, the primary group p r e v a i l e d at the l o c a l l e v e l , and 

often annual t r i b u t e to the king was the only e f f e c t i v e contact with 

the wider s o c i e t y ( B e a t t i e 1971). 

The extent to which primary groups i n t e r a c t and p a r t i c i p a t e 

i n the wider s o c i e t y can be used as a c r i t e r i o n to type sub-Saharan 

A f r i c a n s o c i e t i e s , as f o l l o w s : 

1) Hunting Bands 

The hunting and gathering peoples f a l l i n t o the f i r s t type 

of primary group o u t l i n e d by Benedict (1966:24). The band f o r most 

of the year operates as a completely autonomous s u b s i s t e n c e and 

s o c i a l u n i t . I n d i v i d u a l members of bands however, sometimes move to 

neighbouring bands, and there i s exchange of marriage p a r t n e r s between 

bands, which i s necessary given t h a t members of a band are u s u a l l y 

h i g h l y r e l a t e d , and r u l e s of exogamy have to be complied w i t h . There 

was however, before European contact,no o v e r a l l conception of the 

extent of the d i s t r i b u t i o n of the wider hunting people, and c o n t a c t 

with more d i s t a n t bands was v i r t u a l l y n o n - e x i s t e n t . The c l a s s i c a l 

example of t h i s type of s o c i e t y are the I t u r i Pygmies (Turnbul1 1965, 

1972). Many A f r i c a n hunting peoples moreover, (e.g. the Pygmies, 

Sanye, I k ) , i n t e r a c t f o r some of the year with neighbouring p a s t o r a l i s t s 

or a g r i c u l t u r a l i s t s with whom they tra d e , exchanging primary produce 

( i v o r y , meat), f o r i r o n implements and other necessary t o o l s , In 

the case of the Pygmies for i n s t a n c e , t h e i r r e l a t i o n s h i p with t h e i r 

Bantu neighbours i s i n t r i c a t e , and one way i n t e r - m a r r i a g e of Pygmy 

women to Bantu men i s not uncommon.(Turnbull 1972). Each hunting 

band however, has independent c o n t a c t with the Bantu and there i s no 

o v e r a l l p o l i t i c a l cooperation between bands i n o p p o s i t i o n to the 

a g r i c u l t u r a l i s t s . 
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2) Acephalous a g r i c u l t u r a l i s t s and p a s t o r a l i s t s 

T h i s group i s very common and widespread i n A f r i c a , and 

conforms to the model d e s c r i b e d by Nadel e a r l i e r , (Nadel 1951). The 

o r g a n i s i n g p r i n c i p l e of t h i s type of s o c i e t y i s that the semi-autonomous 

li n e a g e based primary groups are l i n k e d i n an h i e r a r c h i c a l f a s h i o n to 

wider l i n e a g e t e r r i t o r i a l groups. The s p l i t of each l i n e a g e branch 

i s a s s o c i a t e d with a common ancestor, who e x i s t e d more remote i n time 

the l a r g e r the s c a l e of the l i n e a g e . At the top of the pyramid 

i s the m y t h i c a l founding ancestor of the whole people, who provides 

the focus of the widest bonds of common i d e n t i t y i n the s o c i e t y . 

I n p r a c t i c e however, s o c i a l i n t e r a c t i o n and r e l a t i o n s h i p s become very 

weak and ephemeral beyond the primary group and minimal l i n e a g e l e v e l s 

of a f f i l i a t i o n . For i n s t a n c e any d i s p u t e i n v o l v i n g members of 

d i f f e r e n t maximal l i n e a g e s i s of t e n a s s o c i a t e d with v i o l e n c e and a 

la c k of e f f e c t i v e means of e n f o r c i n g d i s p u t e s e t t l e m e n t s , owing to 

the absence of c l o s e t i e s between the primary l i n e a g e s of the two 

s e c t i o n s . C l a s s i c a l accounts of segmentary l i n e a g e s o c i e t i e s are 

those of E v a n s - P r i t c h a r d (1940) of the Nuer, Bohannan (1953) of the 

T i v , and Middleton (1970) of the Lugbara. 

3) Acephalous s o c i e t i e s w i t h developed age-set systems 

Although the l o c a l primary groups are organised along the 

l i n e s of a l i n e a g e based system s i m i l a r to that of segmentary l i n e a g e 

s o c i e t i e s , the t i e s between primary groups and l i n e a g e segments are 

g r e a t l y r e - i n f o r c e d by the operation of an age system of o r g a n i s a t i o n 

which c r o s s - c u t s the segmentary l i n e a g e s t r u c t u r e . Throughout the 

t e r r i t o r y of a people, young adolescents are simultaneously i n i t i a t e d 

i n t o a named age grade every ten ye a r s or so. At any time there are 
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u s u a l l y four age s e t s i n e x i s t e n c e , j u n i o r and s e n i o r w a r r i o r grades, 
and j u n i o r and s e n i o r e l d e r grades. I n the most s o p h i s t i c a t e d of 
these s o c i e t i e s , such as the Karimojong (Dyson Hudson 1966) , the 
w a r r i o r and e l d e r grades are f o r m a l l y p a r t of generation grades. 
When a new age grade i s i n i t i a t e d , the previous age grades move up 
one grade i n the c y c l e . 

I n the nineteenth century, the age grade system was 

recognised as a h i g h l y e f f e c t i v e o r g a n i s a t i o n f o r m o b i l i s i n g f o r 

warfare and r a i d i n g . S m a l l - s c a l e r a i d i n g was normally c a r r i e d out 

independently by the w a r r i o r grades of l o c a l l i n e a g e t e r r i t o r i a l 

segments, s u p e r v i s e d by the e l d e r s . For bigger ventures however, 

the l o c a l l i n e a g e segments would u n i t e according to wider l i n e a g e 

based groups to form s m a l l armies. I n r a r e emergencies, when the 

whole people was threatened, the w a r r i o r age grades from a l l 

t e r r i t o r i a l s e c t i o n s would u n i t e . 

The age s e t system thus provided a much stronge r focus 

of o v e r a l l i d e n t i t y than the segmentary l i n e a g e system alone. The 

very f a c t t h a t the i n i t i a t i o n of age grades was c a r r i e d out 

si m u l t a n e o u s l y f o r the whole people meant th a t a l l primary s e c t i o n s 

were aware of the p r e c i s e extent of the wider s o c i e t y , and that 

e l d e r s from a l l s e c t i o n s e x e r c i s e d procedures to cooperate i n d e c i d i n g 

when the new age s e t was to come i n t o being. Amongst the Karimojong 

f o r i n s t a n c e , d e l e g a t e s from the whole people would meet at a 

c e n t r a l l o c a l i t y roughly every t h i r t y y e a r s to i n s t i g a t e the new 

generation grade (Dyson-rHudson 1966). Other c l a s s i c a l accounts of 

age-set s o c i e t i e s are those of Spencer (1965), f o r the Samburu and 

G u l l i v e r (1963) f o r the Arusha. 



1 
4) C e n t r a l i s e d acephalous based s o c i e t i e s 

In these s o c i e t i e s the t r a d i t i o n a l segmentary s t r u c t u r e 

predominated at the l o c a l l e v e l , but the system had been fundamentally 

changed by the c e n t r a l i s a t i o n of the s o c i e t y , through the formation 

of a kingdom . The focus of i d e n t i t y was provided by the king 

and h i s m i n i s t e r s , who r u l e d from a c e n t r a l c a p i t a l , t h e i r power 

administered through l o c a l c h i e f s who exact t r i b u t e (food, c a t t l e 

and women) from the l o c a l v i l l a g e s . Although l o c a l d i s p u t e s and 

everyday s o c i a l and economic b u s i n e s s was the independent p r e s e r v e 

of the l o c a l l i n e a g e groups, more s e r i o u s l e g a l and economic d e c i s i o n 

making had to be r e f e r r e d to the c h i e f and sometimes to the king f o r 

sett l e m e n t . The de f a c t o semi-autonomy of the l o c a l groups moreover, 

was often i n t e r r u p t e d by fo r c e d p a r t i c i p a t i o n i n c e n t r a l i s e d p o l i c y 

implementation such as b u i l d i n g roads and m i l i t a r y s e r v i c e . 

C l a s s i c a l accounts of these s o c i e t i e s are those of Roscoe (1911) f or 

the Ganda and B e a t t i e (1971) f o r the Nyoro. 

The r e l a t i v e cohesiveness of primary groups and the 

s t r e n g t h of f e e l i n g s of i d e n t i t y of t h e i r members wi t h the wider 

s o c i e t y thus v a r i e s c o n s i d e r a b l y i n A f r i c a . For hunting bands l i k e 

the Pygmies, t h e r e was l i t t l e awareness of d i s t a n t Pygmy groups, 

and no o v e r a l l conception of a wider Pygmy s o c i e t y . Highly 

segmented peoples l i k e the Lugbara, as Middleton p o i n t s out "recognise 

themselves to be one people, although they r a r e l y know the boundaries 

of t h e i r own country," {Middleton 1970:204). Peoples w i t h age s e t s 

however, not only r e c o g n i s e the boundary of t h e i r own country, but 

o c c a s i o n a l l y a c t together to forward mutual i n t e r e s t s . F i n a l l y i n 

c e n t r a l i s e d kingdoms, not only i s there a strong i d e n t i t y with the 



whole s o c i e t y , but a l s o i n s t i t u t i o n a l i s e d a d m i n i s t r a t i o n of a l l 

d i s t r i c t s by the c e n t r a l body. 

Even i n the most c e n t r a l i s e d kingdoms however, the l o c a l 

primary groups were never f u l l y i n t e g r a t e d i n t o the wider s o c i e t y . 

In times of weak c e n t r a l a u t h o r i t y there was nothing to impede 

primary s e c t i o n s from migrating to other a r e a s , as f u l l y v i a b l e 

s u b s i s t e n c e u n i t s . I n f a c t i t i s p o s s i b l e to v i s u a l i s e a l l A f r i c a n 

s o c i e t i e s as having been u n s t a b l e over time, w i t h d i s a s t e r s such as 

famines, epidemics and major wars l e a d i n g to r a p i d fragmentation of 

wider bonds of i d e n t i t y , and the migration and reassembly of l o c a l 

primary group s e c t i o n s . There are many examples of A f r i c a n peoples 

such as the Mandari (Buxton 1970), the L u y i a (Were 1967), and the 

K u r i a (Ogot 1967), who are r e c e n t f u s i o n s of incoming migrant groups. 

The s c a l e of d i s a s t e r or population p r e s s u r e however, needed to break 

up a s o c i e t y or p a r t s of a s o c i e t y would have had to have been much 

g r e a t e r f o r the more cohesive types of s o c i e t y . 

The sense of common i d e n t i t y , that was so weak i n pre-

c o l o n i a l peoples i n A f r i c a has become s i g n i f i c a n t l y strengthened as 

a r e s u l t of c o l o n i a l i s m . The e f f e c t of c o l o n i a l a d m i n i s t r a t i o n was 

to transform a f l u i d s i t u a t i o n to one where prouns ?.nrt t e r r i t o r i a l 

boundaries of e x i s t i n g peoples were mapped and r i g i d l y d e f i n e d . This 

did not prevent disadvantaged f a m i l i e s from c a r r y i n g out the 

t r a d i t i o n a l p r a c t i c e of migrating to seek b e t t e r land or o p p o r t u n i t i e s 

but i t meant t h a t the movement of such f a m i l i e s was c a r e f u l l y 

c o n t r o l l e d . I n Kenya f o r i n s t a n c e , during the 1920s groups of 

f a m i l i e s without land due to the overcrowding i n some of the 

" r e s e r v e s " squatted on European farms. Whereas i n the past they 

would probably have been a s s i m i l a t e d by the people i n p o s s e s s i o n of 



the land, they were i n s t e a d e i t h e r e v i c t e d or t o l e r a t e d on c o n d i t i o n 

that they worked f o r at l e a s t 180 days a year for the landowner 

(Leys 1975:47). 

One consequence of the d e f i n i t i o n of " t r i b a l " lands was 

the tendency of the European a d m i n i s t r a t o r s to view as " t r i b e s " 

peoples which corresponded to c u l t u r a l b l o c s r a t h e r than to pre-

c o l o n i a l autonomous u n i t s . In h i s ethnography of the Nuer, Evans-

P r i t c h a r d (1940) was c a r e f u l to p o i n t out that the Nuer 

were not one people but a c o l l e c t i o n of d i s t i n c t and autonomous 

" t r i b e s " . By t r i b e he meant something very s p e c i f i c . Nuer t r i b e 

was a u n i t that had "a common and d i s t i n c t name , a.common 

sentiment, a common and d i s t i n c t t e r r i t o r y , and a moral o b l i g a t i o n 

to u n i t e i n war." ( E v a n s - P r i t c h a r d 1940:123). As T a i t puts i t a 

" t r i b e " i s "the l a r g e s t u n i t of common v a l u e s " ( T a i t 1970:68). The 

u n i t r e f e r r e d to by these a n t h r o p o l o g i s t s i s the maximal u n i t of 

t r a d i t i o n a l i d e n t i t y f o r segmented and acephalous peoples, and 

d i s t i n g u i s h e s one autonomous s o c i e t y from another WITHIN c u l t u r a l l y 

very s i m i l a r peoples. U n f o r t u n a t e l y , the c o l o n i a l a d m i n i s t r a t o r s 

did not make any such f i n e d i s t i n c t i o n s when they l a b e l l e d t h e i r maps. 

They tended to r e f e r to the "Maasai t r i b e " , not the autonomous u n i t s 

w i t h i n the Maasai such as the Purko, Keekonyokie or Kaputie, or to 

the "Meru t r i b e " , not to the Chuka, Mwimbi, I g o j i e t c . To make 

matters even more confusing, other peoples were defined as they used 

to be i n p r e ^ c o l o n i a l times (e.g. the Nandi). Thus i f we compare 

the Maasai with the Nandi, we are i n r e a l i t y comparing a c u l t u r a l 

and l i n g u i s t i c b l o c , with an autonomous u n i t w i t h i n a l i n g u i s t i c and 

c u l t u r a l b l o c . The Maasai ought to be compared to the K a l e n j i n 
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group to make comparison compatible, or at a higher l e v e l of r e s o l u t i o n 

a Maasai sub-unit, say the Purko, should be compared to the Nandi. 

For p r a c t i c a l purposes however, the i d e n t i f i c a t i o n of 

" t r i b e s " with l i n g u i s t i c and c u l t u r a l b l o c s did not r e a l l y matter, 

as s c a l e s of i d e n t i t y r a p i d l y widened for such peoples. Migrants 

to the towns and European farms i n p a r t i c u l a r tended to i d e n t i f y 

themselves with the lowest common denominator of l i n g u i s t i c and 

c u l t u r a l s i m i l a r i t y , which was u s u a l l y the e t h n i c b l o c , not the 

p r e v i o u s l y autonomous e t h n i c u n i t w i t h i n the b l o c . For the f i r s t 

time f o r i n s t a n c e , Luo from d i f f e r e n t e t h n i c u n i t s began to see 

themselves as one people, the Luo, i n opposition to other c u l t u r a l 

b l o c s . The nine c o a s t a l Bantu peoples slowly began to c a l l 

themselves Mji Kenda r a t h e r than Digo, Duruma, Giriama or Rabai. 

Only i n the most remote regions did previous p a t t e r n s of i d e n t i t y 

remain, s m a l l - s c a l e and s t a t i c . The broadening i d e n t i t y saw the 

c r e a t i o n of cohesive peoples that were never u n i f i e d b e f o r e . The 

c l a s s i c a l example i s tb L u y i a , who "came i n t o e x i s t e n c e i n 1935. 

Before t h a t time no such group e x i s t e d , e i t h e r i n i t s own or anyone 

e l s e s e s t i m a t i o n . " ( S o u t h a l l 1970:35). 

The broadening and c o n s o l i d a t i o n of e t h n i c b l o c s i s above 

a l l a p o l i t i c a l p rocess. I n i t i a l l y , the cohesion of c u l t u r a l l y 

s i m i l a r peoples was achieved by the e f f o r t s of p o l i t i c a l l y aware 

A f r i c a n s , i n order to m o b i l i s e g r a s s root support not only f o r 

opposing the c o l o n i a l a d m i n i s t r a t i o n , but a l s o for c o n s o l i d a t i n g 

power bases i n r i v a l r y to other s i m i l a r power b l o c s . T h i s phenomenon, 

known as " t r i b a l i s m " , i s to be found a l l over subrSaharan A f r i c a , 

and has g r e a t l y a c c e l e r a t e d i n the p o s t ^ c o l o n i a l era as p o l i t i c a l 



r i v a l r y h a s i n t e n s i f i e d . I t s p r e - e m i n e n c e i n p o l i t i c s c a n be 

e x p l a i n e d by t h e f a c t t h a t a l l i a n c e by e t h n i c s i m i l a r i t y c o n s o l i d a t e s 

t r a d i t i o n a l l o y a l t i e s and i d e n t i t i e s , w i t h o u t s a c r i f i c i n g modern 

aims and a m b i t i o n s . As L l o y d r e m a r k s ( f o r N i g e r i a ) , 

"The l a r g e e t h n i c u n i t s a r e u n i t e d by c u l t u r a l 
f e a t u r e s w h i c h a r e a l s o what s h a r p l y d i s t i n g u i s h e s 
them from n e i g h b o u r i n g g r o u p s . The f a c t o r s w h i c h 
h a v e u n i t e d t h e v a r i o u s Y o r u b a s p e a k i n g p e o p l e s 
c a n n o t , a t a h i g h e r l e v e l u n i t e them w i t h t h e I b o . 
The p a r t i c u l a r s e g m e n t a r y s t r u c t u r e o f I b o s o c i e t y 
w h i c h h a s e n g e n d e r e d s u c h s t r o n g s e n t i m e n t s o f 
c o h e s i o n , c a n n o t be r e p l i c a t e d a t a l e v e l w h i c h 
would u n i t e a l l N i g e r i a n p e o p l e s . E t h n i c 
e x c l u s i v e n e s s p r o v i d e s a r e a d y b a s i s f o r p o l i t i c a l 
s e p a r a t i s t movements." 

( L l o y d 1 9 6 9 : 3 0 2 ) . 

T h e s e e t h n i c g r o u p s a r e t h u s v e r y much a c r e a t i o n of t h e 

c o l o n i a l and p o s t - c o l o n i a l e r a s ( L e y s 1 9 7 5 : 1 9 9 ) , and w h i l s t t h e 

e l e m e n t s t h a t c h a r a c t e r i s e them may be drawn from t h e i r t r a d i t i o n a l 

p a s t , t h e y c a n n o t f o r t h e most p a r t be e q u a t e d w i t h any p r e - c o l o n i a l 

g r o u p s . Many o f t h e 1,000 o r s o e t h n i c g r o u p s t h a t H i e r n a u x ( 1 9 7 2 : 

9 7 ) , d i s c e r n s i n s u b - S a h a r a n A f r i c a t h e r e f o r e , h a v e a v e r y r e c e n t 

h i s t o r y a s c o h e s i v e s t r u c t u r e s . 

T h i s f a c t o r however, does no t i n v a l i d a t e t h e v i e w t h a t 

s u c h l a r g e e t h n i c u n i t s c o r r e s p o n d w i t h b r e e d i n g p o p u l a t i o n s . 

I n d e e d t h e t r e n d of t h e s e u n i t s t o become i n c r e a s i n g l y c o h e s i v e and 

c u l t u r a l l y homogeneous c o u l d be r e g a r d e d a s a f a c t o r r e i n f o r c i n g 

t h i s a t t i t u d e . The r e c e n t o r i g i n s of t h e u n i t s however, d i m i n i s h e s 

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

i n d i r e c t l y m i r r o r p r e - c o l o n i a l s t r u c t u r e s . The L u y i a f o r i n s t a n c e , 

may be d e v e l o p i n g i n t o a homogeneous c u l t u r a l u n i t , b u t to t r e a t them 

as s u c h i n a p h y s i c a l a n t h r o p o l o g y s a m p l i n g scheme would be t o i g n o r e 

t h e r e a l i t y t h a t t h e p r e v i o u s l y autonomous s u b - u n i t s may h a v e d i v e r s e 

o r i g i n s . 
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2.3 Endogamy i n A f r i c a n t r i b a l p o p u l a t i o n s 

The e x t e n t o f endogamy a p p a r e n t i n A f r i c a n t r i b a l s o c i e t i e s 

( H i e r n a u x 1 972:97) i s much g r e a t e r t h a n one w o u l d e x p e c t from t h e 

o p e r a t i o n o f g e o g r a p h i c a l b a r r i e r s t o m a t i n g a l o n e . I t i s r e a s o n a b l e 

t o i n f e r t h e r e f o r e , t h a t s o c i o - c u l t u r a l f a c t o r s a r e of c o n s i d e r a b l e 

i m p o r t a n c e i n h e l p i n g t o m a i n t a i n b r e e d i n g i s o l a t i o n . A f r i c a n 

t r i b a l s o c i e t i e s , d i f f e r s i g n i f i c a n t l y from t r i b a l p o o u l a t i o n s i n 

A s i a and A m e r i c a , and from c a s t e s i n I n d i a , i n t h a t t h e r e a r e no 

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

c a t e g o r i e s o f k i n ( s e e L e v i S t r a u s s 1 9 7 0 ) , o r r u l e s p r o h i b i t i n g 

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

r u l e s , though o f t e n complex, a r e m o s t l y c o n c e r n e d w i t h exogamy. 

T h e r e a r e no r u l e s p r o h i b i t i n g i n t e r - m a r r i a g e w i t h o t h e r t r i b e s . 

Endogamy t h e r e f o r e , when s t r o n g , i s m a i n t a i n e d by p r e f e r e n c e . I n 

o t h e r w o r d s , p e o p l e w i l l p r e f e r t o marry one o f t h e i r own k i n d 

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

and c u l t u r a l l y d i f f e r e n t p e o p l e s . 

The power o f c u l t u r a l p r e j u d i c e however, i s n o t n o r m a l l y 

a l l - p e r v a s i v e . We s h o u l d n o t e f o r i n s t a n c e , t h a t t h e t r a d i t i o n a l 

c u l t u r a l a n t i p a t h y o f t h e B r i t i s h t o w a r d s c e r t a i n o t h e r E u r o p e a n 

p e o p l e s h a s n o t p r e v e n t e d i n t e r - m a r r i a g e when t h e o p p o r t u n i t y h a s 

a r i s e n . F o r example t h e f a c t t h a t B r i t a i n was a t war w i t h Germany 

and I t a l y d u r i n g t h e s e c o n d w o r l d war d i d n o t s t o p many B r i t i s h s o l d i e r s 

from r e t u r n i n g home w i t h German and I t a l i a n w i v e s , e v e n though t h e 

Germans and I t a l i a n s w ere n o t w e l l r e g a r d e d a t t h e t i m e . I n A f r i c a , 

t h e r e i s no r e a s o n t o s u p p o s e t h a t t r i b a l A f r i c a n s a r e any l e s s 

i n c l i n e d t o i g n o r e t r a d i t i o n a l p r e j u d i c e i n t h e s e m a t t e r s . 
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F a r more i m p o r t a n t t h a n c u l t u r a l p r e j u d i c e i n h e l p i n g 

t o m a i n t a i n endogamy a r e t h e p o s i t i v e s o c i a l and e c o n o m i c a d v a n t a g e s 

o f m a r r y i n g w i t h i n " t r i b e s " . F o r i n s t a n c e i n many p a r t s of A f r i c a 

payment o f b r i d w e a l t h i s a c e n t r a l f e a t u r e o f m a r r i a g e ( M a i r 1 9 7 1 ) . 

The more d i s t a n t s o c i a l and t e r r i t o r i a l t i e s become between t h e 

b r i d e ' s f a m i l y and t h a t o f h e r husb a n d , t h e more d i f f i c u l t i t i s t o 

e n f o r c e t h e payment o f b r i d e w e a l t h . T h i s c a n h a v e s e r i o u s c o n s e q u e n c e s 

f o r t h e f u t u r e m a r r i a g e and r e - m a r r i a g e p r o s p e c t s o f t h e b r i d e ' s 

b r o t h e r s and h e r f a t h e r a s t h e y depend on h e r b r i d e w e a l t h t o h e l p 

pay f o r t h e i r own w i v e s . Any g i r l who m a r r i e d a man from a n o t h e r 

t r i b e would be e f f e c t i v e l y an economic l o s s , a s h e r f a t h e r w ould 

o n l y h a v e good w i l l t o e n f o r c e t h e payment of b r i d e w e a l t h . I n t h e 

a b s e n c e o f l e g a l t i e s a c r o s s t r i b a l s o c i e t i e s , c o n s i d e r a b l e f o r c e 

would h a v e t o be u s e d a s a s a n c t i o n t a u s u a l l y i m p r a c t i c a l 

a l t e r n a t i v e ( s e e E v a n s - P r i t c h a r d 1 9 4 0 ) . 

The d i s a d v a n t a g e s o f a man l e a v i n g h i s home to m a r r y 

o u t s i d e t h e " t r i b e " c a n be e v e n more s e r i o u s , a s i n many A f r i c a n 

s o c i e t i e s i t i s h i s p a t r i l i n e a l k i n group t h a t p r o v i d e s him w i t h 

t h e b u l k o f t h e e c o n o m i c and s o c i a l s u p p o r t t h a t he m i g h t n e e d . I t 

h e l p s r a i s e b r i d e p r i c e f o r h i s m a r r i a g e , h e l p s s u p p o r t any l e g a l 

a c t i o n s he might i n s t i g a t e , h e l p s him t o o r g a n i s e h i s h e r d s o r 

f i e l d s , and w i t h t h e s u p p o r t of h i s k i n , he may become a p o l i t i c a l l y 

i n f l u e n t i a l sta.tem.an i n l a t e r l i f e . By m i g r a t i n g t o go and l i v e 

i n a n o t h e r " t r i b e " a man w i l l v i r t u a l l y f o r s a k e a l l t h i s e s s e n t i a l 

s u p p o r t and h i s i n h e r i t e d r i g h t s , A l t h o u g h he might r e c u p e r a t e 

some o f t h e s e b e n e f i t s by a t t a c h i n g h i m s e l f t o h i s a f f i n a l r e l a t i v e s , 

i t i s a poor a l t e r n a t i v e . B o t h men and women t h e r e f o r e , w ould 

http://sta.tem.an
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a p p e a r t o g a i n l i t t l e from m a r r y i n g o u t s i d e t h e t r i b e , and h a v e 

much t o l o s e . 

I n s p i t e o f t h e s e r e a s o n s f o r p r e f e r r i n g i n t r a - t r i b a l 

m a r r i a g e s however, t h e f a c t r e m a i n s t h a t t h e r e a r e s i g n i f i c a n t 

i n s t a n c e s i n t h e l i t e r a t u r e t h a t i n d i c a t e t h a t i n t e r - t r i b a l m a r r i a g e s 

a r e p e r h a p s n o t a s uncommon a s i s i m p l i e d by t h e v e r y h i g h r a t e s o f 

endogamy m e n t i o n e d by H i e r n a u x ( 1 9 7 2 : 9 7 ) , T u r n b u l l f o r example, 

m e n t i o n s t h a t 

" t h e r e i s a l i m i t e d amount o f i n t e r m a r r i a g e 
( o f P y g m i e s ) w i t h a l l t h e v i l l a g e r g r o u p s and 
i t m a i n t a i n s a s i n g l e o u t w a r d d i r e c t i o n , v i l l a g e 
m a l e s t a k i n g Pygmy f e m a l e s , t h e o f f s p r i n g o f w h i c h 
a r e s a i d t o n e v e r r e t u r n t o t h e f o r e s t , b u t r e m a i n , 
w i t h t h e i r o f f s p r i n g a s v i l l a g e r s . Thus t h e pygmy 
p o p u l a t i o n c o n t r i b u t e s t o t h e v i l l a g e gene p o o l s b u t 
i s n o t i t s e l f a f f e c t e d . " 

( T u r n b u l l 1 9 7 2 : 2 9 6 ) . 

A more e x t e n s i v e example of a p r o c e s s o f one-way i n t e r 

m a r r i a g e i s g i v e n by S p e n c e r ( 1 9 7 3 : 1 3 7 - 1 4 2 ) . S p e n c e r shows t h a t 

t h e r e i s c o n s i d e r a b l e i n t e r m a r r i a g e and a s s i m i l a t i o n o f B e n d i l l e 

by t h e i r Samburu n e i g h b o u r s , an a r r a n g e m e n t t h a t h a s m u t u a l 

a d v a n t a g e s . The C u s h i t i c s p e a k i n g R e n d i l l e , b e c a u s e t h e y l i v e i n 

a v e r y a r i d e n v i r o n m e n t w h i c h p e r m i t s o n l y c a m e l h e r d i n g , c a n o n l y 

s u p p o r t a v e r y low d e n s i t y o f p o p u l a t i o n . The s u r p l u s p o p u l a t i o n 

m i g r a t e s t o S a m b u r u l a n d , w h i c h i s f a r l e s s a r i d and a b l e t o s u p p o r t 

a much h i g h e r p o p u l a t i o n b e i n g b a s e d on a c a t t l e economy, and i s 

r e a d i l y a s s i m i l a t e d by t h e M a a s a i s p e a k i n g Samburu. Of c r u c i a l 

i m p o r t a n c e i s t h e f a c t t h a t i n R e n d i l l e s o c i e t y m a r r i a g e i s a l w a y s 

l a t e and g e n e r a l l y monogamous, and t h i s t e n d s t o c r e a t e a s u r p l u s 

of women. The Samburu however, s u f f e r from a s h o r t a g e o f 

m a r r i a g e a b l e women owing t o t h e p r a c t i c e o f p o l y g y n y by t h e e l d e r s . 
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R e n d i l l e women when t h e y m i g r a t e a r e t h u s v e r y welcome a d d i t i o n s t o 
Samburu s o c i e t y , and t h e i r a s s i m i l a t i o n i s f a c i l i t a t e d by t h e 
p r e s e n c e of p r e v i o u s R e n d i l l e m i g r a n t s . I n s p i t e o f l i n g u i s t i c 
and c u l t u r a l d i f f e r e n c e s R e n d i l l e / S a r a b u r u i n t e r m a r r i a g e s i s 
a d v a n t a g e o u s t o b o t h p e o p l e s , and has r e s u l t e d i n a c o n s i d e r a b l e 
c h ange i n t h e g e n e t i c c o m p o s i t i o n o f t h e Samburu. S p e n c e r 
( 1 9 7 3 : 1 3 8 ) shows m o r e o v e r , t h a t t h e e x t e n t o f t h i s i n t e r m a r r i a g e 
i s c o n s i d e r a b l e . Out o f a s a m p l e of 149 Samburu men, o n l y 83 p e r 
c e n t m a r r i e d endogamously, and o f t h e r e s t , o n l y 1 p e r c e n t were 
not a c c o u n t e d f o r by i n t e r - m a r r i a g e w i t h R e n d i l l e . 

An e x a m p l e o f a s s i m i l a t i o n of a d i f f e r e n t k i n d i s d e s c r i b e d 

by E v a n s - P r i t c h a r d who n o t e s t h a t " o v e r t h e g e n e r a t i o n s the Nuer 

have a b s o r b e d many D i n k a g r o u p s , and war f a r e b e t w e e n t h e two 

p e o p l e s was a n o r m a l s t a t e o f e x i s t e n c e , e v e n i n c o m p a r a t i v e l y 

r e c e n t t i m e s " . ( E v a n s - P r i t c h a r d 1 9 4 0 : 2 2 1 - 2 2 8 ) . C a p t u r e d D i n k a 

were no t k i l l e d b u t a d o p t e d and a s s i m i l a t e d i n t o Nuer s o c i e t y , 

w h e r e t h e y had l i t t l e d i f f i c u l t y f i n d i n g w i v e s o r h u s b a n d s . The 

s c a l e o f t h i s a s s i m i l a t i o n was c o n s i d e r a b l e . E v a n s - P r i t c h a r d a l s o 

s t a t e s t h a t " a v e r y l a r g e number o f D i n k a have b e e n i n c o r p o r a t e d 

by a d o p t i o n i n t o Nuer l i n e a g e s . " ( E v a n s - P r i t c h a r d 1 9 4 0 : 2 2 3 ) . 

Moreover, c a p t u r e and a d o p t i o n w e r e no t t h e o n l y s o u r c e s o f 

a s s i m i l a t i o n and i n t e r m a r r i a g e . " T h e r e a r e a l s o many D i n k a 

l i n e a g e s i n Nuer S o c i e t y d e s c e n d e d from men who came of t h e i r own 

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

c a p t u r e d s i s t e r s , or t o o c c u p y s i t e s from w h i c h Nuer r a i d s had 

o u s t e d them." ( E v a n s ^ - P r i t c h a r d 1 9 4 0 ; 2 2 3 ) . I t i s n o t i n c o n c e i v a b l e 

t h a t many o f t h e s e more p e a c e f u l p r o c e s s e s of a s s i m i l a t i o n a r e 

s t i l l t a k i n g p l a c e i n N u e r l a n d . 



T h e s e e x a m p l e s show t h a t a s s i m i l a t i o n and i n t e r m a r r i a g e 

may h a v e been w i d e s p r e a d a t one t i m e , and t h a t t h e y p r o b a b l y s t i l l 

a r e i n many a r e a s . F o r i n s t a n c e d u r i n g my own f i e l d w o r k I n o t e d 

c o n s i d e r a b l e i n t e r m a r r i a g e between K i k u y u and K e e k o n y o k i e M a a s a i 

around t h e Ngong a r e a w e s t o f N a i r o b i . How t h e n , c a n t h e v e r y 

h i g h endogamy r a t e s g i v e n by H i e r n a u x ( 1 9 7 2 : 9 7 ) be e x p l a i n e d ? 

F i r s t l y , I s h o u l d p o i n t o u t t h a t some o f t h e p e o p l e s he m e n t i o n s 

( t h e D l n k a and t h e Moyen C h a r i e t h n i c g r o u p s ) a r e not r e a l l y 

" t r i b a l " u n i t s i n t h e T a i t and E v a n s - P r i t c h a r d s e n s e , b u t c u l t u r a l 

b l o c s who o c c u p y v e r y l a r g e t e r r i t o r i e s . We w o u l d t h e r e f o r e 

e x p e c t most m a r r i a g e s t o be endogamous t h r o u g h g e o g r a p h i c a l f a c t o r s 

of d i s t a n c e a l o n e . I n o t h e r w o r d s , anybody who does n o t l i v e 

c l o s e t o t h e b o u n d a r i e s of t h e b l o c w i l l h a v e l i t t l e o p p o r t u n i t y 

t o meet anybody o f a n o t h e r p e o p l e , a l l b u t a s m a l l p e r c e n t a g e o f 

t h e t o t a l p o p u l a t i o n w ould be i n t h i s p o s i t i o n . S e c o n d l y , i t c a n 

be v e r y d i f f i c u l t t o i d e n t i f y p e o p l e who may h a v e m a r r i e d i n from 

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

t h e i r a d o p t e d p e o p l e when a s k e d "what i s y o u r t r i b e " , and c a n be 

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

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

i t w o uld be much e a s i e r to d e t e c t i n t e r m a r r i a g e i f t h e f o r e i g n 

m a r r i a g e p a r t n e r i s from an a r e a f a r from t h e b o r d e r s . 

What i s p r o b a b l y more r e l e v a n t however, i s t o a s c e r t a i n 

how much i n t e r m a r r i a g e t h e r e i s between p r e v i o u s l y autonomous 

u n i t s w i t h i n c u l t u r a l b l o c s . U n f o r t u n a t e l y t h e r e h a v e been no 

s u r v e y s done a t t h i s l e v e l of p o p u l a t i o n d e f i n i t i o n , b u t one c a n 

s u r m i s e t h a t i n t e r m a r r i a g e c o u l d be c o n s i d e r a b l e b e t w e en members of 

a d j a c e n t u n i t s . 
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T h e r e f o r e H i e r n a u x ' s p r a c t i c e o f s e e i n g A f r i c a n e t h n i c 
u n i t s a s n a t u r a l b i o l o g i c a l p o p u l a t i o n s owing t o t h e h i g h r a t e 
o f endogamy t h e y seem to e x h i b i t , i s m i s l e a d i n g f o r s e v e r a l r e a s o n s . 
F i r s t l y , most o f t h i s endogamy i s i n r e a l i t y s i g n i f i c a n t l y m a i n t a i n e d 
by g e o g r a p h i c a l d i s t a n c e a s w e l l a s s o c i o - l i n g u i s t i c f a c t o r s . 
S e c o n d l y , t h e r e i s c o n t e m p o r a r y and h i s t o r i c a l e v i d e n c e t h a t shows 
t h a t a v e r y h i g h r a t e o f endogamy i s by no means u n i v e r s a l i n 
A f r i c a n s o c i e t i e s . Above a l l , a s c r i b i n g h i g h r a t e s o f endogamy 
t o l a r g e c u l t u r a l u n i t s i m p l i e s t h e y h a v e a l w a y s b een s t a b l e and 
c o h e s i v e s i n g l e s o c i e t i e s , r a t h e r t h a n r e c e n t i n t e g r a t i o n s o f 
d i f f u s e autonomous u n i t s . 

2.4 The e x t e n t o f h i s t o r i c a l and b i o l o g i c a l h e t e r o g e n e i t y 

o f A f r i c a n p e o p l e s 

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

A f r i c a n p o p u l a t i o n s ( i f n o t t h e m a j o r i t y ) , a r e a h e t e r o g e n e o u s 

m i x t u r e of s u c c e s s i v e waves o f i n c o m e r s . F o r example B u x t o n r e m a r k s 

i n t h e c a s e o f t h e M a n d a r i o f t h e s o u t h e r n Sudan: 

" H i s t o r i c a l l y t h e M a n d a r i r e g a r d t h e m s e l v e s 
a s b e i n g composed of d i f f e r e n t l e v e l s o f i n c o m e r s , 
s u p e r i m p o s e d on e a r l i e r p o p u l a t i o n s . T h i s b u i l d i n g 
up h a s b een t h e r e s u l t o f i m m i g r a t i o n and a b s o r p t i o n , 
w h i c h i s c l e a r l y shown i n t h e i r h i s t o r i e s . " 

( B u x t o n 1 9 7 0 : 6 9 ) . 

T h e r e a r e p l e n t y of o t h e r e x a m p l e s i n t h e l i t e r a t u r e f o r e x a m p l e 

"The Lango-Omiru a r e n o t a homogeneous p e o p l e w i t h 
a. s i n g l e p a s t h i s t o r y , b u t a c o m p o s i t e m i x t u r e o f 
e l e m e n t s . " 

( C r p z z o l a r a 1 9 6 0 : 1 7 6 ) . 

"The Lango a r e an amalgam o f Luo, T e s o e l e m e n t s 
w i t h t h e f o r m e r p r e d o m i n a n t , " 

(Ogot 1967:62) 
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" H i s t o r y of t h e A c h o l i i s t h e h i s t o r y o f t h e 
c l a n s . E a c h was a p o l i t i c a l e n t i t y w i t h i t s 
own h i s t o r y . " 

( B e r e 1 9 4 7 : 1 - 8 ) . 

11 c o u l d be a r g u e d t h a t A f r i c a n o r a l h i s t o r i a n s ( e . g . 

Ogot 1967, Were 1967, M u r i u k i 1 9 7 4 ) , c o n c e n t r a t e t o o much on t h e 

h i s t o r y o f m i c r o u n i t s ( c l a n s , l i n e a g e t e r r i t o r i a l s e g m e n t s ) . T h e r e 

i s a d a n g e r f o r i n s t a n c e , t h a t s m a l l - s c a l e s h i f t s o f p o s i t i o n s by 

m i n o r g r o u p s m i g h t f e a t u r e p r o m i n e n t l y i n p r e s e n t i n g a much l e s s 

s t a b l e p i c t u r e t h a n was a c t u a l l y t h e c a s e . N e v e r t h e l e s s , g i v e n 

t h e weak l i n k s b e t w e e n p r i m a r y g r o u p s i t i s n o t i n c o n c e i v a b l e t h a t 

t h e h e t e r o g e n e o u s p i c t u r e h o l d s good f o r many p e o p l e s . 

P h y s i c a l a n t h r o p o l o g i s t s h a v e been s l o w t o a p p r e c i a t e 

t h e c o n s e q u e n c e s o f t h e p o t e n t i a l i n s t a b ! l i t y o f n i n e t e e n t h c e n t u r y 

a c e p h a l o u s s o c i e t i e s . F o r e x a mple, i n t h e c l a s s i c s t u d y by T a l b o t 

and M u l h a l l o f N i g e r i a n p e o p l e s , w h i c h i n c l u d e d an a n a l y s i s o f 

i n t r a - t r i b a l v a r i a t i o n amongst t h e I b o , i n i t i a l l y c o n formed r i g i d l y 

t o t h e c o n v e n t i o n a l p a r a d i g m t h a t t h e I b o a r e a homogeneous t r i b a l 

u n i t . They remark t h a t 

"The I b o h a v e l o n g b e e n r e g a r d e d as c u l t u r a l l y 
homogeneous ... and i n t h e c o u r s e o f t h e i r h i s t o r y 
a p p e a r t o h a v e k e p t v e r y much t o t h e m s e l v e s ; and 
i n t e r m a r r i a g e s b e t w e e n them and o t h e r p e o p l e s , when 
i t o c c u r r e d was a r a r e e v e n t . " 

( T a l b o t and M u l h a l l 1 9 6 2 : 4 - 5 ) . 

When however M u l h a l l a n a l y s e d t h e r e s u l t s o f a n t h r o p o m e t r i c 

d i f f e r e n c e s b e t w e en 20 I b o sub u n i t s , he was s u r p r i s e d to d i s c o v e r 

t h a t " t h e r e s u l t s s u g g e s t e d an u n e x p e c t e d v a r i a t i o n o f p h y s i c a l 

c h a r a c t e r s among t h e I b o g r o u p s e x a m i n e d " ( T a l b o t and M u l h a l l 1 9 6 2 : 9 4 ) . 

2 

The a n a l y s i s of a D m a t r i x b e t w e e n t h e I b o g r o u p s and n e i g h b o u r i n g 

p e o p l e s r e v e a l e d a c l o s e r e l a t i o n s h i p between t h e C e n t r a l I b o and 

t h e E k o i . We c a n i n f e r from t h i s t h a t t h e N o r t h e r n and C e n t r a l I b o 



g r o u p s e i t h e r o r i g i n a t e f r o m t h e i r r e s p e c t i v e n e i g h b o u r s o r have 

h e a v i l y i n t e r m a r r i e d w i t h them o v e r t i m e . The I b o a r e t h u s c l e a r l y 

a p h e n e t i c a l l y h e t e r o g e n e o u s p e o p l e . 

A more r e c e n t s t u d y o f i n t r a - t r i b a l v a r i a t i o n s i s t h a t 

2 

of G o m i l a ( 1 9 7 2 ) on t h e B e d i k o f S e n e g a l . H i s a n a l y s i s o f C H 

d i s t a n c e s between s i x B e d i k v i l l a g e s and n e i g h b o u r i n g p o p u l a t i o n s 

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

t h a n most o f t h e d i s t a n c e s b e t w e e n t h e v i l l a g e s and t h e o u t s i d e 

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

i n t e r e s t i n g , a s t h e B e d i k a r e n o t a l a r g e p e o p l e ( G o m i l a 1 9 7 2 : 1 3 3 ) . 

F o l l o w i n g t h e s e e x a m p l e s , we may a s k how f a r t h e s o - c a l l e d 

h o m o g e n e i t y of e t h n i c g r o u p s i n A f r i c a i s c o r r e l a t e d w i t h a g e n e r a l 

a b s e n c e o f e m p i r i c a l o b s e r v a t i o n s by p h y s i c a l a n t h r o p o l o g i s t s , and 

a l s o t o an o v e r - r e l i a n c e on t h e n o t i o n t h a t s t a t e d h i g h endogamy 

i s a r e f l e c t i o n o f g e n e t i c and p h e n e t i c h o m o g e n e i t y . B o t h t h e 

h i s t o r i c a l and a v a i l a b l e b i o l o g i c a l e m p i r i c a l e v i d e n c e shows t h a t 

H i e r n a u x was m i s t a k e n i n recommending t h a t i n t h e a b s e n c e o f s u c h 

e v i d e n c e "we h a v e t o a c c e p t a s u n i t s t h o s e g r o u p s w h i c h a r e 

d e s c r i b e d a s homogeneous and endogamous ( H i e r n a u x 1 9 7 2 : 9 7 ) . I f e e l , 

on t h e c o n t r a r y , t h a t we s h o u l d n o t a c c e p t any a p p a r e n t l y endogamous 

or homogeneous A f r i c a n p o p u l a t i o n a t i t s f a c e v a l u e , and t h a t we 

s h o u l d assume h e t e r o g e n e i t y u n l e s s p r o v e d o t h e r w i s e . I n s t a t i n g 

t h i s p o s i t i o n , I do n o t w i s h t o i m p l y t h a t no A f r i c a n p e o p l e s a r e 

homogeneous, o r s t a b l e endogamous u n i t s o v e r t i m e . I am o n l y 

s a y i n g t h a t i t i s u n l i k e l y t h a t a m a j o r i t y w i l l be s o , and t h e r e f o r e 

we s h o u l d n o t assume t h e s e c h a r a c t e r i s t i c s p r i o r t o s a m p l i n g . 

I n d e e d a c e n t r a l p r o b l e m o f any s t u d y must be t o d i s c o v e r w h i c h 

p o p u l a t i o n s a r e homogeneous and w h i c h a r e n o t . I f we do assume 
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h e t e r o g e n e i t y when s a m p l i n g , t h e n i t f o l l o w s t h a t no s i n g l e s a m p l e 

from a named p e o p l e c a n be c o n s i d e r e d t y p i c a l o f t h e w h o l e p e o p l e 

but o n l y of t h e g e o g r a p h i c a l l o c a l i t y from w h i c h i t i s drawn w i t h i n 

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

i n c o r p o r a t i n g e l e m e n t s from a l l g e o g r a p h i c a l l o c a l i t i e s . 

The e v i d e n c e p r e s e n t e d e a r l i e r i n t h i s C h a p t e r , d e m o n s t r a t e s 

t h a t many o f t h e e t h n i c u n i t s m e n t i o n e d by H i e r n a u x of w h i c h t h e r e 

a r e a bout a t h o u s a n d i n A f r i c a ( H i e r n a u x 1 9 7 2 : 9 8 ) , a r e n o t r e a l l y 

" n a t u r a l " p o p u l a t i o n u n i t s , b u t c r e a t i o n s o f t h e c o l o n i a l and p o s t -

c o l o n i a l e r a s . They r e p r e s e n t c u l t u r a l b l o c s who h a v e o n l y become 

c o h e s i v e u n i t s t h i s c e n t u r y . The n a t u r a l s a m p l i n g u n i t s t h e r e f o r e , 

a r e t h o s e t h a t E v a n s - P r i t c h a r d ( 1 9 4 0 ) and T a i t ( 1 9 7 0 ) c a l l " t r i b e s " , 

o r what Ogot ( 1 9 6 7 ) and Were ( 1 9 6 7 ) r e f e r t o a s " s u b - t r i b e s " o r 

what I t e r m " m i n i m a l e t h n i c u n i t s " , i n o t h e r words t h o s e s u b - d i v i s i o n s 

of p r e s e n t m a j o r " t r i b e s " and l i n g u i s t i c / c u l t u r a l b l o c s w h i c h i n 

p r e - c o l o n i a l t i m e s r e p r e s e n t e d i n d e p e n d e n t autonomous p e o p l e s . 

P e o p l e s s u c h a s t h e L u y i a , D i n k a , Nuer, Luo and I b o c o n t a i n many 

p r e v i o u s l y autonomous s e c t i o n s . 

I f we d e f i n e u n i t s a t t h i s l e v e l o f r e s o l u t i o n i t means 

t h a t t h e r e a r e t h o u s a n d s of s u c h u n i t s i n s u b - S a h a r a n A f r i c a . 

A l t h o u g h any s u r v e y w o u l d g r e a t l y b e n e f i t by s a m p l i n g o n l y u n i t s 

a t t h i s l e v e l , i n t h e l a r g e c o n t i n e n t a l s u r v e y t h a t H i e r n a u x 
a 

u n d e r t o o k ( H i e r n a u x 1 9 6 8 ) , w h i c h a l s o depended on o t h e r p e o p l e s ' 

r e s u l t s , he i s o b v i o u s l y j u s t i f i e d i n t r e a t i n g t h e w i d e r c u l t u r a l / 

l i n g u i s t i c b l o c s a s t h e s a m p l i n g u n i t s f o r p r a c t i c a l p u r p o s e s . 

N e v e r t h e l e s s i t must s t i l l be b o r n e i n mind t h a t t h e s e l a r g e e t h n i c 

u n i t s , though p r a c t i c a l , a r e n o t r e a l l y t h e " n a t u r a l " u n i t s t o 

s a m p l e . 
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I n t h e p r e s e n t s t u d y , w h i c h i s 1 i r a i t e d i n s c o p e t o one 

c o u n t r y , i t would be q u i t e i n a p p r o p r i a t e to d e f i n e s a m p l i n g u n i t s 

a t t h e l e v e l o f r e s o l u t i o n H i e r n a u x u s e s . The c o r r e c t s a m p l i n g d e s i g n 

i s t o c l e a r l y d e f i n e t h e i d e n t i t y o f m i n i m a l e t h n i c u n i t s i n K e n y a 

and t o t r y and o b t a i n a r e p r e s e n t a t i v e s a m p l e from e a c h u n i t . I n 

p u r s u i n g t h i s t y p e o f d e s i g n , p h y s i c a l a n t h r o p o l o g i s t s i n A f r i c a , 

a r e f o r t u n a t e t h a t a m a j o r i t y o f members of most m i n i m a l e t h n i c 

u n i t s w i l l r e s i d e i n t h e i r p r e - c o l o n i a l l o c a l i t i e s , and p e o p l e w i l l 

s t i l l t e n d t o i d e n t i f y t h e m s e l v e s w i t h s u c h u n i t s i n o p p o s i t i o n t o 

o t h e r s a t a s i m i l a r s c a l e . A P u r k o M a a s a i f o r i n s t a n c e , w i l l 

r e a d i l y t e l l you t h a t he i s n o t a K a p u t i e M a a s a i , a l t h o u g h i n w i d e r 

c o n t e x t s he m i g h t i d e n t i f y h i m s e l f g e n e r a l l y a s a M a a s a i i n o p p o s i t i o n 

t o non M a a s a i . 

The t e n d e n c y o f p e o p l e t o i d e n t i f y t h e m s e l v e s i n t e r m s 

o f t h e m i n i m a l e t h n i c u n i t t h e y b e l o n g t o however, i s a phenomenon 

nowadays c o n f i n e d t o t r a d i t i o n a l r u r a l a r e a s . When members of s u c h 

u n i t s move t o t h e c i t i e s , t h e y t e n d t o i d e n t i f y t h e m s e l v e s w i t h 

w i d e r e t h n i c u n i t s . F o r example a p e r s o n who s e e s h i m s e l f a s an 

I d a k h o i n Kakamega D i s t r i c t i n K e n y a , i n o p p o s i t i o n t o o t h e r 

m i n i m a l e t h n i c u n i t s s u c h a s T i r i k i , M a r a g o l i o r B u n y o r e , w i l l 

q u i c k l y c hange h i s a l l e g i a n c e t o t h e L u y x a c u l t u r a l u n i t ( o f w h i c h 

t h e I d a k h o , T i r i k i , M a r o g o l i and B u n y o r e a r e d i v i s i o n s t o d a y ) , when 

he moves t o t h e c i t y . H i s c h i l d r e n and g r a n d c h i l d r e n b o r n i n a 

c i t y m i l e s from t h e t r a d i t i o n a l I d a k h o homeland w i l l s o o n e r o r l a t e r 

f o r g e t t h e i r r o o t s . F o r them t h e i r h i s t o r i c a l a s s o c i a t i o n w i t h 

I d a k h o w i l l be i r r e l e v a n t compared t o t h e s o c i a l and p o l i t i c a l 

r e a l i t i e s o f b e i n g a L u y i a i n o p p o s i t i o n t o u r b a n members of o t h e r 

macro e t h n i c u n i t s s u c h a s Meru o r K a l e n j i n . 



I n v i e w o f t h i s i t i s e s s e n t i a l when s a m p l i n g i n A f r i c a 

t o o b t a i n r u r a l s a m p l e s from t r a d i t i o n a l a r e a s , I t i s q u i t e 

u n r e l i a b l e t o o b t a i n u r b a n s a m p l e s i n t h e hope t h a t t h e y w i l l t y p i f y 

m i n i m a l e t h n i c u n i t s o f o r i g i n . Such s a m p l e s c a n o f c o u r s e , be 

u s e d a s r e p r e s e n t i n g w i d e r e t h n i c u n i t s , b u t s i n c e t h e p h y s i c a l 

a n t h r o p o l o g i c a l v a l u e of s u c h macro s a m p l e s i s l i m i t e d , u r b a n 

s a m p l i n g i s c l e a r l y an u n p r o f i t a b l e p r a c t i s e e x c e p t f o r e x p l o r a t o r y 

and v e r y g e n e r a l s u r v e y s . 

2.5 S a m p l i n g d e s i g n and f i e l d w o r k 

2.5.1 The P o p u l a t i o n u n i t s 

The Kenya P o p u l a t i o n C e n s u s 1969 l i s t s 41 " t r i b a l " 

p o p u l a t i o n s i n K e n y a . Some, s u c h a s t h e L u y i a , M a a s a i , S a b a o t , 

Luo, Meru a r e e t h n i c g r o u p s , w h i l e o t h e r s , s u c h a s t h e N a n d i , Tugen, 

P o k o t , R e n d i l l e and T a v e t a c o r r e s p o n d t o m i n i m a l e t h n i c u n i t s . 

When t h e s c a l e o f p o p u l a t i o n d e f i n i t i o n i s made c o m p a t i b l e , t h e r e 

a r e w e l l o v e r a h u n d r e d and f o r t y m i n i m a l e t h n i c u n i t s . T h e s e 

a r e l i s t e d i n T a b l e 1.1 i n r e l a t i o n t o t h e l i n g u i s t i c g r o u p s and 

d i v i s i o n s t o w h i c h t h e y b e l o n g . E v e n t h i s l i s t h owever, i s an 

u n d e r e s t i m a t e . F o r i n s t a n c e t h e G u s i i m i n i m a l u n i t s a r e n o t g i v e n 

as I h a v e n o t y e t f o u n d a c o m p l e t e l i s t . I t i s i n f a c t r e m a r k a b l y 

d i f f i c u l t t o o b t a i n d e t a i l e d and a c c u r a t e i n f o r m a t i o n o f t h e 

d i s t r i b u t i o n o f minima.1 e t h n i c u n i t s f o r some p e o p l e s t h a t a r e 

p o p u l a r l y t r e a t e d a s a homogeneous ' ' t r i b e " , ( e . g . t h e S o m a l i ) . 

A m a j o r i t y o f K e n y a ' s p e o p l e s ( M a a s a i , C u s h i t i c , K a l e n j i n , 

some W e s t e r n and t h e H i g h l a n d B a n t u , and some c o a s t a l B a n t u , 

K a r i m o j o n g and Luo N i l o t e s ) , have some s o r t o f age s e t o r g a n i s a t i o n . 



They a r e t h e r e f o r e , t r a d i t i o n a l l y more c o h e s i v e s t r u c t u r e s t h a n 

t h e c l a s s i c a l s e g m e n t a r y l i n e a g e s o c i e t i e s . T h i s i s e s p e c i a l l y 

t r u e f o r t h e M a a s a i and H i g h l a n d N i l o t e s , t h e G a l l a and S o m a l i 

C u s h i t e s , and t h e H i g h l a n d B a n t u w h i c h h a v e w e l l d e v e l o p e d age s e t 

s y s t e m s . C l a s s i c a l s e g m e n t a r y s o c i e t i e s a r e r e l a t i v e l y uncommon. 

The Luo w i t h p o o r l y d e v e l o p e d age s e t s r e s e m b l e t h e Nuer i n many 

p o i n t s o f o r g a n i s a t i o n ( E v a n s - P r i t c h a r d 1 9 4 9 ) , and w e s t e r n L u y i a 

and some of t h e c o a s t a l B a n t u group ( e . g . t h e T a i t a ) , w e r e 

u n a f f e c t e d by t h e d i f f u s i o n o f age o r g a n i s a t i o n . The K e n y a n 

h u n t i n g g r o u p s a l l h a v e a band s t r u c t u r e , t h e most autonomous g r o u p s 

b e i n g t h e S a n y e and B o n i , and some o f t h e L a i k i p i a k and Samburu 

Dorobo ( e . g . t h e E l M o l o ) . Many o f t h e Doroho g r o u p s however, 

e s p e c i a l l y t h e g r o u p s i n t h e D o l D o l a r e a and t h e K a l e n j i n s p e a k i n g 

O g i e k h a v e begun t o adopt t h e age g r a d e s y s t e m ( e . g . t h e Ngwesi, 

L u a s i , Momonyot). The c e n t r a l i s e d t y p e o f s o c i e t y was r e p r e s e n t e d 

c h i e f l y by t h e o l d Wanga Kingdom, b u t i t h a s l o n g c e a s e d t o e x i s t 

a s an autonomous s o c i e t y and t o d a y i s one o f t h e 18 L u y i a n m i n i m a l 

u n i t s . 

2.5.2 F i e l d w o r k 

When I a r r i v e d i n Kenya i n F e b r u a r y 1973, I d e c i d e d t o 

adopt a s i m p l e s a m p l i n g d e s i g n . T h i s was t o o b t a i n a d e r m a t o g l y p h i c 

s a m p l e from a s many o f t h e Kenyan m i n i m a l e t h n i c u n i t s a s I c o u l d 

c o v e r i n t h e t i m e a v a i l a b l e , I was t o a c h i e v e t h i s by v i s i t i n g t h e 

t r a d i t i o n a l home t e r r i t o r y o f e a c h m i n i m a l e t h n i c u n i t , and by 

s a m p l i n g s c h o o l s w i t h i n t h e u n i t . 

The u s e o f s c h o o l s i s one o f s e v e r a l o p t i o n s t h a t I c o u l d 

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



on o b t a i n i n g v i l l a g e s a m p l e s , s a m p l e s from h o s p i t a l s , E u r o p e a n f a r m s 

and p l a n t a t i o n s o r u r b a n m e e t i n g c e n t r e s s u c h a s c h u r c h e s . V i l l a g e 

s a m p l e s however, though e s s e n t i a l i f a m i c r o - g e n e t i c s t u d y i s b e i n g 

c o n d u c t e d , a r e too i m p r a c t i c a l f o r t h e l a r g e s c a l e s u r v e y I had i n 

mind. I t i s e x t r e m e l y d i f f i c u l t t o p e r s u a d e a d u l t s t o p a r t i c i p a t e 

i n a d e r m a t o g l y p h i c s u r v e y . F i r s t l y t h e y u s u a l l y c a n n o t s e e t h e 

p o i n t o f i t , and t e n d t o c o n f u s e t h e r e s e a r c h e r w i t h t h e p o l i c e . 

S e c o n d l y i t i s n o t e a s y t o g a t h e r s i z e a b l e g r o u p s , and t o p u t up 

w i t h i m p a t i e n c e a s t h e y a w a i t t h e i r t u r n . Above a l l , however, i s 

t h e s l o w n e g o t i a t i o n s needed t o g e t t h e p e r m i s s i o n o f t h e l o c a l 

c h i e f and s u b - c h i e f s , and t h e l e a d i n g e l d e r s , t o c o n d u c t t h e s u r v e y 

i n t h e i r a r e a . A l l t h e s e p r o b l e m s c a n be overcome w i t h p a t i e n c e , 

but i t would t a k e a l o n g t i m e t o p r o c u r e e a c h s a m p l e . 

O b t a i n i n g t h e c o o p e r a t i o n o f f a r m w o r k e r s on E u r o p e a n 

f a r m s i s n o t d i f f i c u l t . On t h e o t h e r hand s u c h s a m p l e s , i n common 

w i t h u r b a n and o t h e r s o b t a i n e d i n non t r a d i t i o n a l a r e a s , t e n d t o be 

i n a d e q u a t e . F i r s t l y , a s I m e n t i o n e d e a r l i e r ( p age 1 2 8 ) , t h e s e 

m i g r a n t s o r d e s c e n d a n t s o f m i g r a n t s t e n d t o i d e n t i f y t h e m s e l v e s w i t h 

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

homelands a r e o f t e n i m p r e c i s e l y s t a t e d . They a r e t h u s n o t v e r y 

r e l i a b l e s a m p l e s o f m i n i m a l e t h n i c u n i t s : F o r some p e o p l e s ( e . g . 

t h e N a n d i , Tugen) t h i s does n o t r e a l l y m a t t e r , a s t h e y a r e m i n i m a l 

u n i t s i n t h e i r own r i g h t . On t h e o t h e r hand t h e f a c t t h a t t h e 

sa m p l e i s not from t h e home a r e a means t h a t i t becomes d i f f i c u l t 

to accommodate them i n f u g u r e a n a l y s i s i f a g e o g r a p h i c a l o r 

e c o l o g i c a l o r i e n t a t i o n i s t a k e n r a t h e r t h a n an e t h n i c one. 

S a m p l e s from p l a n t a t i o n s and u r b a n m e e t i n g c e n t r e s a l s o 

have t h e d i s a d v a n t a g e t h a t t h e r e s e a r c h e r had t o d e a l w i t h 
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s o p h i s t i c a t e d and c o n s e q u e n t l y v e r y i n q u i s i t i v e p e o p l e , who a r e 
p a r t i c u l a r l y s u s p i c i o u s o f " f i n g e r p r i n t s . " My one a t t e m p t a t 
t e s t i n g p l a n t a t i o n a d u l t s a l m o s t c a u s e d a s t r i k e . 

F i n a l l y t h a n k s t o t h e i n t e r e s t e d a t t i t u d e of t h e medi c a l 

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

i s o b t a i n e d . P e o p l e e v e r y w h e r e a l w a y s seem t o c o o p e r a t e i n t h e 

p r e s e n c e o f d o c t o r s and n u r s e s . On t h e o t h e r hand h o s p i t a l s a m p l e s 

c a n be b i a s e d , a s p e o p l e who f a l l i l l a r e n o t n e c e s s a r i l y a random 

s a m p l e o f t h e p e o p l e a t l a r g e . S a m p l i n g t h e r e f o r e , s h o u l d be 

c o n f i n e d t o p r e g n a n t m o t h e r s , m o t h e r s who h a v e j u s t g i v e n b i r t h , o r 

t o o u t p a t i e n t s w i t h a c c i d e n t s o r m i n o r a i l m e n t s . H o s p i t a l s a m p l e s 

a r e on t h e w h o l e n o t to be recommended. 

S c h o o l s t h e r e f o r e , a r e t h e o n l y r e a l l y p r a c t i c a l a l t e r n a t i v e 

f o r a l a r g e s c a l e s u r v e y . K e n y a m o r e o v e r , i s one o f t h e c o u n t r i e s 

whose e d u c a t i o n programme h a s expanded o u t o f a l l r e c o g n i t i o n s i n c e 

1963, and n o t o n l y h a s e v e r y d i s t r i c t an o f f i c i a l D i s t r i c t S e c o n d a r y 

S c h o o l f o r b o t h s e x e s , b u t most d i s t r i c t s h a v e a d d i t i o n a l Government 

o r m i s s i o n a r y s e c o n d a r y s c h o o l s . Moreover t h e r e i s s c a r c e l y a 

l o c a l i t y i n t h e l e s s remote d i s t r i c t s w i t h o u t a p r i m a r y s c h o o l . 

A b s e n c e o f s c h o o l s t h e r e f o r e , i s n o t a p r o b l e m . 

Of t h e two t y p e s o f s c h o o l s , s e c o n d a r y s c h o o l s p r o v i d e 

t h e b e s t s a m p l e s . T h e i r c a t c h m e n t a r e a i s much l a r g e r t h a n t h a t 

o f p r i m a r y s c h o o l s , and p u p i l s come from a l a r g e p o r t i o n o f t h e 

a r e a c o v e r e d by t h e p e o p l e of i n t e r e s t . S e c o n d l y owing t o t h e 

f a c t t h a t most Kenyan p a r e n t s c a n n o t a f f o r d t o s e n d more t h a n one 

or two c h i l d r e n t o s e c o n d a r y s c h o o l , t h e l i k e l i h o o d of b i a s t h r o u g h 

t h e i n c l u s i o n of c l o s e r e l a t i v e s i s g r e a t l y d i m i n i s h e d . Moreover 
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t h e g e n e r a l l y much b e t t e r d i s c i p l i n e and e d u c a t i o n i n s e c o n d a r y 

s c h o o l s makes i t e a s y t o weed o u t any r e l a t i v e s . S e c o n d a r y s c h o o l s 

however, h a v e one d i s a d v a n t a g e . They a r e s e r i o u s h a r d - w o r k i n g 

e s t a b l i s h m e n t s , and I found h e a d m a s t e r s o f t e n r e l u c t a n t t o d i s r u p t 

t h e i r s c h o o l s c h e d u l e s . They u s u a l l y d i d n o t mind when I t e s t e d 

f o r c o l o u r - v i s i o n d e f e c t s , a s t h e t u r n o v e r o f s u b j e c t s was r a p i d . 

The t a k i n g o f hand and f i n g e r p r i n t s however, i s a much s l o w e r 

b u s i n e s s , and some h e a d m a s t e r s became u n c o o p e r a t i v e a f t e r t h e f i r s t 

h o u r o r s o . A few went a s f a r a s t o r e f u s e a l t o g e t h e r . As a 

r e s u l t , and f o r f e a r t h a t I m i g h t b e r e p o r t e d a s a n u i s a n c e t o t h e 

D i s t r i c t A u t h o r i t i e s , and a l s o i n o r d e r t o a v o i d u n n e c e s s a r y o f f e n s e , 

I c o n c e n t r a t e d m a i n l y on p r i m a r y s c h o o l s f o r d e r m a t o g l y p h i c c o l l e c t i o n , 

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

p o s s i b l e , and f o r d e n n a t o g l y p h i c c o l l e c t i o n when t h e c h a n g e s seemed 

f a v o u r a b l e . 

P r i m a r y s c h o o l s were a l m o s t a l w a y s u n d e r t h e d i r e c t i o n o f 

h e a d m a s t e r s who were o n l y t o o p l e a s e d t o welcome me. T h i s 

a d v a n t a g e however, h a s t o be w e i g h e d a g a i n s t s e v e r a l p r o b l e m s . F i r s t l y , 

t h e c a t c h m e n t a r e a i s much s m a l l e r t h a n t h a t o f s e c o n d a r y s c h o o l s . 

S e c o n d l y , a s p r i m a r y s c h o o l f e e s were much l o w e r t h a n s e c o n d a r y 

s c h o o l f e e s ( p r i m a r y s c h o o l f e e s were a b o l i s h e d i n 1976 a f t e r my 

f i e l d w o r k was c o m p l e t e d ) , p a r e n t s c o u l d a f f o r d t o s e n d more o f t h e i r 

c h i l d r e n t o s c h o o l - C o n s a n g u i n e o u s r e l a t i v e s a r e t h u s much more 

common i n p r i m a r y s c h o o l s , and more d i f f i c u l t t o i d e n t i f y . T h i r d l y , 

p r i m a r y s c h o o l s t e n d e d t o be f a r l e s s d i s c i p l i n e d , a l t h o u g h t h i s 

v a r i e d c o n s i d e r a b l y . I n some p r i m a r y s c h o o l s t h e t e a c h e r s would 
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leave me with a l l the c h i l d r e n to c o n t r o l , w i t h others (a m a j o r i t y ) 

were o r d e r l y but s p i r i t e d . At the extreme end of the d i s c i p l i n e 

s c a l e was a school where some t r i v i a l misbehaviour r e s u l t e d i n 36 

boys and g i r l s being caned en masse. (One p a r t i c u l a r primary school 

i n the Meru area was s t r i k e n with panic when I a r r i v e d . The 

headmaster and I watched i n amazement as c h i l d r e n f l e d from classrooms 

and disappeared screaming i n t o the surrounding f i e l d s . I t turned 

out t h a t they thought I was from the blood t r a n s f u s i o n u n i t . ) 

Bad d i s c i p l i n e at s c h o o l s can r e s u l t i n s e r i o u s b i a s as 

w e l l as hampering the speed of data c o l l e c t i o n . The most obvious 

source of b i a s i s from mischievous c h i l d r e n who think i t amusing 

to have th e i r p r i nts taken twice. In the poorly c o n t r o l l e d s c h o o l s 

(a s m a l l m i n o r i t y ) , I overcame t h i s problem by marking the hand 

wi t h some endorsing i n k , a f t e r p r i n t i n g was completed. Secondly, 

bad d i s c i p l i n e can r e s u l t i n i n e f f i c i e n t s c r e e n i n g of r e l a t i v e s . 

When a whole school was l e f t i n my charge I ordered them to l i n e 

up behind t h e i r b r o t h e r s and s i s t e r s , or h a l f - s i b l i n g s , and daubed 

a l l but the e l d e s t of each f i l e with endorsing i n k . At my f i r s t 

badly d i s c i p l i n e d s c h o o l , I t r i e d to employ as a punishment a 

s t i f f neat s o l u t i o n of PTC, which I would i n v i t e the offender to 

d r i n k . Unfortunately i t did not work, as a l l the other c h i l d r e n 

a l s o wanted to t r y i t - The only improvement i n d i s c i p l i n e occurred 

when I t o l d the c h i l d r e n that they could only t r y i t i f they l i n e d 

up q u i e t l y . 

For the m a j o r i t y of organised s c h o o l s , where c h i l d r e n were 

kept i n t h e i r classroom, and t e a c h e r s accompanied me w h i l e I worked, 

I found i t l e s s d i s r u p t i v e to v i s i t each c l a s s i n turn r a t h e r than 

c a l l the c h i l d r e n to an empty room. The s c r e e n i n g of r e l a t i v e s was 
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achieved by g e t t i n g teachers to p o i n t them out, and subsequent 
c o n f i r m a t i o n from the c h i l d r e n . I would s t a r t by v i s i t i n g the 
youngest c h i l d r e n f i r s t , and asking a l l s i b l i n g s and h a l f - s i b l i n g s 
and uncles and aunts to stand up. (Uncles and aunts the same age 
as t h e i r nephews and n i e c e s were o c c a s i o n a l l y encountered). Cousins 
were not c a l l e d out as the d e f i n i t i o n of a c o u s i n can be very 
complex i n l i n e a g e s o c i e t i e s . The e l d e s t r e l a t i v e was then asked 
to s i t down, and the remaining r e l a t i v e s were demarcated to i s o l a t e d 
desks. I n the next classroom the same procedure was repeated, except 
that they were a l s o asked i f they had r e l a t i v e s i n the c l a s s a l r e a d y 
done. Quite often by the time I reached standard seven there were 
few e l i g i b l e s u b j e c t s l e f t . The e l d e s t classrooms were v i s i t e d l a s t 
as they were b e t t e r able to remember r e l a t i v e s i n the host of lower 
forms, w h i l e a l l the youngest c h i l d r e n had to remember was the 
r e l a t i v e s i n t h e i r own or contemporary classrooms. 

Teachers were a l s o asked as a matter of course whether 

there were any p u p i l s from d i f f e r e n t " t r i b e s " other than from t h a t 

being sampled. Those found were subsequently c a r e f u l l y segregated. 

Even i n the most i s o l a t e d areas odd i n d i v i d u a l s from other t r i b e s 

were sometimes encountered, u s u a l l y the sons and daughters of 

Government employees who worked i n the a r e a . 

Dermal p r i n t s of palms and f i n g e r s were taken using f o r 

the most p a r t K l e e n p r i n t paper and ink. Owing to the f a c t t h a t I 

was often s h o r t of t h i s paper, I had to d e v i s e very economical 

methods for u s i n g i t , I found t h a t with p r a c t i s e i t i s p o s s i b l e 

to e a s i l y f i t two palm p r i n t s on to each sheet, with r o l l e d f i n g e r 

p r i n t s round the edges. For young c h i l d r e n or those with small 

hands, p r i n t s from two i n d i v i d u a l s could a l s o be f i t t e d with comfort 



on one sheet of paper. N e v e r t h e l e s s , I did run out on s e v e r a l 

o c c a s i o n s . When t h i s happened I used p o l i c e f i n g e r p r i n t ink, 

and when th a t ran out, washable p r i n t i n g ink, with hands p r i n t e d 

on bond typing paper. I could d e t e c t no r e a l l o s s of q u a l i t y 

f o r t h i s l a t t e r method. (About a thousand people were p r i n t e d 

with i n k . ) 

I was very c a r e f u l to ensure t h a t those dermal areas 

a s s o c i a t e d w i t h r i d g e counting were c l e a r l y p r i n t e d . T h i s often 

n e c e s s i t a t e d taking more than one f i n g e r p r i n t of the same d i g i t , 

or of the i n t e r d i g i t a l area alone. I n f a c t I would recommend the 

s e p a r a t e p r i n t i n g of the i n t e r d i g i t a l a r e a i f there i s time, as 

i t u s u a l l y g i v e s a much c l e a r e r p r i n t . The best method i s to 

o v e r l a p the top of the palm on to the paper over the edge of a 

t a b l e . I n s p i t e of these p r e c a u t i o n s however, some i n d i v i d u a l s 

s t i l l came out badly, owing to sweaty hands t h a t j u s t would not 

dry, or because of very i n d i s t i n c t r i d g e s . I n order to s t a n d a r d i s e 

atd angles, a l l palm p r i n t s were taken with f i n g e r s together. 

F i n a l l y sponges were not normally used, as I found that the p r i n t s 

came out c l e a r e r without them i f the c e n t r e of the palm was pressed 

f i r m l y , and not too much ink was a p p l i e d . Only i n the case of 

i n d i v i d u a l s with bony and hollow hands was a pad used. Even 

then f a i l u r e often r e s u l t e d , and i n extreme case s the paper was 

a p p l i e d to the hand, a d e l i c a t e operation i f double p r i n t i n g i s 

to be avoided-

Hand p r i n t i n g i s a slow and l a b o r i o u s process. At top 

speed I found I could do about 40 per hour, but u s u a l l y the f i g u r e 

was i n the lower t h i r t i e s . Speed improved s i g n i f i c a n t l y when I 

was f o r t u n a t e enough to be accompanied by a s s i s t a n t s , who took c a r e 
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of the c l e r i c a l o r g a n i s a t i o n and the t i d y i n g up. 

The t o t a l time I spent i n the f i e l d was 15 months, from 

February to November 1973, and from June to October I n c l u s i v e 1975. 

Of t h i s period however, I only managed to spend e i g h t months 

c o l l e c t i n g data f u l l time. I n 1973 I was not able to s t a r t u n t i l 

the end of June, as the O f f i c e of the P r e s i d e n t took i t s time to 

grant my r e s e a r c h permit. Moreover I could not v i s i t s c hools i n 

August e i t h e r i n 1973 or 1975, as the schools are on holiday for a 

month. Th i s meant that to achieve my immediate t a r g e t of sampling 

60 populations I had only 3 days f o r each one ( t a k i n g i n t o account 

weekends). In p r a c t i c e however, i t was l e s s than t h r e e days, owing 

to the frequent breakdowns of an old and u n r e l i a b l e c a r i n 1973, and 

a shortage of money a f t e r August 1975 which meant I had to use slow 

l o c a l t r a n s p o r t to get from one area to another. The data c o l l e c t i o n 

t h e r e f o r e , was conducted i n an atmosphere of urgency. 

I n 1973 I decided a f t e r the i n i t i a l delay, that I would 

have to l i m i t sample s i z e to 100 from each population (50 of each 

s e x ) . When I a r r i v e d amongst the L u y i a however, i n September 1973 

(See Table 2.1), I reduced the same s i z e to 50 (25 of each sex) to 

save time. T h i s was a mistake that I have r e g r e t t e d ever s i n c e 

(except during p r i n t r e a d i n g ) . A f t e r the L u y i a e x p e d i t i o n I came 

to my senses and r e a l i s e d that 25-50 of each sex was not enough-

Some of my l a r g e s t samples (Maasai females, Luo and Somali) were 

obtained i n the l a s t weeks of f i e l d w o r k . In 1975 I had l e a r n t my 

l e s s o n and g r e a t l y i n c r e a s e d the sample s i z e s . T h i s can be seen i n 

the r e s u l t s of the two t r i p s . In 1973 I sampled 36 populations with 

an average sample s i z e of 54 f o r males and 41 f o r females, w h i l s t 



138 
i n 1975 I samples 21 male and 18 female populations f o r an average 
sample s i z e of 76 f o r males and 55 f o r females (the above f i g u r e s do 
not i n c l u d e those samples of l e s s than ten i n d i v i d u a l s ) , 

The p r e c i s e composition of the samples i s given i n Table 

2.1. A m a j o r i t y of the samples t h a t show a marked imbalance between 

the sexes i n s i z e (mostly b i a s e d i n favour of m a l e s ) , are accounted 

for by not being a b l e to f i n d enough of t h a t sex i n the s c h o o l s 

v i s i t e d ( a f t e r r e l a t i v e s had been taken o u t ) . T h i s i s p a r t i c u l a r l y 

t rue f o r the Chonyi, Ngwesi, Mukogodo, Turkana, Samburu, C u s h i t i c 

p opulations, Purko Maasai and Bukusu. The much l a r g e r Keekonyokie 

Maasai female sample happened because I thought at t h a t time t h a t a 

s u r p l u s of females f o r that population would counterbalance the 

very low Purko female sample. I n other words I thought that the 

males of the two populations could be pooled when i t came to a n a l y s i s . 

Only l a t e r did I d i s c o v e r t h a t t h i s i s t h e o r e t i c a l l y u n j u s t i f i e d . 

I n e x p e r i e n c e a l s o accounts f o r the lower Idakho, Kikuyu 

Imenti, T i g a n i a and Igembe female samples ( a l l from the 1973 f i e l d w o r k ) . 

Owing to h a s t e and f a t i g u e I did not count the sexes unti1 I had 

l e f t the area,and did not n o t i c e the imbalance. 

The p r e c i s e i t i n e r a r y of the two f i e l d w o r k t r i p s and 

the geographical l o c a t i o n of the samples i s presented i n Table 2.2. 

Of the 85 sampling p o i n t s , only 6 were secondary s c h o o l s , 74 were 

primary s c h o o l s , 3 were farms, one was a m i s s i o n , and one a m i s s i o n 

h o s p i t a l . The sample from Syokimau Farm (24 Kamba) was my f i r s t 

p r a c t i s e before I s t a r t e d i n e a r n e s t , as I was l i v i n g there w h i l e I 

waited f o r r e s e a r c h c l e a r a n c e . The two remaining farms, the m i s s i o n 

at K i m i n i n i and Ortum H o s p i t a l were v i s i t e d during August i n 1973, 



w h i l e the c h i l d r e n were on t h e i r h o l i d a y s . The Bukusu, Pokot and 

Turkana samples which were obtained from the f i r s t t h r e e l o c a l i t i e s 

are not s t r i c t l y g eographical samples of the minimal e t h n i c u n i t s 

they r e p r e s e n t , as they were l o c a t e d i n the Trans Nzoia D i s t r i c t 

which i s an ex^White farming area . The Bukusu sample taken at 

K i m i n i n i Mission however, i s not f a r from the borders of the Bukusu 

home t e r r i t o r y , and can thus be considered as reasonably r e p r e s e n t a t i v e 

The Turkana sample from the farms on the other hand, i s not so 

s a t i s f a c t o r y , as the members of the sample o r i g i n a t e d from a l l p a r t s 

of Turkanaland, w i t h a m a j o r i t y from the southern and c e n t r a l 

d i s t r i c t s . Only 28 Pokot were obtained from these farms, which i n 

any c a s e were s i t u a t e d c l o s e to the Trans Nzoia/Pokot D i s t r i c t 

boundaries. The r e s t of the Pokot sample came from Ortum Mission 

H o s p i t a l which l i e s i n the h e a r t of the a g r i c u l t u r a l Pokot area. 

I t c o n s i s t s t o t a l l y of women who have j u s t given b i r t h and o u t p a t i e n t s 

w i t h minor i n j u r i e s and a i l m e n t s . 

There i s a l s o another category of u n s a t i s f a c t o r y samples. 

These are those taken i n s chools s i t u a t e d i n urban a r e a s . A l l but 

50 of the Luo f o r i n s t a n c e , were sampled i n Na i r o b i i n a l a s t 

desperate attempt to r a i s e the sample numbers f o r t h i s important 

people before I l e f t Kenya i n 1973. They are thus j u s t a general 

sample of the Luo gr-oup, and no rainim.a.1 LUQ e t h n i c u n i t s can be 

d i s t i n g u i s h e d . The Somali from G a r i a s a Town and the Pokorao from 

Hola Town though sampled i n the home t e r r i t o r i e s f o r these peoples 

n e v e r t h e l e s s are g e n e r a l i s e d e t h n i c group samples which are not 

d i f f e r e n t i a t e d i n t o c o n s t i t u e n t minimal e t h n i c u n i t s . The reason 

f o r t h i s i s that the c h i l d r e n could not remember p r e c i s e l y enough 
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from which p a r t s of Somaliland (Kenya) or Pokomoland t h e i r p arents 
had o r i g i n a t e d . The f i n a l a^ZQple worth of mention i s the Samburu 
one from L a i s a m i s , which i s s i t u a t e d i n an area of o v e r l a p between 
the Samburu and R e n d i l l e . The Samburu from t h a t area are t y p i c a l 
of the main body who i n h a b i t the higher plateaux around M a r a l a l . 
F i r s t l y they are s i t u a t e d i n a much more a r i d environment, and 
secondly they belong to t h a t s e c t i o n of Samburu th a t have a s s i m i l a t e d 
most R e n d i l l e migrants (Spencer 1973). I t would be wrong t h e r e f o r e , 
to think of the present Samburu sample as being t y p i c a l of the 
Samburu as a whole 

2.5.3 Conclusion 

From my f i e l d w o r k performance we can l e a r n four main 

l e s s o n s : 

1) I t i s important to c a r e f u l l y demarcate and map a l l 

minimal e t h n i c u n i t s , before sampling commences. During f i e l d w o r k 

i n 1973 for i n s t a n c e , I was not aware th a t the Luo were a group of 

such u n i t s , not a s i n g l e u n i t . 

2) Minimal e t h n i c u n i t s should be sampled only i n the areas 

of t h e i r p r e - c o l o n i a l d i s t r i b u t i o n . Samples from urban areas or 

from lands a l i e n a t e d by the Government i n c o l o n i a l times should be 

avoided, u n l e s s such areas are a d d i t i o n a l l y i n c l u d e d i n the sampling 

design. 

3) I d e a l l y there should a l s o be r e g i o n a l sub-samples from 

w i t h i n each minimal e t h n i c u n i t . At the very l e a s t , more than one 

primary school i n d i f f e r e n t l o c a l i t i e s should be sampled. 

4) Sample s i z e s should be a l o t l a r g e r than most of those I 

managed to o b t a i n . The minimum should be a hundred of each sex, with 



a norm of at l e a s t two hundred. I t i s b e t t e r i n my opinion to 

measure l e s s t r a i t s and maintain l a r g e sample s i z e s than to measure 

many t r a i t s at the expense of sample s i z e . 
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PART TWO: THEORETICAL APPROACH, METHODOLOGY AND 

DESCRIPTIVE ANALYSIS. 



CHAPTER 3 

A n a l y t i c a l approaches to the i n v e s t i g a t i o n of the present m a t e r i a l 

3.1 The u s e f u l n e s s of con v e n t i o n a l approaches to the 
d e s c r i p t i o n of b i o l o g i c a l d i f f e r e n t i a t i o n between human 
pop u l a t i o n s . 

" p r e r e q u i s i t e f o r the form u l a t i o n and t e s t i n g of 
exp l a n a t i o n s of human d i f f e r e n t i a t i o n i s p r e c i s e 
and unambiguous d e s c r i p t i o n of what i s to be 
ex p l a i n e d . B i o l o g i s t s and p h y s i c a l a n t h r o p o l o g i s t s 
cannot hope to e x p l a i n d i f f e r e n t i a t i o n of human 
populations u n t i l they know how to d e s c r i b e i t . " 

( J a r d i n e 1971:1) 

Every r e s e a r c h e r faced w i t h r e p o r t i n g the r e s u l t s of a 

human b i o l o g i c a l survey i s i n e v i t a b l y faced with problems i n 

pr e s e n t i n g and d e s c r i b i n g the observed d i f f e r e n t i a t i o n between 

human po p u l a t i o n s . These problems are e s p e c i a l l y acute i n l a r g e 

dermatoglyphic surveys ( f o r example those conducted i n England 

and Wales by Dennis (1977*) , Williams (1978) and Smith (1979), which 

t e s t i f y to the l a r g e amount of d e s c r i p t i v e r e s u l t s that can be 

produced from dermatoglyphic d a t a ) . The approach of these 

r e s e a r c h e r s to the task of d e s c r i b i n g and a n a l y s i n g dermatoglyphic 

v a r i a t i o n has been to organise the i n v e s t i g a t i o n i n t o u n i v a r i a t e 

and m u l t i v a r i a t e s e c t i o n s . The u n i v a r i a t e a n a l y s i s d e s c r i b e s 

s t a t i s t i c a l trends of v a r i a t i o n f o r i n d i v i d u a l a t t r i b u t e s and, 

where p o s s i b l e , f o r groups of p h e n e t i c a l l y h i g h l y r e l a t e d 

a t t r i b u t e s , whereas the m u l t i v a r i a t e approach c o n s i d e r s " o v e r a l l " 

trends of r e l a t i o n s h i p s between populations. I n p r a c t i c e , the 

u n i v a r i a t e a n l y s i s corresponds to the stage of p r e l i m i n a r y 

d e s c r i p t i o n , and the m u l t i v a r i a t e a n a l y s i s to the phase where 

explanatory e x p l o r a t i o n i s attempted. 
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The d i v i s i o n of a n a l y s i s i n t o u n i v a r i a t e and m u l t i v a r i a t e 

s e c t i o n s i s a p o l i c y which i s w e l l - e s t a b l i s h e d i n p h y s i c a l 

anthropology. For i n s t a n c e , Talbot and M u l h a l l (1962) d e s c r i b e 

u n i v a r i a t e trends before t h e i r a n a l y s i s of m u l t i v a r i a t e i n t e r -

p opulation r e l a t i o n s h i p s . Gomila too (1972:118) mentions he 

performed a " c l a s s i c and q u i t e l a b o r i o u s u n i v a r i a t e a n a l y s i s " before 

the m u l t i v a r i a t e i n v e s t i g a t i o n he reported. We could say to 

f o l l o w a u n i v a r i a t e a n a l y s i s with a m u l t i v a r i a t e one i s today a 

common approach f o r the e x p l o r a t i o n of human b i o l o g i c a l r e g i o n a l 

s u r v e y s . 

I n r e c e n t y e a r s , however, there has been some disenchantment 

with u n i v a r i a t e approaches, and a growing emphasis on m u l t i v a r i a t e 

forms of a n a l y s i s can be seen, Howells, f o r i n s t a n c e , condemns 

the conventional u n i v a r i a t e approach "where populations have been 

compared (normally two populations at a t i m e ) " as " i n e f f i c i e n t " 

and "not e s p e c i a l l y o b j e c t i v e " an approach where 

"personal judgement i s c a l l e d upon i n a high 
degree f o r the i n t e r p r e t a t i o n of the meaning 
of the d i f f e r e n c e s i n d i f f e r e n t measurements." 

(Howells, 1973:3) 

He s t a t e s t h a t 

" m u l t i v a r i a t e a n a l y s i s , though l a t e on the scene, 
i s indeed the a p p r opriate and c o r r e c t method of 
handling p o p u l a t i o n s " 

(Howells 1973:2) 

Thi s view i s a l s o shared by Dennis, who f i n d s a f t e r h i s 

conventional u n i v a r i a t e a n a l y s i s of dermatoglyphic v a r i a t i o n i n 

the Y o r k s h i r e Dales t h a t 

"the u n i v a r i a t e summaries do not lend themselves to 
simple u n i v a r i a t e d e s c r i p t i o n " 



and t h a t 

"the nature of the u n i v a r i a t e r e s u l t s n e c e s s i t a t e s 
a m u l t i v a r i a t e approach to i d e n t i f y g e n e r a l 
s i t u a t i o n s " 

(Dennis 1977*344) 

D i s s a t i s f a c t i o n w i t h the u n i v a r i a t e approach, however, 

i s not new i n p h y s i c a l anthropology. I n f a c t i t was the 

r e c o g n i t i o n of i t s l i m i t a t i o n s which provided the s t i m u l u s f o r 

the development of m u l t i v a r i a t e measures of a s s o c i a t i o n . The f i r s t 

such s t a t i s t i c was de v i s e d as e a r l y at 1909 by Czekanowski 

(Constandse-Westermann 1972:23). U n t i l the advent of e l e c t r o n i c 

computers, however, m u l t i v a r i a t e a n a l y s i s was too l a b o r i o u s to 

c a l c u l a t e f or i t to be p r a c t i c a l f o r human b i o l o g i s t s engaged i n 

s i z e a b l e r e g i o n a l s u r v e y s . The emphasis on u n i v a r i a t e a n a l y s i s 

t h a t has p e r s i s t e d u n t i l r e c e n t l y , t h e r e f o r e , can be seen not so 

much as a testimony to i t s i n t r i n s i c v a l u e , but as a pragmatic 

response to the f a c t t h a t the d e s i r a b l e m u l t i v a r i a t e approaches 

were too d i f f i c u l t to implement i n most r e s e a r c h p r o j e c t s . 

Consequently the aims of most m u l t i v a r i a t e a n a l y s e s i n the e a r l y 

post-war pe r i o d were d i r e c t e d more towards the t e s t i n g of 

techniques than the p u r s u i t of b i o l o g i c a l d i s c o v e r y (e.g. Mahalonobis 

et a l . 1949; Trevor 1950). 

Now t h a t the wide a v a i l a b i l i t y of computers has rendered 

i t p r a c t i c a l to apply s o p h i s t i c a t e d m u l t i v a r i a t e techniques to 

the a n a l y s i s of human b i o l o g i c a l d i f f e r e n t i a t i o n , l e a d i n g p h y s i c a l 

a n t h r o p o l o g i s t s have been adopting such techniques with enthusiasm 

(se e e.g. J a r d i n e 1971; the authors i n Weiner and Huizinga 1972; 

Howells 1973; Rightmire 1970; and i n the f i e l d of dermatoglyphics 

Coope 1971; Dennis 1977* Wil l i a m s 1979). In s p i t e of t h i s , 



however, th e r e remains some doubt whether such e n t h u s i a s t i c 

advocation of the m u l t i v a r i a t e approach at the expense of the 

conventional u n i v a r i a t e one, i s i n the best i n t e r e s t of the 

s u b j e c t . As Kowalski remarks: 

"There does e x i s t another s i d e of the s t o r y , and 
that much r e s e a r c h needs to be done before 
m u l t i v a r i a t e a n a l y s i s can f u l f i l l the promise i t 
holds f o r p h y s i c a l a n t h r o p o l o g i s t s . " 

(Kowalski 1972:119) 

I n view of Kowalski's comments i t i s necessary to 

e v a l u a t e how f a r the m u l t i v a r i a t e approach i s s u c c e s s f u l i n 

s i m p l i f y i n g and d e s c r i b i n g p a t t e r n s of d i f f e r e n t i a t i o n between 

human populations, and i n making the i n t e r p r e t a t i o n of r e s u l t s 

more o b j e c t i v e . T h i s i s s u e i s best approached by examining some 

of the disadvantages of u s i n g m u l t i v a r i a t e s t a t i s t i c s . 

3.1.1 The a b i l i t y to i n t e r p r e t r e s u l t s from m u l t i v a r i a t e 
a n a l y s i s i n the l i g h t of sampling and other 
methodological i n a d e q u a c i e s . 

I n many human b i o l o g i c a l surveys i t i s l o g i s t i c a l l y 

d i f f i c u l t to procure l a r g e sample s i z e s with d e t a i l e d demographic 

information and complete data r e c o r d s . Moreover, there i s 

sometimes e r r o r i n the measurement of a t t r i b u t e s , e s p e c i a l l y i n 

the f i e l d of dermatoglyphics which i s beset with a m b i g u i t i e s i n 

procedure f o r data measurement and with complex r u l e s f o r the 

d e f i n i t i o n of p a t t e r n s and the counting of ridge s , which are 

d i f f i c u l t to s t r i n g e n t l y apply i n a l l c i r c u m s t a n c e s . The 

i n v e s t i g a t o r of human b i o l o g i c a l d i f f e r e n t i a t i o n can only ever 

hope to minimise sampling and methodological e r r o r s , never to 

e l i m i n a t e them a l t o g e t h e r . 



I n view of t h i s i t i s r e a l i s t i c during a n a l y s i s to 

expect approximate s o l u t i o n s , r a t h e r than p r e c i s e and optimimum 

ones. Unfortunately m u l t i v a r i a t e s t a t i s t i c s are s o p h i s t i c a t e d 

t o o l s that provide extremely p r e c i s e s o l u t i o n s . Of course, t h i s 

i s a l s o a c h a r a c t e r i s t i c of u n i v a r i a t e s t a t i s t i c s too. For 

example, means can be measured to an accuracy of many decimal 

p l a c e s . What d i f f e r e n t i a t e s the two types of s t a t i s t i c s i s 

t h e i r comparative a b i l i t y to take i n t o account the approximate 

nature of the s u b j e c t matter. 

To begin w i t h u n i v a r i a t e s t a t i s t i c s have h i g h l y 

developed and w e l l - t e s t e d methods of measuring standard e r r o r s 

and a s s e s s i n g s i g n i f i c a n c e . I n c o n t r a s t the development of such 

measures i s s t i l l at a p i o n e e r i n g stage f o r many m u l t i v a r i a t e 

s t a t i s t i c s , p a r t i c u l a r l y f o r the m a j o r i t y of d i s t a n c e measures 

that are so Important f o r p h y s i c a l a n t h r o p o l o g i s t s . Even where 

they are developed to a s a t i s f a c t o r y extent such as i n d i s c r i m i n a n t 
2 

f u n c t i o n a n a l y s i s , m u l t i p l e r e g r e s s i o n and Mahalonobis 1s D , 

they are o f t e n not implemented i n computer packages, or implemented 

i n a format not q u i t e s u i t a b l e f o r the s p e c i f i c requirements of 

the problem i n hand. 

Secondly, and perhaps more s e r i o u s , i s the f a c t t h a t 

whereas u n i v a r i a t e s t a t i s t i c s are w e l l known to be " r c b u s t " ( B l a l o c k 

1960), many m u l t i v a r i a t e procedures, e s p e c i a l l y the more 

s o p h i s t i c a t e d v a r i e t i e s - such as d i s c r i m i n a n t f u n c t i o n a n a l y s i s , 

operate under s t r i c t assumptions where i n s u f f i c i e n t i s known about 

the consequence of f a i l i n g to meet them (se e Kowalski 1972:127). 

The r e a l v a l u e of s o l u t i o n s d e r i v e d from the a p p l i c a t i o n of such 

s t a t i s t i c s can never be p r e c i s e l y a s s e s s e d , as we are not sure 



of (a) the extent of the f a i l u r e to meet the assumptions and 

(b) the extent of d i s t o r t i o n r e f l e c t e d i n the s o l u t i o n . 

3.1.2 Choice and o b j e c t i v i t y i n the use of m u l t i v a r i a t e 
s t a t i s t i c s . 

One of the apparent advantages of m u l t i v a r i a t e a n a l y s i s 

i s the great c h o i c e of techniques a v a i l a b l e to measure and a n a l y s e 

v a r i a t i o n . T h e o r e t i c a l l y there i s a technique to c a t e r for the 

p r e c i s e needs of almost every p a r t i c u l a r aspect of a n a l y s i s . I n 

p r a c t i c e , however, the a v a i l a b i l i t y of a wide cho i c e of techniques 

i s a d i s t i n c t disadvantage, as t h e r e i s no u n i v e r s a l l y recognised 

method of d e c i d i n g which of a l a r g e range of p o s s i b l e s o l u t i o n s 

i s the most c o r r e c t . 

The range of p o s s i b l e s o l u t i o n s i s l a r g e i n whatever 

m u l t i v a r i a t e approach i s adopted. I f a f a c t o r or p r i n c i p a l 

components a n a l y s i s i s pursued, there i s the i n i t i a l problem of 

d e c i d i n g which of a wide cho i c e of b a s i c f a c t o r i n g techniques i s 

most ap p r o p r i a t e . There i s a l s o the problem of d e c i d i n g whether 

to r o t a t e the i n i t i a l s o l u t i o n , and i f so, what method of 

r o t a t i o n to use. I f d i s c r i m i n a n t f u n c t i o n a n a l y s i s i s being 

adopted, t h e r e i s a l s o a wide cho i c e of methods (see Nie et a l . 

1975, c h a p t e r s 24 and 23 f o r a d e t a i l e d l i s t i n g of c h o i c e s i n 

f a c t o r and d i s c r i m i n a n t a n a l y s i s ) . I n the a n a l y s i s of 

s t a t i s t i c a l d i s t a n c e between populations, c o n s i d e r a b l y d i f f e r e n t 

d e t a i l e d s o l u t i o n s can be obtained depending on which of many 

measures of s i m i l a r i t y or d i s s i m i l a r i t y i s used, whether or not 

a c l u s t e r i n g of o r d i n a t i o n s t r a t e g y i s used to a n a l y s e the 

d i s t a n c e matrix, which p a r t i c u l a r c l u s t e r i n g or o r d i n a t i o n 
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technique i s employed and, i n the case of o r d i n a t i o n , which and 
how many dimensions are considered to g r a p h i c a l l y d i s p l a y population 
p o i n t s i n space. F i n a l l y , compounding the whole area of c h o i c e , 
i s the q u e s t i o n of which v a r i a b l e s to i n c l u d e i n an a n a l y s i s . 
A comprehensive m u l t i v a r i a t e a n a l y s i s repeated f o r d i f f e r e n t 
combinations of v a r i a b l e s could produce a s t a g g e r i n g number of 
d i f f e r e n t s o l u t i o n s . 

There are two ways of overcoming the problem of c h o i c e . 

The f i r s t i s to c l e a r l y focus the b a s i c alms of the i n v e s t i g a t i o n 

and the second i s to decide from c l o s e f a m i l i a r i t y w i t h , and 

experience of the mathematical nature of the techniques and the 

inherent q u a l i t i e s and flaws i n the data, which technique or group 

of techniques i s the most appropriate. Unfortunately people 

t r a i n e d i n the b i o l o g i c a l s c i e n c e s seldom have the necessary 

mathematical background to o b j e c t i v e l y e v a l u a t e the t e c h n i c a l 

m e rits of m u l t i v a r i a t e techniques and, even i f they do, there i s 

no m u l t i v a r i a t e technique without some disadvantage. To take f u l l 

advantage of m u l t i v a r i a t e a n a l y s i s i t i s e s s e n t i a l to choose 

techniques where the disadvantage i n one i s o f f s e t by advantages 

i n another. Even then we are s t i l l o ften l e f t with the task of 

d e c i d i n g which one of s e v e r a l s o l u t i o n s i s the b e s t . 

Unless very c a r e f u l l y handled, t h e r e f o r e , the m u l t i v a r i a t e 

a n a l y s i s of human b i o l o g i c a l d i f f e r e n t i a t i o n can produce so much 

d e s c r i p t i v e information - a multitude of v a r i a t i o n s on a theme -

th a t i t can become even more lengthy and l a b o r i o u s to r e p o r t 

than u n i v a r i a t e f i n d i n g s . Moreover, the i n t e r p r e t a t i o n of a 

whole s e r i e s of p o s s i b l e s o l u t i o n s can r a p i d l y degenerate to a 

l e v e l of s u b j e c t i v i t y transcending even that normally a s s o c i a t e d 

with the e v a l u a t i o n of u n i v a r i a t e r e s u l t s . 
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3.1.3 M u l t i v a r i a t e a n a l y s i s s i m p l i f i e s p a t t e r n s of d i f f e r e n t i a t i o n 

M u l t i v a r i a t e techniques have the apparent property of 

being able to c l a r i f y and s i m p l i f y the complex web of i n t e r 

r e l a t i o n s h i p s between o p e r a t i o n a l taxonomic u n i t s (OTUs) t h a t 

r e s u l t from u n i v a r i a t e a n a l y s i s , and t h i s i s one of the main 

reasons why they are being i n c r e a s i n g l y employed i n p h y s i c a l 

anthropology and human b i o l o g y . C l i f f o r d and Stephenson, however, 

make the important p o i n t t h a t what such techniques r e a l l y do i s 

not so much s i m p l i f y r e l a t i o n s h i p s , but condense them-. 

" I t i s very tempting to assume th a t j u s t because 
o r d i n a t i o n reduces the space i n which the data 
are to be presented, the system has been s i m p l i f i e d . 
T h i s i s f a r from being t r u e , f o r w h i l e the space 
has been reduced, the complexity of the axes has 
been i n c r e a s e d . I t i s as i f one has moved the 
problem from one of the understanding of a complex 
space defined by many simple v a r i a b l e s , to a 
simple space defined by s e v e r a l complex v a r i a b l e s . " 

( C l i f f o r d and Stephenson, 1975:389). 

Although i n t h i s i n s t a n c e the above authors were mainly concerned 

with o r d i n a t i o n , t h e i r point i s e q u a l l y v a l i d f o r other types of 

m u l t i v a r i a t e procedures, p a r t i c u l a r l y f a c t o r and d i s c r i m i n a n t 

f u n c t i o n a n a l y s i s . 

I f the aims of p h y s i c a l a n t h r o p o l o g i s t s when a n a l y s i n g 

human b i o l o g i c a l d i f f e r e n t i a t i o n were confined purely to the 

o b j e c t i v e d e s c r i p t i o n of o v e r a l l i n t e r - r e l a t i o n s h i p s between 

populations, the process of condensing simple v a r i a b l e s to fewer 

complex ones would be j u s t a by-product l e a d i n g to the d e s i r e d end 

r e s u l t . I n t e r - p o p u l a t i o n r e l a t i o n s h i p s , however, need to be 

i n t e r p r e t e d and explained i n terms of e v o l u t i o n a r y p r o c e s s e s 

th a t have caused the observed d i f f e r e n t i a t i o n . Such i n t e r p r e t a t i o n 

would be d i f f i c u l t without some understanding of the c h a r a c t e r i s t i c s 



of m u l t i v a r i a t e condensed space, and t h i s understanding can only 

be achieved by e x p l o r i n g the r e l a t i o n s h i p between m u l t i v a r i a t e 

v a r i a t i o n and the v a r i a t i o n of the u n i v a r i a t e a t t r i b u t e s on which 

the m u l t i v a r i a t e a n a l y s i s i s based. Consequently a u n i v a r i a t e 

a n a l y s i s i s an e s s e n t i a l prelude to the types of m u l t i v a r i a t e 

a n a l y s i s engaged i n by p h y s i c a l a n t h r o p o l o g i s t s . 

3.1.4 Towards a new approach to the d e s c r i p t i o n of human 
b i o l o g i c a l d i f f e r e n t i a t i o n . 

I conclude from the preceding d i s c u s s i o n t h a t n e i t h e r 

the conventional u n i v a r i a t e approach nor the m u l t i v a r i a t e approach 

th a t i s i n c r e a s i n g l y supplanting i t , i s without fundamental 

disadvantages when app l i e d to d e s c r i b i n g and a n a l y s i n g survey data 

of human d i f f e r e n t i a t i o n . Both approaches, as I have t r i e d to 

show, can produce pages of l a b o r i o u s d e s c r i p t i o n and the 

i n t e r p r e t a t i o n i s not n e c e s s a r i l y made more s u b j e c t i v e by the 

a p p l i c a t i o n of more s o p h i s t i c a t e d techniques. What then i s wrong 

A c l u e to where the b a s i c t r o u b l e l i e s i s provided by 

Howells, when he bemoans the f a c t t h a t i n p h y s i c a l anthropology 

"we gather data f i r s t and ask quest i o n s a f t e r w a r d s , 
an o l d a n t h r o p o l o g i c a l h a b i t learned from j u s t l y 
r e v ered masters, who adopted i t because of the rush 
of e t h n i c and ethnographic change. Our p u b l i c a t i o n s 
are apt to c o n s i s t of a re p o r t of the data, followed 
by a d i s c u s s i o n s e c t i o n i n which e v o l u t i o n a r y f a c t o r s 
are browsed upon and ruminated, but are not or 
cannot be submitted to t e s t " 

(Howells 1966:531) 

The i m p l i c a t i o n s from Howell's statements i s that there 

must be some preconceived d i r e c t i o n which can produce meaningful 

r e s u l t s , both at t h e e a r l y design s t a g e s of a survey and i n the 

a n a l y s i s of the data t h a t emerges, A s i m i l a r i m p l i c a t i o n i s a l s o 
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inherent I n Kowalski's concluding remarks concerning which of the 

two approaches, u n i v a r i a t e or m u l t i v a r i a t e , i s most appropriate 

for p h y s i c a l a n t h r o p o l o g i c a l a n a l y s i s : 

" i n the f i n a l a n a l y s i s the d e c i s i o n of which approach 
to use i n a given s i t u a t i o n r e s t s with the i n d i v i d u a l 
i n v e s t i g a t o r . I n my view t h e r e i s a case to be made 
fo r u s i n g BOTH u n i v a r i a t e and m u l t i v a r i a t e a n a l y s e s ... 
We should never l o s e s i g h t of the f a c t t h a t s t a t i s t i c s 
i s a t o o l , and i t seems wise to choose the p a r t i c u l a r 
t o o l s or t o o l which are best s u i t e d to the job i n hand. 
Nobody questi o n s the use of m u l t i v a r i a t e techniques 
when they add something to the r e s u l t s of s i m p l e r 
a n a l y s e s , but everybody should q u e s t i o n t h e i r use when 
they impede communication among a n t h r o p o l o g i s t s and 
focus a t t e n t i o n on mathematical a r t e f a c t s i n s t e a d of 
b i o l o g i c a l t r u t h s . " 

(Kowalski, 1972:128) 

The debate, t h e r e f o r e , b o i l s down to an old and 

d i f f i c u l t problem regarding survey a n a l y s i s . I f the i n v e s t i g a t o r 

f o l l o w s the survey approach, he i s concerned with a purpose of 

d i s c o v e r y . He i s t h e r e to f i n d out what i s p r e v i o u s l y unknown. 

I n t h i s approach i t i s the " f a c t s " , the "data" t h a t are of 

c e n t r a l importance, and the p r i n c i p a l t a s k i s how to d e s c r i b e 

the " f a c t s " . Once the data have been d e s c r i b e d , advocates of 

t h i s approach would say t h a t the r e s u l t s themselves w i l l suggest 

promising avenues of i n v e s t i g a t i o n , and to embark on a survey with 

pre-conceived notions of what i s to be di s c o v e r e d i s not only 

narrow-minded, but i s l i k e l y to i n h i b i t and p r e j u d i c e the nature 

and e x p l a n a t i o n of novel d i s c o v e r i e s . E x p l a n a t i o n , t h e r e f o r e , 

must f o l l o w a f t e r the f a c t s have been presented. 

I n c o n t r a s t to t h i s i s the s c i e n t i f i c p r a c t i c e of 

c l e a r l y f ormulating the nature of the problem before the study 

i s designed. I n t h i s approach the c o l l e c t i o n of the data i s 
t o t a l l y c o n d i t i o n a l on the requirements of t e s t i n g the pre-formulated 



question or q u e s t i o n s . S c i e n t i s t s advocating t h i s l i n e of t h i n k i 

would argue t h a t d e s c r i p t i o n of data i s i n i t s e l f u n f r u i t f u l , 

u n l e s s f i r m l y d i r e c t e d towards some t e s t a b l e aim. Even i f 

hypotheses can be app l i e d f o l l o w i n g the process of d e s c r i p t i o n , 

i t i s u n l i k e l y that data gathered with no s p e c i f i c purpose w i l l 

be coherent or complete enough to t e s t such ad hoc hypotheses. 

As I have shown, a u t h o r i t i e s such as Howells and 

Kowalski are advocating a s h i f t of d i r e c t i o n from the open "survey 

approach to the a n a l y s i s of human b i o l o g i c a l d i f f e r e n t i a t i o n , to 

one determined more by pre-formulated b i o l o g i c a l q u e s t i o n s . 

N e v e r t h e l e s s , I do not th i n k t h a t they would be prepared to go 

so f a r as to espouse the in h e r e n t r i g i d i t i e s of the "hyp o t h e s i s " 

approach. I n e f f e c t , the r e a l i s s u e i s to f i n d a middle ground 

where an i n v e s t i g a t o r ceases to enter a survey with only the most 

g e n e r a l e x p e c t a t i o n s of what he ought to find but one where, at 

the same time, the d i r e c t i o n s and aims of the survey are not so 

r i g i d as to p r e j u d i c e or ignore the importance of unexpected and 

new d i s c o v e r i e s ( i n t h a t they may not be s t r i c t l y r e l e v a n t to 

the i n v e s t i g a t i o n of the pre-determined q u e s t i o n s under t e s t ) . 

J u s t i f y i n g and r e c o n c i l i n g t h ese apparently opposed 

approaches can only be achieved by re-examining one of the most 

b a s i c q u e s t i o n s i n p h y s i c a l anthropology and human biology. 

What i n f a c t i s the purpose of study i n g human b i o l o g i c a l 

d i f f e r e n t i a t i o n ? In t h i s regard few human b i o l o g i s t s would 

d i s a g r e e with J a r d i n e when he s t a t e s t h a t : 

"One of the main goals of the study of p h y s i c a l 
d i v e r s i t y , both i n human l o c a l populations and of 
other s p e c i e s i s the d i s c o v e r y of ways i n which the 
i n t e r a c t i o n of h i s t o r i c a l , e c o l o g i c a l and geographical 
f a c t o r s have determined the observed p a t t e r n s of 
d i f f e r e n t i a t i o n . " 

( J a r d i n e 1971:1) 



I n pursuing these g o a l s , human b i o l o g i s t s have tended 

to pursue three kinds of e m p i r i c a l approach: 

A) The "demonstration" approach i n which the main aim i s 

to demonstrate the operation of fundamental g e n e t i c and e v o l u t i o n 

p r o c e s s e s a c t i n g on human populations, by asking such questions 

as: "Does g e n e t i c d r i f t operate on human beings? I f so, where 

and how can I t e s t and demonstrate i t ? " Examples of t h i s type 

of study are those of Roberts on the ope r a t i o n of d r i f t and the 

" b o t t l e neck" e f f e c t i n T r i s t a n da Cunha (Roberts 1967) , or 

S i n i s c a l c o et a l . (1966), t e s t i n g the m a l a r i a l h y p o t h e s i s i n 

S a r d i n i a . T h i s type of e m p i r i c a l s t u d i e s are f i r m l y i n the 

t r a d i t i o n s of the " h y p o t h e s i s " s c i e n t i f i c p r a c t i c e of t e s t i n g 

pre-deterrained q u e s t i o n s . 

B) The second type i s the d e t a i l e d r e g i o n a l approach, i n 

which the aim i s to f i n d out the extent of b i o l o g i c a l 

d i f f e r e n t i a t i o n amongst the populations of a s p e c i f i c a l l y defined 

geographical r e g i o n , and to t r y and e x p l a i n how the observed 

v a r i a t i o n has occurred. Examples of t h i s type are Hiernaux's 

i n v e s t i g a t i o n of human d i f f e r e n t i a t i o n i n sub-Saharan A f r i c a , and 

the B r i t i s h I s l e s t u d i e s of Sunderland and h i s c o l l e a g u e s i n 

Durham. Such s t u d i e s are i n the t r a d i t i o n of the "survey" 

approach, c h a r a c t e r i s e d by an emphasis on data c o l l e c t i o n and 

d e s c r i p t i o n . 

C) The l a s t type ,the l e a s t s y s t e m a t i c , i s the "hopefully 

u s e f u l " data c o l l e c t i o n approach, i n which data i s c o l l e c t e d i n 

the hope th a t i t might prove u s e f u l some day to some other 

i n v e s t i g a t o r . The c o l l e c t i o n of data i n t h i s way can be u s e f u l 

f o r people i n v e s t i g a t i n g i s s u e s i n a comparative manner. For 



example the s t u d i e s on i n t e r m i x t u r e i n the Americas (s e e Morris 

1972, Chapter v i ) r e l y s i g n i f i c a n t l y on comparative West A f r i c a n 

m a t e r i a l , often c o l l e c t e d by people with the above aim i n mind. 

The growing disenchantment with the data g a t h e r i n g 

and d e s c r i p t i v e approach i n p h y s i c a l anthropology can consequently 

be viewed from two p o i n t s of view. F i r s t l y , we could complain 

t h a t there has not been enough emphasis on s e r i o u s l y t a c k l i n g the 

c h a l l e n g e s of demonstrating fundamental b i o l o g i c a l t e n e t s (not 

enough s t u d i e s of the "demonstration" e m p i r i c a l t y p e ) . Secondly, 

we could postuate that the conventional way of t a c k l i n g r e g i o n a l 

s t u d i e s has been inadequate and approached i n too vague a manner. 

I t i s not c l e a r from the d i s s a t i s f a c t i o n of Howells and Kowalski 

which of these two areas of c r i t i c i s m they have i n mind. For 

the purpose of the present study however, i t i s the second t h a t i s 

of o v e r r i d i n g importance. 

When embarking on a r e g i o n a l b i o l o g i c a l study, the 

i n v e s t i g a t o r u s u a l l y knows nothing about the d i f f e r e n t i a t i o n f o r 

those a t t r i b u t e s he i s going to measure and c o l l e c t . I t i s 

thus n a t u r a l f o r him or her to regard the survey as d i s c o v e r y , 

and to o r i e n t a t e the a n a l y s i s and r e p o r t around the d e s c r i p t i o n 

of the data c o l l e c t e d . Where a fundamental mistake can be made, 

however, i s to f a i l to examine the assumptions which underly the 

c o l l e c t i o n and a n a l y s i s of the data. I n a c t u a l f a c t , an 

i n v e s t i g a t o r undertaking a human b i o l o g i c a l survey assumes a great 

d e a l about the nature of the v a r i a t i o n to be d i s c o v e r e d i n the area 

of i n t e r e s t even before the study i s begun, T h i s p r i o r knowledge 

i s the h e r i t a g e of the t h e o r e t i c a l and e m p i r i c a l experience of the 
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d i s c i p l i n e of human biol o g y . Consequently, before the study 

commences the i n v e s t i g a t o r knows th a t (a) there w i l l be b i o l o g i c a l 

v a r i a t i o n i n the regi o n , that no two i n d i v i d u a l s and no two populations 

w i l l be i d e n t i c a l i n t h e i r g e n e t i c and phenetic c o n s t i t u t i o n ; 

(b) t h a t the d i s p l a y e d v a r i a t i o n can be expl a i n e d i n terms of a 

f i n i t e number of f a c t o r s , e v o l u t i o n a r y and g e n e t i c as w e l l as 

environmental and methodological; and ( c ) th a t the people i n the 

reg i o n are not s p a t i a l l y and s o c i a l l y independent u n i t s , but 

tend to c l u s t e r i n t o aggregates t h a t c o n d l t i o n the nature of mating 

p a t t e r n s and form the b a s i s of b i o l o g i c a l populations t h a t can be 

sampled and analysed. What the i n v e s t i g a t o r does not know i s 

the p r e c i s e nature of the v a r i a t i o n , the p r e c i s e i d e n t i t y and 

combination of f a c t o r s t h a t e x p l a i n the v a r i a t i o n , and the p r e c i s e 

composition and b i o l o g i c a l c h a r a c t e r i s t i c s of the b i o l o g i c a l 

populations. 

Without a n a l y s i n g the u n d e r l y i n g framework of t h i s 

assumed knowledge, the i n v e s t i g a t o r i s i n danger of succumbing to 

vague and o v e r - d e t a i l e d d e s c r i p t i o n . I n answering the question 

"What i s the nature of the observed v a r i a t i o n , t h e r e i s a r i s k 

of i n t e r p r e t i n g the v a r i a t i o n i n terms of very d e t a i l e d i n t e r -

sample r e l a t i o n s h i p s - f o r example f o r t r a i t A, Unit X i s c l o s e r 

to Unit Y than Unit Z, or i n a m u l t i v a r i a t e context, " o v e r a l l " Unit 

Y i s c l o s e r to Unit X than i s Unit Z. There i s an u n d e r l y i n g 

lack of purpose. D e s c r i b i n g d e t a i l e d r e l a t i o n s h i p s i n t h i s way 

i s l i k e t r y i n g to d i s c o v e r the shape of a house j u s t by counting 

and r e l a t i n g i n d i v i d u a l b r i c k s . 

By a n a l y s i n g the underlying assumptions of the e x c e r c i s e , 

however, d e s c r i p t i o n ceases to l a c k purpose. In a n a l y s i n g the nature 
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of v a r i a t i o n we are no longer t h i n k i n g i n terras of d e t a i l e d i n t e r 

r e l a t i o n s h i p s between sampled populations i n the study a r e a , but 

i n terms of ex p e c t a t i o n s conditioned by previous experience i n 

the s u b j e c t . For example i n s t u d y i n g a region i n A f r i c a we 

could say th a t previous b i o l o g i c a l s t u d i e s of " t r i b a l s o c i e t i e s " 

i n A f r i c a show th a t v a r i a t i o n i s of a type t h a t does not show 

c l u s t e r i n g of popula t i o n s , and th a t e c o l o g i c a l f a c t o r s are 

important explananda f o r the v a r i a t i o n , whereas inbreeding and 

d r i f t a re not. I s t h i s a l s o t r u e of our present study a r e a . 

I n other words the emphasis changed from looking at v a r i a t i o n on 

a s e r i e s of d e s c r i b e d i n t e r - p o p u l a t i o n r e l a t i o n s h i p s , to one of 

see i n g how f a r observed PATTERNS of v a r i a t i o n f i t expected models 

and TYPES of v a r i a t i o n as formulated from previous s t u d i e s of s i m i l a r 

a r e a s . The emphasis has switched from the study of elements to a 

study of s t r u c t u r e . 

3.2 Types of human b i o l o g i c a l d i f f e r e n t i a t i o n 

3.2.1 Major types of b i o l o g i c a l d i f f e r e n t i a t i o n 

The b i o l o g i c a l d i f f e r e n t i a t i o n e x h i b i t e d by populations 

( e i t h e r w i t h i n or between s p e c i e s ) i n any region i s always unique. 

N e v e r t h e l e s s , the experience of numerical taxonomists i n zoology 

and botany has shown th a t p a t t e r n s can be d i s c e r n e d i n a l l b i o l o g i c a l 

d i f f e r e n t i a t i o n , and that these p a t t e r n s conform to a l i m i t e d number 

of d e f i n a b l e types. The i d e n t i f i c a t i o n of which type or types 

of d i f f e r e n t i a t i o n apply to an predominate i n the observed 

d i f f e r e n t i a t i o n of any study region not only helps to d e s c r i b e the 

d i f f e r e n t i a t i o n , but a l s o provides powerful c l u e s as to the f a c t o r s 

accounting f o r the observed d i f f e r e n t i a t i o n , and helps pave the 



way for a more i n t e n s i v e i n v e s t i g a t i o n of s p e c i f i c c a u s a t i v e 

agents. 

There are b a s i c a l l y two main c a t e g o r i e s of b i o l o g i c a l 

d i f f e r e n t i a t i o n t h a t i s d i s t i n g u i s h e d by taxonomists. The f i r s t 

category i s when p a t t e r n s of r e l a t i o n s h i p between populations 

produce h i g h l y d i s t i n c t i v e c l u s t e r s or marked g r a d i e n t s between 

c l u s t e r groups. The r e l a t i o n s h i p between population c l u s t e r s , 

moreover, can e i t h e r by phylogenetic and h i e r a r c h i c a l , w i t h the 

c l o s e s t r e l a t i o n s h i p s being between populations which have only 

r e c e n t l y diverged i n time and space from a common ancestor; or 

c l u s t e r e d but n o n ^ h i e r a r c h i c a l where c l o s e resemblance i s 

determined by the a c t i o n of s i m i l a r s e l e c t i v e f o r c e s on the gene 

pools. The second category i s where p a t t e r n s of v a r i a t i o n are 

n e i t h e r c l u s t e r e d , c l i n a l or h i e r a r c h i c a l i n s t r u c t u r e . I n s t e a d , 

the r e l a t i o n s h i p s between populations resembles a network or web 

of quasi-random l i n k s between p o p u l a t i o n s . T h i s second c a t e g o r i a l 

type i s c a l l e d "mosaic e v o l u t i o n " by J a r d i n e and Sibson, and i s 

defined by them as: 

"a p a t t e r n of e v o l u t i o n i n which r a t e s of 
divergence of populations w i t h r e s p e c t to 
d i f f e r e n t a t t r i b u t e s or complexes of a t t r i b u t e s 
d i f f e r w i d e l y " 

( J a r d i n e and Sibson 1971:272) 

J a r d i n e and Sibson a s s o c i a t e the f i r s t category of 

v a r i a t i o n types w i t h the d i f f e r e n t i a t i o n found when s p e c i e s or 

l a r g e r s c a l e taxonoraic groupings (genera, f a m i l i e s e t c . ) are 

compared. The second category of types i s u s u a l l y to be 

observed when populations w i t h i n s p e c i e s are b i o l o g i c a l l y 

i n v e s t i g a t e d and c o n t r a s t e d ( J a r d i n e and Sibson 1971:272). I t i s 
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important to r e a l i s e , however, th a t the a s s o c i a t i o n of d i s c r e t e 
c l u s t e r s and marked c l i n e s with i n t e r - s p e c i f i c or s u p r a - s p e c i f i c 
e v o l u t i o n , and of "mosaic" d i f f e r e n t i a t i o n with i n t r a - s p e c i f i c 
e v o l u t i o n , r e f e r s to p a t t e r n s of d i f f e r e n t i a t i o n between whole 
gene pools, not between s p e c i f i c a t t r i b u t e s or groups of 
a t t r i b u t e s . Marked c l u s t e r s and c l i n e s f o r example, can of t e n 
be detected between i n t r a - s p e c i f i c populations f o r s p e c i f i c 
a t t r i b u t e s . These c l i n e s and c l u s t e r s , however, w i l l tend to 
disappear once m u l t i v a r i a t e comparison i s undertaken based on a 
wide range of phenetic and g e n e t i c c h a r a c t e r s . 

The reason f o r the absence of m u l t i v a r i a t e c l u s t e r s 

and c l i n e s i n i n t r a - s p e c i f i c v a r i a t i o n i s due to the f a c t that 

d i f f e r e n t i a t i o n between i n t r a - s p e c i f i c populations i s u s u a l l y 

c h a r a c t e r i s e d by "discordant v a r i a t i o n " , d e f i n e d by J a r d i n e and 

Sibson as 

"a p a t t e r n of v a r i a t i o n i n which the r e l a t i v e 
e x t e n t s which populations are d i f f e r e n t i a t e d do 
not c o i n c i d e f o r d i f f e r e n t s e t s of a t t r i b u t e s " 

( J a r d i n e and Sibson 1971:268) 

Where di s c o r d a n t v a r i a t i o n p e r t a i n s the r e l a t i v e s i m i l a r i t y between 

populations and the ranking of i n t e r - p o p u l a t i o n d i s t a n c e s w i l l 

change d r a m a t i c a l l y from one a t t r i b u t e to another. The combining 

of d i f f e r e n t a t t r i b u t e s through m u l t i v a r i a t e a n a l y s i s w i l l thus 

r e s u l t i n an averaging out of i n t e r - p o p u l a t i o n d i s t a n c e s on 

p a r t i c u l a r a t t r i b u t e s , and i n a complex m o s a i c - l i k e c o n f i g u r a t i o n 

of population p o i n t s i n mul t i d i m e n s i o n a l space (Hiernaux 1972:106). 

Where concordant v a r i a t i o n i s i n evidence, however, the 

r e l a t i v e rankings of i n t e r - p o p u l a t i o n d i s t a n c e s w i l l be preserved 

from one a t t r i b u t e to another. S i m i l a r and d i s s i m i l a r populations 
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on one a t t r i b u t e w i l l a l s o be r e s p e c t i v e l y s i m i l a r or d i s s i m i l a r 
on a m a j o r i t y of other a t t r i b u t e s . T h i s w i l l n a t u r a l l y r e s u l t 
i n d i s c r e t e c l u s t e r s of c l o s e l y r e l a t e d p o p u l a t i o n s , with c l u s t e r s 
i n t e r - r e l a t e d at v a r i o u s l e v e l s of a f f i n i t y . 

Between complete discordance and complete concordance 

there e x i s t s a m u l t i p l i c i t y of p o s s i b l e s i t u a t i o n s . For 

i n s t a n c e , where concordance i s a p p r e c i a b l e but f a r from complete 

i t i s p o s s i b l e to get what J a r d i n e (1971) c a l l s "overlapping 

c l u s t e r s " . Here the "mosaic" of population p o i n t s c o n t a i n s 

denser c o n c e n t r a t i o n s of points which are not completely 

d i s t i n g u i s h e d from other c o n c e n t r a t i o n s . I n other words there 

i s overlap between the extreme populations of r e l a t e d c l u s t e r s . 

The a n a l y s i s of r e l a t i v e discordance, t h e r e f o r e , i s 

a c e n t r a l aspect of any i n v e s t i g a t i o n of b i o l o g i c a l d i f f e r e n t i a t i o n . 

I t can t e l l the i n v e s t i g a t o r i n the f i r s t i n s t a n c e whether the 

v a r i a t i o n c o ntains d i s c r e t e c l u s t e r s , or i s mosaic i n s t r u c t u r e . 

T h i s i n turn narrows down app r e c i a b l y the s p e c i f i c types of 

v a r i a t i o n he should i n v e s t i g a t e to shed some l i g h t on the 

probable e v o l u t i o n a r y causes of the observed d i f f e r e n t i a t i o n . 

These p o s s i b i l i t i e s are d i s c u s s e d i n d e t a i l below. 

3.2.2.1 Sub-types of concordant v a r i a t i o n 

In the above d i s c u s s i o n I have equated concordant 

v a r i a t i o n with a c l u s t e r e d s t r u c t u r e . T h i s , however, i s not 

always so. Concordant v a r i a t i o n w i l l produce d i s c r e t e c l u s t e r s 

when d i f f e r e n t i a t i o n i s c o n s i d e r a b l e and n a t u r a l "breaks" occur 

i n the continuum of the ordering of the d i f f e r e n t i a t i o n . Where 

the ordering i s a g e n t l e continuum, the v a r i a t i o n w i l l be c l i n a l 
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r a t h e r than c l u s t e r e d . F i n a l l y t h e r e i s a f u r t h e r type of 

concordant v a r i a t i o n which a c t u a l l y shows up as d i s c o r d a n t . T h i s 

i s when the samples are d i f f e r e n t i a t e d so l i t t l e that the v a r i a t i o n 

i s almost c e r t a i n l y due to chance; i n other words where homogeneity 

i s observed. 

The v a l i d i t y of these statments can be shown by 

a n a l y s i n g the content of Table 3.1, where the t h r e e types of 

s i t u a t i o n are i l l u s t r a t e d i n a very b a s i c way. I n s e c t i o n (a) 

the nine populations show complete concordance f o r three 

a t t r i b u t e s . The breaks i n the continuum allow the discernment 

of three d i s t i n c t c l u s t e r s . I n s e c t i o n (b) the nine populations 

a l s o show complete concordance, but there are no n a t u r a l breaks. 

The v a r i a t i o n i s thus c l i n a l i n n a t u r e . In s e c t i o n ( c ) the 

three a t t r i b u t e s show c o n s i d e r a b l e d i s c o r d a n c e . The magnitude 

of the d i f f e r e n c e s , however, are so small as to i n d i c a t e 

homogeneity. 

I n s t u d y i n g human i n t r a - s p e c i f i c b i o l o g i c a l d i f f e r e n t i a t i o n 

however, the l i k e l i h o o d of f i n d i n g complete concordance i s remote. 

I t i s p o s s i b l e , n e v e r t h e l e s s , to f i n d high concordance i n the 

observed b i o l o g i c a l v a r i a t i o n of some r e g i o n s . Where t h i s i s 

shown, we would expect the v a r i a t i o n to resemble i n general terms 

one of the above sub-types, or to show c h a r a c t e r i s t i c s of a 

combination of the t h r e e . The demonstration of a high degree of 

concordance, moreover, g i v e s the i n v e s t i g a t o r an advantage i n that 

a s i t u a t i o n of high observed concordance i s very u n l i k e l y i f the 

u n d e r l y i n g c a u s a t i o n of the v a r i a t i o n i s not b i o l o g i c a l . I n 

other words, i f sampling and methodological f a c t o r s are s t r o n g i n 
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determining the observed v a r i a t i o n , the r e s u l t i n g s t r u c t u r e w i l l 
tend to be d i s c o r d a n t , The chances t h a t random e r r o r w i l l produce 
the same general o r d e r i n g of populations for a range of a t t r i b u t e s 
i s i n f i n i t e s s i m a l . Consequently, i f strong concordance i n the form 
of a c l u s t e r e d or c l i n a l s t r u c t u r e i s demonstrated, the i n v e s t i g a t o r 
i s almost t o a l l y s a f e i n assuming that the observed s t r u c t u r e makes 
b i o l o g i c a l sense. The next s t e p , t h e r e f o r e , i s to conceive of 
the type of s i t u a t i o n s which might produce c l i n e s , c l u s t e r s and r i g i d 
homogeneity, 

3.2.2,1-1 Homogeneity 

Homogeneity occurs when the samples drawn from a region 

d i s p l a y no s t a t i s t i c a l l y s i g n i f i c a n t v a r i a t i o n given reasonable 

sample s i z e s . There are two p o s s i b l e e x p l a n a t i o n s for b i o l o g i c a l 

homogeneity; f i r s t l y t h a t the samples a l l r e p r e s e n t p a r t s of a 

s i n g l e b i o l o g i c a l population, or secondly t h a t they r e p r e s e n t s e v e r a l 

b i o l o g i c a l populations which (a) have only r e c e n t l y d i s p e r s e d and 

have had l i t t i e opportunity to s i g n i f i c a n t l y d i f f e r e n t i a t e or 

(b) which have c o - e x i s t e d i n c l o s e proximity f o r such a long time 

t h a t admixture/gene flow has e f f e c t i v e l y o b l i t e r a t e d any s i g n i f i c a n t 

v a r i a t i o n . Homogeneity i s obviously one of the f i r s t types of 

v a r i a t i o n to be t e s t e d . 

3.2,2.1.2 C l u s t e r i n g 

The most important c h a r a c t e r i s t i c of c l u s t e r i n g i s t h a t 

the b i o l o g i c a l d i f f e r e n c e s for populations between c l u s t e r s w i l l 

be much g r e a t e r than those w i t h i n c l u s t e r s . Concordance w i l l thus 
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be strong i n the o r d e r i n g of r e l a t i o n s h i p s i n d i f f e r e n t t r a i t s 

between populations or samples drawn from d i f f e r e n t c l u s t e r s , but 

i t i s not necessary f o r t h i s type of concordance to p e r t a i n 

between populations drawn from the same c l u s t e r . Within c l u s t e r s 

the dominant type of concordance can be homogenei ty, which, as I 

have demonstrated, can manifest i t s e l f as a s m a l l d i f f e r e n c e s of 

random c a u s a t i o n - d i s c o r d a n t i n c h a r a c t e r . The measurement of 

concordance i n a c l u s t e r e d s t r u c t u r e i s thus o f t e n both a 

q u a l i t a t i v e and q u a n t i t a t i v e e x c e r c i s e , i n which areas of homogeneous 

discordance ( i n r e a l i t y o v e r a l l concordance) are c o n t r a s t e d with 

strong "ordered" concordance between such a r e a s . The types of 

s i t u a t i o n s t h a t best f i t . t h i s type of s t r u c t u r e are when the 

v a r i a t i o n i s e i t h e r topotypic (geographical) e c o t y p i c or " e t h n o t y p i c " 

i n c h a r a c t e r , 

3.2.2,1.2.1 Topotypic or geographical v a r i a t i o n 

T h i s type of v a r i a t i o n i s c h a r a c t e r i s e d by r e l a t i v e 

homogeneity w i t h i n populations i n geographical r e g i o n s , and 

s i g n i f i c a n t v a r i a t i o n between such r e g i o n s . The dominant e v o l u t i o n a r y 

model which e x p l a i n s geographical v a r i a t i o n i s where any s i g n i f i c a n t 

v a r i a t i o n w i t h i n regions i s due to random d i f f e r e n t i a t i o n through 

the slow d i s p e r s a l of l o c a l populations over time. The f u r t h e r 

two populations are from each other, g e o g r a p h i c a l l y , the g r e a t e r 

i s the time i n t e r v a l between t h e i r d i s p e r s a l from a point of common 

o r i g i n , and thus the g r e a t e r i s the b i o l o g i c a l d i f f e r e n c e between 

them. 
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The c l u s t e r i n g of populations when topotypic v a r i a t i o n 

obtains should approximate c l o s e l y i n p a t t e r n to the true 

geographical l o c a t i o n s of the sampled p o p u l a t i o n s . 

The demonstration of t o p o t y p i c v a r i a t i o n depends to a 

l a r g e extent on being able to show that the a c t i o n of n a t u r a l 

s e l e c t i o n i n d i f f e r e n t i a t i n g populations i s minimal or uniform when 

compared with the e f f e c t s of random d r i f t . Geographical v a r i a t i o n 

can hence be expected to predominate when the nature of the study 

area i s r e l a t i v e l y homogeneous regarding c l i m a t e , topography, ecology 

and p a t t e r n s of s e t t l e m e n t s . The r e s e a r c h e r must a l s o be able to 

demonstrate t h a t p a t t e r n s of i n t e r - p o p u l a t i o n contact l e a d i n g to gene 

flow are r e l a t i v e l y s t a b l e and conform i n the main to a p a t t e r n of 

contact due to geographical proximity, r a t h e r than to u n s t a b l e 

p a t t e r n s of c o n t a c t such as sudden migration of groups i n t o g e o g r a p h i c a l l y 

d i s t a n t areas where r a p i d a s s i m i 1 a t i o n takes p l a c e . The occurrence 

of such d i s c o n t i n u o u s migration occurs i n most p a r t s of the world 

over time. The geographical model, however, can accommodate such 

events as long as they occur on a s m a l l s c a l e and are r e l a t i v e l y 

r a r e . F i n a l l y , i n order f o r g e o g r a p h i c a l c l u s t e r i n g to occur, 

p a t t e r n s of i n t e r - m i x t u r e must be i r r e g u l a r ; that i s to say, there 

must be g e n e t i c b a r r i e r s to mating to break up the continuum of 

overlapping r e g i o n a l micro-populations. Such g e n e t i c b a r r i e r s 

do not n e c e s s a r i l y mean a t o t a l absence of i n t e r - m a r r i a g e , but imply 

a s i g n i f i c a n t r e d u c t i o n of the i n c i d e n c e of such marriages. 

The e m p i r i c a l v e r i f i c a t i o n of the e x i s t e n c e of 

geographical v a r i a t i o n i n the human s p e c i e s i s perhaps most advanced 

i n the B r i t i s h I s l e s . Kopec's a n a l y s i s of the d i s t r i b u t i o n of 



16ii 

the ABO blood system i s a c l a s s i c e x p o s i t i o n of the p r i n c i p l e , 
although the l i m i t e d range of a t t r i b u t e s considered rendered the 
e x e r c i s e i n c o n c l u s i v e . ( K o p e c 1973 i n Roberts and Sunderland 1973), 
Kopec's c o n c l u s i o n s , however, were confirmed by a more ex h a u s t i v e 
m u l t i v a r i a t e a n a l y s i s by Sunderland and C a r twright (197 5), based 
on a much wider range of t r a i t s . 

3.2,2.1.2,2 E c o t y p i c v a r i a t i o n 

I n e c o t y p i c v a r i a t i o n the b i o l o g i c a l d i f f e r e n c e s between 

populations w i t h i n a p a r t i c u l a r e c o l o g i c a l zone are r e l a t i v e l y 

s i m i l a r compared w i t h those between populations drawn from d i f f e r e n t 

e c o l o g i c a l zones. I f s i g n i f i c a n t b a r r i e r s to mating e x i s t between 

such zones, a c l u s t e r e d s t r u c t u r e w i l l p e r t a i n . 

The o v e r a l l p a t t e r n of v a r i a t i o n e x h i b i t e d by e c o t y p i c 

v a r i a t i o n i s very s i m i l a r to t h a t manifest by t o p o t y p i c v a r i a t i o n . 

The major d i f f e r e n c e , however, l i e s i n the b i o l o g i c a l model 

e x p l a i n i n g i t . In e c o t y p i c v a r i a t i o n i t i s not random d r i f t that 

causes the d i f f e r e n t i a t i o n , but n a t u r a l s e l e c t i o n as determined by 

f a c t o r s or f o r c e s applying r e l a t i v e l y c o n s t a n t l y w i t h i n each zone, 

and d i f f e r e n t i a l l y between zones. As i n topotypic v a r i a t i o n , 

moreover, i n t e r m i x t u r e between populations should be constant and 

s t a b l e . Discontinuous migration would g r e a t l y reduce the 

d i s c r e t e n e s s of c l u s t e r s . 

E c o t y p i c v a r i a t i o n has never been adequately demonstrated 

i n the human s p e c i e s f o r a l a r g e range of concordant a t t r i b u t e s . 

(At the u n i v a r i a t e l e v e l , however, i t i s r e l a t i v e l y common) 

Hiernaux (1972;111), however, has gone some way to remedying t h i s 
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s t a t e of a f f a i r s by noting t h a t i n sub-Saharan A f r i c a the mean 
b i o l o g i c a l d i s t a n c e s (based on a l a r g e range of a t t r i b u t e s ) are 
higher between h a b i t a t s than w i t h i n h a b i t a t s . 

F i n a l l y , we should note that e c o t y p i c v a r i a t i o n , u n l i k e 

topotypic d i f f e r e n t i a t i o n , produces c l u s t e r s which are not 

e a s i l y r e l a t e d i n a phylogenetic sense. T h i s i s because 

d i f f e r e n t i a t i o n i s not l i n k e d to the concept of p r o g r e s s i v e 

divergence i n time and space from a common d i s p e r s a l p o i n t . Where 

e c o t y p i c d i f f e r e n t i a t i o n i s i n evidence, r e l a t i v e s i m i l a r i t y 

between c l u s t e r s i s more l i k e l y to r e f l e c t s i m i l a r trends i n 

adaptation than common a n c e s t r y , 

3.2.2,1.2.2 E t h n o t y p i c v a r i a t i o n 

The word " e t h n o t y p i c " has been adopted here as a l a b e l f o r 

the type of v a r i a t i o n that i s implied when p h y s i c a l a n t h r o p o l o g i s t s 

t a l k of a f f i n i t y between l i n g u i s t i c , s o c i o ^ c u l t u r a l , c a s t e or t r i b a l 

p o p u lations. 

Where st r o n g ethnotypic v a r i a t i o n o c c u r s , the p a t t e r n of 

d i f f e r e n t i a t i o n i s one where d i s t a n c e s between populations w i t h i n 

an e t h n i c d i v i s i o n w i l l d i f f e r l e s s than d i s t a n c e s between 

d i v i s i o n s . The general s t r u c t u r e w i l l be concordant, c l u s t e r e d and 

often h i e r a r c h i c a l , and w i l l tend to mir r o r l i n g u i s t i c and s o c i o -

c u l t u r a l p a t t e r n s of r e l a t i o n s h i p , p a t t e r n s which, as I demonstrated 

i n chapter 1 i n the case of the Kenyan e t h n i c s i t u a t i o n , are a l s o 

s t r o n g l y h i e r a r c h i c a l , Thus, f o r i n s t a n c e , i f we could demonstrate 

a high c o r r e l a t i o n between l i n g u i s t i c and b i o l o g i c a l a f f i n i t y i n a 

p a r t i c u l a r area, t h i s would be s t r ong evidence for the e x i s t e n c e 

of ethnotypic v a r i a t i o n . 
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The b i o l o g i c a l model e x p l a i n i n g t h i s type of v a r i a t i o n 

i s almost i d e n t i c a l to that d e s c r i b e d f o r topotypic v a r i a t i o n , 

with a strong emphasis on processes of gradual d i s p e r s a l and d r i f t . 

The c h i e f d i f f e r e n c e i s th a t p a t t e r n s of mating and g e n e t i c b a r r i e r s 

are not geographical but s o c i o ^ c u l t u r a l l y defined and maintained. 

Hence i t i s p o s s i b l e to have p a t t e r n s of et h n o t y p i c v a r i a t i o n showing 

l i t t l e c o r r e l a t i o n w i t h geography, T h i s i s p a r t i c u l a r l y t r u e i n the 

case of c i t i e s where endogamous e t h n i c communities r e s i d e n t i a l l y 

i n t e r m i n g l e but do not intermarry to any great e x t e n t . 

The main d i f f i c u l t y with demonstrating ethnotypic v a r i a t i o n 

( i n a d d i t i o n to those already d e s c r i b e d f o r the d r i f t model i n 

general i n the d i s c u s s i o n of topotypic v a r i a t i o n ) i n many areas of 

the world i s th a t " e t h n i c u n i t s " are a l s o geographical and 

e c o l o g i c a l u n i t s too. For example the Dinka of the Sudan occupy 

a c o n s o l i d a t e d and continuous t e r r i t o r y which i s a l s o a h i g h l y 

c h a r a c t e r i s t i c and unique h a b i t a t . T h i s s i t u a t i o n holds i n many 

areas of the world. Con s i d e r a b l e care i s needed, t h e r e f o r e , 

c o r r e c t l y to d i s t i n g u i s h ethnotypic v a r i a t i o n from the other two 

types. 

3.2,2.1.3 C l i n a l v a r i a t i o n 

C l i n a l v a r i a t i o n i s defined as 

"a p a t t e r n of i n t r a - s p e c i f i c v a r i a t i o n i n which there 
i s a trend i n one or more a t t r i b u t e s c o r r e l a t e d with 
some e x t e r n a l f a c t o r such as geographical l o c a t i o n 
( t o p o c l i n a l v a r i a t i o n ) , s o i l - t y p e , a l t i t u d e or 
c l i m a t e ( e c o c l i n a l v a r i a t i o n ) " . 

( J a r d i n e and Sibson 1971:266) 

Where strong concordance between a t t r i b u t e s e x i s t , c l i n a l v a r i a t i o n 

can e x i s t i n two contexts both i n the t o p o l o g i c a l and e c o l o g i c a l 
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forms of v a r i a t i o n . The f i r s t i s when there are no s i g n i f i c a n t 
b a r r i e r s to mating between regions or ecotypes, and the c l i n e i s 
seen as a gradual gradation i n b i o l o g i c a l c h a r a c t e r i s t i c s f o l l o w i n g 
(a) an e c o l o g i c a l g r a d i e n t or (b) emanating from a c e n t r a l p o i n t 
of d i s p e r s a l or ( c ) c o n s t i t u t i n g the beginning of a r a d i a t i n g c h a i n 
of overlapping gene flow w i t h i n a r e g i o n . The second i s when 
b a r r i e r s to mating are incomplete between the boundaries of regions 
or ecotypes and i s caused by overlap p i n g gene flow over the boundary. 
I n the former context there w i l l be no s i g n i f i c a n t c l u s t e r i n g , but 
r a t h e r a s e r i e s of gradations or c h a i n s . I n the l a t t e r context 
c l u s t e r i n g w i l l e x i s t , but the boundaries between c l u s t e r s w i l l 
be i n d i s t i n c t owing to the e x i s t e n c e of boundary populations that 
could f i t i n t o e i t h e r neighbouring c l u s t e r . Where c l i n a l v a r i a t i o n 
i s s i g n i f i c a n t , the sea r c h f o r phyl o g e n e t i c o r i g i n s become very 
d i f f i c u l t . 

3.2.2.1.4 

There e x i s t s a f o u r t h sub-type of concordant v a r i a t i o n 

where the p a t t e r n of d i f f e r e n t i a t i o n n e i t h e r c o r r e l a t e s w i t h 

geography nor with ecology. T h i s i s known as " r e t i c u l a t e 

v a r i a t i o n " which i s defined by J a r d i n e and Sibson as 

"a p a t t e r n of d i f f e r e n t i a t i o n i n which populations 
show s i g n i f i c a n t d i f f e r e n c e s which cannot be 
represented adequately by a h i e r a r c h i c c l a s s i f i c a t i o n 
and i n which c l i n a l v a r i a t i o n i s not i n v o l v e d " 

( J a r d i n e and Sibson 1971:273). 

Although t h i s type of v a r i a t i o n has been recognised i n b o t a n i c 

s p e c i e s (see J a r d i n e and Sibson, 1971;147), the chances t h a t t h i s 

type of v a r i a t i o n e x i s t s i n the human s p e c i e s alongside heavy 

concordance i s remote. For t h i s type of v a r i a t i o n to e x i s t i n a 
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human s i t u a t i o n , the l o c a l populations would have to be simul t a n e o u s l y 
very i s o l a t e d or endogamous, and prone to c o n s i d e r a b l e d i s c o n t i n u o u s 
migration without i n t e r m i x i n g s i g n i f i c a n t l y i n the p r o c e s s . Very 
few p a r t s of the world would produce the c o n d i t i o n s to make t h i s 
l i k e l y . 

3.2,2.2 Sub-types of d i s c o r d a n t v a r i a t i o n 

The c h i e f c h a r a c t e r i s t i c of d i s c o r d a n t v a r i a t i o n i s the 

f a i l u r e of sampled populations to vary i n the same way from a t t r i b u t e 

to a t t r i b u t e , The b e s t known example of discordance, f o r i n s t a n c e , 

i s the d i f f e r e n c e i n p a t t e r n s of d i f f e r e n t i a t i o n manifested by 

human populations between anthropometric and some 

s e r o l o g i c a l t r a i t s , (e.g. the s i c k l e - c e l l t r a i t ) . 

The sub-types of v a r i a t i o n d i s c u s s e d e a r l i e r i n the 

s e c t i o n on concordance v a r i a t i o n apply with equal v a l i d i t y to 

di s c o r d a n t v a r i a t i o n . The c r u c i a l d i f f e r e n c e i s th a t w h i l e i n the 

case of concordant v a r i a t i o n the o v e r a l l m u l t i v a r i a t e g e n e t i c 

s t r u c t u r e w i l l tend to conform to one or other of the main types, 

or to s u b t l e combinations of them, i n the case of d i s c o r d a n t 

v a r i a t i o n i t i s only i n d i v i d u a l a t t r i b u t e s t h a t w i l l be a f f e c t e d . 

Thus, f o r example, where d i s c o r d a n t v a r i a t i o n i s demonstrated, i t 

could be found that some a t t r i b u t e s w i l l show homogeneity, w h i l e 

o t h e r s might d i f f e r a p p r e c i a b l y ; some might show strong 

a s s o c i a t i o n s with c l i m a t e w h i l e others vary according to q u i t e 

d i f f e r e n t e c o l o g i c a l c r i t e r i a ; some might vary i n a manner th a t 

suggests a t o p o c l i n e w h i l e others show a random p a t t e r n i n g of 

r e l a t i o n s h i p s , and so on. 
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T h i s c h a r a c t e r i s t i c web of c r o s s - c u t t i n g types and 

p a t t e r n s of v a r i a t i o n makes the a n a l y s i s and i n t e r p r e t a t i o n of 

d i s c o r d a n t v a r i a t i o n p a r t i c u l a r l y problematic. I t i s true that 

much can be learned from studying the type of v a r i a t i o n given by 

i n d i v i d u a l a t t r i b u t e s i n turn. A s t r i n g of such f i n d i n g s , however, 

w i l l do l i t t l e to r e s o l v e the fundamental problem of i n t e r p r e t i n g 

the observed i n t e g r a t i o n of these d i s c o r d a n t elements and the 

p a r t i c u l a r i s e d e x p l a n a t i o n s accompanying them, Experienced 

i n v e s t i g a t o r s of d i s c o r d a n t v a r i a t i o n such as Hiernaux and J a r d i n e 

have tended to t r y and r e s o l v e the problem of i n t e g r a t i n g s t r u c t u r e 

i n terms of improving s t a t i s t i c a l techniques which not only measure 

and d i s p l a y o v e r a l l s t r u c t u r e i n a way t h a t minimises the 

c o n s i d e r a b l e d i s t o r t i o n i n h e r e n t when d i f f e r e n c e s are d i s c o r d a n t , 

but which permit an improvement i n i n t e r p r e t a t i o n from the p o i n t 

of view of b i o l o g i c a l meaning (see e.g. J a r d i n e 1971). These 

attempts, however, though v a l u a b l e , do not compensate f o r what i s 

r e a l l y m i s s i n g , v i z . a s e r i e s of g e n e r a l t h e o r e t i c a l models that 

might e x p l a i n the o p e r a t i o n of d i f f e r e n t types of d i s c o r d a n t 

v a r i a t i o n ; models th a t could provide a standard by which to i n t e r p r e t 

e m p i r i c a l o b s e r v a t i o n s . 

So f a r I have been t r e a t i n g d i s c o r d a n t v a r i a t i o n as 

p u rely a b i o l o g i c a l problem: th a t i s to say I have presumed that 

d i s c o r d a n t v a r i a t i o n i s t r u e b i o l o g i c a l and g e n e t i c v a r i a t i o n . I n 

a r e a l s i t u a t i o n , however, i t i s observed v a r i a t i o n t h a t i s being 

examined, and the process of a n a l y s i s and o b s e r v a t i o n i s beset 

with sampling and methodological e r r o r s . One of the most 

s i g n i f i c a n t p o t e n t i a l e x p l a n a t i o n s for observed discordance i s 

p r e c i s e l y these types of e r r o r s , where t r u e p a t t e r n s of r e l a t i o n s h i p s 
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are hidden by random f l u c t u a t i o n of means and f r e q u e n c i e s due to 
inadequate sample s i z e s , and d i s t o r t e d by b i a s due to i n c o n s i s t e n t 
data measurement. I t i s thus p o s s i b l e that observed discordance 
could be no more than an e r r o r ^ r i d d e n r e p r e s e n t a t i o n of u n d e r l y i n g 
b i o l o g i c a l concordance, or a l t e r n a t i v e l y a d i s t o r t e d p i c t u r e of 
true b i o l o g i c a l discordance. The assessment of the extent of 
sampling and methodological e r r o r i s thus a c r u c i a l aspect of 
a n a l y s i n g the nature of d i s c o r d a n t v a r i a t i o n . 

3,3 P r i n c i p l e s of the s t a t i s t i c a l s t r u c t u r e of human 
b i o l o g i c a l v a r i a t i o n and the d i a l y s i s and measurement 
of b i o l o g i c a l discordance and concordance 

I conclude from the preceding d i s c u s s i o n that one of the 

most r e l e v a n t p r e l i m i n a r y t a s k s i n the a n a l y s i s and d e s c r i p t i o n 

of the nature and s t r u c t u r e of human b i o l o g i c a l d i f f e r e n t i a t i o n 

i s the assessment of the extent and nature of b i o l o g i c a l d iscordance. 

A s u c c e s s f u l demonstration of the c h a r a c t e r i s t i c s of disco r d a n c e or 

concordance can c o n s i d e r a b l y narrow down the f i e l d of the types 

of v a r i a t i o n t h a t could e x p l a i n the observed data, and enable the 

r e s e a r c h e r to focus a t t e n t i o n on those types of v a r i a t i o n that are 

most l i k e l y to be operating at the d i s c e r n e d l e v e l of discordance 

or concordance. In the f o l l o w i n g s u b - s e c t i o n I s h a l l be a s s e s s i n g 

methods which could be a p p l i e d to the a n a l y s i s of discordance. 

In pursuing t h i s aim, however, I am s t i l l some way from 

d i s c u s s i n g the r e l a t i v e m e r i t s of s p e c i f i c s t a t i s t i c a l techniques. 

Before embarking on t h i s course i t i s e s s e n t i a l to form some 

understanding of the nature of the s t a t i s t i c a l s t r u c t u r e of 

b i o l o g i c a l v a r i a t i o n because i n applying s t a t i s t i c a l techniques we 
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are d i r e c t l y a n a l y s i n g a mathematical a b s t r a c t i o n of supposed 

b i o l o g i c a l r e a l i t y , and a major task i n i n t e r p r e t i n g s t a t i s t i c a l 

r e s u l t s i s the t r a n s l a t i o n of mathematical r e s u l t s i n t o meaningful 

b i o l o g i c a l i n f e r e n c e s . The e v a l u a t i o n of the r e l a t i o n s h i p between 

s t a t i s t i c a l s t r u c t u r e of v a r i a t i o n and b i o l o g i c a l s t r u c t u r e i s 

consequently a c r i t i c a l prelude to the assessment of the appropriateness 

of s p e c i f i c s t a t i s t i c a l techniques. 

8,3,1 The s t a t i s t i c a l s t r u c t u r e of human b i o l o g i c a l v a r i a t i o n 

On the completion of sampling and measurement of 

a t t r i b u t e s the data c o n s i s t of a s e r i e s of records of measured 

a t t r i b u t e s f o r i n d i vidua1 members of samples drawn from l o c a l 

b i o l o g i c a l p o pulations. I n terms of s t a t i s t i c a l s t r u c t u r e t h i s 

can be conceived as a r e c t a n g u l a r m a t r i x of a t t r i b u t e s c o r e s i n 

which the i n d i v i d u a l s form the rows and the a t t r i b u t e s s c o r e s the 

columns. The a f f i l i a t i o n of i n d i v i d u a l s to t h e i r r e s p e c t i v e 

samples i s expressed e i t h e r i n terms of an a d d i t i o n a l column v e c t o r 

where each i n d i v i d u a l i s assigned a number according to a nominal 

s c a l e i d e n t i f y i n g the sampled popul a t i o n s , or as " s u b f i l e s " or 

defined groupings of the matrix rows where each row i s an i n d i v i d u a l 

case and each group a population sample. T h i s type of matrix 

I w i l l c a l l a f i r s t order or type A data matrix. 

T h i s matrix can be c o n s i d e r a b l y condensed to form a 

second order (type_ B) summary data matrix, where each row r e p r e s e n t s 

a sampled population and each column r e p r e s e n t s the summarised 

s t a t i s t i c a l s c o r e f o r each a t t r i b u t e s t a t e ( u s u a l l y the mean f o r 

q u a n t i t a t i v e t r a i t s and frequency f or q u a l i t a t i v e t r a i t s , but for 

s p e c i a l i s e d a n a l y s e s s c o r e s can a l s o be standard d e v i a t i o n s , medians, 
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t a b l e s i n human b i o l o g i c a l r e p o r t s can be viewed as p r i n t e d and 

l a b e l l e d v e r s i o n s of t h i s type of second order matrix, 

3.3.1,1 S t r u c t u r a l r e l a t i o n s h i p s 

These two types of b a s i c matrix form the foundation of 

a l l advanced a n a l y s i s of human s t r u c t u r a l v a r i a t i o n i n human 

biology. The i n d i v i d u a l and population a t t r i b u t e s c o r e s f o r 

each r e s p e c t i v e type of matrix r e p r e s e n t the s t r u c t u r a l elements 

and are the s m a l l e s t d i v i s i b l e u n i t s at each r e s p e c t i v e l e v e l of 

r e s o l u t i o n . The means of d i s c e r n i n g s t r u c t u r a l trends from 

the c o n s i d e r a t i o n of these "elements" l i e s i n a n a l y s i n g the way 

they r e l a t e to each other, 

The a n a l y s i s of s t r u c t u r a l r e l a t i o n s h i p s i n human 

biology has tended to take two paths. The f i r s t i s the 

" c o r r e l a t i o n " s t r a t e g y i n which the common v a r i a n c e between 

two a t t r i b u t e v a r i a b l e s i s p r e c i s e l y q u a n t i f i e d and s u b j e c t e d to 

f u r t h e r s t r u c t u r a l a n a l y s i s through some s o r t of f a c t o r or 

p r i n c i p l e component a n a l y s i s . T h i s approach has tended to be 

mainly a p p l i e d to type A m a t r i c e s to e v a l u a t e r e l a t i o n s h i p s of 

a t t r i b u t e s i n i n d i v i d u a l s , (For example Coope 1971 and Dennis 
a 

1977 adopted t h i s approach to t r y and i d e n t i f y g e n e t i c components 

of v a r i a t i o n f o r dermatoglyphic a t t r i b u t e s , and Howells 1973 used 

a s i m i l a r approach to d e l i n e a t e f u n c t i o n a l r e l a t i o n s h i p s for 

c r a n i o r a e t r i c measures-

The second path i s the " d i s t a n c e " s t r a t e g y i n which the 

r e l a t i v e resemblance between u n i t s i s p r e c i s e l y measured through 
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summation and averaging of a l l at t r i b u t e d i f f e r e n c e s between two 

u n i t s . T h i s i s the common s t r a t e g y a p p l i e d by human b i o l o g i s t s 

and numerical taxonomists to the a n a l y s i s of type B m a t r i c e s 

where the populations form the row u n i t s . I t i s , however, 

s t a t i s t i c a l l y p o s s i b l e to apply a c o r r e l a t i o n s t r a t e g y to type B 

mat r i c e s too, and c o n v e r s e l y to apply a d i s t a n c e s t r a t e g y to 

type A m a t r i c e s , although t h i s i s not of t e n d e s i r a b l e . 

Of the two types of approaches t h a t r e l a t e a t t r i b u t e 

s t a t e s , I regard the " c o r r e l a t i o n " type as the most important. 

T h i s i s because i t i s p o s s i b l e to ana l y s e c o r r e l a t i o n s without 

having to take any " d i s t a n c e s " i n t o account, but i t i s extremely 

unwise, as most textbooks d e s c r i b i n g d i s t a n c e techniques p o i n t 

out, to measure d i s t a n c e s between u n i t s without e x p l o r i n g the 

c h a r a c t e r i s t i c s and i m p l i c a t i o n s of the c o r r e l a t i o n s between 

the a t t r i b u t e s t h a t go i n t o the c a l c u l a t i o n of the d i s t a n c e s . 

I t i s thus important to d i s c u s s c o r r e l a t i o n s between b i o l o g i c a l 

a t t r i b u t e s before e v a l u a t i n g the broader i m p l i c a t i o n s of the 

" c o r r e l a t i o n and d i s t a n c e " s t r a t e g i e s , 

3.3.2 Types of c o r r e l a t i o n s between b i o l o g i c a l a t t r i b u t e s 

J a r d i n e and Sibson d i s t i n g u i s h " at l e a s t f i v e d i s t i n c t 

senses i n which taxonomists have w r i t t e n of ' c o r r e l a t i o n ' of 

a t t r i b u t e s and c h a r a c t e r s " ( J a r d i n e and Sibson 1971:25). These 

are d i s c u s s e d with p a r t i c u l a r emphasis to c o r r e l a t i o n s between 

dermatoglyphic a t t r i b u t e s ( J a r d i n e and Sibson 1971, Chapter 4:3), 

and are l i s t e d as f o l l o w s : 
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a) " L o g i c a l c o r r e l a t i o n s " c a l l e d by the above authors 

"the phenomenon of c o n d i t i o n a l d e f i n i t i o n " , T h i s type of c o r r e l a t i o n 

i s a common f e a t u r e i n dermatoglyphics, e s p e c i a l l y when p a t t e r n s and 

t r i r a d i i are defined and r e l a t e d according to the t o p o l o g i c a l 

p r i n c i p l e s of Penrose (see Chapter 4 ) . The most extreme 

dermatoglyphlc c o r r e l a t i o n s of t h i s type occur between p a t t e r n s and 

t r i r a d i i which are a b s o l u t e l y c o n d i t i o n a l to each oth e r ' s presence. 
r 

Thus, f o r example, a thenar p a t t e r n I or I has to be t o p o l o g i c a l l y 

accompanied by a thenar t r i r a d l u s e / f . The c o r r e l a t i o n between the 

two f e a t u r e s i s thus, b a r r i n g e r r o r , u n i t y , S i m i l a r l y only i n 

the r a r e event of a parathenar loop being present, or the occurrence 
b 

of a hypothenar r a d i a l a r c h , i s a hypothenar border t r i r a d i u s t 
A 

not a s s o c i a t e d with a hypothenar c e n t r a l loop H. In p r a c t i c e , the 

c o r r e l a t i o n between these two l a t t e r f e a t u r e s i s extremely high, 

Again there i s a t o t a l c o r r e l a t i o n between the occurrence of a true 

arch on a d i g i t , and a zero r i d g e count. The a x i a l t r i r a d i u s t 

i s a l s o h i g h l y n e g a t i v e l y c o r r e l a t e d with t ' , as one u s u a l l y r e p l a c e s 

the other, except i n the r e l a t i v e l y i n f r e q u e n t occasions when both 

are present (where a hypothenar p e r i p h e r a l loop H o c c u r s ) or when 

t " i s p r e s e n t . There are a l s o many other f e a t u r e s t h a t are 

p a r t i a l l y c o n d i t i o n a l l y r e l a t e d through the t o p o l o g i c a l scheme - f o r 

i n s t a n c e palmar ridge counts and i n t e r d i g i t a l t r i r a d i i . The i s s u e 

of how f a r such high l o g i c a l c o r r e l a t i o n s imply the same g e n e t i c 

f e a t u r e has not yet been r e s o l v e d i n dermatoglyphics, 

b) " F u n c t i o n a l " C o r r e l a t i o n s of a t t r i b u t e s ; In the words of 

Ja r d i n e and Sibson, 
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" t h i s kind of c o r r e l a t i o n i s th a t which a t t r i b u t e s 
have when t h e i r s t a t e s can d e s c r i b e p a r t s of organisms 
which are j o i n t l y involved i n the performance of the 
same f u n c t i o n . Thus the a t t r i b u t e s SIZE OF CANINE 
TEETH, SIZE OF MASTOID PROCESS, SIZE OF STERNAL PROCESS 
were f u n c t i o n a l l y c o r r e l a t e d i n the sabre-toothed t i g e r s , 
i n which the powerful sternomastoid muscles were used to 
w i e l d the head as a whole i n s t r i k i n g prey with the 
massive canine t e e t h . F u n c t i o n a l c o r r e l a t i o n s may have 
some p r e d i c t i v e power, s i n c e given a v a l i d i n f e r e n c e 
about f u n c t i o n from some a t t r i b u t e s t a t e s i t may be 
p o s s i b l e to p r e d i c t the s t a t e s of other a t t r i b u t e s " . 

( J a r d i n e and Sibson, 1971:26) 

The e v a l u a t i o n of f u n c t i o n a l r e l a t i o n s h i p s are c l e a r l y 

c r i t i c a l i n the a n a l y s i s of anthropometric and morphological a t t r i b u t e s , 

In the f i e l d of dermatoglyphics, however, the f u n c t i o n a l r e l a t i o n s h i p s 

of dermatoglyphic a t t r i b u t e s are not known. Indeed i t i s d i f f i c u l t 

even to conceive of any p o s s i b l e f u n c t i o n f o r dermatoglyphic 

c o n f i g u r a t i o n s , i n c o n t r a s t to the dermal r i d g e s themselves which 

are known to be r e l a t e d to s e n s i t i v i t y of touch and sweating 

p r o c e s s e s . I t i s p o s s i b l e , however, th a t the " l o g i c a l c o r r e l a t i o n s " 

l i s t e d e a r l i e r might a l s o be f u n c t i o n a l l y r e l a t e d , but t h i s has y e t 

to be proved. From the s t a t e of present knowledge, t h e r e f o r e , we 

can e f f e c t i v e l y d iscount the importance of f u n c t i o n a l c o r r e l a t i o n s 

among dermatoglyphic a t t r i b u t e s , except i n the case of the atd 

angle, which i s c l e a r l y r e l a t e d to hand length and breadth, and hence 

to age (see Chapter 4 ) . 

c) S t a t i s t i c a l c o r r e l a t i o n of a t t r i b u t e s w i t h i n populations: 

Th i s type of c o r r e l a t i o n i s to a l a r g e extent s e l f explanatory, 

r e f e r r i n g to the c a l c u l a t i o n of c o r r e l a t i o n s between q u a n t a t i t i v e 

a t t r i b u t e s t a t e s i n i n d i v i d u a l s (such as Pearson's r , Spearman's Rho, 

Ke n d a l l ' s Tau). The separate c o n s i d e r a t i o n of " s t a t i s t i c a l 

c o r r e l a t i o n s " by J a r d i n e and Sibson, as a type d i f f e r e n t from l o g i c a l 
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and f u n c t i o n a l c o r r e l a t i o n s , i s p u z z l i n g . I would see " s t a t i s t i c a l 

c o r r e l a t i o n s " r a t h e r as a g e n e r i c type encompassing the sub-types 

" l o g i c a l " and " f u n c t i o n a l " c o r r e l a t i o n s . T h i s i s , i n f a c t , how 

J a r d i n e did regard them i n a contemporary p u b l i c a t i o n ( J a r d i n e 1971;7), 

I f the type " s t a t i s t i c a l c o r r e l a t i o n " i s accepted as 

g e n e r i c , the i s s u e then becomes a question of whether other types e x i s t 

of c o r r e l a t i o n of a t t r i b u t e s w i t h i n populations t h a t are not l o g i c a l 

or f u n c t i o n a l . I n t h i s regard i t i s p o s s i b l e to d i s t i n g u i s h 

" g e n e t i c " c o r r e l a t i o n s , where high c o r r e l a t i o n s between a t t r i b u t e s 

i m p l i e s that the a t t r i b u t e s are determined by the same s e t of genes. 

The decipherment of u n d e r l y i n g g e n e t i c trends through the a n a l y s i s 

of c o r r e l a t i o n s between dermatoglyphic a t t r i b u t e s i n i n d i v i d u a l s has 

been undertaken i n some d e t a i l by Coope (1971) and Dennis (1977a). 

The dangers of t h i s approach, however, i s t h a t i t i s d i f f i c u l t to be 

sure that observed i n t e r - a t t r i b u t e c o r r e l a t i o n s r e a l l y do r e f l e c t a 

common g e n e t i c base i n r e a l i t y , and secondly there i s an added 

comp l i c a t i o n that the observed p a t t e r n s of s t a t i s t i c a l c o r r e l a t i o n s 

i n one population might d i f f e r a p p r e c i a b l y when other populations 

are considered. The a v a i l a b l e evidence, however, (see Coope 1971) 

suggests that s t a t i s t i c a l c o r r e l a t i o n s between dermatoglyphic 

a t t r i b u t e s i n i n d i v i d u a l s are remarkably uniform i n d i f f e r e n t world 

populations. 

d) Taxonomic C o r r e l a t i o n s ; J a r d i n e (1971:7) i d e n t i f i e s 

taxonomic c o r r e l a t i o n s as being the other major g e n e r i c type, to be 

c o n t r a s t e d with " c o r r e l a t i o n s w i t h i n populations". A taxonomic 

c o r r e l a t i o n i s the extent to which a t t r i b u t e s r e l a t e to each other 

between populations, or as J a r d i n e p o i n t s out, "when the r e l a t i v e 

e x t e n t s to which populations are d i s c r i m i n a t e d by d i f f e r e n t 

a t t r i b u t e s are s i m i l a r " ( J a r d i n e 1971:7). 



e) Redundancy; Redundancy r e f e r s to the phenomenon where 

a t t r i b u t e s are both very h i g h l y c o r r e l a t e d i n i n d i v i d u a l s and are 

a l s o h i g h l y c o r r e l a t e d taxonomically, e s p e c i a l l y when they are 

e i t h e r g e n e t i c a l l y the same f e a t u r e , or d i f f e r e n t s c a l e s of 

measurement for the same f e a t u r e . (E ,g. measuring s t a t u r e both i n 

inches and c e n t i m e t r e s ) . In dermatoglyphics redundancy can be 

seen i n those a t t r i b u t e s t h a t show high " l o g i c a l " c o r r e l a t i o n s . 

3.3.3 A s s e s s i n g r e l a t i v e discordance 

The assessment of r e l a t i v e discordance i s a p r o g r e s s i o n of 

the e v a l u a t i o n of the s t a t i s t i c a l s t r u c t u r e of human b i o l o g i c a l 

d i f f e r e n t i a t i o n . From the preceding d i s c u s s i o n i t i s now p o s s i b l e 

to d i s t i n g u i s h two l e v e l s at which discordance can be analysed. 

The f i r s t i s a t the l e v e l of a t t r i b u t e r e l a t i o n s h i p s w i t h i n 

p opulations, and the second i s at the l e v e l between popul a t i o n s , 

The c o n t r a s t i n g of p a t t e r n s of discordance between these two l e v e l s 

of s t r u c t u r e are v i t a l p o i n t e r s to consequent explanatory a n a l y s i s . 

a) Discordance w i t h i n populations 

The a n a l y s i s of discordance w i t h i n populations c h i e f l y 

e n t a i l s the c a l c u l a t i o n of s t a t i s t i c a l c o r r e l a t i o n s between 

a t t r i b u t e s i n i n d i v i d u a l s , and the f u r t h e r a n a l y s i s of the r e s u l t a n t 

c o r r e l a t i o n matrix through some type of R f a c t o r or p r i n c i p l e 

components a n a l y s i s , or through other techniques that can a c c u r a t e l y 

reproduce r e p r e s e n t a t i o n s of a t t r i b u t e r e l a t i o n s h i p s from a 

c o r r e l a t i o n matrix, such as non-metric multidimensional s c a l i n g , 

The work of Coope and Dennis i n p i o n e e r i n g t h i s type of a n a l y s i s 

f o r dermatoglyphic a t t r i b u t e s has already been d i s c u s s e d , although 
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much work has s t i l l to be done to c o r r e c t l y e v a l u a t e the s e p a r a t i o n 

of the e f f e c t s of l o g i c a l c o r r e l a t i o n from those of g e n e t i c and 

environmentally determined c o r r e l a t i o n s . 

I n a d d i t i o n to the assessment of a t t r i b u t e discordance i n 

i n d i v i d u a l s , t h e r e e x i s t s another area of p o t e n t i a l discordance 

w i t h i n p o pulations. T h i s i s discordance i n p a t t e r n s of v a r i a t i o n f o r 

a t t r i b u t e s between the sexes i n a population. Such discordance can 

be analysed i n two ways. The f i r s t i s by comparing summary s t a t i s t i c a l 

s c o r e s f o r each a t t r i b u t e between i n d i v i d u a l s pooled i n t o male and 

female sample groups, (For example by comparing means f r e q u e n c i e s 

between the sexes through p r o b a b i l i s t i c t e s t s of s i g n i f i c a n c e ) . The 

second method i s to c o n t r a s t the r e l a t i v e p a t t e r n s of c o r r e l a t i o n s 

between a t t r i b u t e s w i t h i n each sex. T h i s e n t a i l s s e p a r a t i n g the 

t o t a l population sample i n t o two type A data m a t r i c e s by sex, and 

performing an independent a n a l y s i s of s t a t i s t i c a l c o r r e l a t i o n s i n 

i n d i v i d u a l s f o r each sex d i v i s i o n . 

The f i r s t method above measures the s i z e d i f f e r e n c e s 

between the sexes f o r each a t t r i b u t e - the magnitude and s i g n i f i c a n c e 

of d i f f e r e n c e s between means and f r e q u e n c i e s , w i t h discordance between 

a t t r i b u t e s - and the second measures the shape of d i f f e r e n c e s -

d i f f e r e n c e s i n the p a t t e r n of s t r u c t u r a l r e l a t i o n s h i p s . 

b) Discordance between populations 

M u l t i v a r i a t e r e l a t i o n s h i p s i n p h y s i c a l anthropology are 

u s u a l l y a s s o c i a t e d with the measurement of " g e n e t i c " or " p h e n e t i c " 

d i s t a n c e which i s the i n t e r p r e t a t i o n given to s t a t i s t i c a l d i s t a n c e 

between population samples c a l c u l a t e d from a range of measured 

b i o l o g i c a l a t t r i b u t e s . I t i s p o s s i b l e to get many d i f f e r e n t 
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e s t i m a t e s of " g e n e t i c " d i s t a n c e according to the combination of 

a t t r i b u t e s used as input. The measurement of discordance can 

consequently be conducted through comparing d i s t a n c e matrices 

c a l c u l a t e d with d i f f e r e n t combinations of a t t r i b u t e s . Dennis, 
a 

f o r example (1977, Chapter 10) produced s e v e r a l d i f f e r e n t m atrices 

of d i s s i m i l a r i t y f o r combinations of palmar and d i g i t a l dermatoglyphic 
2 

a t t r i b u t e s ( u s i n g Edward's E f o r q u a l i t a t i v e t r a i t s and Mahalonobis's 
2 

D f o r q u a n t i t a t i v e t r a i t s ) and a s s e s s e d the extent of discordance 

through c o r r e l a t i o n s and scattergrams of the d i s t a n c e s f o r each p a i r 

of m a t r i c e s . 

A much more s o p h i s t i c a t e d treatment of discordance, 

however, i s given by J a r d i n e (1971:9-11) . He proposed a s c a l e 

f r e e measure of discordance between d i s s i m i l a r i t y c o e f f i c i e n t s 
d and d„ where: 1 2 

A ( d r d 2 ) * d 1 ( a , b ) 

Ed <a,b) 

d 2 ( a , b ) 

E d 2 ( a , b ) 

summation being over p a i r s of elements of the s e t of populations P." 

The measure has a value of zero f o r p e r f e c t concordance 

and an upper value of two for complete d i s c o r d a n c e . In applying 

the method J a r d i n e suggests the c a l c u l a t i o n of a d i s s i m i l a r i t y matrix 

f o r every a t t r i b u t e being considered i n t u r n , followed by the 

a p p l i c a t i o n of the above technique between each p a i r of d i s t a n c e 

m a t r i c e s , to produce a symmetrical matrix of discordance values 

with n ( n - l ) " e n t r i e s . The matrix of discordance v a l u e s can 

then be s u b j e c t e d to f u r t h e r i n v e s t i g a t i o n through c l u s t e r or 

o r d i n a t i o n a n a l y s i s to d i s c e r n c l u s t e r s of taxonomically r e l a t e d 



a t t r i b u t e s , and to determine between which groups of a t t r i b u t e s 

the maximum discor d a n c e l i e s . The e f f e c t i v e n e s s of the method 

i s w e l l i l l u s t r a t e d by J a r d i n e when he analysed discordance i n 

a t t r i b u t e s recorded by Hiernaux (1956) from f i f t e e n Congolese and 

Ruandan populations ( J a r d i n e 1971:10), 

Although t h i s method of a n a l y s i n g discordance i s e f f e c t i v e a 

mathematically e l e g a n t , i t i s n e v e r t h e l e s s cumbersome to put i n t o 

p r a c t i s e . F i r s t l y there i s the c a l c u l a t i o n of a s e p a r a t e 

d i s s i m i l a r i t y matrix f o r each a t t r i b u t e . Then the c a l c u l a t i o n of 

the discordance matrix, and f i n a l l y the by no means simple stage of 

applying c l u s t e r and o r d i n a t i o n a n a l y s i s . T h i s process i s r e l a t i v e l y 

prohlem f r e e when the number of a t t r i b u t e s and population u n i t s i s 

s m a l l . D i s t a n c e m a t r i c e s , however, possess the unfortunate 

property of growing e x p o n e n t i a l l y as population u n i t s i n c r e a s e , and 

i n a d d i t i o n to t h i s b a s i c problem i s obviously compounded as the 

number of a t t r i b u t e s considered i n c r e a s e s at the f i r s t stage of 

a n a l y s i s . The use of J a r d i n e ' s method thus becomes p r o g r e s s i v e l y 

unwieldy and c o s t l y i n terms of computational e f f o r t the more 

a t t r i b u t e s and population u n i t s are i n c l u d e d . 

The key concept f o r e x p l o r i n g d i s c o r d a n c e between 

populations u s i n g a c o r r e l a t i o n approach i s the a p p r e c i a t i o n of 

the p o s s i b i l i t i e s of "taxonomic c o r r e l a t i o n s " as defined e a r l i e r i n 

t h i s s u b s e c t i o n . A matrix of taxonomic c o r r e l a t i o n s i s e a s i l y 

c a l c u l a t e d by s e t t i n g up a type B data matrix where populations (rows) 

have a summary a t t r i b u t e s c o r e (means or frequences) f o r each 

a t t r i b u t e being analysed, and by c o r r e l a t i n g the a t t r i b u t e s through 

an appropriate c o r r e l a t i o n s t a t i s t i c . I t should be noted t h a t 



a t t r i b u t e v e c t o r s of mean and frequency s c o r e s are a l l q u a n t i t a t i v e 

measures, and broadly compatible s c a l e s of measurement. For 

example i t i s q u i t e permissable to c o r r e l a t e mean s c o r e s f o r r i d g e 

counts with frequency s c o r e s f o r whorls, as the question being 

asked i s do populations vary i n the same way f o r ridge counts and 

whorls? Do populations with high r i d g e count means a l s o have a 

high frequency of w h o r l s ? (and so on). The approach thus gains i n 

f l e x i b i l i t y i n being able to i n c l u d e a t t r i b u t e s t h a t are both 

q u a n t i t a t i v e and q u a l i t a t i v e i n i n d i v i d u a l s , T h i s i s something t h a t 

i s not u s u a l l y p o s s i b l e i n the d i s s i m i l a r i t y approach, as d i s t a n c e 

s t a t i s t i c s are u s u a l l y only designed to accommodate e i t h e r q u a l i t a t i v e 

or q u a n t i t a t i v e t r a i t s , not both. The few exceptions are s t a t i s t i c s 

t h a t are r e l a t i v e l y u n s o p h i s t i c a t e d . (E.g, Hiernaux's s t a t i s t i c , 

see Hiernaux 1965). 

The s e t t i n g up of a matrix of taxonomic c o r r e l a t i o n s i s 

a prelude f o r more s o p h i s t i c a t e d a n a l y s i s such as R f a c t o r or 

p r i n c i p l e components a n a l y s i s , or o r d i n a t i o n techniques such as 

non m e t r i c m u l t i - d i m e n s i o n a l s c a l i n g which can s i m p l i f y the 

c o r r e l a t i o n matrix and i d e n t i f y s t r u c t u r a l t r e n d s . C l u s t e r s of 

taxonomically r e l a t e d a t t r i b u t e s can r e a d i l y be d i s c e r n e d through 

the a p p l i c a t i o n of such techniques, and the extent of discordance 

a s s e s s e d . 

A n a l y s i n g taxonomic c o r r e l a t i o n s has the added advantage 

that the computational f a c i l i t i e s a v a i l a b l e to undertake a l l stages 

of a n a l y s i s are r e a d i l y a v a i l a b l e i n computer packages such as SPSS 

and, are e a s i l y a ccessed and are w e l l t e s t e d . Moreover u n l i k e i n 

the J a r d i n e method, the computation of taxonomic c o r r e l a t i o n s 

becomes i n c r e a s i n g l y e f f i c i e n t as population u n i t s considered i n c r e a s e , 
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as the c o r r e l a t i o n s are based on more c a s e s . On the other hand the 
number of a t t r i b u t e s that can be i n c l u d e d i n a n a l y s e s such as R 
f a c t o r a n a l y s i s i s s t i l l l i m i t e d (SPSS f o r example, has a l i m i t of 
one hundred v a r i a b l e s - see Nie e t . a l . , 1975:Chapter 2 4 ) , although 
the advantage of being able to simul t a n e o u s l y a n a l y s e taxonontic 
c o r r e l a t i o n s for as many as a hundred a t t r i b u t e s i s a c o n s i d e r a b l e 
improvement on the d i s s i m i l a r i t y s t r a t e g y . 

3.3.4 Discordance and S t a b i l i t y 

The s t a b i l i t y of a matrix of g e n e t i c or p h e n e t i c d i s t a n c e s 

i s achieved when the a d d i t i o n of f u r t h e r a t t r i b u t e s i n the 

c a l c u l a t i o n or the d i s t a n c e s does not s i g n i f i c a n t l y re-order the 

r e l a t i v e r e l a t i o n s h i p s between the population u n i t s , In a s i t u a t i o n 

where high concordance and strong taxonomic c o r r e l a t i o n s are 

predominant, i t takes r e l a t i v e l y few a t t r i b u t e s to a t t a i n s t a b i l i t y . 

Where high discordance e x i s t s , on the other hand, s t a b i l i t y might 

t h e o r e t i c a l l y never be achieved u n t i l a m a j o r i t y of g e n e t i c t r a i t s 

i n a s e r i e s of populations are inc l u d e d . The measurement of 

s t a b i l i t y i s thus an e m p i r i c a l problem than can only be r e s o l v e d by 

examining the extent of discordance between a wide range of 

a t t r i b u t e s . 

The d e s i r a b i l i t y of a c h i e v i n g s t a b i l i t y i s taken f o r 

granted i n human b i o l o g i c a l s t u d i e s . There i s nothing more annoying 

than to have a c a r e f u l l y c o n s t r u c t e d taxonomic or phylogentic scheme 

thrown out of balance by the c o n s i d e r a t i o n of new a t t r i b u t e s . 

Discordance, however, when prominent i s a f a c t of l i f e and as J a r d i n e 

s t a t e s t 
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" t h e r e i s no j u s t i f i c a t i o n f o r the view t h a t 
d i s s i m i l a r i t y between populations i s a parameter 
which can be estimated with i n c r e a s i n g accuracy 
as more a t t r i b u t e s are considered. T h i s view would 
only be c o r r e c t i f the a t t r i b u t e s s e l e c t e d i n the 
study of population d i f f e r e n t i a t i o n formed random 
samples from the same population of a t t r i b u t e s . In 
p r a c t i s e taxonomists o f t e n s e l e c t f i r s t the more 
e a s i l y recorded a t t r i b u t e s which are good d i s c r i m i n a t o r s 
and then those which are l e s s good d i s c r i m i n a t o r s or are 
l e s s e a s i l y recorded," 

( J a r d i n e 1971:11) 

S t a b i l i t y t h e r e f o r e , should not be viewed as an e s s e n t i a l 

methodological prelude to m u l t i v a r i a t e a n a l y s i s of human b i o l o g i c a l 

d i f f e r e n t i a t i o n . Rather i t should be regarded as a property of 

d i s t a n c e m a t r i c e s t h a t r e f l e c t s the extent of concordance or 

discordance between a t t r i b u t e s . A f a i l u r e to achieve s t a b i l i t y i s 

not a methodological tragedy, except to those human taxonomists and 

p h y l o g e n e t i c i s t s who are anxious to f i n d h i e r a r c h i c a l divergence or 

r i g i d taxonomic r e l a t i o n s h i p s i n human populations- An absence of 

s t a b i l i t y i s a c h a l l e n g e i n t h a t i t f o r c e s us to c o n s i d e r the 

i m p l i c a t i o n s of discordance and mosaic e v o l u t i o n i n human populations. 

3.3.5 I m p l i c a t i o n s of comparing discordance of a t t r i b u t e s 
w i t h i n and between populations 

The comparison of these two aspects of d i s c o r d a n c e helps 

to provide v a l u a b l e i n d i c a t i o n s of the u n d e r l y i n g c h a r a c t e r i s t i c s of 

the true b i o l o g i c a l v a r i a t i o n as opposed to s t a t i s t i c a l v a r i a t i o n 

t h a t can so e a s i l y r e f l e c t sampling and methodological e r r o r . The 

p a t t e r n s of c o r r e l a t i o n of a t t r i b u t e s w i t h i n populations can be 

c a u t i o u s l y i n t e r p r e t e d as r e f l e c t i n g g e n e t i c r e l a t i o n s h i p s between 

a t t r i b u t e s , with high c o r r e l a t i o n s implying a common g e n e t i c c a u s a l i t y 

f o r the a t t r i b u t e s involved. I f t h i s i s so, one would expect these 
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same a t t r i b u t e s to show high taxonomic c o r r e l a t i o n s too. F a i l u r e 

to do so could be i n t e r p r e t e d as showing th a t e i t h e r the s t a t i s t i c a l 

c o r r e l a t i o n s i n i n d i v i d u a l s are not r e l a t e d s i g n i f i c a n t l y g e n e t i c a l l y 

or that the r e l a t i o n s h i p s of the a t t r i b u t e s between the populations 

i s i n e f f i c i e n t l y expressed ( J a r d i n e and Sibson 1971;28), probably 

due to poor sampling. The e x i s t e n c e of high s t a t i s t i c a l 

c o r r e l a t i o n s and high taxonomic c o r r e l a t i o n s f or the same a t t r i b u t e 

s e t s , on the other hand, i s a symptom of redundancy i n the 

a t t r i b u t e s . 

To the i n v e s t i g a t o r of b i o l o g i c a l d i f f e r e n t i o n between 

populations however, the roost i n t e r e s t i n g i m p l i c a t i o n s occur when 

high discordance e x i s t s i n a t t r i b u t e s at the l e v e l of i n d i v i d u a l s , 

and strong concordance i s seen i n a t t r i b u t e s between populations. 

T h i s means t h a t a t t r i b u t e s that are not g e n e t i c a l l y r e l a t e d are 

s t i l l v a r y i n g i n a s i m i l a r f a s h i o n between p o p u l a t i o n s . The 

way i s thus opened f o r a co n f i d e n t a p p r a i s a l of types of concordant 

v a r i a t i o n . I n c o n t r a s t i f the only high taxonomic c o r r e l a t i o n s 

are between a t t r i b u t e s t h a t are a l s o s t r o n g l y c o r r e l a t e d s t a t i s t i c a l l y 

w i t h i n p o p u l a t i o n s , a s i t u a t i o n of d i s c o r d a n t v a r i a t i o n i s presented 

f o r f u r t h e r i n v e s t i g a t i o n . 

3.3.5. I m p l i c a t i o n s of i n t e r - s e x discordance 

The a n a l y s i s of i n t e r s e x discordance both w i t h i n and 

between populations i s an extremely complex e x c e r c i s e as i t adds 

f u r t h e r permutations to an already involved s e r i e s of comparisons. 

The i n t e r p r e t a t i o n of the a n a l y s i s i s made even more d i f f i c u l t by 

the l a c k of s y s t e m a t i c r e s e a r c h i n t h i s f i e l d . I t i s s i g n i f i c a n t 

that w h i l e most r e s e a r c h e r s d i f f e r e n t i a t e the sexes m e t i c u l o u s l y 



during u n i v a r i a t e a n a l y s i s , they seldom do so at the m u l t i v a r i a t e 

l e v e l . (Howells 1973 and Dennis 1977a are notable e x c e p t i o n s , 

although the emphasis i n i n t e r p r e t i n g sex d i f f e r e n c e s i n both 

s t u d i e s was at the " w i t h i n " populations l e v e l r a t h e r than at that 

between populations. ) 

At the l e v e l of i n d i v i d u a l s , the s t a t i s t i c a l c o r r e l a t i o n s 

between the sexes should be almost i d e n t i c a l i n p a t t e r n i f the 

a t t r i b u t e s are s t r o n g l y g e n e t i c a l l y determined, u n l e s s s e x - l i n k e d 

genes predominate. S i m i l a r i t i e s i n g e n e r a l s t r u c t u r e ("shape") 

but marked " s i z e " d i f f e r e n c e s between the sexes i m p l i e s , from a 

g e n e t i c viewpoint a polygenic s i m i l a r i t y between the sexes 

i n f l u e n c e d by some s e x - l i n k e d component. 

Given a s i m i l a r g e n e t i c s t r u c t u r e between a t t r i b u t e s , 

and cognisance of the f a c t that i n d i v i d u a l s from both sexes share 

the i n f l u e n c e of common e v o l u t i o n a r y f o r c e s i f drawn from the 

same population and geographical l o c a l i t y , we would expect t h a t the 

p a t t e r n of taxonomic c o r r e l a t i o n s between populations i n one sex 

should be r e p l i c a t e d i n the other. F a i l u r e to do so i s an obvious 

p o i n t e r to the o v e r r i d i n g i n f l u e n c e of sampling and other e r r o r s , 

although i t i s t h e o r e t i c a l l y p o s s i b l e t h a t i t could r e f l e c t 

i n c o n s i s t e n t p a t t e r n s of mating. 

The r e a l l y d i f f i c u l t a r e a , however, occurs when the 

p a t t e r n s of discordance w i t h i n and between populations are very 

s i m i l a r when ass e s s e d independently i n each sex, but where taxonomic 

c o r r e l a t i o n s of the same a t t r i b u t e s between the sexes are low, 

T h i s i n d i c a t e s t h a t the magnitude of d i f f e r e n c e s of means or 

f r e q u e n c i e s between the sexes w i t h i n populations v a r i e s a p p r e c i a b l y 



from one population to another, and i f these d i f f e r e n c e s are not 

caused by i n s u f f i c i e n t sample numbers, a hi g h l y complex b i o l o g i c a l 

s i t u a t i o n i s implied. 

3.4 O v e r a l l s t r u c t u r e of human b i o l o g i c a l d i f f e r e n t i a t i o n 

In s p i t e of i t s q u a l i t y of c l a r i f y i n g d e s c r i p t i v e 

s t r u c t u r a l trends i n the v a r i a t i o n of a t t r i b u t e s , the a n a l y s i s 

of b a s i c s t r u c t u r e i s s t i l l too d e t a i l e d . For i n s t a n c e , strong 

discordance i n the v a r i a t i o n of a range of a t t r i b u t e s could 

i n d i c a t e that the p a t t e r n of o v e r a l l i n t e r - p o p u l a t i o n r e l a t i o n s h i p s 

w i l l resemble a network. A n a l y s i s of discordance alone, however, 

w i l l not t e l l us the p r e c i s e nature of the network. S i m i l a r l y , 

w h i l e the demonstration of c o n s i d e r a b l e concordance i n a range 

of a t t r i b u t e s i n c r e a s e s the chances of f i n d i n g m u l t i v a r i a t e 

c l u s t e r s as a f e a t u r e of v a r i a t i o n , the a n a l y s i s of b a s i c s t r u c t u r e 

cannot t e l l us the p r e c i s e composition of the c l u s t e r s , t h e i r 

r e l a t i v e s t r e n g t h s and d i s t i n c t i v e n e s s . 

The a n a l y s i s of o v e r a l l s t r u c t u r e , t h e r e f o r e , i s a 

n a t u r a l p r o g r e s s i o n from the a n a l y s i s of b a s i c s t r u c t u r e , i n which 

the s t r e s s i s not the s t r u c t u r a l r e l a t i o n s h i p s of a t t r i b u t e s , but 

of populations. In other words, o v e r a l l s t r u c t u r e can be defined 

as the way populations s t r u c t u r a l l y r e l a t e to each other w i t h 

r e s p e c t to t h e i r g e n e r a l i s e d m u l t i v a r i a t e b i o l o g i c a l c h a r a c t e r i s t i c s 

The i n v e s t i g a t i o n of m u l t i v a r i a t e b i o l o g i c a l r e l a t i o n s h i p s 

between human populations has been a c e n t r a l concern of human 

biology f o r some time. I am suggesting here, however , that 

s t r u c t u r a l m u l t i v a r i a t e d e s c r i p t i o n should be s h a r p l y d i s t i n g u i s h e d 
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from the r o l e of m u l t i v a r i a t e b i o l o g i c a l a n a l y s i s as an explanatory 
t o o l . O v e r a l l s t r u c t u r a l d e s c r i p t i o n , moreover, should precede 
any attempt to e x p l a i n v a r i a t i o n . 

The d e s c r i p t i o n of o v e r a l l s t r u c t u r a l trends e n t a i I s 

looking f o r gene r a l c h a r a c t e r i s t i c p a t t e r n s of m u l t i v a r i a t e 

r e l a t i o n s h i p s between populations. I t i s not an e x e r c i s e i n 

looking at s p e c i f i c population i n t e r - r e l a t i o n s h i p s (e.g. observing 

that populations sample A i s c l o s e r to sample B than e i t h e r A 

and B i s to C ) . The a n a l y s i s of b a s i c s t r u c t u r e t e l l s us to some 

extent what we might expect to f i n d i n terms of o v e r a l l s t r u c t u r a l 

p a t t e r n s . The task of the a n a l y s i s of o v e r a l l s t r u c t u r e i s to 

t r y and e s t a b l i s h whether these e x p e c t a t i o n s are j u s t i f i e d , and i f 

they are, to d e t a i l the nature of the s t r u c t u r a l p a t t e r n s found. 

The f i r s t task i n the a n a l y s i s of o v e r a l l s t r u c t u r e i s to 

examine the qu e s t i o n of whether the gene r a l p a t t e r n i s one which 

c o n t a i n s a s e r i e s of c l u s t e r s , or whether i t i s one which contains 

no d i s c r e t e c l u s t e r s , resembling r a t h e r a network or mosaic. 

From the answer to t h i s b a s i c q u e s t i o n , i t i s p o s s i b l e to progress 

to i n c r e a s i n g l y d e t a i l e d i s s u e s . For example, i f c l u s t e r s are 

found, we could go on to d i s c o v e r the composition of each c l u s t e r 

i n terms of popula t i o n s , the r e l a t i v e homogeneity and d i s t i n c t i v e n e s s 

of each c l u s t e r , which s p e c i f i c populations are excluded from any 

c l u s t e r and so on. 

Only when s t r u c t u r a l d e s c r i p t i o n i f f i n i s h e d , are we 

r e a l l y i n a sound p o s i t i o n to s t a r t i n v e s t i g a t i n g explanatory 

i s s u e s , such as the s e a r c h f or athnotypic, topotypic or e c o t y p i c 

types of v a r i a t i o n . 
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3.5 The plan f o r the a n a l y s i s of dermatoglyphic v a r i a t i o n 
i n Kenya, 

During t h i s chapter, I have pointed out the problems i n 

i n v e s t i g a t i n g r e g i o n a l human b i o l o g i c a l v a r i a t i o n , p a r t i c u l a r l y 

when th e r e are a l a r g e number of population samples and a t t r i b u t e s 

to c o n s i d e r . The conventional p r a c t i c e of d i v i d i n g the 

i n v e s t i g a t i o n i n t o u n i v a r i a t e and m u l t i v a r i a t e s e c t i o n s i s 

e s p e c i a l l y u n s a t i s f a c t o r y . As an a l t e r n a t i v e , I have d i s c u s s e d 

the p o s s i b i l i t i e s of a d e s c r i p t i v e s t r u c t u r a l approach, i n which 

p a t t e r n s of r e l a t i o n s h i p s between a t t r i b u t e s form a p r e l i m i n a r y 

base f o r a n a l y s i s and p a t t e r n s of r e l a t i o n s h i p s between populations 

a secondary d e s c r i p t i v e phase. Both d e s c r i p t i v e s t ages lead on 

to the i n v e s t i g a t i o n of s p e c i f i c types of v a r i a t i o n t h a t may be 

of explanatory s i g n i f i c a n c e . The id e a s of Hiernaux (1972), 

J a r d i n e (1971) and J a r d i n e and Sibson (1971), have been p a r t i c u l a r l y 

i n f l u e n t i a l i n the preceding d i s c u s s i o n . 

I now turn to the task of o u t l i n i n g s p e c i f i c a l l y how I 

propose to implement t h i s approach i n the a n a l y s i s of the Kenyan 

dermatoglyphic data: 

1) The a n a l y s i s begins i n Chapter 4, with a methodological 

d i s c u s s i o n concerning the measurement and reading of derraatoglyphic 

f e a t u r e s , and an o u t l i n e of procedures adopted to minimise e r r o r s , 

both during the s p r i n t r e a d i n g " stage and the s e t t i n g up of the 

raw data m a t r i c e s f o r computer a n a l y s i s ^ 

2) F o l l o w i n g t h i s n e c e ssary methodological chapter, the 

a n a l y s i s begins i n e a r n e s t i n Chapter 5, which d e a l s with b a s i c 

s t r u c t u r e . The chapter commences with an o u t l i n e d e s c r i p t i o n of 

the b a s i c u n i v a r i a t e data t a b l e s , which are presented f o r purposes 
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of r e f e r e n c e i n Appendix 1. The next stage e s t a b l i s h e s whether 
there i s s u f f i c i e n t s i g n i f i c a n t d i f f e r e n t i a t i o n between samples 
to warrant more s o p h i s t i c a t e d a n a l y s i s . Should t h e r e be no 
s i g n i f i c a n t v a r i a t i o n , then a h i g h l y homogeneous s i t u a t i o n would 
be suggested, and t h e r e would be l i t t l e point i n pursuing a 
d e t a i l e d s t r u c t u r a l a n a l y s i s . 

Having e s t a b l i s h e d t h a t there i s c o n s i d e r a b l e v a r i a t i o n , 

I then explore d e t a i l e d r e l a t i o n s h i p s between taxonomic a t t r i b u t e s , 

through the a p p l i c a t i o n of c o r r e l a t i o n and p r i n c i p a l components 

a n a l y s i s on type B m a t r i c e s of taxonomic dermatoglyphic a t t r i b u t e s 

( i . e . m a t r i c e s where population a t t r i b u t e means or f r e q u e n c i e s form 

the columns, and population samples the rows). T h i s stage of 

a n a l y s i s should e s t a b l i s h how much discordance e x i s t s between 

v a r i a t i o n groups of a t t r i b u t e s . 

The f i n a l p a r t of Chapter 5 seeks to e s t a b l i s h how much 

true taxonomic concordance i s a c t u a l l y manifested between 

a t t r i b u t e s . "True taxonomic concordance" r e f e r s to the 

concordance t h a t i s l e f t once p h e n e t i c and l o g i c a l c o r r e l a t i o n s 

i n i n d i v i d u a l s are c o n t r o l l e d f o r . Of p a r t i c u l a r s i g n i f i c a n c e 

i s the extent to which a t t r i b u t e s t h a t show low c o r r e l a t i o n s i n 

i n d i v i d u a l s may show higher taxonomic c o r r e l a t i o n s , 

3) The main i s s u e under i n v e s t i g a t i o n i n Chapter 6 i s the 

nature of o v e r a l l s t r u c t u r e , with a s p e c i a l focus on the question 

of whether s i g n i f i c a n t population c l u s t e r s can be d i s c e r n e d . 

In implementing these aims, I compare (1) the r e s u l t s of applying 

s t a t i s t i c a l procedures based on phenetic d i s t a n c e s and t h e i r 

f u r t h e r a n a l y s i s through o r d i n a t i o n a n a l y s i s w i t h (2) those obtained 

from applying p r i n c i p a l components a n a l y s i s on type B data m a t r i c e s , 
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and g r a p h i c a l l y p o r t r a y i n g r e s u l t i n g f a c t o r s c o r e s . The 
meaningfulness of e x i s t i n g methods f o r g r a p h i c a l l y d i s p l a y i n g 
o r d i n a t i o n s o l u t i o n s are a l s o a s s e s s e d . 

4) Chapter 7 concerns d i f f e r e n c e s i n p a t t e r n s of v a r i a t i o n 

between the male and female s e r i e s t h a t a r i s e from the d e s c r i p t i v e 

a n a l y s e s i n Chapter 5 and 6. Should c o n s i d e r a b l e d i s c o r d a n c e 

e x i s t i n p a t t e r n s of v a r i a t i o n between the s e x e s , then an attempt 

to e x p l a i n the d i f f e r e n c e s i s c r u c i a l , as we might t h e o r e t i c a l l y 

expect c o n s i d e r a b l e concordance i n taxonomic trends of v a r i a t i o n 

given that males and females i n a population are a product of 

a common genepool. 

5) I n the l a s t two chapt e r s (8 and 9 ) , I i n v e s t i g a t e s p e c i f i c 

types of v a r i a t i o n t h a t might provide i n d i c a t i o n s of the f o r c e s 

t h a t have been or are i n f l u e n c i n g derraatoglyphic d i f f e r e n t i a t i o n 

i n Kenya: 

I n Chapter 8, I examine "ethnotypic v a r i a t i o n " , or the 

extent to which dermatoglyphic a f f i n i t y between samples corresponds 

with known p a t t e r n s of e t h n i c a f f i n i t y between the populations 

from which the samples are drawn. I n Chapter 9, I examine " e c o t y p i c " 

v a r i a t i o n , or the p o s s i b i l i t y t h a t some dermatoglyphic a t t r i b u t e s 

may vary s y s t e m a t i c a l l y with c l i m a t e and environment. 

Although each chapter concentrates on a s p e c i f i c s e t of 

i s s u e s , there are some questi o n s t h a t run as themes throughout 

the a n a l y s i s . I n view of the t h e o r e t i c a l d i s c u s s i o n i n t h i s 

chapter, the f o l l o w i n g q u e s t i o n s are of s p e c i a l i n t e r e s t : 

i ) Does c o n s i d e r a b l e discordance i n the v a r i a t i o n of 

taxonomic a t t r i b u t e s n e c essary r e s u l t i n the absence of d i s t i n c t 

c l u s t e r s ? Conversely does concordance mean th a t s t r o n g 



m u l t i v a r i a t e c l u s t e r s or c l i n e s w i l l be a f e a t u r e of the o v e r a l l 

v a r i a t i o n ? 

i i ) I n a s i t u a t i o n of discordance can we r e a l l y expect to 

f i n d s i g n i f i c a n t o v e r a l l p a t t e r n s of geo g r a p h i c a l , e c o t y p i c or 

eth n o t y p i c v a r i a t i o n ? 

i i i ) I s the examination of the " s t r u c t u r e " of b i o l o g i c a l 

d i f f e r e n t i a t i o n as a d e s c r i p t i v e prelude to explanatory a n a l y s i s , 

any more p r o f i t a b l e than the more w e l l t r i e d u n i v a r i a t e and 

m u l t i v a r i a t e approaches o u t l i n e d i n the f i r s t p a r t of t h i s 

chapter? 
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CHAPTER 4 

General Methodology of Dermatoglyphic Data Measurements 

4.1 I n t r o d u c t i o n 

The p i o n e e r i n g work of Galton (1892, 1895), Henry (1900) and Bonnevie 

(1924, 1929) was l a r g e l y r e s p o n s i b l e for the formulation of methods 

for the measurement of dermatoglyphic a t t r i b u t e s . The o r i g i n a l 

methods of these authors, with some amendments and improvements, are 

summarised by Cummins and Midlo (1943). 

The development of a c o n s i s t e n t and d e t a i l e d methodology 

fo r dermatoglyphic a t t r i b u t e measurement was i n i t i a l l y i n s p i r e d by 

the demands of p o l i c e f o r e n s i c work and subsequently a l s o by the 

requirements of g e n e t i c i n v e s t i g a t i o n of dermal f e a t u r e s . Although 

the value of dermatoglyphlcs i n population s t u d i e s was a p p r e c i a t e d 

at an e a r l y date however, the s p e c i a l i s e d requirements of t h i s 

s u b j e c t were not r e f l e c t e d i n the development of the methodology of 

a t t r i b u t e measurement. For example there i s an emphasis i n the 

e a r l y t r a d i t i o n a l methods on d e t a i l e d d e f i n i t i o n of p a t t e r n sub-types 

(e.g. types of whorls) which w h i l e e s s e n t i a l f o r g e n e t i c i n v e s t i g a t i o n , 

tends to be too r e f i n e d for population s t u d i e s where l i m i t a t i o n s on 

sample s i z e s renders the c o n s i d e r a t i o n of r a r e r p a t t e r n types 

problematic. I n c o n t r a s t there was r e l a t i v e l y l e s s e f f o r t devoted 

to t i g h t e n i n g up ambiguities i n the d e f i n i t i o n of common and more 

gener a l major f e a t u r e s which are of c o n s i d e r a b l e p o t e n t i a l value i n 

population s t u d i e s ( f o r example a x i a l t r i r a d i i and m a i n l i n e s ) . 

The m a j o r i t y of p h y s i c a l a n t h r o p o l o g i c a l s t u d i e s which 

consider dermatoglyphic d i f f e r e n t i a t i o n i n human populations have 
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t r a d i t i o n a l l y used the Cummins and Midlo method, more often than not 
without any attempt to a s s e s s i t s shortcomings. T h i s i s e s p e c i a l l y 
true of n o n - s p e c i a l i s t s who sometimes supplement fieldwork i n other 
f i e l d s w i t h a s h o r t dermatoglyphic survey. The main drawbacks of 
the t r a d i t i o n a l methods of sampling and c o l l e c t i n g p r i n t s have been 
the i m p r e c i s e d e f i n i t i o n s of some a t t r i b u t e s which have r e s u l t e d i n 
c o n s i d e r a b l e i n t e r - o b s e r v e r d i s c r e p a n c y ( f o r example f o r a x i a l 
t r i r a d i i ) . Moreover a l a c k of a standard method of c o l l e c t i n g 
p r i n t s has handicapped the task of data c o l l a t i o n and comparison. 
For example some people have c o l l e c t e d f i n g e r p r i n t s only, or j u s t 
r i g h t or l e f t hands, or i n extreme case s j u s t thumbs and index 
f i n g e r s . Other u n d e s i r a b l e p r a c t i s e s i n v o l v e s the c o l l e c t i o n of 
sm a l l samples, one sex only ( u s u a l l y males) and unrandom samples 
poorly screened f o r c l o s e r e l a t i v e s . Even when such p r a c t i s e s are 
l e s s prominent, the re p o r t i s o f t e n marred by the i n c l u s i o n of too 
few a t t r i b u t e s . (For example r i d g e counts are of t e n unreported 
owing to the e f f o r t needed to read them). F i n a l l y the adoption of 
rec e n t n o n ^ t r a d i t i o n a l methodologies by some i n v e s t i g a t o r s (e.g. 
P l a t o and W e r t e l e c k i 1972) has rendered comparison with e a r l i e r 
surveys p a r t i c u l a r l y d i f f i c u l t . 

The r e c e n t computer r e v o l u t i o n has f o r the f i r s t time 

made the a n a l y s i s of l a r g e dermatoglyphic data s e r i e s p o s s i b l e , 

On the other hand techniques f o r the ord e r i n g , a c c e s s i n g and f i l i n g 

of data m a t r i c e s i n the new medium have been independently developed 

by an unknown number of i n v e s t i g a t o r s . As yet there has been l i t t l e 

e f f o r t to exchange ideas between d i f f e r e n t departments engaged i n 

the computer a n a l y s i s of dermatoglyphic v a r i a t i o n . E v e n t u a l l y the 
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c o l l a t i o n and comparison of dermatoglyphic data on an i n t e r r e g i o n a l 
b a s i s w i l l only progress through the ready interchange of data s t o r e d 
on computer tape. For t h i s to become p r a c t i c a b l e the f i r s t p r i o r i t y 
i s to d e v i s e a s t r i n g e n t methodology f o r dermatoglyphic a t t r i b u t e 
measurement which wi11 be a c c u r a t e , c o n s i s t e n t and above al1 
accepted and a p p l i e d on a s t a n d a r d i s e d b a s i s by a l l dermatoglyphic 
i n v e s t i g a t o r s . The second stage i n v o l v e s the computer a r c h i v i n g 
of data presented i n a format common i n a l l f u t u r e s u r v e y s , thus 
p e r m i t t i n g easy interchange of data f o r i n t e r - r e g i o n a l a n a l y s i s . 

As t h i s Utopian s t a t e of a f f a i r s shows l i t t l e s i g n of 

m a t e r i a l i s i n g , the dermatoglyphic workers i n the Durham Department 

of Anthropology have pursued an independent approach. The 

methodological procedures o u t l i n e d i n t h i s chapter were o r i g i n a l l y 

drawn up by Dennis and myself i n the period 1974-5 as a response 

to the need to o r g a n i s e the e x t e n s i v e Y o r k s h i r e Dales and Kenya 

s e r i e s . The procedures (Dennis 1977a; 1977b) have subsequently 

a l s o been adopted by Williams and Murray f o r l a r g e s e r i e s of Welsh 

data. A s a t i s f a c t o r y degree of i n t e r - o b s e r v e r c o n s i s t e n c y has 

been manifest i n the Durham Department, with a t t r i b u t e s read and 

formatted f o r computer a n a l y s i s i n the same manner. The l i n k i n g 

up of the Welsh and Y o r k s h i r e s e t s of data f o r comparative a n a l y s i s 

has already been achieved with s u c c e s s (Dennis and W i l l i a m s ; 

p r i v a t e communication). 

The methodology f o r the measurement of a t t r i b u t e s c o n t a i n s 

l i t t l e that i s o r i g i n a l regarding the b a s i c elements. I t i s the 

blend of t r a d i t i o n a l and modern methods that i s of p a r t i c u l a r i n t e r e s t . 

The t r a d i t i o n a l methods for r i d g e counting, m a i n l i n e s and topographic 

d e f i n i t i o n of d i g i t a l p a t t e r n s have been r e t a i n e d , with amendments 

fo r some a t t r i b u t e s which were too ambiguously defined. The 
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topographic d e s c r i p t i o n of palmar p a t t e r n s has been re p l a c e d by 

the t h e o r e t i c a l l y sounder methodology of Penrose and Loesch (1969, 

1970) which a l s o permits the t o p o l o g i c a l treatment of d i g i t a l 

p a t t e r n s . The t o p o l o g i c a l methodology has been amended i n a few 

p l a c e s as a r e s u l t of fundamental disagreement with the p o i n t s 

i n v o l v e d . The methodology f o r formatting the a t t r i b u t e s f o r 

computer a n a l y s i s i s the work of the Durham Department, i n 

p a r t i c u l a r of Dennis. 

I n the p r e s e n t Chapter, t h e r e f o r e , I s h a l l d i s c u s s and 

d e s c r i b e i n some d e t a i l the dermatoglyphic methodology adopted 

by the Durham Department g e n e r a l l y , and as implemented i n t h i s study 

s p e c i f i c a l l y . The f i r s t p a r t of the Chapter d e a l s with important 

general i s s u e s , i n p a r t i c u l a r those concerned with the r e l a t i v e 

m e r i t s of the t r a d i t i o n a l Cummins and Midlo (1943) methodology 

f o r the d e f i n i t i o n and treatment of d i g i t a l and palmar p a t t e r n s 

and the a l t e r n a t i v e proposed by Penrose and Loesch (1970). 

F o l l o w i n g t h i s d i s c u s s i o n I s h a l l o u t l i n e d e t a i l e d r u l e s and methods 

employed during the reading of the p r i n t s , and of the d e t a i l e d 

coding procedures f o r computer a n a l y s i s . F i n a l l y , I s h a l l d i s c u s s 

the p r e c a u t i o n s taken f o r the e l i m i n a t i o n of e r r o r s , and w i l l 

a s s e s s the areas of measurement most prone to e r r o r s . 

4.2 Ridge d i s c o n t i n u i t i e s and t h e i r c l a s s i f i c a t i o n 

The flowing concourse of epidermal r i d g e s t h a t t r a v e r s e 

the hands and s o l e s i s p e r i o d i c a l l y i n t e r r u p t e d by i m p e r f e c t i o n s 

i n the r i d g e s , or by d i s c o n t i n u i t i e s caused by d e v i a t i o n s of the r i d g e s 



from t h e i r p a r a l l e l course r e s u l t i n g i n the formation of v a r i o u s 

types of c o n f i g u r a t i o n . The i n i t i a l r e c o g n i t i o n by Galton (1895) 

of t y p i c a l r i d g e arrangements and the r e a l i s a t i o n that such p a t t e r n s 

were probably i n h e r i t e d provided the stimulous f o r subsequent 

d e t a i l e d c l a s s i f i c a t i o n . 

4.2.1 C h a r a c t e r i s t i c s of r i d g e flow and c o n f i g u r a t i o n s 

High r e s o l u t i o n o b s e r v a t i o n of the r i d g e s r e v e a l s that 

i m p e r f e c t i o n s , breaks and b i f u r c a t i o n are common phenomena. Galton 

(1895) d e s c r i b e d them i n d e t a i l and termed them "minutiae". Although 

the study of minutiae has been v i t a l i n the development of p o l i c e 

f o r e n s i c procedures, t h e i r v a l u e to other dermatoglyphic i n v e s t i g a t o r s 

has been minimal. Genetic i n v e s t i g a t i o n by Grunenberg (1928) 

and Ste f fens (196 5) on monozygotic twins did not produce promising 

r e s u l t s , as no evidence of h e r i t a b i l i t y was found f o r i n d i v i d u a l 

types of minutiae. Okajima (1966; 1967) however, has i n d i c a t e d 

t h a t the q u a n t i t y of minutiae present i n an i n d i v i d u a l i s i n h e r i t e d , 

and he demonstrated marked v a r i a t i o n i n the i n c i d e n c e of f o r k s 

between the sexes, d i f f e r e n t f i n g e r p a t t e r n s and dermal regions. 

The study of minutiae however, i s of doubtful r e l e v a n c e to population 

s t u d i e s owing to the i m p r a c t i c a b i l i t y of measuring them i n more than 

a small s e r i e s of i n d i v i d u a l s . 

During o b s e r v a t i o n s at a low l e v e l of r e s o l u t i o n , minutiae 

can be ignored except i n c a s e s where they can i n f l u e n c e the measurement 

of a f e a t u r e (e,g, i n r i d g e c o u n t i n g ) . Ridges t h e r e f o r e , can be 

viewed as continuous l i n e s whose flow r e s u l t s i n the formation of 

v a r i o u s arrangements. At t h e i r s i m p l e s t m a n i f e s t a t i o n , r i d g e s form 

"open f i e l d s " of p a r a l l e i r i d g e s with no s i g n i f i c a n t i n t e r r u p t i o n of 
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the flow. They can however, curve to form arches; converge and 

then spread out i n a s e r i e s of b i f u r c a t i o n s to form "fa n " c o n f i g u r a t i o n s ; 

t w i s t sideways from the general flow t e r m i n a t i n g e v e n t u a l l y at a 

c r o s s flowing r i d g e producing a "ladd e r " e f f e c t (most commonly found 

i n thenar a r e a s ) ; converge from th r e e d i r e c t i o n s onto a s i n g l e 

point to form t r i r a d i i or d e l t a s ; curve s h a r p l y from the r a d i a n t s 

of d e l t a s to form loops; a l t e r n a t i v e l y the curves from two d e l t a s 

can converge to form s p i r a l p a t t e r n s (whorls) or asymmetrical s p i r a l s 

(double loops) and f i n a l l y can r e s u l t i n r i d g e arrangements which 

resemble embryonic p a t t e r n s which are termed " v e s t i g e s " . A l l these 

types of c o n f i g u r a t i o n are i l l u s t r a t e d i n d e t a i l i n Penrose (1968). 

4.2,2 Low r e s o l u t i o n methodologies 

The t r a d i t i o n a l methodology summarised by Cummins and 

Midlo (1943) i s a topographical approach, with r i d g e c o n f i g u r a t i o n s 

defined according to c h a r a c t e r i s t i c shape and l o c a t i o n on v a r i o u s 

areas of the dermal s u r f a c e . The demarcated areas are the upper 

pads of the ten d i g i t s , and zones on the palm defined by the u s u a l 

presence of primary t r i r a d i i underneath each f i n g e r and at the 

base of the palm. The dermal f e a t u r e s d e s c r i b e d i n the preceding 

s u b - s e c t i o n are s p e c i f i e d i n d e t a i l and an e l a b o r a t e c l a s s i f i c a t i o n 

and nomenclature e x i s t s based on the l o c a t i o n of each type of 

f e a t u r e i n the v a r i o u s demarcated a r e a s . The c l a s s i f i c a t i o n of 

pa t t e r n s i s e s p e c i a l l y d e t a i l e d where i n a d d i t i o n to the primary 

types ( a r c h e s , loops, whorls and a c c i d e n t a l s ) a l a r g e number of 

sub-types are recognised and defined according to core and 

d i r e c t i o n a l p e c u l i a r i t i e s . The r e s u l t i n g p o s s i b l e combinations of 

c o n f i g u r a t i o n s i n the t r a d i t i o n a l system are numerous, 



Also c e n t r a l to the methodology i s the c l o s e examination 

of c h a r a c t e r i s t i c s of ridge flow, through the t r a c i n g of m a i n l i n e s 

emanating from the r a d i a n t s of the primary palmar t r i r a d i i and 

te r m i n a t i n g at numerated e x i t p o i n t s at the p e r i f e r y of the dermal 

s u r f a c e . The study of m a i n l i n e s i s considered to be an e s s e n t i a l 

complement to th a t of c o n f i g u r a t i o n s . 

Apart from some t h e o r e t i c a l inadequacies the t r a d i t i o n a l 

methodology can only be c r i t i c i s e d i n i t s i m p r e c i s e d e f i n i t i o n of 

a few important f e a t u r e s and i t s perhaps o v e r - d e t a i l e d typology. 

The o v e r a l l methodology, however, i s p r a c t i c a l and thorough and i s 

s t i l l r e l e v a n t to a l l a s p e c t s of dermatoglyphic r e s e a r c h , 

The main t h e o r e t i c a l f a i l i n g of the t r a d i t i o n a l methodology 

has been a l a c k of cohesion caused by the f a i l u r e to a p p r e c i a t e and 

qu a n t i f y the evi d e n t r e l a t i o n s h i p that e x i s t s between d e l t a s , p a t t e r n s 

and ridge flow. I t was not u n t i l 1965 th a t Penrose published an 

account of the t o p o l o g i c a l r e l a t i o n s h i p between these f e a t u r e s . 

He noted t h a t : 

" I f an ar e a i s covered w i t h r i d g e s p a r a l l e l to 
one another i n s m a l l f i e l d s , i t i s t o p o l o g i c a l l y 
n e c e ssary t h a t at l e a s t two loops are present on 
i t . For every a d d i t i o n a l loop there must be a 
compensating t r i r a d i u s . Thus the t o t a l number 
of loops w i l l always be two more than the t o t a l 
number of t r i r a d i i . " 

(Penrose 1965:545). 

T h i s t o p o l o g i c a l scheme i s i n evidence i n a l l phenomena 

where p a r a l l e l l i n e f i e l d s occur, such as zebra s t r i p s or human 

h a i r on the back, but i s nowhere c l e a r e r than on the hands and s o l e s : 



"On the f i n g e r s and toes a s i n g l e loop i s accompanied 
by one t r i r a d i u s and the same a p p l i e s to a symmetrical 
whorl i n which two loops have been fused. Curvature of 
the l i n e s , which i s i n s u f f i c i e n t to make a loop i s c a l l e d 
an arch. 

On the palms the minimal number of t r i r a d i l i s four. These 
are u s u a l l y i n the p o s i t i o n s designated a, b, c v d and t t 

For every loop which occurs on the palm t h e r e i s another 
t r i r a d i u s . Moreover i t can be shown e m p i r i c a l l y t h a t 
over the whole hand, i n c l u d i n g the f i n g e r s , the number of 
t r i r a d i i exceeds the number of loops by four. 
An e x c e p t i o n a l arrangement occurs at the apex of each 
d i g i t where the r i d g e s l i e n e a r l y p a r a l l e l to the edge 
of the n a i l ; t h i s i s e q u i v a l e n t to the presence of a 
loop p a t t e r n , the core of which i s r e p l a c e d by p a r t of 
the n a i l . The w r i s t i s a l s o e x c e p t i o n a l and corresponds 
t o p o l o g i c a l l y to a loop." 

(Penrose 1965:546). 

Thus i f w r i s t and f i n g e r t i p loops are ignored, the 

f o l l o w i n g g e n e r a l formula a p p l i e s to the hand: 

T + 1 = L + D 

where T i s the number of t r i r a d i i , L i s the number of loops and D 

i s the number of d i g i t s . T h i s formula can be reduced to: 

L = T - 4 

The t o p o l o g i c a l theory was developed i n t o a c o n c i s e 

methodology by Penrose and Loesch (1969; 1970) and Loesch (1971; 

1974a; 1974b). Although s e v e r a l a s p e c t s of the reported 

nomenclature are i n s u f f i c i e n t l y d efined and s e v e r a l p o i n t s need 

amending (see s e c t i o n 3 ) t the t o p o l o g i c a l method i s a s i g n i f i c a n t 

t h e o r e t i c a l advance and confers s e v e r a l p r a c t i c a l advantages over 

the topographic approach. F i r s t l y i n s p e c i f y i n g only t r i r a d i i 

and loops as opposed to the i n t r i c a t e topographic p a t t e r n typology, 

the number of p o s s i b l e f e a t u r e s i s g r e a t l y reduced. Secondly i t i s 

a more p r e c i s e method as the t o p o l o g i c a l formula enables one to 

p r e d i c t the presence of e x t r a l i m i t a l t r i r a d i i when they are not 
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f u l l y p r i n t e d . The r e l a t i v e m e rits of the two methodologies are 

d i s c u s s e d i n more d e t a i l i n s e c t i o n 3, 

4.2.3 Medium R e s o l u t i o n Methods 

The accepted methods f o r the measurement of ridge i n t e n s i t y 

were i n i t i a l l y formulated by Henry (1900) and d e s c r i b e d i n d e t a i l 

by Cummins and Midlo (1943). The importance of r i d g e i n t e n s i t y , 

i n p a r t i c u l a r the d i g i t a l r i d g e counts, was immediately appreciated 

by f o r e n s i c s c i e n t i s t s , but i t was not u n t i l the 1920's t h a t Bonnevie 

dis c o v e r e d t h e i r high h e r i t a b i l i t y and t h e i r importance to dermatoglyphic 

g e n e t i c s t u d i e s . I n the post-war p e r i o d the d i g i t a l r i d g e counts 

have been i n t e n s i v e l y i n v e s t i g a t e d by Holt i n many papers,by Coope 

(1971) by Roberts and Coope (1972; 1975) and Dennis (1977a'. The 

palmar r i d g e counts have r e c e i v e d l e s s d e t a i l e d c o n s i d e r a t i o n by 

Fang (1950), Pons (1964), S c i u l l i and Rao (1975) and Dennis (1977a . 

The accepted method f o r measuring r i d g e i n t e n s i t y i s t h a t 

of r i d g e counting, i n which t r i r a d i i and loop cores are used as 

r e f e r e n c e p o i n t s . On the f i n g e r s the number of r i d g e s between the 

d e l t a s and loop c o r e s a r e counted. Thus arches have no r i d g e count, 

loops one and whorls two. On the palm the primary i n t e r d i g i t a l 

t r i r a d i i are used. As w e l l as the ab, be and cd r i d g e counts, the 

bd and ad counts are sometimes adopted. 

A second method f o r the measurement of r i d g e i n t e n s i t y i s 

sometimes used, i n which an a r b r i t a r y length, u s u a l l y 1 cm., i s 

demarcated and the number of r i d g e s counted w i t h i n t h a t d i s t a n c e . 

T h i s i s mainly used f o r the measurement of mean ri d g e breadth 

(Penrose 1968:1). The method, however, i s open to c r i t i c i s m as 

such a r b r i t a r y measurement does not allow for i n d i v i d u a l s w i t h 



d i f f e r e n t s i z e d hands, e s p e c i a l l y during growth. The l o c a t i o n of 

the count i s a l s o c r i t i c a l , as the i n t e n s i t y of r i d g e s can vary 

d r a m a t i c a l l y i n d i f f e r e n t p a r t s of the hand. 

The t r a d i t i o n a l scheme of d i g i t a l and palmar r i d g e counts 

i s followed i n t h i s study, and the d e t a i l e d r u l e s are o u t l i n e d i n 

s e c t i o n 4.1 

4.3.1 An a p p r a i s a l of the t o p o ? r a p h i c a l and t o p o l o g i c a l approaches 

I t i s c u r i o u s t h a t i n s u p p l a n t i n g the t r a d i t i o n a l topographical 

method Penrose and Loesch have confined t h e i r c r i t i c i s m s to i s o l a t e d 

paragraphs. Perhaps t h i s can be viewed as a t r i b u t e to the g e n e r a l 

thoroughness of the t r a d i t i o n a l methodology. At the o u t s e t of 

the d i s c u s s i o n the d i s t i n c t i o n has to be made between the t h e o r e t i c a l 

c o n t r i b u t i o n of the t o p o l o g i c a l theory, which i s immense, and i t s 

implementations as a formal methodology by Penrose and Loesch which 

i s inadequate on many p o i n t s . Many of the a m b i g u i t i e s i n the 

t r a d i t i o n a l approach have not only f a i l e d to be amended but have 

even been i n c l u d e d i n the t o p o l o g i c a l scheme. Moreover the 

t o p o l o g i c a l method has introduced ambiguous f e a t u r e s of i t s own which 

are not present i n the t r a d i t i o n a l system. Workers i n the Durham 

Department take the view t h a t the two methods can be regarded as 

complementary i n many r e s p e c t s . We have attempted to u t i l i s e the 

best aspects of both methods as some of the d e f i c i e n c i e s i n each 

method are amended by the other. 

One of the more d e t a i l e d c r i t i c i m s of the topographical 

methodology i s made by Loesch (1971): 



"The g e n e t i c s of non-measured dermatoglyphic 
c h a r a c t e r s could not be s p e c i f i c a l l y s t u d i e d , 
because the t r a d i t i o n a l ( t o p o g r a p h i c a l ) c l a s s i f i c a t i o n 
of p a t t e r n elements was not s u i t a b l e f o r t h e i r 
g e n e t i c a l a n a l y s i s , for the f o l l o w i n g main reasons: 
F i r s t l y , i t was based c h i e f l y on main l i n e e x i t s ; 
such c h a r a c t e r s could not be formulated p r e c i s e l y 
enough, p a r t i c u l a r l y on the s o l e s ; moreover 
d e s c r i b e d together w i t h true p a t t e r n s , they g i v e 
overlapping information. 

Secondly, i t combined both t r u e p a t t e r n s and l o c a l 
disarrangements i n the p a r a l l e l course of r i d g e s 
which, e f f e c t i v e l y , r e s u l t e d i n approximately 
3,500,000 p o s s i b l e combinations of elements i n 
i n d i v i d u a l d e s c r i p t i o n s ; t h i s made any g e n e t i c 
a n a l y s i s i m p o s s i b l e . " 

(Loesch 1971:132) 

These a s s e r t i o n s can be c r i t i c i s e d on the f o l l o w i n g p o i n t s ; 

a) The topographical approach was not "based c h i e f l y on main 

l i n e e x i t s " . The m a i n l i n e system i s j u s t one of the a s p e c t s of 

the method with the main purpose of enumerating p a t t e r n d i r e c t i o n 

and g e n e r a l r i d g e flow. The e x t e n s i v e typology of p a t t e r n s and 

other c o n f i g u r a t i o n a l f e a t u r e s , e s p e c i a l l y on the d i g i t s can be 

t r e a t e d independently of the mainline system, although the t o p o l o g i c a l 

theory has s i n c e shown th a t they are i n t e g r a l l y l i n k e d . 

b) I n e l i m i n a t i n g the m a i n l i n e s Penrose and Loesch have not 

given enough c o n s i d e r a t i o n to whether t h e i r a l t e r n a t i v e scheme 

adequately compensates f o r t h e i r l o s s . T h e i r w i l l i n g n e s s to do away 

with m a i n l i n e s r e s u l t e d from the f a c t t h a t the t o p o l o g i c a l method 

was i n i t i a l l y developed as a system f o r s o l e c l a s s i f i c a t i o n , 

(Loesch personal communication). The enumeration of m a i n l i n e s on 

s o l e s i s extremely d i f f i c u l t , but i t does not follow that the palmar 

m a i n l i n e s present the same problems. On the palms the i n t e r d i g i t a l 

m a i n l i n e s (B, C and D) are as e a s i l y enumerated as most p a t t e r n s . 
The problematic e x i t p o i n t s are 2, 3, 4, 5' and 5'' which l i e o u t s i d e 
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the i n t e r d i g i t a l a r e a . The only m a i n l i n e that i s s e r i o u s l y 
a f f e c t e d by the ambiguous n o t a t i o n s ( i f the 5' and 5' 1 d i s t i n c t i o n 
i s e l i m i n a t e d ) i s the A m a i n l i n e . Yet the A mainline i s the only 
one which Penrose and Loesch f e l t was worth r e t a i n i n g i n c l i n i c a l 
s t u d i e s . (Penrose and Loesch 1970). 

The a s s e r t i o n that the m a i n l i n e s give "overlapping 

in f o r m a t i o n " i s not proven by Loesch. E x t e n s i v e m u l t i p l e r e g r e s s i o n 

and f a c t o r a n a l y s i s by Dennis (1977 and p r i v a t e communication) 

r e v e a l s t h a t although a great d e a l of t h e i r v a r i a n c e i s explained 

by the i n t e r d i g i t a l p a t t e r n s , a s i g n i f i c a n t p o r t i o n of the v a r i a n c e 

i s not explained. The A m a i n l i n e , moreover, comes out as a 

d i s t i n c t and independent element. 

The redundancy of the i n t e r d i g i t a l m a i n l i n e s can only be 

f u l l y achieved i f amendments are made i n the i n t e r d i g i t a l p a t t e r n 

nomenclature. I f t h i r d and f o u r t h loops are i d e n t i f i e d s e p a r a t e l y 

as formed by e i t h e r 1) the b t r i r a d i u s , 2) the c t r i r a d i u s , 

3) the d t r i r a d i u s and 4) by the t h i r d or f o u r t h accessory t r i r a d i i . 

only the v a r i a n c e when the B mainline goes to p o s i t i o n s 5, 4 or 3 

would be l o s t . T h i s amended nomenclature however, i s tantamount 

to reading the m a i n l i n e s . 

The reading of m a i n l i n e s , or the adoption of a method 

of p a t t e r n n o t a t i o n t h a t i n c l u d e s a l l t h e i r information i s 

e s s e n t i a l i f a l l the dermatoglyphic v a r i a n c e i s to be taken i n t o 

account, Loesch's nomenclature i s too g e n e r a l , and she has 

encountered problems i n how to i n c l u d e missing i n t e r d i g i t a l d e l t a s 

i n her system. Her answer, t h a t of zygodactylous t r i r a d i i , i s 

ambiguous and confusing, as two d i s t i n c t phenomena are incorporated 

by the term. (Di s c u s s e d l a t e r ) . 



c) The c r i t i c i s m t h a t the topographical methodology r e s u l t s 

i n an i m p o s s i b l e number of element combinations i s a v a l i d 

o b s e r v a t i o n . In a sense, however, the number of p o s s i b l e combinations 

i s i r r e l e v a n t . Most of the topographical p a t t e r n types l i s t e d by 

Cummins and Midlo are extremely r a r e , and can be amalgamated i n t o 

major c a t e g o r i e s . Thus Loesch's point t h a t t h e r e are too many 

types f o r g e n e t i c study i s s p u r i o u s . For example the many types 

of hypothenar combinations l i s t e d by Cummins and Midlo would r e q u i r e 

enormous samples i f the g e n e t i c s of each type i s to be i n v e s t i g a t e d . 

However i t i s e q u a l l y v a l i d to i n v e s t i g a t e the g e n e t i c s of 

u n d i f f e r e n t i a t e d hypothenar loops, which i n essence i s what Loesch has 
a 

done. I n another i n s t a n c e Holt (1975) conducted a meaningful 

g e n e t i c i n v e s t i g a t i o n of the hypothenar r a d i a l arch without adopting 

the t o p o l o g i c a l methodology. The t r a d i t i o n a l method i n f a c t o f f e r s 

a c h o i c e of g e n e t i c work on d e t a i l e d and r a r e p a t t e r n s as w e l l as 

general p a t t e r n types. 

The study of p a t t e r n combinations i n i n d i v i d u a l s i s 

moreover, r e l a t i v e l y u n p r o f i t a b l e due to the enormous samples needed 

to obtain s i g n i f i c a n t r e s u l t s f o r the r a r e r combinations. The 

e l a b o r a t e d i c t i o n a r i e s of palmar p a t t e r n combinations compiled by 

Loesch r a r e l y transcend the d e s c r i p t i v e l e v e l due to the e f f o r t 

i n v o l v e d i n compiling them. I n a d d i t i o n there i s l i t t l e point i n 

combining f e a t u r e s t h a t could turn out not to be g e n e t i c a l l y l i n k e d 

at a l l . I t i s both more p r a c t i c a l and more meaningful to t r e a t 

each f e a t u r e as a s e p a r a t e v a r i a b l e i n the f i r s t i n s t a n c e , and to 

explore the i n t e r v a r i a b l e r e l a t i o n s h i p s through c o r r e l a t i o n , p r i n c i p a l 

components, f a c t o r and m u l t i p l e r e g r e s s i o n a n a l y s i s , r a t h e r than 

through d e s c r i p t i v e d i c t i o n a r i e s . 



d) The main consequence of o b j e c t i n g to the combination of 

" t r u e p a t t e r n s with l o c a l dissarrangements i n the p a r a l l e l course of 

r i d g e s " has been the t o t a l e l i m i n a t i o n of arches, v e s t i g e s and other 

c o n f i g u r a t i o n s which do not conform with true t o p o l o g i c a l p a t t e r n s 

as defined by Penrose (1968). I n doing t h i s , i t i s worth c o n s i d e r i n g 

that these elements are probably g e n e t i c a l l y important. The 

t o p o l o g i c a l theory, with i t s c l e a r cut d e f i n i t i o n of what c o n s t i t u t e s 

a t r u e p a t t e r n (e.g. a d e l t a has r a d i a n t s of 90 - 120°) does not 

r e f l e c t the f u l l g e n e t i c or development spectrum. V e s t i g e s , f o r 

i n s t a n c e , i n many cases resemble embryonic loops and d e l t a s which 

have not achieved f u l l penetrance. T h e i r t r u e p l a c e i n the 

t o p o l o g i c a l scheme has not been i n v e s t i g a t e d . Moreover some of 

the p a t t e r n s and d e l t a s l i s t e d i n the t o p o l o g i c a l method c l e a r l y 

do not conform to the e x a c t i n g d e f i n i t i o n s of Penrose (1968). 

C e n t r a l i n t e r d i g i t a l loops and thenar loops are r a r e l y accompanied 

by c l a s s i c a l looking d e l t a s w i t h r a d i a n t s of 90 - 120 . The 

t o p o l o g i c a l theory u r g e n t l y needs r e v i s i n g to account f o r these 

anomalies. 

4-3.2 F u r t h e r c r i t i c i s m s of the t o p o l o g i c a l Method 

a) As was pointed out i n the s e c t i o n on p a t t e r n and d e l t a 

l o c a t i o n , the d e f i n i t i o n of the p o s i t i o n i n g of the a x i a l t r i r a d i i 

t , t ' and t f ? i s extremely d i f f i c u l t due to the l a c k of p r e c i s e 

r e f e r e n c e p o i n t s on the palm. The ambiguous s t a t u s of these f e a t u r e s 

has been app r e c i a t e d f o r a c o n s i d e r a b l e time, S e v e r a l methods have 

been suggested to d e f i n e the f e a t u r e s more p r e c i s e l y (these w i l l be 

d i s c u s s e d i n the next s e c t i o n ) , but Penrose and Loesch, i n r e t a i n i n g 



these f e a t u r e s i n t h e i r methodology, have f a i l e d to d e f i n e the 

f e a t u r e s any more a c c u r a t e l y than Cummins and Midlo. The d e f i n i t i o n 

of the boundary between fc and t ' , and t ' and t ' 1 i s l e f t to the 

whim of the observer. I n a d d i t i o n they have c r e a t e d v a r i a b l e s 

which are e q u a l l y i l l - d e f i n e d , which are not present i n the 

topographical system. There i s no o b j e c t i v e method by which the 

thenar t r i r a d i i e and f can be a c c u r a t e l y d i f f e r e n t i a t e d , and t h e i r 

c e n t r a l hypothenar t r i r a d i u s t U i s d i f f i c u l t to se p a r a t e from t b . 

These d i s t i n c t i o n s have been e l i m i n a t e d i n the present study with 

no n o t i c e a b l e l o s s of information, and at the same time a s u b s t a n t i a l 

improvement i n accuracy has r e s u l t e d . 

b) I t has already been i n d i c a t e d that the i n t e r d i g i t a l 

nomenclature i s too g e n e r a l , and th a t loops should be s p e c i f i e d 

as to which t r i r a d i u s forms them i f m a i n l i n e s are to become 

redundant. I n a d d i t i o n a s e r i o u s l o s s of information r e s u l t s 

from the f a i l u r e of Penrose and Loesch to s p e c i f y a c c e s s o r y 

t r i r a d i i , the enumeration of which i s standard p r a c t i s e i n the 

topographical nomenclature. A gene r a l c r i t i c i s m of the t o p o l o g i c a l 

method i s t h a t i t seeks to s p e c i f y thenar, a x i a l and hypothenar 

p a t t e r n s and d e l t a s i n c o n s i d e r a b l e d e t a i l when the means f o r 

p r e c i s e d e f i n i t i o n i s l a c k i n g , w h i l e at the same time t h e i r 

i n t e r d i g i t a l c l a s s i f i c a t i o n i s g e n e r a l i s e d i n s p i t e of the ready 

a v a i l a b i l i t y of means f o r p r e c i s e c l a s s i f i c a t i o n . 

c) The f i n a l c r i t i c i s m surrounds the confusing s t a t u s of 

zygodactylous t r i r a d i i as defined by Penrose and Loesch. Once 

again the cause of the confusion has been the d i r e c t adaptation of 

the t o p o l o g i c a l s o l e c l a s s i f i c a t i o n f o r the palms without c o n s i d e r i n g 
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c l o s e l y enough t h e i r s p e c i a l i s e d c h a r a c t e r i s t i c s . On the s o l e s 

zygodactylous t r i r a d i i a re common and occupy a unique p o s i t i o n i n 

the c e n t r a l i n t e r - t o e V s k i n area often o v e r l y i n g loops. On the 

palm, however, they are r a r e i n t h e i r c l a s s i c form, and can be 

i d e n t i f i e d when two of the i n t e r d i g i t a l t r i r a d i i a re m i s s i n g from 

t h e i r u s u a l p o s i t i o n s , and are compensated by a s i n g l e t r i r a d i u s 

l y i n g halfway between the normal l o c a t i o n p o i n t s - under the 

i n t e r d i g i t a l V. Penrose and Loesch, however, have extended the 

d e f i n i t i o n to a d i f f e r e n t s i t u a t i o n when only a s i n g l e primary 

d e l t a i s m i s s i n g , u s u a l l y c. A s i n g l e m i s s i n g d e l t a i s merely 

m i s s i n g when a l l the other d e l t a s are i n t h e i r normal p o s i t i o n s , 

and there i s no l o g i c a l b a s i s f o r c l a s s i f y i n g t h i s phenomenon as 

a 'fused' zygodactylous t r i r a d i u s . The r a r i t y of t r u e zygodactylous 

d e l t a s means that Loesch i n her r e s u l t s i s mostly r e p o r t i n g the 

frequency of s i n g l e m i s s i n g t r i r a d i i , f e a t u r e s which are f u l l y 

accounted f o r i n the t r a d i t i o n a l m a i n l i n e c l a s s i f i c a t i o n . 

The t o p o l o g i c a l p r i n c i p l e s o u t l i n e d by Penrose 1965, 

n e v e r t h e l e s s c o n s t i t u t e a c o n s i d e r a b l e c o n t r i b u t i o n to dermatoglyphic 

s t u d i e s as, f o r the f i r s t time, the mathematical r e l a t i o n s h i p 

between d e l t a s , loops and r i d g e flow has been evaluated, b r i n g i n g 

o v e r a l l cohesion to the s u b j e c t . The mathematical l i n k i n g of 

loops w i t h t r i r a d i i expressed i n the t o p o l o g i c a l formula 

T = L + (D - 1) i s e s p e c i a l l y advantageous i n d e t e c t i n g e r r o r s , 

during data c l e a n i n g (see s e c t i o n 7 ) . Moreover the formula permits 

a very a c c u r a t e c o m p i l a t i o n of hypothenar and thenar p a t t e r n s . 
b 

In the topographical system p e r i p h e r a l d e l t a s such as t were often 

missed i f they l a y i n areas that are u s u a l l y not p r i n t e d . In the 



t o p o l o g i c a l system the presence of a c e n t r a l hypothenar loop 

a u t o m a t i c a l l y r e q u i r e s the presence of t3 even i f i t i s not v i s i b l e 

on the p r i n t . 

The c r i t i c i s m s of the t o p o l o g i c a l method were p r i m a r i l y 

d i r e c t e d at Penrose and Loesch's e m p i r i c a l c l a s s i f i c a t i o n r a t h e r 

than at the p r i n c i p l e s themselves. I n many r e s p e c t s the topologic 

c l a s s i f i c a t i o n i s s i m i l a r to the topo g r a p h i c a l method, as i t uses 

the same areas f o r d e l t a and p a t t e r n l o c a t i o n , areas which are 

to p o g r a p h i c a l l y r a t h e r than t o p o l o g i c a l l y d e f i n e d , (e.g. the I I , 

I I I and IV i n t e r d i g i t a l loops have the same g e n e r a l n o t a t i o n s i n 

both s y s t e m s ) . Apart from the disagreement regarding m a i n l i n e s 

and v e s t i g i a l c o n f i g u r a t i o n s the main d i f f e r e n c e i s that d i f f e r e n t 

types of loop and whorl core s are g e n e t i c a l l y unimportant and thus 

the l a c k of r e c o g n i t i o n of these f e a t u r e s i n the t o p o l o g i c a l 

c l a s s i f i c a t i o n has to be t r e a t e d with c a u t i o n . 

I n the methodology adopted f o r t h i s study the t o p l o g i c a l 

c l a s s i f i c a t i o n has been used f o r the palmar p a t t e r n s , a d e c i s i o n 

which was made e a s i e r by the r a r i t y of palmar compound p a t t e r n s . 

Amendments have overcome many of the main c r i t i c i s m s . For the 

d i g i t a l p a t t e r n s there seems to be no o v e r i d i n g o b j e c t i o n why the 

pa t t e r n s cannot be t r e a t e d both t o p o l o g i c a l l y and t o p o g r a p h i c a l l y , 

as each approach y i e l d s d i f f e r e n t but complementary information. 

4.4 D e t a i l e d r u l e s and methods f o r the measurement and 
c l a s s i f i c a t i o n of the dermal f e a t u r e s considered i n 
the study 

4,4.1 Ridge Counting 

a) The f i n g e r r i d g e counts 

The f i n g e r r i d g e count can be def i n e d as the number of 
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r i d g e s t h a t i n t e r s e c t a s t r a i g h t l i n e drawn from the c e n t r e of a 
t r i r a d i u s to the c e n t r e of a loop core. The r u l e s , o r i g i n a l l y 
formulated by Henry (1900) are de s c r i b e d by Cummins and Midlo (1943) 
and Penrose (1968). Arches have a r i d g e count of zero, loops one 
ridge count and whorls two. There are two b a s i c ridge counts, a 
r a d i a l count when an u l n a r loop i s present or an u l n a r count f o r a 
r a d i a l loop. Whorls have both a r a d i a l and u l n a r count. The 
b a s i c counts, however, have been r a r e l y used i n the p a s t . The 
accepted form i s the u n i l a t e r a l r i d g e count which i n the case of 
whorls the l a r g e r of the two counts i s taken. The absolute r i d g e 
count i s sometimes d e s c r i b e d , when both u l n a r and r a d i a l counts 
are summed. The Total Ridge Count (TRC) has been the main 
measure used i n g e n e t i c a n a l y s i s , p a r t i c u l a r l y by Holt, and i s 
the summation of a l l ten u n i l a t e r a l counts. The t o t a l r a d i a l , 
u l n a r and absolute counts can a l s o be computed. 

Ridge counts are best read under a microscope of X10 

m a g n i f i c a t i o n . The f o l l o w i n g r u l e s apply during counting: 

1) Where the c e n t r a l point of a t r i r a d i u s i s a r i d g e , the 

ridge i s not i n c l u d e d i n the count. Where the c e n t r a l point i s a 

space, penultimate r i d g e s before the space are inc l u d e d . 

2) As i n ( 1 ) , the l a s t r i d g e at the c e n t r e of a p a t t e r n 

core i s not i n c l u d e d , I n the case of double loops, moreover, 

where two cores are present, the core n e a r e s t to i t s r e s p e c t i v e 

t r i r a d i u s i s taken, and the l i n e s of the two counts must not 

i n t e r s e c t . 



3) I n the case of l a t e r a l pocket loops, where two t r i r a d i i 

l i e on the same s i d e of the p a t t e r n , the g r e a t e r of the two counts 

i s taken. 

4) I n the case of e x t r a l i m i t a l t r i r a d i i where the d e l t a l i e s 

o f f the p r i n t a b l e area of s k i n , an estimated count i s made. 

5) Ridges r e s u l t i n g from f o r k i n g which c r o s s the s t r a i g h t 

l i n e s are both included i n the count. 

6) Ridges which f a l l s h o r t of the l i n e are excluded from the 

count. 

7) Short ri d g e s or i s l a n d s are included i n the count. 

8) I n c i p i e n t or i n t e r s t i t i a l r i d g e s are excluded from the 

count. These can be e a s i l y i d e n t i f i e d as they are much s m a l l e r 

than true r i d g e s , l i e i n between r i d g e s and show no sweat pores. 

9) Tented arches have zero r i d g e counts, as do a r c h e s , fan 

formations and o c c a s i o n a l l y some loops w i t h only the s i n g l e c e n t r a l 

core r i d g e . 

b) Palmar ridge counts 

The palmar r i d g e counts are defined as the number of 

ridg e s t h a t i n t e r s e c t a s t r a i g h t l i n e drawn between the primary 

i n t e r d i g i t a l t r i r a d i i a, b, c, and d. The reading of palmar 

ridge counts present more problems than the f i n g e r ridge counts 

owing to the f a c t t h a t the d i s t a l t r a n s v e r s e c r e a s e often i n t e r s e c t s 

the counting l i n e and a l s o as a r e s u l t of o c c a s i o n a l absence of 

the primary d e l t a s , which i s r e l a t i v e l y common i n the case of c but 

r a r e f o r the other d e l t a s , e s p e c i a l l y a and b. The ab r i d g e count 

i s thus the most r e l i a b l e one, and i s the one most f r e q u e n t l y used. 

To overcome the problem of missing c, the bd r i d g e count i s o f t e n 
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used (e.g. Chai 1972) and the ad count i s sometimes adopted. In 
the present study the ab, be and cd ri d g e counts are al1 counted. 
In the case of mis s i n g c the be and cd counts are coded as missi n g , 
and the bd count i s taken. In the case of mis s i n g a, b and d the 
a f f e c t e d count i s coded as m i s s i n g , but no s u b s t i t u t e count i s 
presented. The r a r i t y of mi s s i n g a, b and d t r i r a d i i ensures that 
the r e s u l t s are not s i g n i f i c a n t l y a f f e c t e d . The t o t a l palmar 
r i d g e count can a l s o be computed by summing the ab, be, cd and bd 
counts on each hand. The r u l e s f o r ri d g e counting are s i m i l a r 
to those of the f i n g e r counts e s p e c i a l l y r u l e s 1, 4, 5, 6, 7, and 8. 
The f o l l o w i n g a d d i t i o n a l r u l e s a l s o apply: 

1) Ridges p a r t i a l l y suppressed by white l i n e s are inc l u d e d . 

2) Where f l e x i o n c r e a s e s c r o s s the l i n e no estimate i s made 

to compensate f o r the c r e a s e . I n essence the c r e a s e i s 

jumped. 

3) I n the case of s h i f t i n g 'a.' t r i r a d i i , where the a 

t r i r a d i u s s h i f t s inwards from i t s normal p o s i t i o n the 

count i s s t i l l v a l i d . 

4) When c i s mis s i n g the be and cd counts are coded as 

miss i n g and the bd count i s taken. The mis s i n g n o t a t i o n 

i s 00, as opposed to 99 f o r counts which are imp o s s i b l e 

to read or t o t a l l y absent. 

5) Missing a , b and d t r i r a d i i are coded as missing. 

4.4.2 The c l a s s i f i c a t i o n of d i g i t a l p a t t e r n s . 

The d i g i t a l p a t t e r n s can be t r e a t e d both t o p o l o g i c a l l y 

and t o p o g r a p h i c a l l y . The t o p o l o g i c a l c l a s s i f i c a t i o n r e c o g n i s e s 

only the presence of loops. Thus loops can be i d e n t i f i e d by the 
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presence of one t r i r a d i u s , whorls are t r e a t e d as two loops and 
a c c i d e n t a l s as three, Arches have no d e l t a s and are not 
d i f f e r e n t i a t e d . The frequency of t r i r a d i i on each f i n g e r corresponds 
to the topographical arches, loops and whorls d i s t i n c t i o n and the 
t o t a l frequency of loops i s synonomous with p a t t e r n i n t e n s i t y . The 
p a t t e r n i n t e n s i t y of each d i g i t and t o t a l l e f t and r i g h t p a t t e r n 
i n t e n s i t y are considered i n d e t a i l i n the subsequent population 
a n a l y s i s . 

A topographical c l a s s i f i c a t i o n has a l s o been i n c l u d e d as 

i t y i e l d s v a l u a b l e a d d i t i o n a l information. Moreover as previous 

population surveys have u n i v e r s a l l y followed the topographical 

methodology, and the d i g i t a l p a t t e r n s are the most common v a r i a b l e s 

reported, i t i s necessary to i n c l u d e topographical r e s u l t s f o r the 

purpose of data c o l l a t i o n and comparison. 

Of the many p a t t e r n types l i s t e d by Cummins and Midlo 

(1943:60-64), the f o l l o w i n g frequent types are d i f f e r e n t i a t e d . 

1) Arches; 2) tented arches; 3) u l n a r loops; 4) r a d i a l 

loops; 5) c o n c e n t r i c whorls; 6) double loops; 7) c e n t r a l 

pocket loops; 8) l a t e r a l pocket loops. A l l the remaining 

r a r e compound types with three t r i r a d i i are c l a s s i f i e d as 

a c c i d e n t a l s . 

The p a t t e r n s are c l a s s i f i e d according to c h a r a c t e r i s t i c s 

of core shape and the presence of d e l t a s , Penrose (1968:4) d e s c r i b e s 
o 

a loop as when the r i d g e s 'turn through an angle of 180 and a 

t r i r a d i u s as a "point where three d i f f e r e n t f i e l d s of almost p a r a l l e l 

r i d g e s meet r e s u l t i n g i n three spokes, the angles of which are 
o o g r e a t e r than 90 and are t y p i c a l l y 120 ." In p r a c t i s e many 

t r i r a d i i have r a d i a n t s which f a l l below 90° and the r u l e has been 
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r e l a x e d i n the present study. V e s t i g i a l formations which resemble 

d e l t a s are r e a d i l y i d e n t i f i e d as they are u s u a l l y formed by very 

few ridg e s . 

The f o l l o w i n g r u l e s have been followed f o r the c l a s s i f i c a t i o n 

of the main p a t t e r n types u t i l i s e d i n the study; 

Amended d e f i n i t i o n s and innovations are i n d i c a t e d by *. 

1) Arches are e a s i l y i d e n t i f i e d by the absence of d e l t a s and 

the g e n t l e c u r v i n g of the r i d g e s . 

2) Tented arches have a t r i r a d i u s at the c e n t r e of the p a t t e r n 

with the d i s t a l r a d i a n t terminating at the c e n t r e of the p a t t e r n 

core. 

3) Two types of loop are d i f f e r e n t i a t e d . When the loop 

core opens out towards the u l n a r s i d e of the f i n g e r , i t i s termed 

an u l n a r loop. The core of a r a d i a l loop p o i n t s i n the opposite 

d i r e c t i o n towards the r a d i a l s i d e of the f i n g e r . 

4) P a t t e r n s with two t r i r a d i i a re known g e n e r a l l y as whorls, 

but s i x main sub-types are d i f f e r e n t i a t e d i n the study: 

a) C o n c e n t r i c whorls are e a s i l y i d e n t i f i e d when i ) * 

the r i d g e counts are roughly of the same magnitude 

i i ) when only one core i s p r e s e n t . 

b) Double loops have two cores whose c e n t r e s point i n 

opposite d i r e c t i o n s . Whorls with two v i s i b l e cores 

even i f the cores are only separated by a minimum of 

two r i d g e s , are s t i l l c l a s s i f i e d as double loops. 

c) & d) When two cores are present t h a t point i n the same 

d i r e c t i o n , the p a t t e r n s are termed l a t e r a l pocket 

loops. I f the cores f o l l o w an u l n a r d i r e c t i o n , they 

are termed u l n a r l a t e r a l pocket loops or r a d i a l l a t e r a l 
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pocket loops i f they f o l l o w a r a d i a l d i r e c t i o n , 
e) it f ) When two d e l t a s are p r e s e n t , but one of them l i e s 

very c l o s e to a s i n g l e core» the p a t t e r n i s termed 
e i t h e r a r a d i a l or u l n a r c e n t r a l pocket loop 
according to which s i d e of the f i n g e r the s m a l l e r 
d e l t a l i e s . C e n t r a l pocket loops are d i f f i c u l t to 
i d e n t i f y i n some case s when the d e l t a i s small and 
i n d i s t i n c t . When the core i s only one r i d g e they 
are c l a s s e d as loops i f the d e l t a i s b a r e l y 
d i s c e r n a b l e . * To render the d e f i n i t i o n more p r e c i s e 
a c o n c e n t r i c whorl i s a c e n t r a l pocket loop i f one 
of the ri d g e counts l e s s than h a l f of the other. 

5) Compound p a t t e r n s with three t r i r a d i i are known as 

a c c i d e n t a l s , and are no d i f f e r e n t i a t e d . 

4.4.3 The c l a s s i f i c a t i o n of palmar p a t t e r n s . 

The Penrose and Loesch c l a s s i f i c a t i o n has been adopted, 

with amendments i n d i c a t e d by an a s t e r i x ( * ) . As compound p a t t e r n s 

such as whorls are r a r e , no topographical information has been 

inc l u d e d . 

The p r i n c i p l e s of c l a s s i f i c a t i o n have been o u t l i n e d i n 

Penrose and Loesch (1970) and Loesch (1974b). The f o l l o w i n g l i s t 

i s d i r e c t l y quoted from the l a t t e r , page 133. 

"1) The p r i n c i p l e s are uniform f o r palms and s o l e s . 
2) Only loops and t r i r a d i i are included i n the 

d e s c r i p t i o n . Loops are named according to the 
anatomical areas i n which they are s i t u a t e d and 
the main d i r e c t i o n of t h e i r c o r e s , which can be 
d i s t a l ( a l s o c a l l e d p e r i p h e r a l , i . e . p o i n t i n g 
upwards towards the d i g i t s i n the caae of the 
i n t e r d i g i t a l loops or outwards towards the u l n a r 
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periphery i n the case of hypothenar loops) 
or proximal ( a l s o c a l l e d c e n t r a l when the loop 
cores point towards the c e n t r e of the palm). 
I f t h e i r a re two p o s s i b l e types of loops i n one 
and the same area, which are both d i s t a l or 
proximal, one of them i s s e p a r a t e l y s p e c i f i e d 
as r a d i a l or u l n a r , 

T r i r a d i i a r e named according to t r a d i t i o n a l 
nomenclature (Penrose 1968) with some 
m o d i f i c a t i o n s . " 

(The e x p l a n a t i o n s i n the parentheses are my own) 

Loesch i d e n t i f i e s and d e f i n e s the f o l l o w i n g p a t t e r n s 

and t r i r a d i i : 

"PALMAR PATTERNS 

I - p e r i p h e r a l loop on are a I , 
r 

I - r a d i a l loop on area I . 
I I - p e r i p h e r a l loop on i n t e r d i g i t a l area I I . 
A 
I I - c e n t r a l loop on i n t e r d i g i t a l area I I . 
I I I - p e r i p h e r a l loop on i n t e r d i g i t a l a r e a I I I . 
A 

I I I - c e n t r a l loop on i n t e r d i g i t a l area I I I . 
t 

I I I - tented loop on i n t e r d i g i t a l a r e a I I I . 
IV - p e r i p h e r a l loop on i n t e r d i g i t a l a r e a IV. 
A 
IV - c e n t r a l loop on i n t e r d i g i t a l area IV. 
I V U - u l n a r ( p e r i p h e r a l ) loop on i n t e r d i g i t a l a r e a IV. 

ph 
H - p e r i f t e r a l loop on hypothenar area . 

c e n t r a l loop on hypothenar area . 
r a d i a l loop on hypothenar a 
to t r a d i t i o n a l c a r p a l loop, 
tented loop on the 
p o i n t i n g c a r p a l l y . 
tented loop on the 
p o i n t i n g r a d i a l l y . 
tented loop on the 
p o i n t i n g towards the u l n a r s i d e of the palm. 

r 
H - r a d i a l loop on hypothenar a r e a , which corresponds 
e 

T - tented loop on the hypothenar a r e a with i t s core 

_ r 

T - tented loop on the hypothenar a r e a with i t s core 

T U - tented loop on the hypothenar area with i t s core 
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PALMAR TRIRADII 

e - l i e s i n d i s t a l p a r t of area I . 
f - l i e s i n c e n t r a l or proximal p a r t of area I . 
t , f , t 1 ' , t ' ' ' ^ a x i a l t r i r a d i : ' as t r a d i t i o n a l l d e s c r i b e d 

(Penrose 1968 ) . 
t b - border (or e x t r a l i m i t a l ) hypothenar t r i r a d i u s . 
r 

t - very r a r e t r i r a d i u s d e v i a t i n g to r a d i a l s i d e of 
palm. 

t U - t r i r a d i u s s i t u a t e d near the ce n t r e of the 
hypothenar area . 

z - zygodactylous ( f u s e d a b ) . 
z 1 - zygodactylous ( f u s e d b e ) , t r a d i t i o n a l l y known 

as the absence of c. 
z 1 ' - zygodactylous (fused c d ) . " 

(Loesch 1974b:136). 

The reader can f i n d these p a t t e r n s represented d i a g r a m a t i c a l l y i n 

the same paper and i n Penrose and Loesch (1970). 

(N.B. I n t h i s paper f i g u r e s lOv and v i co n t a i n e r r o r s . HH should 

read HR*r) . 

4.4.3.1 F u r t h e r r u l e s and amendments * i n the Penrose and 
Loesch c l a s s i f i c a t i o n 

1) Tented loops are only common on the c t r i r a d i u s , and can 

be defined as a loop whose core does not d i s p l a y assymetry of 

d i r e c t i o n . The t r i r a d i u s a s s o c i a t e d with the loop has a r a d i a n t 

t e r m i n a t i n g at the apex of the loop curve. The extreme r a r i t y 

of tented loops on the a, b and d t r i r a d i i , means th a t they do not 

have to be s p e c i f i e d i n the system. On the very few i n s t a n c e s 

when these loops were encountered a and b tented loops were coded 

as I I and d tented loops as IV. * I f m a i n l i n e s are r e t a i n e d these 

r a r e tented loops are f u l l y accounted f o r , but a comprehensive 
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i n t e r d i g i t a l nomenclature to be used without m a i n l i n e s should 
i n c l u d e s p e a r a t e n o t a t i o n s f o r these loops. 

2) The presence of compound hypothenar p a t t e r n s such as 

whorls or double loops could, i n some i n s t a n c e s , present d i f f i c u l t y . 

The t o p o l o g i c a l n o t a t i o n i n p r a c t i s e , however t i s c l e a r l y d efined. 
A r A whorl or double loop u s u a l l y i s noted HH and o c c a s i o n a l l y HH . 

3) *The p e r i p h e r a l hypothenar loop i s c l e a r l y defined and 

u s u a l l y easy to i d e n t i f y . I n some c a s e s , however, a p e r i p h e r a l 

hypothenar loop occurs formed by the u l n a r proximal r a d i a n t of the 

a x i a l t r i r a d i u s and cur v i n g p r o x i m a l l y so that i t merges w i t h the 

w r i s t c r e a s e where a second a x i a l t r i r a d i u s o c c u r s . T h i s type of 

H loop i s extremely d i f f i c u l t to spot at times i n p r i n t reading, 

and f a i l u r e to a p p r e c i a t e i t s r e l a t i v e l y frequent occurrence could 

r e s u l t i n c o n s i d e r a b l e i n t e r - o b s e r v e r d i s c r e p a n c y . T h i s type 

of p a t t e r n should, perhaps, be coded s e p a r a t e l y to avoid confusion 

i n f u t u r e s u r v e y s . 

4) *A11 hypothenar p a t t e r n s whose cores p o i n t towards the 

c e n t r e of the palm are c l a s s i f i e d as hypothenar c e n t r a l loops by 

Penrose and Loesch. A c a s e , however, e x i s t s f o r the r e t e n t i o n of 

the t r a d i t i o n a l parathenar loop which d i f f e r s from the c l a s s i c a l 

H i n th a t i t s apex i s not i n the hypothenar a r e a a s s o c i a t e d with 

t r i r a d i u s t b , but i n the a x i a l area c l a s s i c a l l y formed by the 

c e n t r a l lower r a d i a n t s of two p a r a l l e l a x i a l d e l t a s . In some 

populations they are r e l a t i v e l y common and should be d i f f e r e n t i a t e d 
A 

from H. In t h i s survey they are not coded s e p a r a t e l y as they can 

be r e a d i l y computed from e x i s t i n g v a r i a b l e s . (See next s e c t i o n ) . 



2 

c r u 
5) *The hypothenar tented loops T , T and T are a l l 
extremely r a r e i n the present populations. These v a r i a b l e s have 

T 

been amalgamated i n t o one general v a r i a b l e , H 

6) *The d i s t i n c t i o n between the thenar t r i r a d i i e and f 

has been e l i m i n a t e d as there i s no o b j e c t i v e c r i t e r i a by which 

they can be defined p r e c i s e l y . 

7) The a x i a l t r i r a d i i are d i s c u s s e d i n d e t a i l i n the next 

s u b - s e c t i o n . The t , t ' and t ' ' d i s t i n c t i o n has been r e t a i n e d with 

the d i v i s i o n s coded as defined by Penrose (1968). T r i r a d i u s t 1 1 ' 
has been e l i m i n a t e d as i t cannot be u s e f u l l y d i f f e r e n t i a t e d from t * ' . 

r 

8) * t has a l s o been e l i m i n a t e d as i t i s e a s i l y i n c o r p o r a t e d 

i n t o the t r a d i t i o n a l nomenclature. I t s r a r i t y , moreover, makes 

i t an u n p r o f i t a b l e v a r i a b l e f o r population a n a l y s i s . t U i s not 

s u f f i c i e n t l y w e l l defined to keep i t s d i s t i n c t i o n , and t h e r e i s no 
b 

r e a l o b j e c t i o n why i t should not be coded as t _ The c e n t r e of 
the hypothenar a r e a , which i s the c r u c i a l c r i t e r i a f o r the 

u 

d e f i n i t i o n of t , can only be vaguely demarcated, e s p e c i a l l y when 

the periphery of the area i s badly p r i n t e d . 

9) *The main o b j e c t i o n s of Penrose and Loesch's c l a s s i f i c a t i o n 

of zygodactylous t r i r a d i i has a l r e a d y been d i s c u s s e d . I t must be 

s t r e s s e d that the absence of c does not r e s u l t i n the 'fusion of 

t r i r a d i i be'. C l a s s i c a l zygodactulous formations are r a r e , on the 

palms, and occur when two primary t r i r a d i i are m i s s i n g and are 

compensated by a t r i r a d i u s midway between t h e i r normal p o s i t i o n s ; 

j u s t underneath the V between the f i n g e r s , Ridge counts can be 

used to d e f i n e whether the t r i r a d i u s i s acceptably midway, but t h i s 

i s e a s i l y achieved by eye i n most case s - In t h i s study only c l a s s i c 
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zygodactylous t r i r a d i i are recognised. Normal mi s s i n g t r i r a d i i are 

accounted f o r i n the m a i n l i n e s only. 

10) The i n t e r d i g i t a l a c c e s s o r y t r i r a d i i are not i n d i v i d u a l l y 

s p e c i f i e d , although i t would be advantageous to do so. Unfortunately 

t h i s l a t t e r f a c t was not f u l l y a p p r e c i a t e d u n t i l a f t e r the p r i n t s 

had been read. I n t h i s study the recommended pooling of the 

i n t e r d i g i t a l t r i r a d i i by Penrose and Loesch to form one v a r i a b l e 

'D' has been adopted, D corresponds to i n t e r d i g i t a l d e l t a 

i n t e n s i t y . 

4.4.4 The Measurement of the A x i a l t r i r a d i i 

The p o s i t i o n i n g of the a x i a l t r i r a d i i has a l r e a d y been 

shown to be extremely problematic to d e f i n e . The g e n e r a l 

d e f i n i t i o n of a x i a l t r i r a d i u s p o s i t i o n i n g i s given by Penrose 

(1968:7). 

" I n the proximal region of the palm where the 
t r i r a d i u s tends to have the form of a A , i t i s 
simply c a l l e d t . I f the t r i r a d i u s l i e s near 
the c e n t r e of the palm, where i t resembles a y, 
i t i s termed t ' ' . When i t i s i n an i n t e r m e d i a t e 
p o s i t i o n and two r a d i a n t s are n e a r l y p e r p e n d i c u l a r , 
i t i s c a l l e d t ' . " 

The c l a s s i c d e l t a shapes t h a t Penrose l i s t s are i n 

p r a c t i s e not very h e l p f u l as d e f i n i n g c r i t e r i a as exceptions occur. 

Moreover the boundary between the low, intermediate and c e n t r a l 

areas are not defined. In the p a s t c o n s i d e r a b l e i n c o n s i s t e n c y 

r e s u l t e d between dermatoglyphic workers as a r e s u l t of the p r a c t i s e 

of a l l o c a t i n g a x i a l t r i r a d i i by eye. 
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To overcome t h i s problem s e v e r a l methods have been 

suggested, but a l l have t h e i r disadvantages. Of the q u a n t i t a t i v e 

measures the atd angle i s inadequate as i t r e f l e c t s l a t e r a l 

p o s i t i o n i n g of the i n t e r d i g i t a l a and d t r i r a d i i as much as the 

l o n g i t u d i n a l p o s i t i o n of t . Moreover i t i s a f f e c t e d by environmental 

f a c t o r s , p r i m a r i l y age. The t to d r i d g e count (Berg 1968) i s not 

only too lengthy and tedious to read, but s u f f e r s from having to 

c r o s s the major t r a n s v e r s e c r e a s e s , thus i n t r o d u c i n g a s i g n i f i c a n t 

environmental component. Sharma's t^index (Sharma 1962) i s 

r e l a t i v e l y unknown, and confers few a d d i t i o n a l advantages due to 

i t s r e l i a n c e on c r e a s e s as r e f e r e n c e p o i n t s , (These methods are 

c r i t i c i s e d i n d e t a i l by Dennis 1977*1.27-132) . 

The method adopted i n t h i s study i s o u t l i n e d by Penrose 

(1968:9). 

"A measurement can be made of the a x i s length, 
i . e . the d i s t a n c e between the most d i s t a l w r i s t 
c r e a s e and the most proximal c r e a s e on d i g i t IV; 
the d i s t a n c e between the t r i r a d i u s and the d i s t a l 
w r i s t c r e a s e i s then measured and expressed as a 
percentage of the a x i s length. I f t h i s percentage 
exceeds 14 and i s l e s s than 40, the t r i r a d i u s i s 
termed t ' ; i f i t i s 40 or more the term i s t ' 1 . 
Otherwise i t i s termed t . " 

I n s p i t e of the f a c t t h a t the method i s s u p e r i o r to 

s u b j e c t i v e measurement by eye, i t s t i l l has disadvantages. F i r s t l y 

i n a c c u r a c y r e s u l t s from having to use c r e a s e s as r e f e r e n c e p o i n t s , 

Wrist c r e a s e s are r a r e l y so d i s t i n c t that the 'feather edges' can 

be l o c a t e d e x a c t l y , and vary c o n s i d e r a b l y both i n type, dimension 

and l o c a t i o n amongst i n d i v i d u a l s . Moreover c r e a s e s vary 

according to age, The 14 and 40% p o i n t s are e n t i r e l y a r b i t r a r y , 

and a d e t a i l e d methodological study would be d e s i r a b l e to determine 



the best t r a n s i t i o n p o i n t s , The p o s i t i o n i n g of the a x i a l t r i r a d i i 

can be considered the l e a s t a c c u r a t e measures i n t h i s study, but 

n e v e r t h e l e s s t and t ' d i s p l a y c o n s i s t e n t v a r i a t i o n i n the l a r g e r 

sample l e v e l s . 

4.4.5 The atd Angle 

The atd angle e x i s t s i n two forms. The maximal atd angle 

i s measured from the most d i s t a l a x i a l t r i r a d i u s when more than one 

are p r e s e n t . The minimal atd angle, however, i s taken from the 

most proximal a x i a l t r i r a d i u s . The maximal atd angle has been the 

u s u a l form adopted by previous dermatoglyphic workers (e.g. B a r n i c o t 

and Woodburn 1972) and has been found to be an important d i a g n o s t i c 

f e a t u r e i n the d i a g n o s i s of mongolism. (Penrose 1954 ) . The minimal 

atd angle, however, i s more s u i t a b l e as a q u a n t i t a t i v e measure as 

i t does not r e f l e c t the r e l a t i v e i n c i d e n c e of p e r i p h e r a l hypothenar 

loops. The minimal atd angle i s as much a measure of the r e l a t i v e 

l a t e r a l p o s i t i o n i n g of t r i r a d i i a and d than the l o n g i t u d i n a l p o s i t i o n 

of t , 

There are two main sources of i n c o n s i s t e n c y i n the atd 

angle which s e r i o u s l y reduces i t s e f f e c t i v e n e s s as an o b j e c t i v e 

and meaningful v a r i a b l e f o r population a n a l y s i s , F i r s t l y the angle 

can vary c o n s i d e r a b l y depending on whether the i n d i v i d u a l ' s f i n g e r s 

are open or c l o s e d during p r i n t i n g . Mainigi and Sharma (1971:48) 

found t h a t the d i f f e r e n c e between maximal and minimal abduction 

could be as high as 11°. Great c a r e was taken i n t h i s study during 

p r i n t i n g t h a t the f i n g e r s were c l o s e together. The e r r o r was thus 
o 

reduced to l e s s than 1 i n most i n d i v i d u a l s , 



Secondly, the atd not only r e f l e c t s the r e l a t i v e 

p o s i t i o n i n g of t r i r a d i i but a l s o an anthropometric component, the 

r e l a t i v e breadth and length of the palm. U n l i k e the other v a r i a b l e s 

which are p u r e l y dermal i n c h a r a c t e r the atd angle i s a f f e c t e d by 

age. Penrose (1968:9) recognised the i n f l u e n c e of age as a s e r i o u s 

o b j e c t i o n and t h i s was confirmed by David (1971) who noted t h a t 
o 

maximal atd angles of over 50 are common i n neonates. 

The decrease i n the atd angle as age i n c r e a s e s i s c l e a r l y 

shown by the Kenyan samples i n t a b l e 4.1. To minimise the a f f e c t 

of i n t e r population v a r i a t i o n the sample was d i v i d e d i n t o the 

three major e t h n i c c a t e o g i r e s , the C u s h i t e s , N i l o t e s and Bantu. 

The r e s u l t s are very c o n s i s t e n t i n a l 1 the t r i b a l c a t e g o r i e s , but 

the d i f f e r e n c e s are s l i g h t l y l e s s marked i n the females. The 

r e s u l t s show th a t the angle decreases markedly and p r o g r e s s i v e l y 

through the f i r s t four age c a t e g o r i e s , but i s l e s s marked between 

the teenage and adult c a t e g o r i e s . The higher v a l u e s i n the female 

N i l o t i c 16 to 30 age group i s l i k e l y due to random f a c t o r s as 

the sample s i z e i s r e l a t i v e l y s m a l l . The r e l a t i o n s h i p with age 

i s c l e a r l y strong, as the F p r o b a b i l i t i e s are at the 0,000 l e v e l i n 

a l l the e t h n i c c a t e g o r i e s f o r both sexes except for the Bantu 

females on the l e f t hand. 

The minimal atd angle i s obtained by drawing s t r a i g h t 

l i n e s between the at and td t r i r a d i i . Accuracy depends on the 

c o r r e c t l o c a t i o n of the exact c e n t r e of each t r i r a d i u s as s t i p u l a t e d 

i n r u l e 1 of the f i n g e r r i d g e count d i r e c t i v e s . The angle of the 

l i n e s where they i n t e r s e c t at the c e n t r a l point of the proximal t 

t r i r a d i u s i s measured using a p r o t r a c t o r . 



In the r a r e c a s e s where a hypothenar r a d i a l arch i s present, when 

the a x i a l d e l t a s are absent and r e p l a c e d by , the angle i s coded 

as m i s s i n g . 

4.4.6 The Mainlines 

I t was o r i g i n a l l y intended to i n c l u d e the m a i n l i n e s i n 

the study f o r reasons d i s c u s s e d i n s e c t i o n 3 of t h i s chapter, Due 

to l a c k of time however, the reading of the m a i n l i n e s were not 

completed, and have had to be l e f t f o r f u t u r e a n a l y s i s . 

The omition of the m a i n l i n e s has i n e v i t a b l y r e s u l t e d 

i n the l o s s of v a r i a n c e . However the r e s u l t s of a c o r r e l a t i o n 

f a c t o r and m u l t i p l e r e g r e s s i o n a n a l y s i s on the m a i n l i n e s by Palmar 
a 

p a t t e r n s by Dennis (1977 and p e r s o n a l communication) shows t h a t a 

l a r g e p o r t i o n of the v a r i a n c e of the i n t e r d i g i t a l m a i n l i n e s i s 

accounted f o r by the i n t e r d i g i t a l p a t t e r n . The A m a i n l i n e comes out 

as a s e p a r a t e f a c t o r i n the f a c t o r a n a l y s i s , but the ambiguous 

terminations on the u l n a r border of the palm makes the measurement 

of the v a r i a b l e problematic. The omition of the m a i n l i n e s i s thus 

l e s s s e r i o u s than the l o s s of other v a r i a b l e s e t s except f o r the 

atd angle and the p o s i t i o n i n g of the a x i a l t r i r a d i i . 

The methodology of m a i n l i n e measurement i s comprehensive 

d i s c u s s e d by Dennis (1977a, Chapter 4 ) . 
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4. 5 Methods of p r i n t reading 

At the f i r s t stage each sample was prepared by drawing 

the l i n e s f o r r i d g e counting and f o r measuring the atd angle. While 

the l i n e s were being drawn s m a l l thenar and hypothenar p a t t e r n s 

which could be missed i n reading were marked. Samples were read 

at random i n order to minimise the development of preconceived trends 

t h a t might have led to i n c o n s i s t e n c y . 

When reading commenced i t was considered more ac c u r a t e 

to read r e l a t e d v a r i a b l e s only throughout each sample before 

proceeding to the next v a r i a b l e s e t , r a t h e r than read a l l the 

v a r i a b l e s c o n s e c u t i v e l y f o r each i n d i v i d u a l . The u n d e r l y i n g 

r a t i o n a l e was that by doing t h i s e r r o r s could be crosschecked i n 

the subsequent reading of d i f f e r e n t v a r i a b l e s . The order of 

reading was as f o l l o w s : 

a) The f i n g e r p a t t e r n s with each type w r i t t e n above the 

p r i n t . 

b) The f i n g e r r i d g e counts: These enabled the f i n g e r 

p a t t e r n s to be s i m u l t a n e o u s l y checked, e s p e c i a l l y c e n t r a l 

pocket loops which are i n p a r t defined by ridge count. 

The counts were a l s o w r i t t e n above the p r i n t . 

c ) The palmar p a t t e r n s : the n o t a t i o n was w r i t t e n by each 

hand. 

d) the palmar ridge counts: w r i t t e n above each count. 

e) The m a i n l i n e s : ( i n a l l but 1,500 p r i n t s ) . These 

enabled the d i r e c t v e r i f i c a t i o n of palmar i n t e r d i g i t a l 

p a t t e r n s . 

f ) The atd angle: w r i t t e n by each p r i n t p r o v i d i n g a chance 
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to r e r e a d the thenar, hypothenar and a x i a l d e l t a s and 
p a t t e r n s . 

In a d d i t i o n r i d g e counts which d i s p l a y e d marked assymetry with t h e i r 

homologues were recounted. 

F i n a l l y , when a l l the p r i n t s were read the f i g u r e s were 

copied onto the computer coding sheets which provided a f i n a l rough 

crosscheck. These methods are d i s c u s s e d i n more d e t a i l i n the 

s e c t i o n on e r r o r i d e n t i f i c a t i o n , l a t e r i n t h i s c hapter. 

The use of a s t e r e o s c o p i c microscope at lOx m a g n i f i c a t i o n 

was e s s e n t i a l f o r the a c c u r a t e counting of r i d g e s and the t r a c i n g s 

of m a i n l i n e s , e s p e c i a l l y the A mai n l i n e . A sharp s t e e l pointed 

needle was i n i t i a l l y used i n r i d g e counting, but sharp p e n c i l s were 

l a t e r u t i l i s e d to permit r a p i d r e c o r d i n g of r i d g e s c o r e s . 

Smudged, obscured and s c a r r e d p r i n t s , as w e l l as some 

missing d i g i t s and hands, i n e v i t a b l y r e s u l t e d i n having to code 

v a r i a b l e s as m i s s i n g . The d i g i t a l and palmar p a t t e r n s were r a r e l y 

a f f e c t e d . D i g i t a l and palmar r i d g e counts however, presented 

more problems, as any im p e r f e c t i o n can lead to e r r o r s i n counting. 

The p r a c t i s e of r e p r i n t i n g the palmar i n t e r d i g i t a l area and d i g i t s 

when p r i n t i n g was impe r f e c t , saved a s i g n i f i c a n t p o r t i o n of the 

counts. The d i g i t a l ridge counts presented the most s e r i o u s 

problems, as whorls and loops with l a r g e counts were more l i k e l y 

to be p a r t i a l l y obscured than p a t t e r n s w i t h s m a l l counts. I f the 

percentage of p a t t e r n s with l a r g e counts coded as missing i s 

s u b s t a n t i a l l y g r e a t e r than that of smal1 counts, s e r i o u s d i s t o r t i o n 

r e s u l t s . Therefore u n l e s s a count was im p o s s i b l e to read, an 

uncommon occurence, an estimate was made of obscured p a t t e r n s , A 
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comparison of counts of imperfect p a t t e r n s with repeated p e r f e c t 

ones, done unconsciously on many occ a s i o n s when a repeated p a t t e r n 

was not immediately i d e n t i f i e d as such, r e v e a l e d c l o s e s i m i l a r i t y 

i n most c a s e s . E r r o r s of e s t i m a t i o n are thus l e s s s e r i o u s than 

the d i s p r o p o r t i o n a t e a l l o c a t i o n of mi s s i n g v a l u e s to p a t t e r n s with 

high r i d g e counts. 

The t o t a l time r e q u i r e d to read a l l the v a r i a b l e s f o r 

one i n d i v i d u a l and the t r a n s f e r of information onto computer sheets 

took approximately f i f t e e n minutes. 

4 06 Coding, and computer v a r i a b l e s , 

4.6.1 The computer coding sheet 

The computer coding sheet used i n the p r e s e n t study was 

designed by Dennis i n a gene r a l format to permit d i r e c t comparison 

with other p r o j e c t s i n the Durham Department. The coding sheet i s 

reproduced i n F i g u r e 4.1. 

There are three cards f o r each i n d i v i d u a l with an 

o p t i o n a l f o u r t h card f or more s p e c i a l i s e d v a r i a b l e s . The case 

number and card number are the f i r s t v a r i a b l e s on each card. The 

f i r s t card i s concerned w i t h demographic v a r i a b l e s . I n the case 

of the present survey only SEX, AGE and POP are r e l e v a n t . The 

v a r i a b l e STATE has been i n c l u d e d f o r the purpose of f u t u r e data 

c o l l a t i o n between surveys i n d i f f e r e n t c o u n t r i e s . Dennis (1977b) 

has a l l o c a t e d a code number f o r each country i n the world as l i s t e d 

i n the United Nations S t a t i s t i c a l Yearbook 1973. 

The second card i s mainly concerned with the d i g i t a l and 

palmar r i d g e counts and the d i g i t a l p a t t e r n s . The t h i r d card 

c o n t a i n s one overlapping f i n g e r p a t t e r n v a r i a b l e (RP5), the palmar 
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p a t t e r n s , the m a i n l i n e s and the atd angle, Not a l l the v a r i a b l e s 

used i n the a n a l y s i s have been s p e c i f i c a l l y coded. The coded 

v a r i a b l e s r e p r e s e n t primary a t t r i b u t e s and the excluded v a r i a b l e s 

can be computed from the e x i s t i n g t r a i t s , (e.g. the r i g h t absolute 

count on d i g i t 1 can e a s i l y be c a l c u l a t e d by summing the r e s p e c t i v e 

r a d i a l and u l n a r c o u n t s ) . The ma i n l i n e s have not been f i l l e d i n , 

r e s u l t i n g i n the l o s s of zygodactylous t r i r a d i i which cannot be 

computed without them. The hypothenar tented loops are a l l 
u r 

included i n UHTR, and t and t have not been u t i l i s e d . 

4.6.2 D e t a i l e d coding procedures 

a) V a r i a b l e CASE 

CASE i s the i d e n t i t y number f o r each i n d i v i d u a l and 

occurs on each card as a p r e c a u t i o n i n case they were dropped, 

and f o r easy s o r t i n g . The case numbers run s e q u e n t i a l l y through 

each sample, w i t h the males of each t r i b a l sample enumerated 

f i r s t . I n r e t r o s p e c t i t would have been e a s i e r i f the females 

had been l i s t e d f o l l o w i n g a l l the males, as they were segregated 

i n t o s e p a r a t e f i l e s during a n a l y s i s f o r convenience. 

b) V a r i a b l e CARD 

I t was e s s e n t i a l to number each card to enable computer 

s o r t i n g which i s much q u i c k e r than manual s o r t i n g . The need f or 

s o r t i n g r e s u l t e d from the f a c t that the punchers p r e f e r r e d to 

punch each card independently, r a t h e r than each case s e p a r a t e l y , 

c) V a r i a b l e SEX 

Males were coded as 1 and females as 2. Males and 

females were separated i n i t i a l l y during p r i n t reading and f i l l i n g 

i n the computer s h e e t s , and they were a l s o punched at d i f f e r e n t 



times. There was thus no p o s s i b i l i t y that punching e r r o r s would 

r e s u l t i n the m i s ~ a l l o c a t i o n of i n d i v i d u a l s , The male and female 

s e r i e s were copied s e p a r a t e l y onto two independent f i l e s . The 

v a r i a b l e SEX was only u t i l i s e d when a n a l y s i s between the sexes took 

p l a c e . I n these i n s t a n c e s the two f i l e s were temporarily 

amalgamated. 

d) V a r i a b l e AGE 

The importance of t h i s v a r i a b l e was reduced by the f a c t 

t h a t some i n d i v i d u a l s had to be aged s u b j e c t i v e l y owing to the f a c t 

t h a t they were ignorant of t h e i r year of b i r t h . The only o c c a s i o n 

t h a t i t was u t i l i s e d was i n r e l a t i o n to the atd angle, ( s e e s e c t i o n 

4 ) . The persons assumed age was entered i n the two boxes provided. 

e) V a r i a b l e POP 

POP i s the most important v a r i a b l e i n the survey, as i t 

enumerates the t r i b a l samples at th e r e h i g h e s t l e v e l of r e s o l u t i o n . 

These could subsequently be recoded i n t o l a r g e r u n i t s . 

The o r d e r i n g of u n i t s was on l i n g u i s t i c and c u l t u r a l 

a f f i n i t y as d i s c u s s e d i n Chapter 1. F i r s t l y the samples were 

d i v i d e d i n t o non Bantu and Bantu. The non Bantu had on one 

p o l a r i t y the Somali, the l e a s t negroid of the Kenyan peoples, and 

on the other extreme the Luo, the l e a s t h y b r i d i z e d N i l o t i c speakers 

i n Kenya. The Somali and C u s h i t i c populations were followed by 

the Maasai and members of the Dorobo, K a l e n j i n and Karimojong groups, 

and the Luo. The p l a c i n g of the L a i k i p i a k Dorobo a f t e r the Maasai 

r e s u l t e d from the f a c t t h a t they have r e c e n t l y adopted the Maasai 

language. They a r e , however, a most d i s t i n c t group, and no 

preconceived b i o l o g i c a l a f f i n i t y i s impl i e d . Within these l i n g u i s t i 



23 
groups the u n i t s have been ordered as f a r as i s p r a c t i c a b l e on 
geographical proxiraity. 

The Bantu groups followed the non Bantu and were much 

si m p l e r to order as they occupy three d i s t i n c t geographical r e g i o n s . 

A west to e a s t o r i e n t a t i o n was chosen. The G u s i i and L u y i a were 

l i s t e d f i r s t s t a r t i n g with the most w e s t e r l y the G u s i i , and 

f i n i s h i n g with the most e a s t e r l y , the Bukusu. The C e n t r a l Bantu 

were a l s o ordered from west to e a s t i n a gene r a l sense. The 

Tharaka, however, were placed l a s t owing to t h e i r marked 

d i s t i n c t i v e n e s s from other Meru peoples. The C o a s t a l Bantu were 

ordered from north to south, thus maintaining a geographical l i n k 

w i t h the c e n t r a l Bantu t r i b e s . The Pokomo group was l i s t e d f i r s t , 

followed by the Mji Kenda and T a i t a groups. 

The o r d e r i n g format has thus preserved some degree of 

l i n g u i s t i c and geographical a f f i n i t y , an or d e r i n g which g r e a t l y 

f a c i l i t a t e d the a n a l y s i s . The f o l l o w i n g d e t a i l e d coding was 

ap p l i e d to the samples: 



C u s h i t i c Category; Bantu Category; 

Somali Group: 

01 T- Somali 

02 - R e n d i l l e 

G a l l a Group: 

03 - Gabbra 
04 - Boran 
05 - Orraa 
06 - Konzo 

07 - B u r j i 

N i l o t i c Category: (1) 

Maasai Group: 

08 r- Samburu 
09 Keekonyokie ( K a d j i a d o ) 
10 - Purko (Narok) 

L a i k i p i a k Dorobo ( s e p a r a t e 
category) 

11 - Ngwesi 

12 - Mukogodo 

N i l o t i c Category: (2) 

K a l e n j i n Group: 

13 - Kony 
14 - Nandi 
15 - K i p s i g i s 
16 - Tugen 
17 - Keyo 
18 - Marakwet 
19 - Pokot 

Karimojong Group; 

20 - I t e s o 

21 - Turkana 

Luo Group: 

22 - Luo 

Lu y i a Group: 

23 •r G u s l i 
24 T i r i k i 
25 T- Maragoli 
26 - Bunyore 
27 -r Idakho 
28 - Marama 
29 - Wanga 
30 - Marach 
31 - Bukhayo 
32 r- Samia 
33 - Butsotso 
34 T- Bunyala 
35 - Kabras 
36 - Bukusu 

C e n t r a l Bantu: 

37 Kiambu Kikuyu 
38 - Muranga Kikuyu 
39 T Nyeri Kikuyu 
40 T Nairobi Kikuyu 
41 - Ndia 
42 - Kamba 
43 - Embu 
44 T- Mbere 
45 - Chuka 
46 - Muthambe 
47 - Mwimbi 
48 I g o j i 
49 - Imenti 
50 T i g a n i a 
51 - Igembe 
52 Tharaka 

>komo Group: 

53 — Pokomo 
54 - Malakote 
55 - Korokoro 

Mji Kenda Group: 

56 - Giriama 
57 T- Chonyi 
58 - Mid Mji Kenda 
59 - Digo 

T a i t a Group; 

60 - T a i t a 
61 T- Taveta 
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f ) F i n g e r r i d g e counts RFR1 to LFU5 

The value of each r i d g e count i s d i r e c t l y entered i n t o 

the two boxes provided. The r a d i a l r i d g e count on each f i n g e r 

precedes the u l n a r count. Arches, tented arches and loops with no 

rid g e count are coded as 00 f o r both the u l n a r and r a d i a l counts. 

In the case of u l n a r loops the r a d i a l count i s not coded as missi n g , 

but as 00. The converse s i t u a t i o n a p p l i e s f o r r a d i a l loops. 

g) Palmar r i d g e counts RAB to LBD 

The v a l u e of each r i d g e count i s d i r e c t l y entered i n t o 

the two boxes provided. When m i s s i n g c occurs the bd r i d g e count 

i s e ntered, and the be and cd counts are coded as 00, Missi n g a, 

b, and d t r i r a d i i a re given the m i s s i n g value n o t a t i o n of 99. 

h) D i g i t a l p a t t e r n s RP1 to LP5 

Two boxes are provided f o r each d i g i t . The f o l l o w i n g 

coding v a l u e s f o r each p a t t e r n type apply: 

00 - Arch 06 T- Ulnar L a t e r a l Pocket Loop 
01 - Tented Arch 07 r- R a d i a l L a t e r a l Pocket Loop 
02 - Ulnar loop 08 Ulnar C e n t r a l Pocket Loop 
03 - R a d i a l loop 09 - R a d i a l C e n t r a l Pocket Loop 
04 - C o n c e n t r i c Whorl 10 - A c c i d e n t a l 
05 - Double loop 

i ) Palmar p a t t e r n s PTR to TDL 

One box f o r each p a t t e r n type i s provided, The 

absence of a loop or t r i r a d i u s i s coded as 00, the presence a 

p a r t i c u l a r p a t t e r n type i s coded by enumerating the number of pa t t e r n s 

of that type. The presence of two p a t t e r n s i s only common i n the 

case of IV loops. The number of i n t e r d i g i t a l t r i r a d i i , s p e c i f i e d 

i n TDR and TDL vary from 3 to 8. The palmar p a t t e r n s and d e l t a s 



are thus coded on an i n t e r v a l s c a l e as opposed to the d i g i t a l 

p a t t e r n s which are coded nominally. 

j ) The m a i n l i n e s and ma i n l i n e index, MAINAR to MAINADL w i l l 

not be d i s c u s s e d as data f o r the ma i n l i n e s i s not included i n the 

survey. Coding d e t a i l s however, can be found i n Dennis (1977b). 

k) The minimal atd angle MATDR and MATDL 

The value of each angle i s entered i n t o the two boxes 

provided. When the a x i a l t r i r a d i u s i s absent* , due to the 
b 

presence of a hypothenar r a d i a l arch accompanied by t , MATDR and 

MATDL are coded as mis s i n g ( 9 9 ) . 

4.6.3 M i s s i n g v a l u e s 

I f m i s s i n g v a l u e s are to be completely f r e e from 

i n a c c u r a c y , they have to be w e l l o u t s i d e the range of v a r i a t i o n of 

a p a r t i c u l a r t r a i t . As a r u l e combinations of 9 are i d e a l . The 

miss i n g v a l u e s f o r AGE, POP, RFR1 to LFU5, RAB to LBD, RP1 to LP5 

and MATDR, MATDL are a l l 99. For SEX, and PTR to TDL the missing 

v a l u e s are 9. 

The only v a r i a b l e s which use two m i s s i n g value n o t a t i o n s 

are the palmar ridge counts. I n s t a t i s t i c a l a n a l y s i s of the be and 

cd counts, 00 when mi s s i n g c occurs i s coded as a m i s s i n g value i n 

a d d i t i o n to 99. The reason f o r t h i s i s th a t when m i s s i n g c occurs 

r i d g e s s t i l l t r a v e r s e the region and i t i s only the absence of a 

re f e r e n c e point that prevents the ridge count being read. The ri d g e 

1. Absent f e a t u r e s should not be confused w i t h missing f e a t u r e s . 
A f e a t u r e i s absent when i t does not occur on the hand, i . e , 
t h e r e i s an absence of p a t t e r n i n g i n the a f f e c t e d region. A 
f e a t u r e i s m i s s i n g when e i t h e r the hand has not been p r i n t e d 
or when, due to im p e r f e c t i o n s i n p r i n t i n g , the v a r i a b l e cannot 
be d i s t i n g u i s h e d w i t h s u f f i c i e n t accuracy. 
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count i s thus m i s s i n g r a t h e r than absent, I n computing the t o t a l 

palmar r i d g e count 00 i s no longer coded as missi n g , as the bd count 

i s s u b s t i t u t e d f o r be and cd. 

4.6.4 Procedure f o r d e f i n i n g data and computing new v a r i a b l e s 
i n SPSS. 

The S t a t i s t i c a l Package For the S o c i a l S c i e n c e s (Nie e t . 

a l . , 1975) o f f e r s unique f a c i l i t i e s not only i n the range of 

s t a t i s t i c a l procedures a v a i l a b l e f o r the a n a l y s i s of data but a l s o 

f o r computing new v a r i a b l e s from the o r i g i n a l v a r i a b l e l i s t . Although 

the bulk of the a n a l y s i s i n the present study was performed usi n g 

SPSS, rec o u r s e was a l s o made to other packages and p r i v a t e F o r t r a n 

programmes. F a c i l i t i e s f o r computing new v a r i a b l e s i n other 

packages however, are l i m i t e d and d i f f i c u l t to handle i n comparison 

to the SPSS procedures. I n usin g other packages the sc o r e s f o r 

computed v a r i a b l e s were outputted onto a new raw data f i l e , using 

SPSS. The d e f i n i t i o n of data and the computing of new v a r i a b l e s 

i n SPSS i s thus an i n t e g r a l p a r t of the general methodology. 

4.6.3.1 V a r i a b l e s and a t t r i b u t e s 

The primary v a r i a b l e s l i s t e d on the coding sheet ( F i g 4.1) 

were used to produce compound v a r i a b l e s , and a l l v a r i a b l e s which 

could be computed from the e x i s t i n g v a r i a b l e s were not coded 

s e p e r a t e l y on the computing s h e e t s . 

SPSS permits two types of v a r i a b l e t r a n s f o r m a t i o n , 

C a t e g o r i e s w i t h i n a v a r i a b l e can be a l t e r e d and amalgamated using 

the RECODE command and e x i s t i n g v a r i a b l e s can be computed to form 

new v a r i a b l e s using COMPUTE, I F , SELECT I F commands, (SPSS Manual; 

Nie e t , a l . , 1975). 
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The f o l l o w i n g new v a r i a b l e s and c a t e g o r i e s were computed 

using these procedures: 

a) E t h n i c c a t e g o r i e s and groups 

The three major t r i b a l c a t e g o r i e s , the Cu s h i t e s ( 1 ) , 

N i l o t e s ( 2 ) , and the Bantu ( 3 ) , were computed by the use of the 

RECODE command a p p l i e d to POP, The Mukogodo and Ngwesi Dorobo 

(11, 12) were coded as mis s i n g as they were of problematic, l i n g u i s t i c 

and e t h n i c s t a t u s , (see Chapter 1 ) . 

c o l 1 16 

RECODE P0P(01 THRU 07=1)(08 THRU 10=2)(11,12=99) 
(13 THRU 22=2)(23 THRU 61=3) 

The e t h n i c groups, the Somali, G a l l a , Maasai, Dorobo, 

K a l e n j i n , Karitnojong, Luo, L u y i a , C e n t r a l Bantu, Pokorao, Mji Kenda 

and T a i t a were computed i n a s i m i l a r manner. The male groups are 

i d e n t i c a l to the female groups except f o r the Dorobo which are 

coded as mis s i n g (99) i n the females due to the small sample s i z e 

of the l a t t e r . The order of the numbers below corresponds to the 

order of the l i s t e d groups above. 

c o l 1 16 

RECODE POP(01,02=1)(03 THRU 07=2)(08 THRU 10=3)(11,12=4) 
(13 THRU 19=5)(20,21=6)(22=7)(23 THRU 36=8) 
(37 THRU 52=9)(53,54,55=10)(56 THRU 59=11) 
(6C,61=12) 

b) U n i l a t e r a l r i d g e counts (RF1 to LF5) 

The u n i l a t e r a l r i d g e count i s commonly used by dermatoglyphic 

r e s e a r c h e r s , I t d i f f e r s from the b a s i c r a d i a l and ulnar r i d g e counts 

i n that a count i s always taken f o r a l l p a t t e r n types except arches, 



I f a loop occurs a count i s always recorded, i r r e s p e c t i v e of whether 

the loop i s u l n a r or r a d i a l . I f a whorl i s found, the g r e a t e r of 

the two counts i s noted. The u n i l a t e r a l ridge counts were computed 

i n t h i s a n a l y s i s u s i n g the SPSS I F procedure: 

e.g. 

c o l 1 16 

I F (RFR1 GE RFU1)RF1=RFR1 
I F (RFU1 GT RFR1)RF1=RFU1 
ASSIGN MISSING R F K 9 9 ) 

c) Absolute f i n g e r r i d g e counts (RABS1 to LABS5) 

Absolute r i d g e counts follow the same r u l e s as the 

u n i l a t e r a l r i d g e counts, except that when whorls are encountered, 

the r a d i a l and u l n a r counts are summed. 

e.g. 

c o l 1 16 

COMPUTE RABS1=RFR1+RFU1 
ASSIGN MISSING RABS1(99) 

d) T o t a l f i n g e r r i d g e counts ( r a d i a l : RTRADRC, LTRADRC; 
u l n a r : RTULNRC, LTULNRC; u n i l a t e r a l : RTRC, LTRC; 
abs o l u t e : RTABSRC, LTABSRC). 

T o t a l f i n g e r r i d g e counts were computed by summing the 

r e s p e c t i v e i n d i v i d u a l counts, 

e.g. 

c o l 1 16 

COMPUTE RTRADRC=RFR1+RFR2+RFR3+RFR4+RFR5 
ASSIGN MISSING RTRADRC(999) 



e) T o t a l palmar r i d g e count (RTPRC, LTPRC) 

T o t a l palmar ridge count i s the sum of a l l the i n d i v i d u a l 

palmar r i d g e counts. When the c t r i r a d i u s i s absent, or when 

zygodactylous t r i r a d i i are present, the bd r i d g e count i s s u b s t i t u t e d 

for the be and cd counts. I n c o n t r a s t to the s t a t i s t i c a l treatment 

of the i n d i v i d u a l be and cd counts, when absent t r i r a d i i r e s u l t e d 

i n the mis s i n g n o t a t i o n of ( 0 0 ) , i n the c a l c u l a t i o n of the t o t a l 

count (00) i s counted as a v a l i d s c o r e as i t i s rep l a c e d by the bd 

count. The m i s s i n g value n o t a t i o n of (99) however, i s r e t a i n e d 

for the i n d i v i d u a l counts during the c a l c u l a t i o n of the t o t a l count, 

as (99) r e f e r s to counts t h a t were im p o s s i b l e to read owing to 

imperfect impressions r a t h e r than to absent t r i r a d i i . 

e.g. 

col 1 16 

COMPUTE RTPRC=RAB+RBC+RCD+RBD 
ASSIGN MISSING RTPRC(999). 

f ) F i n g e r p a t t e r n i n t e n s i t y (RD1 to LD5) 

F i n g e r p a t t e r n i n t e n s i t y i s the number of t r i r a d i i 

p resent on each d i g i t , anJ can be c a l c u l a t e d by using the RECODE 

procedure on the raw f i n g e r p a t t e r n v a r i a b l e s RP1 to LP5: 

e.g. 

c o l 1 16 

COMPUTE RD1-RP1(0=0)(1,2,3=1)(4 THRU 9=2)(10=3) 

g) T o t a l f i n g e r p a t t e r n i n t e n s i t y (RTFPI, L T F p I ) , 

R ight and l e f t t o t a l f i n g e r p a t t e r n i n t e n s i t y i s the 

sum of RD1 to LD5; 



e.g. 

c o l 1 16 

COMPUTE RTFPI=RD1+RD2+RD3+HD4+RD5 
ASSIGN MISSING RTFPI(99) 

h) T o t a l palmar p a t t e r n i n t e n s i t y (RPPI, LPPI) 

Right and l e f t t o t a l palr.ar p a t t e r n i n t e n s i t y i s the 

sum of a l l the t r i r a d i i on the ha n i minus 4, T h i s i s to be 

d i s t i n g u i s h e d from t o t a l palmar t r i r a d i a l i n t e n s i t y (RTPLMI, LTPLMI) 

where the four primary t o p o l o g i c a l t r i r a d i i are i n c l u d e d . 

e.g. 

c o l 1 16 

COMPUTE RPPI=TEFR+TR+T1R+T2R+TBR+TRR+TDR - 4 
ASSIGN MISSING RPPI(99) 

i ) I n t e r d i g i t a l p a t t e r n i n t e n s i t y (INTOR, INTOL) 

T h i s corresponds to i n t e r d i g i t a l t r i r a d i a l i n t e n s i t y 

(TDR, TDL) minus the three t r i r a d i i unnaccompanied by loops s p e c i f i e d 

by the t o p o l o g i c a l formula. 

j ) Hypothenar p a t t e r n i n t e n s i t y (HYPOR, HYPOL) 

Hypothenar p a t t e r n i n t e n s i t y i s the sum of a l l the 

hypothenar and a x i a l t r i r a d i i minus one. 

e.g. 

c o l 1 16 

COMPUTE HYPOR= (TR+TlR+T2fT+TBR) - 1 
ASSIGN MISSING HYP0R(99) 

Hypothenar t r i r a d i a l i n t e n s i t y (RTOTHI, LTOTHI) i s j u s t the sum 

of the a x i a l and hypothenar t r i r a d i i . 



The f o l l o w i n g palmar p a t t e r n s and t r i r a d i i can a l s o be 

c a l c u l a t e d from e x i s t i n g v a r i a b l e s , 

i ) Parathenar loops (PAR, PAL) 

I F (CHR EQ 1 AND TBR EQ 0)PAR=CHR 

i i ) Hypothenar r a d i a l arch (HRAR, HRAL) 

COMPUTE RAX=TR+T1R+T2R+CHR 

I F (RAX EQ 0 AND TBR EQ 1)HRAR=TBR 

i i i ) Zygodactylous t r i r a d i i (TZR,TZL,TZ1R,TZ1L,TZ2R,TZ2L) 

The m a i n l i n e s are r e q u i r e d to compute these v a r i a b l e s . Z needs 

m a i n l i n e s A and B,Z' B and C and Z'' C and D: 

e.g. TZR 

c o l 1 16 

I F (MAINAR EQ 0 AND MAINBR EQ 0)TZR=1 

I F (MAINAR EQ 1 AND MAINBR EQ 1)TZR=0 

I F (MAINAR EQ 1 AND MAINBR EQ 0)TZR=0 

I F (MAINAR EQ 0 AND MAINBR EQ 1)TZR=0 

1) T o t a l v a r i a b l e s 

Right and l e f t hand v a r i a b l e s are u s u a l l y considered 

as s e p a r a t e , but homologue v a r i a b l e s can a l s o be summed by using 

the COMPUTE procedure. 

For example to obtain t o t a l u n i l a t e r a l r i d g e count (TRC) 

RFRC and LFRC would be summed by a COMPUTE statement, 

e.g. 

c o l 1 16 

COMPUTE TRC=RFRC+LFRC 
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4. * Techniques f o r minimising errors and f i l e e d i t i n g 

E r r o r s i n e v i t a b l y a r i s e i n the compilation and 

manipulation of l a r g e data s e r i e s , not only as a r e s u l t of human 

e r r o r , but o c c a s i o n a l l y through computer d e f i c i e n c i e s . Dermatoglyphic 

s e r i e s are e s p e c i a l l y prone to e r r o r , owing to i m p r e c i s i o n s i n the 

methodology, i n d i s t i n c t p r i n t s and the f a t i g u e which saps c o n c e n t r a t i o n 

when reading p r i n t s over a long period of time, I n t h i s s e c t i o n 

the main sources of e r r o r are examined, and the techniques used i n 

the present study to prevent, i d e n t i f y , c o r r e c t and minimise e r r o r s 

are d i s c u s s e d . The major types of e r r o r are as f o l l o w s : 

4.7.1 I n c o n s i s t e n c y i n p r i n t reading 

The p resent s e r i e s of 6332 i n d i v i d u a l s took over t h r e e 

y e a r s to read and to t r a n s f e r onto computer s h e e t s . The danger of 

i n c o n s i s t e n c y i n the measurement of the a t t r i b u t e s was a p o s s i b i l i t y 

t h a t had to be c o n s t a n t l y borne i n mind during p r i n t r e a d i n g . 

The most important procedure to reduce i n c o n s i s t e n c y was 

the amending of previous methodologies by seeking to minimise the 

e f f e c t of ambiguity and s u b j e c t i v i t y i n the i d e n t i f i c a t i o n of pa t t e r n s 

and the measurement of problematic a t t r i b u t e s , (The d e t a i l s of the 

f i n a l methodology were e l a b o r a t e d e a r l i e r i n t h i s c h a p t e r ) . The 

ambiguous and s u b j e c t i v e elements, however, were reduced r a t h e r than 

e l i m i n a t e d , and judgements i n the case of b o r d e r l i n e p a t t e r n s , 

i n d i s t i n c t r i d g e s , problematic d e l t a midpoints and s h i f t i n g i n t e r d i g i t a l 

t r i r a d i i , and above a l l the decipherment of exact p o s i t i o n i n g of the 

w r i s t and d i g i t a l c r e a s e s i n a t y p i c a l i n d i v i d u a l f v i t a l f o r the 

c o r r e c t assignment of c e r t a i n a t t r i b u t e s , are to a v a r i a b l e extent 

s t i l l dependent on the s u b j e c t i v e i d i o s y n c h r a c i e s of the i n v e s t i g a t o r . 



At the e a r l y s t ages of the p r o j e c t the problem of 

i n c o n s i s t e n c y was acute, as the f i n a l methodology evolved over a 

period of time as f r e s h problems were encountered. I t became 

apparent t h a t the e a r l y p r i n t s were not read i n the same manner or 

as p r e c i s e l y as the l a t e r ones. I c a l c u l a t e d t h a t roughly 800 of 

the e a r l y p r i n t s were s u s p e c t . A f t e r that f i g u r e the methodology 

was a p p l i e d with uniform c o n s i s t e n c y throughout the remaining 

p r i n t s . To make the t o t a l s e r i e s methodologically compatible, 

the f i r s t 1,000 p r i n t s were r e r e a d f o r a l l v a r i a b l e s . 

Any i n c o n s i s t e n c i e s that p e r s i s t e d probably a f f e c t e d 

those elements which could not be s u f f i c i e n t l y defined i n the 

methodology (e.g. the w r i s t and d i g i t a l c r e a s e s ) . I t i s d i f f i c u l t 

to a s c e r t a i n how f a r f a t i g u e and changing moods c o n t r i b u t e d to t h i s 

type of i n c o n s i s t e n c y . I t i s u n l i k e l y however, th a t i n c o n s i s t e n c y 

ever reached l a r g e enough proportions to s i g n i f i c a n t l y d i s t o r t the 

r e s u l t s , except perhaps i n the case of t and t ' i n the s m a l l e r 

samples. There i s l i t t l e one can do to amend t h i s type of e r r o r , 

as i t i s l i a b l e to r e c u r on r e r e a d i n g the p r i n t s . The only remedies 

are to t i g h t e n a m b i g u i t i e s i n the methodology f u r t h e r , or to seek the 

aid of other i n v e s t i g a t o r s to check the p r i n t s , an i m p r a c t i c a l 

p r o p o s i t i o n i n the case of t h i s study. 

4.7.2 The misreading of a t t r i b u t e s 

Apart from expected methodological problems, i t i s a 

common p r a c t i s e among beginners i n the p r a c t i s e of p r i n t reading 

to f a i l to spot the presence of obvious p a t t e r n s , and to miscount 

r i d g e s . A p r a c t i s e d and competent campaigner can be expected to 

be a c c u r a t e most of the time, but l a p s e s i n c o n c e n t r a t i o n are l i a b l e 



to a f f l i c t anyone. I n short data s e r i e s t h i s i s not a problem, 

as t h e r e i s s u f f i c i e n t time to reread the p r i n t s to amend e r r o r s . 

In l a r g e data s e r i e s , however, the p r i n t s can only be read once. 

Moreover the reading of the p r i n t s can take months to complete, and 

accumulated p r e s s u r e , f a t i g u e and boredom can e v e n t u a l l y play havoc 

with c o n c e n t r a t i o n . 

The misreading of v a r i a b l e s was reduced by the adoption 

of a method of p r i n t reading which enabled a c e r t a i n amount of 

c r o s s - c h e c k i n g of the data. I n s t e a d of reading a l l the v a r i a b l e s 

for one i n d i v i d u a l at a time, a s e c t i o n of the v a r i a b l e s were read 

for a s e r i e s of i n d i v i d u a l s , and the process was repeated f o r the 

remaining v a r i a b l e groups. On the f i n g e r s , the p a t t e r n s were 

read f i r s t f o r at l e a s t each sample, and then the f i n g e r r i d g e 

counts were read. The r i d g e counts checked any e r r o r s i n the 

p a t t e r n s , e s p e c i a l l y c e n t r a l pocket loops which are i n p a r t defined 

by the r i d g e counts. The palmar p a t t e r n s were read next, followed 

by the m a i n l i n e s which were of c o n s i d e r a b l e help i n v e r i f i c a t i o n , 

e s p e c i a l l y f o r t h i r d tented loops. F u r t h e r v e r i f i c a t i o n was 

provided by the s e p a r a t e reading of the palmar r i d g e counts and 

the atd angle. For the s e v e r a l hundred cas e s which were not read 

f o r m a i n l i n e s , v e r i f i c a t i o n had to depend on the atd angle e s p e c i a l l y 

The d i g i t a l and palmar r i d g e counts could not be d i r e c t l y rechecked. 

Any homologues which did not c l o s e l y correspond, however, were reread 

The atd angle was read l a s t , as i t i s a measure which i s not l i a b l e 

to s e r i o u s misreading. F i n a l l y when a l l the v a r i a b l e s had been 

read and the r e s u l t s w r i t t e n on the p r i n t s themselves, the f i n a l 

s tage of copying the r e s u l t s onto computer sh e e t s provided a f i n a l 

opportunity to cross-check the data - S e v e r a l e r r o r s were detected 
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at t h i s f i n a l stage of p r e p a r a t i o n , thus proving the v a l u e of the 

methods of v e r i f i c a t i o n o u t l i n e d above. 

In s p i t e of a l l p r e c a u t i o n s , e r r o r s as a r e s u l t of misreading 

are s t i l l bound to be present i n the f i l e . I do not think, however, 

that they would s i g n i f i c a n t l y a l t e r the r e s u l t s , as a t r i a l r e r e a d i n g 

of 100 p r i n t s r e v e a l e d no e r r o r s of a magnitude l i a b l e to cause 

concern, 

4.7.3 Copying e r r o r s , punching e r r o r s and f i l e e r r o r s 

The copying of the data from the p r i n t s to the computer 

coding s h e e t s produced the l a r g e s t proportion of the e r r o r s t h a t 

were subsequently detected. The most common copying e r r o r was 

the p l a c i n g of a s c o r e i n a wrong adjacent blank box. Secondly 

the boxes f o r the palmar r i d g e counts and the atd angle, which 

coded subsequently to the other v a r i a b l e s , were sometimes not f i l l e d 

i n . The copying of wrong va l u e s was r a r e , and no c a s e s were 

detected i n a t r i a l check of 100 s h e e t s . 

The coding sheete were presented to the computer punchers, 

who won my admiration by punching over 18,000 cards i n l e s s than 

a month. The i n c i d e n c e of punching e r r o r s was s t a t e d to be 5% i n 

the i n t r o d u c t o r y computing course I attended T but when the cards 

are v e r i f i e d and repunched, the r a t e drops to 0.1%. Punching 

e r r o r s f o r the present data occured at a much lower r a t e than 0,1% 

and a c o n s i d e r a b l e p o r t i o n of these were a t t r i b u t a b l e to the 

mispunching of ambiguous numerals on the coding s h e e t s . 

The cards were fed i n t o the computer and s t o r e d as a 

magnetic d i s k f i l e . The card reader has a r e p u t a t i o n of s k i p p i n g 

cards when l a r g e numbers of cards are input, but t h i s did not happen 



i n my case. The computer a l s o i s not e n t i r e l y i n f a l l i b l e , and 

a f t e r prolonged storage on d i s k , numbers sometimes a l t e r i n the 

f i l e . Only one case has come to my n o t i c e s i n c e my data was 

a r c h i v e d , 

4.7.4 Procedures f o r d e t e c t i n g and c o r r e c t i n g e r r o r s i n the 
data f i l e s 

The computer cards were organised i n t o t h e i r proper case 

and c a r d order by the M.T.S. *S0RT procedure. Not a l l the cases 

were ordered c o r r e c t l y , due to punching e r r o r s i n the case numbers 

and s e v e r a l m i s s i n g cards which were i n a d v e r t e n t l y overlooked by 

the punchers. An OSIRIS programme, MERCHECK, was adopted to detect 

misranking and the p r e c i s e l o c a t i o n of aberrant c a r d s . The f i l e 

was f i n a l l y c o r r e c t e d u s i n g standard e d i t i n g f a c i l i t i e s . A l l 

misranked cards were d i r e c t l y checked with the o r i g i n a l computer 

s h e e t s . 

The second stage of the ope r a t i o n was to d e t e c t e r r o r s 

i n the v a r i a b l e s . I n i t i a l l y the *SPSS CONDESCRIPTIVE sub-programme 

was a p p l i e d to a l l v a r i a b l e s . CONDESCRIPTIVE outputs the maximum 

and minimum va l u e s of each v a r i a b l e , and enables one to c l e a r a l l 

v a r i a b l e s whose range of v a l u e s l i e w i t h i n c r e d i b l e l i m i t s ; (e.g. 

i f the minimum atd angle v a l u e i s zero, there i s obviously e r r o r s , 

as the atd angle always exceeds twenty). Unfortunately over 80% 

of the v a r i a b l e s r e q u i r e d more i n t e n s i v e s c r e e n i n g , 

For d e t a i l e d e r r o r d e t e c t i o n , the *SPSS SELECT I F and 

WRITE CASES procedures were used. 

e,g. 

SELECT I F (MATDR LT 30) 
WRITE CASES (5x,F5.0,F2.0)CASE,MATDR 
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I n t h i s i n s t a n c e any value of MATDR which i s l e s s than t h i r t y i s 

p r i n t e d along with the case number. The erroneous value can be 

thus e a s i l y accessed, and checked w i t h r e f e r e n c e to the o r i g i n a l 

coding sheet and p r i n t . 

Apart from checking extreme v a l u e s t o p o l o g i c a l agreement 

was a l s o v e r i f i e d , 

e.g. 

SELECT I F (TOTLOOP - i . e . t o t a l number of palmar loops 
(TOTPLMI-4) T i . e . t o t a l number of palmar 

t r i r a d i i - ) 

Most t o p o l o g i c a l disagreements r e s u l t e d from the placement of values 

i n the wrong boxes during copying onto the coding s h e e t s . T h i s was 

almost t o t a l l y confined to the palmar p a t t e r n s , where adjacent blank 

boxes rendered misplacement p o s s i b l e . A l l e r r o r s were checked with 

the o r g i n a l p r i n t s . 

The procedures used e l i m i n a t e d a l 1 major e r r o r s from the 

f i l e . I t was not p o s s i b l e , however, to i d e n t i f y e r r o r s t h a t lay 

w i t h i n the c r e d i b l e range of v a l u e s , except f o r the v a r i a b l e POP where 

a l l v a l u e s were s e q u e n t i a l l y coded according to e t h n i c a f f i l i a t i o n . 

I d i s c o v e r e d during e a r l y a n a l y s i s that the *SPSS sub-programme 

AGGREGATE r e v e a l s any misranking of the POP i d e n t i t y v a l u e s , and the 

whole s t a t i s t i c a l a n a l y s i s up to that time had to be repeated due 

to the f a c t t h a t enough punching e r r o r s were dis c o v e r e d to s i g n i f i c a n t l y 

a l t e r the r e s u l t s i n some of the s m a l l e r samples. 

E r r o r s occured at a r a t e of 8% and 9% of c a s e s i n the 

male and female f i l e s r e s p e c t i v e l y , but averaged only 0,09 and 0,11% 

for each v a r i a b l e . 



Any e r r o r s that remain undetected are u n l i k e l y to 

s e r i o u s l y d i s t o r t the r e s u l t s . The main i n d i c a t i o n s t h a t the f i l e s 

have been adequately cleaned and th a t general e r r o r s have been 

confined to acceptable l i m i t s are f i r s t l y that the u n i v a r i a t e and 

m u l t i v a r i a t e r e s u l t s r e v e a l c o n s i s t e n t and meaningful v a r i a t i o n 

even i n the s m a l l e r samples, and secondly t h a t the f a c t o r and 

c o r r e l a t i o n a n a l y s e s correspond c l o s e l y to the r e s u l t s obtained by 

other r e s e a r c h e r s i n the Durham Department, who have employed the 

same methodology. 
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CHAPTER 5 

B a s i c s t r u c t u r e of dermatoglyphic d i f f e r e n t i a t i o n between samples 

I n t r o d u c t i o n 

In keeping with the g u i d e l i n e s o u t l i n e d i n chapter 3 t h i s 

chapter seeks to analyse the b a s i c s t r u c t u r e of i n t e r - s a m p l e 

dermatoglyphic d i f f e r e n t i a t i o n i n Kenya. Th i s approach c e n t r e s 

around the assessment of r e l a t i v e discordance between taxonomic 

a t t r i b u t e s and i n v o l v e s three s t a g e s of a n a l y s i s . 

The f i r s t concerns the t a b u l a t i o n and p r e s e n t a t i o n of 

the summarised f a c t s which provide the evidence on which a l l 

subsequent a n a l y s i s i s based. T h i s stage r e q u i r e s l i t t l e d e s c r i p t i v e 

w r i t i n g , but i s n e v e r t h e l e s s a bulky e x c e r c i s e i n terms of t a b l e s . 

The second stage i s designed to determine whether i t i s 

necessary to proceed to a s o p h i s t i c a t e d a n a l y s i s of discordance. 

As I pointed out i n chapter 3, s e c t i o n 2.2.1. the most b a s i c form of 

o v e r a l l concordance i s homogeneity between samples. I f s i g n i f i c a n t 

d i f f e r e n c e e x i s t between the samples i n the a t t r i b u t e s examined at 

no g r e a t e r frequency than one might expect from chance, i t i s c l e a r 

that al1 the observed v a r i a t i o n i s most l i k e l y e x p l a i n e d by random 

sampling e r r o r and one can assume, u n t i l l a r g e r samples are obtained, 

that e i t h e r a) a l l the samples are b i o l o g i c a l l y homogeneous or b) 

that they are too s m a l l for us to d e t e c t any u n d e r l y i n g b i o l o g i c a l 

d i f f e r e n c e s w i t h any confidence. 

The t h i r d stf.ge r e q u i r e s that marked and s i g n i f i c a n t 

d i f f e r e n c e s have been found i n stage two; j u s t i f y i n g a more 

d e t a i l e d a p p r a i s a l of r e l a t i v e discordance. The approach I s h a l l 

pursue at t h i s stage of a n a l y s i s i s based on the d i r e c t i n v e s t i g a t i o n 
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of taxonomic c o r r e l a t i o n s between a t t r i b u t e s through p r i n c i p a l 

components a n a l y s i s , and n e c e s s a r i l y e n t a i l s s e p a r a t e a n a l y s e s of 

the male and female s e r i e s , The a n a l y t i c a l approach i s d i s c u s s e d 

i n s e c t i o n 5.3. 

5.1 P r e s e n t a t i o n of the f a c t s 

I t i s e s s e n t i a l i n any study of human b i o L o g i c a l 

d i f f e r e n t i a t i o n to p r e s e n t at some stage the b a s i c evidence on which 

subsequent a n a l y s i s i s based, Dermatoglyphic surveys are notorious 

f o r the amount of t a b u l a t e d r e s u l t s they can produce, and t h i s survey 

i s no e xception. The j u s t i f i c a t i o n f o r p r e s e n t i n g t h i s mass of 

f a c t s i s two-fold. F i r s t l y the r e s u l t s r e p r e s e n t the s m a l l e s t 

d i v i s i b l e s t r u c t u r a l elements at each population sample l e v e l of 

r e s o l u t i o n considered, and from the evidence i t w i l l be p o s s i b l e to 

check subsequent a n a l y t i c a l r e s u l t s and c o n c l u s i o n s , At the very 

l e a s t , a p e r u s a l of the f i g u r e s w i l l provide some s u b j e c t i v e i n s i g h t 

i n t o the s t r u c t u r e of v a r i a t i o n , and u n d e r l y i n g trends of r e l a t i o n s h i p . 

Secondly, they are i n c l u d e d f o r other r e s e a r c h e r s to use as comparative 

m a t e r i a l . The value of the m a t e r i a l i s t h a t i t r e p r e s e n t s the most 

complete and concentrated dermatoglyphic survey of negro populations 

to date. 

I n order to avoid a lengthy i n t e r r u p t i o n i n the thread 

of the a n a l y s i s the r e s u l t s are to be found i n Appendix 1. They 

are, moreover, organised according to three population l e v e l s of 

r e s o l u t i o n . At the macro l e v e l , they are given f o r the three 

maximal e t h n i c and l i n g u i s t i c d i v i s i o n s to be found i n Kenya, the 

C u s h i t e s , N l l o t e s and Bantu, Although the value of these r e s u l t s 
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at t h i s l e v e l f o r taxonomic purposes i s l i m i ted, they n e v e r t h e l e s s 
provide some i n d i c a t i o n of o v e r a l l e t h n i c a f f i n i t y , and the l a r g e 
sample s i z e s permit the t e s t i n g of more general i s s u e s such as those 
presented f o r i n t e r - p o p u l a t i o n v a r i a t i o n s i n sex d i f f e r e n c e s i n 
chapter 7. The second l e v e l i s the e t h n i c group l e v e l which provides 
comparative data between macro r e g i o n a l as w e l l as e t h n i c d i v i s i o n s . 
T h i s l e v e l of r e s o l u t i o n i s on the whole more compatible w i t h that 
used by Hiernaux i n h i s comparative survey of sub-Saharan A f r i c a n 

a 

populations (Hiernaux 1968). The f i n a l l e v e l i s the minimal 

e t h n i c u n i t l e v e l , comprising samples of the s m a l l e s t d e f i n a b l e 

e t h n i c u n i t s . These samples, i n s p i t e of the much lower sample 

s i z e s , are by f a r the most important, as they permit an examination 

of d i f f e r e n t i a t i o n unprejudiced by preconceived schemes of e t h n i c 

and geographical a f f i n i t y . U n l i k e the f i r s t two population l e v e l s , 

a minimal sample does not r e q u i r e any s i g n i f i c a n t pooling of p o t e n t i a l l y 

widely d i v e r s e b i o l o g i c a l p o p u l a t i o n , and t h i s i s t h e r e f o r e the l e v e l 

t h a t w i l l provide most of the subsequent a n a l y s i s . 

The r e s u l t s are f i v e n f o r a l l a t t r i b u t e s measured at a l l 

population l e v e l s , except f o r r a r e t r a i t s . Right and l e f t hand 

a t t r i b u t e s are considered s e p a r a t e l y , with independent s e r i e s f o r 

males and females. To save space, no data are presented f o r both 

hands and f o r pooled s e t e s . In any case, i n view of the h e t e r o l a t e r a l 

and sex d i f f e r e n c e s found and d i s c u s s e d i n chapter 7, such r e s u l t s 

are of dubious val u e , Comparative workers i n t e r e s t e d i n them can 

n e v e r t h e l e s s work them out from the raw data provided. 

Most data t a b l e s i n Appendix 1 f o r the e x t e n s i v e e t h n i c 

group and minimal sample s e r i e s were produced by computer procedures, 
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Means, standard d e v i a t i o n s , f r e q u e n c i e s and v a l i d numbers were 
i n i t i a l l y c a l c u l a t e d and w r i t t e n i n t o a b i n a r y f i l e using SPSS AGGREGATE 
procedures (Nie e t . a l . , 1975: Chapter 15), and converted i n t o an 
image f i l e u s i n g the WRITE CASE f a c i l i t i e s of SPSS. I then used 
FORTRAN programs to l i n k the a t t r i b u t e r e s u l t s to population and 
sample l a b e l s and a t t r i b u t e headings and to w r i t e them i n t a b l e format 
onto a f i l e . These were then p r i n t e d u s i n g the heavy p r i n t e r f o r 
maximum l e g i b i l i t y . The t a b l e s were condensed f u r t h e r by s c i s s o r s 
and paste onto A3 paper and reduced. Thus, the maximum p o s s i b l e 
accuracy was ensured. 

5.2 An o u t l i n e of the range and s i g n i f i c a n c e of dermatoglyphie 
v a r i a t i o n at the minimal e t h n i c u n i t l e v e l of r e s o l u t i o n 

The purpose of t h i s s e c t i o n i s to a s c e r t a i n whether there 

i s s u f f i c i e n t s i g n i f i c a n t v a r i a t i o n e x h i b i t e d by the minimal e t h n i c 

samples f o r the range of dermatoglyphic a t t r i b u t e s considered, to 

j u s t i f y a more s o p h i s t i c a t e d a n a l y s i s of the s t r u c t u r e of dermatoglyphic 

v a r i a t i o n . 

I n order to t e s t the extent of s i g n i f i c a n c e , I a p p l i e d 

a one-way a n a l y s i s of v a r i a n c e to a l l q u a n t i t a t i v e a t t r i b u t e s , and 

c h i-square to nominal q u a l i t a t i v e a t t r i b u t e s . Palmar p a t t e r n s and 

t r i r a d i i were t r e a t e d ar q u a n t i t a t i v e f o r two r e asons. F i r s t l y 

they are not nominal v a r i a b l e s , and many of the palmar p a t t e r n s and 

t r i r a d i i can occur more than once i n the hand of an i n d i v i d u a l ( f o r 

i n s t a n c e IV loops, p e r i p h e r a l and c e n t r a l hypothenar loops, thenar 

loops and t r i r a d i i , and a x i a l t r i r a d i i ) . As many of the occurrences 

g r e a t e r than one are uncommon (except f o r IV loops) , i t means th a t 

many of these l e s s common c a t e g o r i e s have unacceptably low c e l l 
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f r e q u e n c i e s when c h l square i s a p p l i e d . To avoid t h i s d i s t o r t i o n 
through recoding them on a presence and absence b a s i s ( f o r example 
a person on the r i g h t hand has e i t h e r at l e a s t one PH loop or no PH 
loop) i s not s a t i s f a c t o r y i n th a t the f u l l e xtent of the v a r i a n c e i s 
not being t e s t e d . Secondly one-way a n a l y s i s of v a r i a n c e i s perhaps 
a b e t t e r measure of s i g n i f i c a n c e i n that i t i s not p r o p o r t i o n a l l y 
r e l a t e d to sample s i z e as c h i square i s ( B l a l o c k 1960:292-295). The 
only a t t r i b u t e s t e s t e d with c h i square here t h e r e f o r e , are the f i n g e r 
p a t t e r n s , recoded to the three b a s i c types of arch e s , loops and whorls. 
A l l the r e s u l t s of s i g n i f i c a n c e given here were c a l c u l a t e d u s i n g SPSS 
CROSSTABS and ONEWAY procedures (Nie e t . a l . , 1975). 

I n Table 5.1 are l i s t e d the r e s u l t s of t e s t s of s i g n i f i c a n c e 

a p p l i e d to 60 d i g i t a l and 32 palmar non summary a t t r i b u t e s , and 18 

summary a t t r i b u t e s . Of the t o t a l of 110 a t t r i b u t e s considered, 89 

or 80.9 per cent of a t t r i b u t e s were s i g n i f i c a n t f o r the males, and 

72 or 65.5 per cent f o r the females. 

Breaking down the r e s u l t s i n t o d i g i t a l and palmar non 

summary c a t e g o r i e s we can see from Table 5.2 t h a t the males show a 

c o n s i s t e n t l y high proportion of s i g n i f i c a n t d i f f e r e n c e s i n both 

c a t e g o r i e s of a t t r i b u t e s (78 per cent f o r d i g i t a l and 75 per cent 

for palmar a t t r i b u t e s ) . The females however, although showing only 

a s l i g h t l y lower percentage of s i g n i f i c a n t d i g i t a l a t t r i b u t e s than 

the males (72 per c e n t ) demonstrate a much lower percentage of 

s i g n i f i c a n t palmar a t t r i b u t e s (50 per c e n t ) , 

I n both sexes, the l a r g e s t proportion of s i g n i f i c a n t 

d i f f e r e n c e s i s manifested i n the r a d i a l , u n i l a t e r a l and absolute 

d i g i t a l r i d g e counts, and i n the palmar r i d g e counts and thenar 

p a t t e r n s and d e l t a s . Only the f i n g e r p a t t e r n s (females o n l y ) , the 
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i n t e r d i g i t a l p a t t e r n s (both s e x e s ) and the hypothenar p a t t e r n s and 
d e l t a s (females o n l y ) show a m a j o r i t y of non s i g n i f i c a n t a t t r i b u t e s . 

I n the case of summary a t t r i b u t e s , a l l the male t e s t s 

proved s i g n i f i c a n t as did a l l the female ones f o r d i g i t a l a t t r i b u t e s . 

Only 37.5 per cent of the female palmar a t t r i b u t e s however, were 

s i g n i f i c a n t , r e f l e c t i n g the trends i n the non summary palmar t r a i t s . 

I n Table 5.3 are a l s o presented the minimum, maximum and 

range of a t t r i b u t e means and f r e q u e n c i e s f o r the minimal e t h n i c u n i t s 

sampled. The r e s u l t s r e v e a l t h a t the range of v a r i a t i o n i s 

co n s i d e r a b l e f o r a l l a t t r i b u t e s . Moreover the a t t r i b u t e s with the 

g r e a t e s t v a r i a t i o n are the palmar and f i n g e r p a t t e r n s which, as we 

have j u s t seen, are the l e a s t l i k e l y to be s i g n i f i c a n t . For example, 

the female range of f r e q u e n c i e s f o r P4L i s 39.4 and not s i g n i f i c a n t , 

i n c o n t r a s t to the range of means f o r say LFR1 of 6.2, which i s 

h i g h l y s i g n i f i c a n t . We can i n t e r p r e t these r e s u l t s as showing that 

the palmar and f i n g e r p a t t e r n s are much more l i k e l y to r e f l e c t random 

f l u c t u a t i o n of f r e q u e n c i e s , p a r t i c u l a r l y i n the u n i t s with the 

s m a l l e s t sample s i z e s , For i n s t a n c e an examination of the percentage 

f r e q u e n c i e s of i n t e r d i g i t a l p a t t e r n s i n Appendix 1: Tables AP.1.4.40 

AP.1.4.43, r e v e a l s t h a t populations with the most extreme upper and 

lower values are commonly those w i t h sample s i z e s of under t h i r t y . 

On the whole however, the r e s u l t s r e v e a l t h a t there i s 

c o n s i d e r a b l e non random d i f f e r e n t i a t i o n e x h i b i t e d by the minimal 

e t h n i c u n i t s f o r a m a j o r i t y of dermatoglyphic a t t r i b u t e s considered 

i n t h i s study. A more s o p h i s t i c a t e d a n a l y s i s of v a r i a t i o n i s thus 

necessary, as a s i t u a t i o n of simple homogeneity i s not apparent, 



5.3 The taxonomic s t r u c t u r e of d i f f e r e n t i a t i o n between minimal 
population uni t s : an assessment of r e l a t i v e discordance. 

5.3.1 Overview 

I n t h i s s e c t i o n , I s h a l l be examining the s t r u c t u r e of 

dermatoglyphic d i f f e r e n t i a t i o n between the minimal population u n i t s 

based on the a n a l y s i s of taxonomic c o r r e l a t i o n s . In doing so, I 

s h a l l be t r y i n g to a s s e s s the r e l a t i v e complexity of a t t r i b u t e 

r e l a t i o n s h i p s which form the b a s i c components of the s t r u c t u r e of 

dermatoglyphic v a r i a t i o n (see chapter 3 ) . 

As I showed i n chapter 3, the assessment of r e l a t i v e 

discordance i s a d e s c r i p t i v e e x e r c i s e which focuses a t t e n t i o n on 

l i k e l y avenues of e x p l o r a t i o n for u n d e r l y i n g causes t h a t may e x p l a i n 

the v a r i a t i o n . The g r e a t e r the concordance, the more l i k e l y i t 

becomes t h a t the o v e r a l l s t r u c t u r e i s h i g h l y ordered and compatible 

with m u l t i v a r i a t e c l u s t e r i n g or c l i n a l types of v a r i a t i o n , such as 

t o p o t y p i c , e t h n o t y p i c , t o p o c l i n a l and e t h n o c l i n a l v a r i a t i o n . In 

c o n t r a s t , the more d i s c o r d a n t the b a s i c s t r u c t u r e , the more l i k e l y 

i t becomes th a t the c a u s a t i v e processes a s s o c i a t e d with "mosaic" 

e v o l u t i o n are i n v o l v e d (chapter 3 ) . 

The a n a l y t i c a l treatment of taxonomic c o r r e l a t i o n s and 

r e l a t i v e discordance i n v o l v e s three avenues of i n v e s t i g a t i o n . 

F i r s t , taxonomic c o r r e l a t i o n s between the sexes must be examined 

as the sex samples from each population are p a r t of a common gene^ 

pool, one would expect them to vary i n the same way r e l a t i v e to 

other populations. I f they do not, the most l i k e l y e x p lanation 

i s sampling e r r o r . I f however, the sexes do not vary i n the same 

way and sampling e r r o r cannot account f o r t h i s , we must conclude 

that d i f f e r e n t i a l e v o l u t i o n a r y or g e n e t i c p r o c e s s e s are a c t i n g on 
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the sexes, p o i n t i n g to a hi g h l y complex s i t u a t i o n . 

The second avenue of i n v e s t i g a t i o n i s the independent 

assessment of taxonomic c o r r e l a t i o n s f o r each sex, which i s the main 

a n a l y s i s of d i s c o r d a n t or concordant s t r u c t u r e . The f i n a l avenue i s 

one of refinement, i n which taxonomic c o r r e l a t i o n s between a t t r i b u t e s 

are compared to s t a t i s t i c a l c o r r e l a t i o n s between the same a t t r i b u t e s , 

In other words, i t i s necessary to d i f f e r e n t i a t e taxonomic concordance 

due to the f a c t t h a t a t t r i b u t e s are r e l a t e d l o g i c a l l y or g e n e t i c a l l y , 

from concordance that e x i s t s i n s p i t e of the f a c t that a t t r i b u t e s 

are not r e l a t e d i n i n d i v u d u a l s . T h i s l a t t e r type of concordance 

w i l l be c a l l e d " e v o l u t i o n a r y " concordance, as i t i m p l i e s t h a t 

e v o l u t i o n a r y p r o c e s s e s are causing a t t r i b u t e s to vary the same way 

between populations even though there i s no p h e n e t i c or g e n e t i c 

r e l a t i o n s h i p between the a t t r b u t e s . Taxonomic concordance r e f l e c t i n g 

u n d e r l y i n g concordance i n i n d i v i d u a l s i s termed "p h e n e t i c " concordance 

to d i f f e r e n t i a t e i t from " e v o l u t i o n a r y " concordance, 

5.3.2 D e t a i l e d approach 

In chapter 3 I d i s c u s s e d at some length why I 

considered i t more e f f i c i e n t to base an a n a l y s i s of r e l a t i v e 

d iscordance between a t t r i b u t e s on a c o r r e l a t i o n s t r a t e g y ( i , e . the 

d i r e c t a n a l y s i s of taxonomic c o r r e l a t i o n s ) r a t h e r than one of d i s t a n c e , 

From a t e c h n i c a l p o i n t of view, the a n a l y s i s of taxonomic c o r r e l a t i o n s 

i n v o l v e s s e v e r a l s t a g e s . The f i r s t i s the s e t t i n g up a type B 

matrix of population means and f r e q u e n c i e s f or each a t t r i b u t e . The 

second i s the c a l c u l a t i o n of the c o r r e l a t i o n s . The t h i r d i s the 

a n a l y s i s of the c o r r e l a t i o n matrix through e i t h e r p r i n c i p a l component 

or f a c t o r a n a l y s i s , or through some form of c l u s t e r or o r d i n a t i o n 
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a n a l y s i s , Although c l u s t e r a n a l y s i s can be e f f e c t i v e i n d e l i n e a t i n g 
c l u s t e r s of r e l ated a t t r i b u t e s ( J a r d i n e 1971), a p r i n c i p a l component 
or f a c t o r i n g approach i s p r e f e r a b l e , as i t provides a much more 
s e n s i t i v e p o r t r a y a l of weaker and l e s s obvious r e l a t i o n s h i p s between 
a t t r i b u t e s , and a l s o provides a ready means to p i c t u r e a t t r i b u t e 
c l u s t e r s g r a p h i c a l l y through the o r d i n a t i o n of the components. 

The main p r a c t i c a l d i f f i c u l t y i n a c o r r e l a t i o n approach 

to the measurement of discordance occurs when a l a r g e number of 

a t t r i b u t e s are to be considered, as i s the case i n t h i s study, The 

a g g r e s s i v e s o l u t i o n i s to input a l l the a t t r i b u t e s i n t o a s i n g l e 

very l a r g e c o r r e l a t i o n and/or p r i n c i p a l components a n a l y s i s , and to 

i n t e r p r e t what comes out. One i s precluded from undertaking such 

a d i r e c t a s s a u l t however, by the f a c t s t h a t a) such a l a r g e 

c o r r e l a t i o n matrix would be too d i f f i c u l t to i n t e r p r e t d i r e c t l y and 

would take up f a r too much space i n a rep o r t ; and b) the number 

of v a r i a b l e s t h a t can be coped with by e x i s t i n g f a c t o r i n g programs 

i s always l i m i t e d . SPSS f a c t o r i n g procedures f o r example, can 

handle only a maximum of one hundred v a r i a b l e s i n any a n a l y s i s . We 

are thus l e f t w i t h the c h o i c e of e i t h e r s e a r c h i n g f o r another program 

with l e s s s t r i n g e n t l i m i t a t i o n s or t a c k l i n g the a n a l y s i s i n s e c t i o n s 

of d i f f e r e n t a t t r i b u t e groupings. I t i s the l a t t e r p o l i c y t h a t I 

intend to pursue here. 

I t i s p o s s i b l e to break down the t o t a l range of non-r-rare 

dermatoglyphic a t t r i b u t e s i n t o s e v e r a l d i v i s i o n s . The most b a s i c 

g e n e r i c d i v i s i o n I propose i s to d i v i d e the t r a i t s i n t o two groups; 

a) summary composite t r a i t s such as t o t a l r i d g e counts, ar c h e s , 

loops and whorls pooled on a l l f i n g e r s of each hand e t c . ; and 

b) o r d i n a r y non-summary t r a i t s from which the summary t r a i t s are 
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composed ( f o r i n s t a n c e the u l n a r r i d g e counts on each d i g i t ) . These 
groups can then be d i v i d e d i f the need a r i s e s i n t o two f u r t h e r 
d i v i s i o n s on morphological grounds; d i g i t a l t r a i t s and palmar t r a i t s . 
The summary t r a i t s are the most r e l i a b l e from the point of view of 
s t a b i l i t y of sample s i z e ( f o r example, counting arches on f i v e d i g i t s 
e f f e c t i v e l y i n c r e a s e s sample s i z e by f i v e ) , but have the disadvantage 
of p o t e n t i a l l y l o s i n g v a r i a t i o n that e x i s t s i n the o r d i n a r y a t t r i b u t e s 
from which they are c o n s t r u c t e d . The s t r a t e g y I s h a l l adopt 
regarding c h o i c e of t r a i t s at each stage of a n a l y s i s i s to s t a r t with 
the summary t r a i t s to examine gen e r a l trends, and then to break them 
down i n t o c o n s t i t u e n t groupings based on morphological d i v i s i o n s to 
a s c e r t a i n how much v a r i a t i o n has been l o s t at the summary s t a g e . 

As I s t a t e d above, a d i r e c t c o r r e l a t i o n a n a l y s i s becomes 

i n c r e a s i n g l y d i f f i c u l t to i n t e r p r e t , the more v a r i a b l e s are considered, 

u n l e s s the u n d e r l y i n g s t r u c t u r e i s very simple indeed. (For i n s t a n c e 

a c o r r e l a t i o n matrix of over a thousand v a r i a b l e s a l l c o r r e l a t i n g 

at w e l l over 0.95 w i l l not be d i f f i c u l t to i n t e r p r e t , but i s u n l i k e l y 

ever to be encountered). I t i s tempting t h e r e f o r e , to by^-pass 

d i r e c t c o r r e l a t i o n a n a l y s i s i n favour of some form of p r i n c i p a l 

component or f a c t o r a n a l y s i s . 

T h i s s h o r t cut procedure would be t o t a l l y a c c e p t a b l e i f 

p r i n c i p a l component (PCA) or f a c t o r a n a l y s i s ( F A ) , were e n t i r e l y 

o b j e c t i v e and f r e e of d i s t o r t i o n . I n p r a c t i c e however, th e r e are 

many d i f f i c u l t i e s a s s o c i a t e d with u s i n g PCA or FA, The two 

procedures are i n f a c t groups of r e l a t e d techniques which produce 

su b t l e y d i f f e r e n t s o l u t i o n s according to the methods used, I t i s 

w a s t e f u l and extremely time consuming to t r y out every p o s s i b i l i t y , 



and t h i s does not u l t i m a t e l y lead to any e a s i e r i n t e r p r e t a t i o n . 

A s e l e c t i o n of a l i m i t e d range of f a c t o r i n g techniques based on 

c a r e f u l a p r i o r i judgement i s p r e f e r a b l e not only on the grounds of 

e f f i c i e n c y and p r a c t i c a l i t y , but a l s o because i t f o r c e s one to c onsider 

the r e l a t i v e l i m i t a t i o n s of v a r i o u s techniques i n more depth. 

No matter how w e l l reasoned the b a s i s of c h o i c e however, 

i t s u l t i m a t e j u s t i f i c a t i o n l i e s i n i t s e f f e c t i v e n e s s i n c l e a r l y 

d e p i c t i n g u n d e r l y i n g trends with minimal d i s t o r t i o n . The only 

p r a c t i c a l way of a s s e s s i n g t h i s i s to compare s o l u t i o n s d e r i v e d from 

the f a c t o r i n g methods adopted with the d i r e c t c o r r e l a t i o n matrix on 

which they a c t e d B PCA and FA t h e r e f o r e , should i d e a l l y be used to 

complement d i r e c t c o r r e l a t i o n a n a l y s i s , not as a s u b s t i t u t e for i t . 

although i t i s seldom p r a c t i c a l to pursue t h i s p o l i c y when c o r r e l a t i o n 

m a t r i c e s are l a r g e . At the very l e a s t , when the number of a t t r i b u t e s 

i s too l a r g e to permit a f u l l d i r e c t c o r r e l a t i o n a n a l y s i s , a p i l o t 

study should be performed to compare the d i r e c t s o l u t i o n with the 

f a c t o r i n g one. 

The f o l l o w i n g i n v e s t i g a t i o n then w i l l c o n s i s t of nine 

stages of a n a l y s i s : 

1) A g e n e r a l c o r r e l a t i o n a n a l y s i s of summary a t t r i b u t e s both 

male and female, w i t h an emphasis on d e l i n e a t i n g broad trends both 

between and w i t h i n the sexes. T h i s stage w i l l provide a b a s i s from 

which to check the e f f i c i e n c y of subsequent p r i n c i p a l component 

a n a l y s e s . 

2) T h i s w i l l c o n s i s t of a PCA on the same summary t r a i t s 

considered i n stage 1, with a focus on i n t e r - s e x taxonomic c o r r e l a t i o n s 



3) & 4) W i l l inves t i g a t e taxonomic c o r r e l a t i o n s w i t h i n each sex 

for summary a t t r i b u t e s . 

5 ) , 6 ) , 7 ) , & 8) The use of summary t r a i t s i s a neat and c o n c i s e way 

of examining v a r i a t i o n , and has the advantage of keeping output w i t h i n 

reasonable l i m i t s . On the other hand, i n c o n c e n t r a t i n g a n a l y s i s on 

summary t r a i t s , a doubt remains on how w e l l they r e a l l y do summarise th 

o v e r a l l v a r i a t i o n . The purpose of performing PCA on the non^summary 

t r a i t s i s to see how much more complex s t r u c t u r e r e a l l y i s than the 

a n a l y s i s of summary t r a i t s suggests. 

I n c o n s i d e r i n g the nonr^summary t r a i t s , the major problem 

i s t h a t t h e r e are too many of them to i n c l u d e i n a s i n g l e a n a l y s i s . 

By the time t h i s stage of a n a l y s i s i s reached, however, the summary 

an a l y s e s ought to have c l a r i f i e d r e l a t i o n s h i p s between major d i v i s i o n s 

such as males and females and d i g i t a l and palmar c a t e g o r i e s of 

a t t r i b u t e s s a t i s f a c t o r i l y . (For i n s t a n c e , i f d i g i t a l t r a i t s show 

l i t t l e r e l a t i o n s h i p w i t h palmar t r a i t s i n the summary a n a l y s e s , i t 

i s u n l i k e l y t h a t they w i l l i n the a n a l y s e s of non-summary t r a i t s ) . 

The main i n t e r e s t t h e r e f o r e , w i l l be on taxonomic c o r r e l a t i o n s 

w i t h i n each morphological category. I n stages 5 and 6 I s h a l l thus 

c o n s i d e r the components of d i g i t a l v a r i a t i o n f o r males and females 

r e s p e c t i v e l y , and i n 7 and 8 the i n t r a - s e x components of palmar 

v a r i a t i o n . 

9) T h i s l a s t stage of a n a l y s i s w i l l s e p a r a t e as f a r as 

p o s s i b l e " e v o l u t i o n a r y " and "phe n e t i c " taxonomic corre1 a t i o n s , 

by s e l e c t i v e l y comparing s t a t i s t i c a l c o r r e l a t i o n s with taxonomic 

c o r r e l a t i o n s . The i s s u e s i n v o l v e d at t h i s stage wi11 be elab o r a t e d 

l a t e r . 
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5.3.2,2 T e c h n i c a l methodology 

a) S e t t i n g up type B m a t r i c e s 

The c o r r e l a t i o n and p r i n c i p a l component a n a l y s e s that 

follow are based on seven type B data m a t r i c e s . S i x of these are 

f o r the a n a l y s i s of i n t r a - s e x c o r r e l a t i o n s and one f o r i n t e r - s e x 

c o r r e l a t i o n s . 

The i n t r a - s e x m a t r i c e s are r e l a t i v e l y simple, c o n s i s t i n g 

of the means and f r e q u e n c i e s f o r 57 male and 53 female samples of 

a) 26 summary t r a i t s , b) 80 d i g i t a l t r a i t s and c) 32 palmar 

t r a i t s . The p r e c i s e a t t r i b u t e s i n c l u d e d at each stage of the 

a n a l y s i s are l i s t e d i n the t a b l e s . The s u r p l u s of four male 

populations i s accounted f o r by the f a c t that the Ngwesi, Mukogodo, 

Narok Maasai and Malakote female samples were much too small f o r 

meaningful a n a l y s i s . The m a t r i c e s were drawn up u s i n g SPSS AGGREGATE 

procedures. 

The i n t e r - s e x matrix i s much more complex. In order to 

compare taxonomic c o r r e l a t i o n s between the sexes ( f o r example to 

compare how f a r arches i n the male samples vary i n the same way as 

arches i n the female samples) i t i s necessary to d i f f e r e n t i a t e each 

a t t r i b u t e s e p a r a t e l y i n the male and female s e r i e s . Thus f o r 

i n s t a n c e the Somali population has two a t t r i b u t e s for arches on the 

r i g h t hand, one f o r males and one f o r females. The s t r u c t u r e of 

the data matrix can be i l l u s t r a t e d as f o l l o w s ; 

P0P1 : (t or % ) a t t l ( m ) , (X or %) att2(m).,.(X or %) a t t (m)..,(X or % ) a t t l ( f ) 
n ' 

(it or % ) a t t 2 ( f ) (t or %) a t t ( f ) e t c . 
n 

P0P2 : D i t t o 

POP(n): D i t t o 

Where: (X or %) a t t l = mean or frequency of P0P1 for a t t r i b u t e 1. 

(m) = males and ( f ) = females. 
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In essence, the e q u i v a l e n t a t t r i b u t e s f o r males and 

females are i n t e g r a t e d i n t o one s i n g l e data matrix, r a t h e r than the 

more conventional format of t r e a t i n g males and females as u n i t s of 

d i f f e r e n t data s e r i e s , i n e f f e c t as s e p a r a t e p o p u l a t i o n s , 

The main drawback f o r t h i s procedure i s the f a c t mentioned 

e a r l i e r that there a r e four more male populations than female ones. 

In order to e q u a l i s e the s e r i e s , those populations w i t h no female 

samples have to be omitted. 

5.3.2.2 S t a t i s t i c a l methodology: the c o r r e l a t i o n m a t r i c e s 

The taxonomic c o r r e l a t i o n s on which the f o l l o w i n g a n a l y s e s 

are based are Pearson's product moment c o r r e l a t i o n s which measure 

the extent of common v a r i a n c e between the a t t r i b u t e population means 

and f r e q u e n c i e s t h a t form the columns of the type B m a t r i c e s 

d e s c r i b e d e a r l i e r . More t e c h n i c a l l y , Pearson's r i s "the r a t i o of 

the c o v a r i a t i o n to the square root of the product of the v a r i a t i o n 

i n X and the v a r i a t i o n i n Y" ( B l a l o c k 1960:378) and can be expressed 

i n terms of the formula 

r = E (X - X) (Y - Y) = £xy 
— ( B l a l o c k 1960:378) 

|Z(X - X ) 2 Z ( Y - Y ) 2 | ( E x 2 ) ( E y 2 ) 

Pearson's r i s g e n e r a l l y recognised as one of the most 

powerful c o r r e l a t i o n measures. I t s adoption however, i s c o n d i t i o n a l 

on the data having c e r t a i n p r o p e r t i e s . The most b a s i c of these 

i s that the data must be on an i n t e r v a l or r a t i o s c a l e , and t h a t a 

s t a t e of b i v a r i a t e n ormality and homoscedasticity p e r t a i n s ( B l a l o c k 

1960,369). F a i l u r e to meet the l a t t e r two requirements can lead to 
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s i g n i f i c a n t d i s t o r t i o n , e s p e c i a l l y i f v a r i a n c e s about the slope 

are low and a s m a l l number of " o u t l i e r s " or extreme p o i n t s at a 

d i s t a n c e from the slope e x i s t ( B l a l o c k , 1960;383). Perhaps the 

most important l i m i t a t i o n of r however, i s that i t i s a measure of 

l i n e a r r e l a t i o n s h i p , and c o n s i d e r a b l e e r r o r can r e s u l t i f the b i v a r i a t e 

d i s t r i b u t i o n i s at a l l curved. 

The a t t r i b u t e s of population means and f r e q u e n c i e s used 

i n the f o l l o w i g a n a l y s e s are a l l q u a n t i t a t i v e measures, and c l e a r l y 

meet the most b a s i c requirement t h a t the data must be at l e a s t on an 

i n t e r v a l s c a l e , B i v a r i a t e n o r m a l i t y , homoscedasticity and l i n e a r i t y 

were t e s t e d , as B l a l o c k recommends (1960 :370) by examining sc a t t e r g r a m s . 

A s e l e c t i o n of scattergrams between a l l combinations of ten 

r e p r e s e n t a t i v e d i g i t a l and palmar summary t r a i t s showed no tendency 

f o r the s c a t t e r of po i n t s i n any of the diagrams to depart from the 

expected norms of l i n e a r i t y . I n other words, i n the case of high 

c o r r e l a t i o n s the po i n t s s c a t t e r e d evenly and c l o s e l y along the 

length of the slope w i t h the g r e a t e s t c o n c e n t r a t i o n near the middle, 

w h i l e the p o i n t s became p r o g r e s s i v e l y more random and d i s p e r s e d as 

c o r r e l a t i o n decreased. As a f u r t h e r check, I p l o t t e d the frequency 

d i s t r i b u t i o n s of a l l the summary t r a i t s and a smal1 s e l e c t i o n of the 

non-summary t r a i t s , and found a f t e r means and f r e q u e n c i e s had been 

rounded o f f to whole nunbers, a d i s t i n c t c e n t r a l tendency i n a l l 

a t t r i b u t e s w i t h the mode near the c e n t r e of the d i s t r i b u t i o n . 

(Owing to the great amount of space the above a n a l y s e s take up. 

i t i s i m p o s s i b l e to report them here. An examination of the 

d i s t r i b u t i o n of means and f r e q u e n c i e s i n Appendix 1 however, wil1 

give an approximate v e r i f i c a t i o n of these s t a t e m e n t s ) , 
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I n view of the f a c t t h a t the data seemed to be compatible 
with the requirements of Pearson's r , and that a p i l o t comparison 
with Spearman 1s rank order c o r r e l a t i o n , which i s l e s s s t r i n g e n t in 
i t s assumptions, r e v e a l e d only minor d i f f e r e n c e s , I saw no reason why 
the Pearson's c o r r e l a t i o n s t h a t are the d e f a u l t option i n SPSS 
f a c t o r i n g procedures should not be adopted. In the c o r r e l a t i o n 
a n a l y s i s t h a t f o l l o w s , the v a l u e s are a l l taken from the p r e l i m i n a r y 
output of SPSS FACTOR procedures (Nie e t . a l . , 1975: Chapter 24) 
which are l a i d out i n a more condensed and a t t r a c t i v e manner than the 
s p e c i f i c a l l y designed c o r r e l a t i o n procedures (Nie e t . a l . , 1975: 
Chapter 18). The FACTOR c o r r e l a t i o n s , however, are l e s s a c c u r a t e 
as they are not c a l c u l a t e d i n double p r e c i s i o n . T h i s p o t e n t i a l 
source of e r r o r however, i s u n l i k e l y to be s i g n i f i c a n t , and I did 
not f e e l t h a t i t was j u s t i f i e d to go to the cumbersome and time 
consuming procedure of c a l c u l a t i n g seven s e p a r a t e m a t r i c e s using 
PEARSON CORR i n double p r e c i s i o n , and subsequently having to input 
the m a t r i c e s i n t o p r i n c i p a l components a n a l y s i s . 

5.3.2.4 P r i n c i p a l components a n a l y s i s 

A p a r t i c u l a r l y d i f f i c u l t problem when using FA or PCA 

i n the d e t a i l e d i n v e s t i g a t i o n of taxonoraic c o r r e l a t i o n s i s to 

decide which of the s e v e r a l f a c t o r i n g and r o t a t i o n a l methods 

r e a d i l y a v a i l a b l e i n computer packages such as SPSS should be 

adopted. T h i s c h o i c e i s not only t h e o r e t i c a l l y important (as we 

s h a l l s e e ) , but a l s o of p r a c t i c a l s i g n i f i c a n c e , as d i f f e r e n t methods 

can give d i f f e r e n t t e r m i n a l s o l u t i o n s . To t r y s e v e r a l methods i s 

not only time consuming with p o s s i b l y c o n s i d e r a b l e r e p l i c a t i o n of 

r e s u l t s , but a l s o an i n v i t a t i o n to s u b j e c t i v e i n t e r p r e t a t i o n in the 



2 

sense that there i s a danger of c o n c e n t r a t i n g on that s o l u t i o n that 

conforms best to p r i o r e x p e c t a t i o n s , In order to avoid t h i s temptation, 

i t i s b e t t e r to e v a l u a t e c h o i c e i n some detai1 before commencing 

a n a l y s i s . Tn the d i s c u s s i o n that f o l l o w s , I s h a l l be examining the 

i s s u e s surrounding c h o i c e i n two primary a r e a s , a) cho i c e of 

b a s i c f a c t o r i n g technique, and b) whether i t i s worth r o t a t i n g the 

f a c t o r s o l u t i o n , and i f so which r o t a t i o n technique i s the most 

apt f o r the present i n v e s t i g a t i o n . 

a) The cho i c e of f a c t o r i n g method 

Although the two types of f a c t o r i n g (PCA and FA) can 

be very s i m i l a r i n t h e i r r e s u l t s and are often not c l e a r l y 

d i f f e r e n t i a t e d by r e s e a r c h e r s , they n e v e r t h e l e s s d i f f e r fundamentally 

at a t h e o r e t i c a l l e v e l . As Kowalski s t r e s s e s : 

" I n component a n a l y s i s we begin with the ob s e r v a t i o n s 
and look f o r components i n the hope that we may be 
able to reduce the dimensions of v a r i a t i o n and a s c r i b e to 
them some b i o l o g i c a l meaning. We procede from the data 
towards the model. I n f a c t o r a n a l y s i s we work the 
other way round: we begin with a model and check to see 
i f i t agrees with the data, and i f so we use the data to 
est i m a t e the parameters of the model." 

(Kowalski 1972:124) 

The model being r e f e r r e d to i s a mathematical model, not an 

experimental one. I n PCA the derived components are e x a c t l y 

"defined". As th e r e i s no u n d e r l y i n g model, we are p r i m a r i l y 

asking 

"What i s the b e s t l i n e a r combination of the v a r i a b l e s -
best i n the sense that the p a r t i c u l a r combination of 
v a r i a b l e s would account f o r more v a r i a n c e i n the data 
as a whole than any other l i n e a r combination of v a r i a b l e s , 
The f i r s t p r i n c i p a l component t h e r e f o r e , may be viewed 
as the s i n g l e best summary of l i n e a r r e l a t i o n s h i p s 
e x h i b i t e d i n the data. The second component i s defined 
as the second best l i n e a r combination of v a r i a b l e s , 



under the c o n d i t i o n that the second component 
i s orthogonal to the f i r s t . To be orthogonal to 
the f i r s t component, the second component must 
account f o r that p o r t i o n of the v a r i a n c e not 
accounted f o r by the f i r s t one. Thus the second 
component may be def i n e d as the l i n e a r combination 
of v a r i a b l e s t h a t accounts f o r the most r e s i d u a l 
v a r i a n c e a f t e r the e f f e c t of the f i r s t component 
i s removed from the data. Subsequent components 
are defined s i m i l a r l y u n t i l a l l the v a r i a n c e i n 
the d ata i s exhausted." 

(Nie e t . a l . , 1975:470) 

In FA however, we are making an assumption t h a t there 

are r und e r l y i n g r e g u l a r i t i e s or "determinants" i n the data. As 

Nie e t . a l . put i t 

"The p a r t of a v a r i a b l e t h a t i s i n f l u e n c e d by shared 
determinants i s u s u a l l y c a l l e d common, and tha t p a r t 
that i s i n f l u e n c e d by f i e shared determinants i s 
c a l l e d unique. Under t h i s assumption, the unique 
pa r t of a v a r i a b l e does not c o n t r i b u t e to r e l a t i o n s h i p s 
among v a r i a b l e s . I t a l s o f o l l o w s from the preceeding 
assumption t h a t the observed c o r r e l a t i o n s must be the 
r e s u l t of the c o r r e l a t e d v a r i a b l e s s h a r i n g some of the 
common determinants. The i m p l i c i t f a i t h on our p a r t 
i s t h a t those assumed common determinants wi11 not only 
account f o r a l l the observed r e l a t i o n s i n the data, but 
w i l l a l s o be s m a l l e r i n number than the v a r i a b l e s ,.., 
Therefore, i f there i s any c o r r e l a t i o n between two 
v a r i a b l e s , i t i s assumed to be due to common f a c t o r s , " 

(Nie e t . a l . , 1975:471) 

The d i f f e r e n c e between FA and PCA i s thus fundamental when i t comes 

to i n t e r p r e t i n g f a c t o r loadings. I n FA we are sa y i n g that c a u s a l 

" F a c t o r X" accounts f o r so much per cent of the v a r i a n c e of v a r i a b l e 

A, so much of v a r i a b l e B and so on. In PCA on the other hand we 

are s a y i n g that "component X" :is so much per cent of the v a r i a n c e 

of v a r i a b l e A, so much of v a r i a b l e B e t c , The c a u s a l f a c t o r s i n 

FA are presumed to e x i s t and there i s an assumption that they can 

be r e a d i l y i d e n t i f i e d from the p a t t e r n of f a c t o r loadings, Thus 

for example i n psychology, f a c t o r s such as "n e u r o t i c i s m " and 

"aggression" could be i n t e r p r e t e d as accounting f o r high loadings on 
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c e r t a i n types of b e h a v i o u r a l a t t r i b u t e s . T h i s would be a 
t h e o r e t i c a l l y i n c o r r e c t process of reasoning i f a PCA had been a p p l i e d . 
In the present a n a l y s i s however, there i s no attempt to a s c r i b e a 
c a u s a l model to the data - indeed i t would be impossible to do so 
at the present stage of the i n v e s t i g a t i o n . The main aims are 
predominantly d e s c r i p t i v e , to a s c e r t a i n the nature of b a s i c taxonomic 
s t r u c t u r e as a d i r e c t i o n a l foundation for subsequent c a u s a l a n a l y s i s . 
As such, PCA i s t h e o r e t i c a l l y the most s u i t a b l e method to achieve 
these aims. 

The c h o i c e of SPSS f a c t o r i n g procedures (Nie e t . a l . , 1975: 

Chapter 24) i n t h i s i n v e s t i g a t i o n was determined by general 

convenience and p r a c t i c a b i l i t y . Although l e s s a c c u r a t e than BMD 

procedures which u n l i k e SPSS c a l c u l a t e a l l f a c t o r i n g s t a t i s t i c s 

at double p r e c i s i o n , SPSS gains not only i n being e a s i e r to access 

and manipulate, but a l s o because i t s f a c i l i t i e s to output f a c t o r 

s c o r e s are much e a s i e r to implement. Of the f a c t o r i n g methods 

a v a i l a b l e i n SPSS, namely PA1, PA2, Rao's c a n o n i c a l f a c t o r i n g , Alpha 

and Image f a c t o r i n g , only FAl provides a c l a s s i c p r i n c i p a l components 

s o l u t i o n . The other methods are a l l f a c t o r i n g techniques. The 

use of PA1 i s thus, i n view of the previous t h e o r e t i c a l d i s c u s s i o n , 

the only r e a l c h o i c e . The c l o s e s t of the f a c t o r i n g methods to PA1 

i s PA2, which d i f f e r s mathematically from PA1 mainly i n that 

communalities are estimated through an i n t e r a c t i v e process r a t h e r 

than t r e a t i n g them as u n i t y . The s i m i l a r i t y of the two methods 

can i n p r a c t i c e lead to very s i m i l a r r e s u l t s provided that no c a u s a l 

i n t e r p r e t a t i o n i s put on the d e r i v e d f a c t o r s from PA2. PA1 however, 

has the p r a c t i c a l advantage of being f a r l e s s c o s t l y i n terms of 

computer time used. 
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b) Choice of r o t a t i o n technique 

I n FA or PCA there i s one other fundamental area of choice 

that must be considered. That i s whether to " r o t a t e " the i n i t i a l 

f a c t o r s or components, and i f so, what method of r o t a t i o n to adopt. 

The main j u s t i f i c a t i o n f o r r o t a t i o n i n PCA i s that the i n i t i a l 

components are so s t r i c t l y conditioned by the requirements of 

ort h o g o n a l i t y that they can be viewed as s t i l l too complex, and to 

some ext e n t , too a r t i f i c i a l . Thus, f o r example, a component could 

r e p r e s e n t an in-between po i n t between two u n r e l a t e d c l u s t e r s of 

v a r i a b l e s . S i m i l a r l y i t could be complex, i n that many v a r i a b l e s load 

high on the component, w h i l e at the same time the same v a r i a b l e s a l s o 

load high on other components. 

Owing to the s t r i c t u r e s of o r t h o g o n a l i t y , and the f a c t 

that components are e x t r a c t e d i n the order of importance, there i s a 

gener a l tendency i n PCA f o r the f i r s t component to be a general s i z e 

f a c t o r , loading high and p o s i t i v e l y on every v a r i a b l e , w h i l e the 

second and remaining components tend to be b i p o l a r , with h a l f the 

v a r i a b l e s l o a d i n g p o s i t i v e l y and the other h a l f n e g a t i v e l y , and i t 

i s consequently d i f f i c u l t to i n t e r p r e t them with confidence, By 

r o t a t i n g the components the ob j e c t i s to r e l a x consequences of t h i s 

a r t i f i c i a l process and to achieve a " s i m p l i f i c a t i o n " of the i n i t i a l 

f a c t o r s or components, and produce much t i g h t e r c l u s t e r s of v a r i a b l e s . 

The d e s i r e d e f f e c t of r o t a t i o n i s to reduce complexity so th a t 

v a r i a b l e s t h a t load f a i r l y high on s e v e r a l components or f a c t o r s are 

rearranged (or viewed from a d i f f e r e n t angle) so t h a t they load 

high on fewer components, h o p e f u l l y on only one. Rotation thus 

produces a c o n c e p t u a l l y s i m p l e r s o l u t i o n . 
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SPSS provides four methods of r o t a t i o n . QUARTIMAX, 

VARIMAX and EQUIMAX are a l l orthogonal methods of r o t a t i o n , i n which 

the i n i t i a l f a c t o r s are ro t a t e d at 90 degrees to pr e s e r v e the t o t a l 

independence of each component or f a c t o r . QUARTIMAX i s a method th a t 

seeks to maximise the loadings on one f a c t o r or component; i t 

s i m p l i e f i e s the rows of a f a c t o r matrix, w h i l e VARIMAX seeks to 

s i m p l i f y the columns by maximising the v a r i a n c e of the squared loadings 

i n each column. I n other words, i n QUARTIMAX the focus of i n t e r e s t 

i s on i n d i v i d u a l v a r i a b l e s , w h i l e i n VARIMAX i t i s on column 

combination of v a r i a b l e s . EQUIMAX i s a compromise between the two 

methods (Nie e t . a l . , 1975:485). VARIMAX i s the b e s t method to adopt 

i n the present study, as i t i s combinations of v a r i a b l e s i n "columns" 

t h a t are of predominant i n t e r e s t . 

The f o u r t h method i s OBLIQUE, which permits the a n a l y s t 

to r e l a x o r t h o g o n a l i t y , and to r o t a t e the i n i t i a l f a c t o r s at 

whatever angles he may choose. From a t h e o r e t i c a l point of view, 

oblique r o t a t i o n has s e v e r a l advantages over orthogonal r o t a t i o n , 

as there i s no sound reason to suppose t h a t u n d e r l y i n g s t r u c t u r e s i n 

a c o r r e l a t i o n matrix are completely independent, ( i . e . from my point 

of view, i t i s a r t i f i c i a l to regard components of dermatoglyphic 

v a r i a t i o n as r e l a t e d l i n e a r l y and a d d i t i v e l y ) . From a p r a c t i c a l 

viewpoint, however, oblique r o t a t i o n has disadvantages. I t takes 

a great deal of experimentation of r o t a t i n g i n i t i a l f a c t o r s at 

d i f f e r e n t angles before the "optimum" s o l u t i o n can be found. 

Secondly, t h e r e i s no c r i t e r i o n other than s u b j e c t i v e i n t u i t i o n to 

decide on which r o t a t i o n i s the most appropriate. T h i r d l y , i n 

r e l a x i n g o r t h o g o n a l i t y , the ro t a t e d f a c t o r s or components are no 

longer d e c o r r e l a t e d ^ T h i s obviously makes the i n t e r p r e t a t i o n of 



f a c t o r s c o r e s more d i f f i c u l t , even though SPSS does output a r o t a t e d 

f a c t o r matrix which g i v e s the c o r r e l a t i o n s between the r o t a t e d f a c t o r s 

C o n s i d e r i n g the predominantly d e s c r i p t i v e purpose of PCA i n t h i s study 

I decided t h a t the i n t e r p r e t a t i v e disadvantages of obiique r o t a t i o n 

outweigh the t h e o r e t i c a l advantages. VARIMAX r o t a t i o n i s 

consequently the only method of r o t a t i o n used i n the a n a l y s e s t h a t 

f o l l o w . 

R o t a t i o n fundamentally determines the nature of any f a c t o r 

s c o r e s t h a t are produced, as the f a c t o r s c o r e c o e f f i c i e n t s t h a t form 

the weightings from which f a c t o r s c o r e s are c a l c u l a t e d , are produced 

from the r o t a t e d p a t t e r n matrix r a t h e r than the unrotated one. 

The r e l a t i o n s h i p of a t t r i b u t e s mirrored by the f a c t o r s c o r e s are 

thus those of the r o t a t e d t e r m i n a l s o l u t i o n . F a c t o r s c o r e s t h e r e f o r e 

r e p r e s e n t , i f a r o t a t e d s o l u t i o n i s used, the most condensed and 

s i m p l i f i e d summary elements of d i f f e r e n t i a t i o n between the populations 

To complete t h i s d i s c u s s i o n , I would l i k e to c l a r i f y 

subsequent nomenclature concerning p r i n c i p a l component a n a l y s i s . 

I n order to d i f f e r e n t i a t e my use of PCA from FA at a l l s t ages of 

a n a l y s i s , the word " f a c t o r " w i l l be dropped henceforth. Thus I 

s h a l l r e f e r from now on to unrotated and r o t a t e d components and 

component s c o r e s , r a t h e r than the more conventional r o t a t e d " f a c t o r s " 

and " f a c t o r s c o r e s " . 



5.3 Descriptive s t m c r u r a l analyses. 

5.3.3.1 A n a l y s i s 1: A p r e l i m i n a r y examination of taxonomic 

c o r r e l a t i o n s between male and female summary a t t r i b u t e s , 

T h i s p r e l i m i n a r y a n a l y s i s examines d i r e c t l y a matrix of 

taxonomic c o r r e l a t i o n s between both male and female summary a t t r i b u t e s 

There are two reasons for s t a r t i n g the a n a l y s i s of the b a s i c 

s t r u c t u r e of v a r i a t i o n i n t h i s way. F i r s t l y the r e s u l t s of the 

i n v e s t i g a t i o n should provide i n i t i a l i n s i g h t i n t o the nature of 

a t t r i b u t e d iscordance. Secondly the d e p i c t i o n of these trends 

d i r e c t l y from the raw c o r r e l a t i o n n a t r i x should provide an 

independent s e r i e s of observations from which to a s s e s s and i n t e r p r e t 

the r e s u l t s produced by PCA on the same a t t r i b u t e s . 

The c o r r e l a t i o n matrix on which t h i s a n a l y s i s i s based 

i s reproduced i n Table 5.4 I t c o n s i s t s of taxonomic c o r r e l a t i o n s 

between 52 a t t r i b u t e v a r i a b l e s , 26 male and 26 female summary 

a t t r i b u t e s , with each taxonomic a t t r i b u t e c o n s i s t i n g of the means 

or f r e q u e n c i e s f o r that a t t r i b u t e by sex of 53 minimal e t h n i c 

population u n i t samples (henceforth r e f e r r e d to as minimal samples). 

As mentioned e a r l i e r i n the previous s e c t i o n , the number of minimal 

samples for each sex have been e q u a l i s e d by omitting those male 

samples which have only very s m a l l female samples ( i . e . the Mukogodo, 

Ngwesi, Narok Maasai and Malakote). There are thus three primary 

areas of i n t e r e s t . F i r s t l y the nature of taxonomic c o r r e l a t i o n s 

of a t t r i b u t e s w i t h i n the males and w i t h i n the females. Secondly 

how f a r the trends w i t l . i n the males are s i m i l a r to the trends 

w i t h i n the females. T h i r d l y the nature of the c o r r e l a t i o n s between 

male and female a t t r i b u t e s . 

T h i s t h i r d area of i n t e r e s t can be d i v i d e d i n t o two p a r t s . 

The f i r s t i s the nature of c o r r e l a t i o n s between d i f f e r e n t a t t r i b u t e s 
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across the s e x e s , (For example between say r i g h t t o t a l r a d i a l 
r idge count males vs. l e f t t o t a l arches f e m a l e s ) . The second i s 
the type of c o r r e l a t i o n s e x h i b i t e d between EQUIVALENT male and 
female a t t r i b u t e s . (For example between r i g h t t o t a l r a d i a l r i d g e 
count males, and r i g h t t o t a l r a d i a l r i d g e count f e m a l e s ) . 

A) Within sex trends 

1) D i g i t a l a t t r i b u t e s 

A l l d i g i t a l a t t r i b u t e s show some degree of a s s o c i a t i o n 

w i t h i n each sex. Homologues show high c o r r e l a t i o n s , being h i g h e s t 

i n the r a d i a l , u l n a r , u n i l a t e r a l and absolute t o t a l r i d g e counts 

( u s u a l l y w e l l over 0.7) and lowest i n the d i g i t a l p a t t e r n s ( i n the 

0.5 to 0.7 rang e ) . These trends are very s i m i l a r i n both males 

and females. 

i ) T o t a l r i d g e counts and f i n g e r p a t t e r n i n t e n s i t y 

The t o t a l r i d g e counts and f i n g e r p a t t e r n i n t e n s i t y are 

a l l h i g h l y i n t e r - c o r r e l a t e d w i t h i n each sex, e s p e c i a l l y the 

homolateral counts ( i . e . those on the same hand). Within t h i s 

high range we can d i s t i n g u i s h two groupings. The f i r s t i s the 

u n i l a t e r a l and r a d i a l t o t a l ridge counts which i n t e r - c o r r e l a t e 

very h i g h l y (over 0.8). The second i s the u l n a r ridge count and 

t o t a l f i n g e r p a t t e r n i n t e n s i t y , which show higher c o r r e l a t i o n s 

with each other than w i t h the a t t r i b u t e s i n the f i r s t group. Right 

and l e f t t o t a l absolute count i n c o n t r a s t c o r r e l a t e s very h i g h l y 

with a l l the t o t a l counts and f i n g e r p a t t e r n i n t e n s i t y . 

i i ) The d i g i t a l p a t t e r n s 

I n t e r ^ c o r r e l a t i o n s of d i g i t a l p a t t e r n s are i n the main 

only moderate (except f o r homologues). T o t a l arches show the 
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l e a s t a s s o c i a t i o n with other p a t t e r n s , e s p e c i a l l y w i t h i n the males 
where the c o r r e l a t i o n s are as low as 0,1. The ulna r loops however, 
show r e l a t i v e l y high i n v e r s e c o r r e l a t i o n s with c o n c e n t r i c whorls, 
e s p e c i a l l y on the r i g h t hand i n both sexes ( i n the -0.5 to -0.7 ra n g e ) , 
I n c o n t r a s t c o r r e l a t i o n s between u l n a r loops and double loops are 
lower ( l e s s than -0.5) i n both s e x e s . S u r p r i s i n g l y the c o r r e l a t i o n s 
between double loops and c o n c e n t r i c whorls are the lowest of a l l 
d i g i t a l a t t r i b u t e s w i t h i n the sexes (0.2 or l e s s i n the females, 
and r e a c h i n g as low as 0.05 i n the m a l e s ) . The taxonomic 
d i s t i n c t i v e n e s s of these two types of whorl i s i n t e r e s t i n g , i n view 
of the common procedure of not d i s t i n g u i s h i n g them i n dermatoglyphic 
r e p o r t s . 

i i i ) D i g i t a l ridge counts and p a t t e r n i n t e n s i t y versus 
d i g i t a l p a t t e r n s 

The r a d i a l and u n i l a t e r a l r i d g e counts only c o r r e l a t e 

moderately w i t h d i g i t a l p a t t e r n s . Moreover there i s one exception 

to the u s u a l l y strong r e p l i c a t i o n between the sexes i n that the 

r a d i a l and u n i l a t e r a l counts c o r r e l a t e very moderately with l e f t 

u l n a r loops (around 0.1) i n the males, whereas i n the females the 

same c o r r e l a t i o n s are over 0.5. Arches and u l n a r loops c o r r e l a t e 

n e g a t i v e l y with a l l r i d g e counts and p a t t e r n i n t e n s i t y , w h i l s t 

c o n c e n t r i c whorls and double loops c o r r e l a t e p o s i t i v e l y with them. 

Double loops show the lowest c o r r e l a t i o n s of a l l the d i g i t a l 

p a t t e r n s with the ridge counts. 

The u l n a r r i d g e count, t o t a l f i n g e r p a t t e r n i n t e n s i t y 

and t o t a l a bsolute r i d ^ e count show moderate h e t e r o l a t e r a l 

c o r r e l a t i o n s w i t h a l l p a t t e r n s except f o r double loops which i n 

c o n t r a s t show low c o r r e l a t i o n s ; homolateral c o r r e l a t i o n s of over 
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0.7 however, are common between these above a t t r i b u t e s . I n t e r -
c o r r e l a t i o n s between homolateral u l n a r r i d g e counts and u l n a r loops 
and c o n c e n t r i c whorls are p a r t i c u l a r l y high approaching 0.9. 

2) Palmar a t t r i b u t e s 

Palmar a t t r i b u t e s w i t h i n each sex show a much more v a r i a b l e 

range of i n t e r - c o r r e l a t i o n s . Homologues e x h i b i t very high v a l u e s 

only f o r t o t a l palmar r i d g e count, which i s around 0.9 i n both sexes. 

I n t e r d i g i t a l , hypothenar and t o t a l palmar t r i r a d i a l i n t e n s i t i e s by 

c o n t r a s t e x h i b i t moderate homologue c o r r e l a t i o n s i n the 0,5 to 0,6 

range. 

Palmar r i d g e counts show no c o r r e l a t i o n s higher than 0,2 

w i t h any other palmar a t t r i b u t e , demonstrating an unusual degree 

of taxonomic independence. I n t e r d i g i t a l i n t e n s i t y (TD) e x h i b i t s 

homolateral and h e t e r o l a t e r a l c o r r e l a t i o n s of around the 0.5 to 0.7 

range with t o t a l palmar i n t e n s i t y , but no r e l a t i o n s h i p with t o t a l 

hypothenar i n t e n s i t y ( a l l i n t e r - c o r r e l a t i o n s being l e s s than 0.2 

i n both s e x e s ) . The r e l a t i o n s h i p between hypothenar i n t e n s i t y 

and t o t a l palmar i n t e n s i t y i s complex. I n the males, both r i g h t 

and l e f t hypothenar i n t e n s i t y c o r r e l a t e at around 0.5 with r i g h t 

t o t a l palmar i n t e n s i t y . With l e f t t o t a l palmar i n t e n s i t y however, 

they c o r r e l a t e at 0.3 or l e s s . I n the females only r i g h t hypothenar 

i n t e n s i t y v e r sus r i g h t t o t a l palmar i n t e n s i t i e s i n t e r c o r r e l a t e 

at around 0.5. The other combinations are a l l low, 

3) D i g i t a l v e rsus palmar a t t r i b u t e s 

C o r r e l a t i o n s between palmar and d i g i t a l a t t r i b u t e s are 

i n the main, low i n both sexes. I n the males however, i n t e r d i g i t a l 
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i n t e n s i t y shows some moderate c o r r e l a t i o n s r e a c h i n g 0.3 with some 

d i g i t a l r i d g e counts and with f i n g e r p a t t e r n i n t e n s i t y , but not 

with any d i g i t a l p a t t e r n s . In the females i n c o n t r a s t , i n t e r d i g i t a l 

i n t e n s i t y shows very low c o r r e l a t i o n s w i t h the d i g i t a l a t t r i b u t e s 

that c o r r e l a t e moderately w i t h t h i s f e a t u r e i n the males, but t o t a l 

palmar r i d g e count, which i n the males showed no a s s o c i a t i o n s with 

any d i g i t a l a t t r i b u t e , c o r r e l a t e s up to 0.3 wi t h many d i g i t a l a t t r i b u t e s 

i n the females, 

4) R e p l i c a t i o n of trends between the sexes i s strong. Areas 

where disagreement occurs have already been pointed out. 

B) C o r r e l a t i o n s between a t t r i b u t e s a c r o s s the sexes 

1) Across non-equivalent a t t r i b u t e s 

The l a r g e p a r t of the c o r r e l a t i o n matrix (Table 5.4) 

which d e p i c t s c r o s s c o r r e l a t i o n s between male and female a t t r i b u t e s 

i s not easy to i n t e r p r e t . The c l e a r e s t o b s e r v a t i o n i s that no 

very high c o r r e l a t i o n s are evident. A l l but two of the c r o s s -

c o r r e l a t i o n s are l e s s than 0.5, and a m a j o r i t y are l e s s than 0.3 

I n general i n t r a sex trends d e s c r i b e d p r e v i o u s l y are a l s o 

mirrored ( i n a r e l a t i v e r a t h e r than obsolute sense) i n the i n t e r - s e x 

c o r r e l a t i o n s . For example male d i g i t a l a t t r i b u t e s c o r r e l a t e more 

h i g h l y with female d i g i t a l a t t r i b u t e s than to female palmar 

a t t r i b u t e s . Male ridf-e counts and t o t a l f i n g e r p a t t e r n i n t e n s i t y 

c o r r e l a t e n e g a t i v e l y with female t o t a l arches and u l n a r loops, and 

p o s i t i v e l y with female c o n c e n t r i c whorls and double loops. 

I n s p i t e of t h i s tendency f o r the same types of r e l a t i v e 

r e l a t i o n s h i p s to be r e f l e c t e d i n the i n t e r - s e x as w e l l as the 
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i n t r a - s e x comparisons, i n an absolute sense there i s some v a r i a t i o n 
i n the magnitude of c o r r e l a t i o n s between d i f f e r e n t s e t s of i n t e r 
sex a t t r i b u t e s . Between the r i d g e counts a c r o s s sexes f o r i n s t a n c e , 
the magnitude of the c o r r e l a t i o n s are approximately h a l f the s i z e 
of the same s e t of c o r r e l a t i o n s w i t h i n each sex. (For example 
r i g h t t o t a l r a d i a l r i d g e count c o r r e l a t e s with r i g h t t o t a l a bsolute 
r i d g e count at 0.91 w i t h i n males, and 0.94 w i t h i n females, but only 
0.42 between males and f e m a l e s ) . I n other s e t s of comparisons 
however, the i n t e r - s e x c o r r e l a t i o n s are a c t u a l l y higher than the 
w i t h i n sex e q u i v a l e n t s . For i n s t a n c e r i g h t r a d i a l r i d g e count 
(males) c o r r e l a t e s only at 0.15 wi t h l e f t double loop ( m a l e s ) , 
but c o r r e l a t e s at 0.35 with l e f t double loop ( f e m a l e s ) . 

On the whole however, the c r o s s sex c o r r e l a t i o n s are too 

complex to be o b j e c t i v e l y i n t e r p r e t e d without the more p r e c i s e 

t o o l of p r i n c i p a l components a n a l y s i s . 

2) I n t e r - s e x c o r r e l a t i o n s f o r the same or e q u i v a l e n t 
a t t r i b u t e s 

The i n t e r - s e x c o r r e l a t i o n s between eq u i v a l e n t a t t r i b u t e s 

have been u n d e r l i n e d i n Table 5.4 to make them more easy to pi c k 

out. A l l these c o r r e l a t i o n s are moderate to low, with many f a l l i n g 

below 0.3. The d i g i t a l r i d g e counts d i s p l a y a s i m i l a r range of 

va l u e s , c o r r e l a t i n g i n a range from 0.37 to 0.48. The e q u i v a l e n t 

c o r r e l a t i o n s f o r r i g h t and l e f t f i n g e r p a t t e r n i n t e n s i t y however, 

are much lower at only 0.2, The d i g i t a l p a t t e r n s show l a r g e 

d i f f e r e n c e s i n e q u i v a l e n t c o r r e l a t i o n s , from p r a c t i c a l l y zero f o r 

arches ( l e s s than 0,1 i n both hands) to the r e l a t i v e l y high 

c o r r e l a t i o n s of 0.47 and 0.51 f o r l e f t and r i g h t double loops 
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r e s p e c t i v e l y . Ulnar loops and c o n c e n t r i c whorls however, are 
c l o s e r to the f i g u r e s f o r arches, at around 0.2. Double loops are 
thus d i s t i n c t i v e i n showing much higher v a l u e s than the other 
d i g i t a l p a t t e r n s . 

Of the palmar comparisons, the palmar r i d g e counts are 

very d i s t i n c t i v e i n showing the highest e q u i v a l e n t inter'-sex 

c o r r e l a t i o n s (0.61 and 0.58 f o r the r i g h t and l e f t hands r e s p e c t i v e l y ) . 

A l l other palmar a t t r i b u t e s c o r r e l a t e much l e s s h i g h l y at around 

0.2, except f o r l e f t hypothenar t r i r a d i a l i n t e n s i t y which c o r r e l a t e s 

between the sexes at only 0.08. 

D i s c u s s i o n 

The a n a l y s i s of taxonomic c o r r e l a t i o n s of a t t r i b u t e s 

w i t h i n the sexes shows that t h e r e i s a l a c k of r e l a t i o n s h i p between 

d i g i t a l and palmar a t t r i b u t e s , with c o r r e l a t i o n s w i t h i n each sex 

acr o s s the two groups u s u a l l y very low. The d i g i t a l t r a i t s r e v e a l 

the s i m p l e s t s t r u c t u r e , a l l being at l e a s t moderately i n t e r - c o r r e l a t e d , 

and a m a j o r i t y being h i g h l y i n t e r - c o r r e l a t e d , The most complex 

a s s o c i a t i o n s are the r a d i a l / u n i l a t e r a l r i d g e counts versus the 

d i g i t a l p a t t e r n s and between the d i g i t a l p a t t e r n s themselves. The 

u l n a r r i d g e counts and t o t a l f i n g e r p a t t e r n i n t e n s i t y are i n 

c o n t r a s t h i g h l y r e l a t e d to c o n c e n t r i c whorls, and n e g a t i v e l y to 

ul n a r loops and a r c h e s . R a d i a l r i d g e counts c o r r e l a t e f a i r l y 

h i g h l y with the "ulnar' v a r i a b l e s , p a r t i c u l a r l y the u l n a r r i d g e 

counts but not n e a r l y as hi g h l y with u n i l a t e r a l and absolute r i d g e 

counts. The absolute ridge count can be considered a p e r f e c t 

summary of u l n a r and r a d i a l counts as i t c o r r e l a t e s very h i g h l y 

with both. F i n a l l y , the d i g i t a l a t t r i b u t e s that stands out as 

d i s p l a y i n g only low to moderate c o r r e l a t i o n s with a l l o t h e r s , are 

double loops, 



The palmar v a r i a b l e s show a complex p a t t e r n of i n t e r -

c o r r e l a t i o n s , the h i g h e s t c o r r e l a t i o n s being w i t h homologues only. 

Apart from homologue comparisons, a l l the c o r r e l a t i o n s are moderate 

to low. 

The most s t r i k i n g f e a t u r e of the w i t h i n sex a n a l y s i s i s 

the strong r e p l i c a t i o n of trends between the s e x e s . The trends are 

not, of course i d e n t i c a l , but very s i m i l a r . On the whole, the 

female i n t e r - c o r r e l a t i o n s , e s p e c i a l l y f o r d i g i t a l v a r i a b l e s , tend to 

be s l i g h t l y higher than those f o r the males. 

The i n t e r - s e x r e s u l t s are much more complex than the 

i n t r a - s e x ones. There are no high c o r r e l a t i o n s e x h i b i t e d between 

any t r a i t s between the sexes. At f i r s t s i g h t the moderate to low 

i n t e r - s e x c o r r e l a t i o n s support the theory that sample s i z e i s 

having some e f f e c t i n reducing the c o r r e l a t i o n s between e q u i v a l e n t 

t r a i t s i n the s e x e s . A c l o s e r look at the r e s u l t s , however, 

r e v e a l s that the range of c o r r e l a t i o n s f o r e q u i v a l e n t t r a i t s i s 

f a i r l y l a r g e , from 0.6 to l e s s than 0.2. The sample s i z e hypothesis 

would again f i t i f i t could be demonstrated th a t the t r a i t s with the 

higher c o r r e l a t i o n s are q u a n t i t a t i v e , and those w i t h the lower 

c o r r e l a t i o n s are q u a l i t a t i v e . I n other words, i n theory, continuous 

t r a i t s such as r i d g e counts ought to have means with much lower 

standard e r r o r s than q u a l i t a t i v e t r a i t s such as d i g i t a l p a t t e r n s 

which would be expected to r e v e a l much l a r g e r standard e r r o r s i n 

t h e i r f r e q u e n c i e s f o r the same o v e r a l l sample numbers. Therefore 

the h i g h e s t c o r r e l a t i o n s between the sexes ought to be f o r continuous 

t r a i t s , as the lower standard e r r o r s would be expected to p r e s e r v e 

r e l a t i v e rankings i n each sex b e t t e r . Unfortunately the r e s u l t s 
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show th a t not a l l the q u a l i t a t i v e t r a i t s c o r r e l a t e lower than the 
q u a n t i t a t i v e t r a i t s . Double loops i n p a r t i c u l a r have i n t e r s e x 
c o r r e l a t i ons higher than any other t r a i t except for palmar r i d g e 
counts. Thus the s t r u c t u r e of v a r i a t i o n between the sexes i s 
f a i r l y complicated and deserves more i n t e n s i v e a n a l y s i s . 

5.3.3.2 A n a l y s i s 2: PCA based on 26 male and 26 female summary 
t r a i t s 

The aims of t h i s a n a l y s i s are to f i r s t l y c l a r i f y the 

i n t e r - s e x trends p r o v i s i o n a l l y d e s c r i b e d i n the p r e v i o u s c o r r e l a t i o n 

a n a l y s i s , by employing a PCA a n a l y s i s on the c o r r e l a t i o n matrix 

presented i n Table 5.4; and secondly to compare the r e s u l t s of the 

present a n a l y s i s to the c o r r e l a t i o n a n a l y s i s i n order to a s s e s s the 

r e l i a b i l i t y and nature of the PCA unrotated and varimax r o t a t e d 

s o l u t i o n s . 

The component eigenvalues and the percentage of the 

v a r i a n c e accounted f o r by each component are presented i n Table 5.5 

(The percentage v a r i a n c e of a component i s the eigenvalue d i v i d e d 

by the number of v a r i a b l e s i n the a n a l y s i s ) . The r e s u l t s show that 

only 11 out of 52 components have eigenvalues exceeding one, and 

t h a t these 11 components account f o r a t o t a l of 87.2 per cent of 

the v a r i a n c e . The h i g h e s t p o r t i o n of the v a r i a n c e (30.1%) i s 

accounted f o r by component 1, followed by component 2 ( 1 3 . 3 % ) . 

The remaining components a l l account f o r l e s s than 10 per cent of 

the v a r i a n c e , and by component 12 the percentage drops to under two. 

From component 17 onwards the v a r i a n c e account for i s r e s i d u a l at 

under one per cent. 

In d e c i d i n g which components to d e s c r i b e and d i s p l a y i n 

d e t a i 1 I have followed the conventional p r a c t i s e of p u t t i n g the c u t - o f f 
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point at an eigenvalue of one, although to some extent t h i s i s an 
a r b r i t a r y procedure. The 11 unrotated components with an eigenvalue 
exceeding one are l i s t e d i n Table 5.6 

Unrotated s o l u t i o n 

Component 1 i s a con v e n t i o n a l s i z e component which loads 

h e a v i l y on the r i d g e counts and t o t a l f i n g e r p a t t e r n i n t e n s i t y of 

both sexes and a l s o moderately on u l n a r loops, c o n c e n t r i c whorls 

and to a l e s s e r extent on double loops. Loadings on palmar 

v a r i a b l e s are very low. Component 1 i s thus a general d i g i t a l 

component. 

Component 2 loads h i g h l y on no s i n g l e v a r i a b l e . Moderate 

loadings, however, occur on a l l the d i g i t a l v a r i a b l e s , with a 

s l i g h t emphasis on those that express u l n a r i t y ( i . e . the u l n a r r i d g e 

counts, t o t a l f i n g e r p a t t e r n i n t e n s i t y , u l n a r loops and c o n c e n t r i c 

w h o r l s ) . Some of the palmar p a t t e r n i n t e n s i t y t r a i t s a l s o load 

moderately, e s p e c i a l l y hypothenar i n t e n s i t y i n the males. Component 2 

i s thus a moderate gen e r a l component. 

Component 3 i s a palmar component, loading h i g h l y on a l l 

palmar v a r i a b l e s except the palmar r i d g e counts and l e f t hypothenar 

i n t e n s i t y , females. Some moderate loadings (0.1 to 0.3) are a l s o 

i n evidence f o r some d i g i t a l p a t t e r n s , although these are not too 

c o n s i s t e n t between the sexes. Component 3 i s thus mainly one of 

i n t e r d i g i t a l and t o t a l palmar i n t e n s i t y , with hypothenar i n t e n s i t y 

loading moderately as w e l l . 

Component 4 loads h i g h l y on the palmar r i d g e counts 

( e s p e c i a l l y i n the f e m a l e s ) , with hypothenar i n t e n s i t y a l s o loading 

s i g n i f i c a n t l y i n the females. Arches and double loops a l s o load 

moderately i n both sexes. Component 4 i s mainly a palmar r i d g e count 

component, 



Component 5 i s a mixed component, loading h i g h e s t (0-6) 

on r i g h t t o t a l palmar r i d g e count, males and l e f t double loops, 

males. Many d i g i t a l v a r i a b l e s a l s o load moderate at around 0.4 to 0. 

as do the palmar i n t e n s i t y v a r i a b l e s i n the males. 

Components 6 to 11 show no high loadings and few middle 

range l o a d i n g s . Although i t i s s t i l l p o s s i b l e to d i s c e r n t r e n d s , 

they are r a t h e r weak, and do not warrant d e t a i l e d c o n s i d e r a t i o n . 

The unrotated s o l u t i o n i s thus h i g h l y summarised and most 

of the c l e a r trends are concentrated i n the f i r s t four components. 

The r e s u l t s , moreover, do not c l e a r l y m i r r o r the d e t a i l e d trends 

( e s p e c i a l l y the i n t e r - s e x t r e n d s ) d e s c r i b e d i n the preceding 

c o r r e l a t i o n a n a l y s i s . The probable reason f o r t h i s i s t h a t the 

unrotated s o l u t i o n i s too condensed c o n c e n t r a t i n g on g e n e r a l i s e d 

trends r a t h e r than more s u b t l e p a r t i c u l a r t r e n d s . There i s thus 

strong j u s t i f i c a t i o n f o r t r y i n g out a r o t a t e d s o l u t i o n to s i m p l i f y 

the v a r i a n c e . 

Rotated s o l u t i o n 

The r e s u l t s of the varimax r o t a t e d s o l u t i o n i s given i n 

Table 5.7. 

Component 1 loads h i g h l y on female d i g i t a l v a r i a b l e s , i n 

p a r t i c u l a r the r i d g e counts, f i n g e r p a t t e r n i n t e n s i t y , u l n a r loops 

and whorls. The same male a t t r i b u t e s load moderately at l e s s than 

0.3. 

Component 2 i s a r e v e r s e of component 1, w i t h the t r a i t s 

l i s t e d loading h i g h l y i n the males i n s t e a d , and only moderately i n 

the females. 
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Component 3 loads very h i g h l y (0.8+) on the palmar r i d g e 
counts i n both sexes. A l l other loadings are very low. Component 3 
i s thus a pure palmar r i d g e count component. 

Component 4 loads high on double loops ( s l i g h t l y higher i n 

the m a l e s ) , and low on other v a r i a b l e s . Component 4 i s c l e a r l y a 

double loop component. 

Component 5 loads high (0.8+) on arches i n the males with 

r a d i a l and u n i l a t e r a l counts and u l n a r loops i n the males a l s o l o a d i n g 

a p p r e c i a b l y (0.3 to 0.5). Component 5 i s mostly an arch component, 

males. 

Component 6 loads h i g h l y on i n t e r d i g i t a l and t o t a l palmar 

i n t e n s i t y i n the females and moderately on hypothenar i n t e n s i t y , 

females. 

Component 7 i s the male e q u i v a l e n t of component 6. 

Component 8 i s the female e q u i v a l e n t of component 5. 

Component 9 loads h i g h l y on hypothenar i n t e n s i t y , males 

and moderately on r i g h t t o t a l palmar i n t e n s i t y 

Component 10 i s the female e q u i v a l e n t of component 9. I t 

i s i n t e r e s t i n g t h a t i n both these components th e r e i s a moderate 

r e l a t i o n s h i p between hypothenar i n t e n s i t y and some d i g i t a l p a t t e r n s , 

notably whorls and double loops, i n c o n t r a s t to the u s u a l l y very low 

a s s o c i a t i o n s manifest between palmar and d i g i t a l t r a i t s . 

Component 11 i s a weak component with no c l e a r t r e n d s . 

D i s c u s s i o n 

The components i n the r o t a t e d s o l u t i o n follow c l o s e l y the 

trends a l r e a d y pointed out i n the preceding c o r r e l a t i o n a n a l y s i s . 

They a l s o provide a c l e a r e r p i c t u r e of what the c o r r e l a t i o n matrix 
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c o n t a i n s than i t was p o s s i b l e to glean j u s t by looking at the raw 
c o r r e l a t i o n s , 

I t i s i n t e r e s t i n g that the i n t e r - s e x trends are s h a r p l y 

h i g h l i g h t e d i n the r o t a t e d s o l u t i o n , whereas they were comparatively 

hidden i n the unrotated components. For example i n the unrotated 

s o l u t i o n both male and female r i d g e counts a l l load h e a v i l y on 

component 1, masking the f a c t that i n r e a l i t y the w i t h i n sex 

c o r r e l a t i o n s f o r these t r a i t s are g e n e r a l l y twice as l a r g e as those 

between the sexes f o r the same type of t r a i t s . The r o t a t e d s o l u t i o n , 

however, c l o s e l y d e l i n e a t e s t h i s important d i f f e r e n c e by loading 

h i g h l y on male and female r i d g e counts r e s p e c t i v e l y i n d i f f e r e n t 

components. 

From t h i s evidence i t appears t h a t the unrotated s o l u t i o n 

i s only of l i m i t e d v a l u e . I t i s too summarised, complex and 

i n s e n s i t i v e , whereas the r o t a t e d s o l u t i o n i s able to de p i c t the 

s u b t l e s t trends f u l l y , N e vertheless the two types of s o l u t i o n must 

be regarded as complementary, and must be considered together i f 

the raw c o r r e l a t i o n matrix i s omitted from the d i s c u s s i o n (as i s 

d e s i r a b l e i f i t i s a l a r g e m a t r i x ) . The r o t a t e d s o l u t i o n , by 

loading h i g h l y on only a few v a r i a b l e s i n each component, tends to 

imply t h a t the r e s t of the v a r i a b l e s do not r e a l l y c o r r e l a t e very 

h i g h l y w i t h the v a r i a b l e s t h a t show high l o a d i n g s . T h i s i s not 

n e c e s s a r i l y so. By loading h i g h l y on s p e c i f i c t r a i t s , the 

r o t a t e d s o l u t i o n i s c o n c e n t r a t i n g on the most r e l a t e d v a r i a b l e s only. 

The unrotated s o l u t i o n , however, g i v e s a much b e t t e r i d e a of the 

general magnitude of the c o r r e l a t i o n s i n the matrix. S i g n i f i c a n t 

loadings on the f i r s t , ! s i z e " component i n p a r t i c u l a r t e l l one t h a t 

a l l the t r a i t s with such loadings are at l e a s t moderately i n t e r -
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c o r r e l a t e d , as opposed to v a r i a b l e s which do not load h i g h l y , which 

show no r e l a t i o n s h i p to the major c l u s t e r picked out i n component 1. 

L e s s e r c l u s t e r s of moderately to h i g h l y i n t e r - c o r r e l a t e d t r a i t s appear 

as loading h i g h l y on subsequent components. 

I n essence, t h e r e f o r e , the unrotated s o l u t i o n p i c k s out 

g e n e r a l c l u s t e r s of r e l a t e d v a r i a b l e s i n d e c r e a s i n g order of importance. 

The rotated s o l u t i o n e l u c i d a t e s trends w i t h i n each c l u s t e r . I n 

d e s c r i b i n g and i n t e r p r e t i n g p r i n c i p a l components a n a l y s i s t h e r e f o r e , 

there i s no need to d i s c u s s the unrotated s o l u t i o n i n much d e t a i l , 

whereas i t i s important to look at the r o t a t e d s o l u t i o n w i t h 

p a r t i c u l a r a t t e n t i o n . 

I n t e r e s t i n the p r e s e n t p r i n c i p a l component a n a l y s i s i s 

p r i m a r i l y focused on the c l a r i f i c a t i o n of i n t e r - s e x t r e n d s , as 

the i n t r a - s e x trends w i l l be the s u b j e c t of the next a n a l y s i s . The 

low to moderate i n t e r - s e x c o r r e l a t i o n s and the r e l a t i v e l y high i n t r a -

sex r e l a t i o n s h i p s between c e r t a i n t r a i t s are s h a r p l y d i s p l a y e d i n 

t n e r o t a t e d s o l u t i o n . I f one excludes the e l e v e n t h weak component, 

e i g h t out of the ten components can be d i v i d e d i n t o a s e r i e s of 

a l t e r n a t i n g male and female components. Thus component 1 loads 

high on c e r t a i n d i g i t a l t r a i t s i n the females, component 2 loads 

high on the same t r a i t s i n the males, component 5 loads high 

on arches i n the males, component 8 loads high on arches i n the 

females, component 9 loads h i g h l y on hypothenar i n t e n s i t y i n the 

males, component 10 loads high on hypothenar i n t e n s i t y i n the females. 

Only i n components 3 and 4 do the males and females load h i g h l y on 

the same e q u i v a l e n t t r a i t s , namely palmar r i d g e counts and double 

loops r e s p e c t i v e l y . T h i s c l e a r l y r e f l e c t s what was observed i n 



283 

the c o r r e l a t i o n a n a l y s i s , where palmar r i d g e counts and double loops 

e x h i b i t e d the h i g h e s t i n t e r s e x c o r r e l a t i o n s . With the evidence 

from p r i n c i p a l components a n a l y s i s a l s o a v a i l a b l e i t i s now p o s s i b l e 

to c l a r i f y the i n t e r p r e t a t i o n of t h i s d i f f e r e n c e i n i n t e r - s e x 

r e l a t i o n s h i p s between the t r a i t s . 

I n the d i s c u s s i o n of the c o r r e l a t i o n a n a l y s i s , I pointed 

out t h a t although low i n t e r - s e x c o r r e l a t i o n s f o r e q u i v a l e n t t r a i t s 

are normally symptomatic of sampling or methodological e r r o r , the 

d i f f e r e n c e i n the magnitude of such c o r r e l a t i o n s (from l e s s than 0.1 

to 0.6) i m p l i e d t h a t b i o l o g i c a l f a c t o r s were a l s o important i n accounting 

f o r these a s s o c i a t i o n s . The p r i n c i p a l components a n a l y s i s has 

confirmed the observed t r e n d s , and c l e a r l y d i f f e r e n t i a t e d palmar 

ri d g e counts and double loops as being r e l a t i v e l y much more h i g h l y 

c o r r e l a t e d between the sexes than any other t r a i t s . 

Table 7.5 l i s t s d i f f e r e n c e s between means and f r e q u e n c i e s 

(males minus females) f o r a s e l e c t i o n of t r a i t s f o r each e t h n i c 

category. I t shows th a t the r e l a t i v e a s s o c i a t i o n s of e q u i v a l e n t 

t r a i t s between the sexes i n the p resent a n a l y s i s are l i n k e d to the 

degree to which the magnitude of sex d i f f e r e n c e s v a r i e s from 

population to population. Thus double loops and palmar r i d g e counts 

which e x h i b i t here the h i g h e s t inter^-sex a s s o c i a t i o n s are t r a i t s 

which i n Table 7.5 show the l e a s t tendency to vary regarding sex 

d i f f e r e n c e s i n means or frequency between the e t h n i c c a t e g o r i e s . 

The other t r a i t s , e s p e c i a l l y the r i d g e counts, have sex d i f f e r e n c e s 

which vary a p p r e c i a b l y between the e t h n i c c a t e g o r i e s . Thus the 

t r a i t s i n the males do not vary i n e x a c t l y the same way as t h e i r 

e q u i v a l e n t t r a i t s i n the females not only because of the i n f l u e n c e 

of low sample numbers (which must be a s i g n i f i c a n t f a c t o r ) f but 
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a l s o because of major b i o l o g i c a l d i f f e r e n c e s whose c h a r a c t e r i s as 
yet unknown. 

5.3,3,3 A n a l y s i s 3: PCA based on 26 male summary a t t r i b u t e s 

A n a l y s i s 4: PCA based on 26 female summary a t t r i b u t e s 

I n these two a n a l y s e s I s h a l l c o n s i d e r trends of a s s o c i a t i o n 

between summary a t t r i b u t e s w i t h i n each sex i n more d e t a i l than was 

p o s s i b l e i n the b a s i c c o r r e l a t i o n a n a l y s i s i n A n a l y s i s 1. The 

female c o r r e l a t i o n s are i d e n t i c a l as those shown i n Table 5.4 The 

male c o r r e l a t i o n matrix however, d i f f e r s from t h a t presented i n 

Table 5.4 i n t h a t the populations removed to e q u a l i s e the male and 

female s e r i e s have now been returned. 

The component eigenvalues are d i s p l a y e d i n Table 5.8 f o r 

each sex. I n each a n a l y s i s s i x components are d i s t i n g u i s h e d as 

having an eigenvalue g r e a t e r than one, accounting i n toto f o r 86.1 

per cent of v a r i a n c e i n males and 85.3 per cent of v a r i a n c e i n 

females. The r e l a t i v e p roportion of the v a r i a n c e accounted f o r by 

each of the s i x components i s very s i m i l a r i n both sexes, with 

component 1 d i s p l a y i n g the l a r g e s t percentage v a r i a n c e at j u s t over 

40 per cent i n both males and females, w i t h components 2 and 3 showing 

j u s t over 10 per cent of the v a r i a n c e , and the remaining components 

under 10 per cent. 

The unrotated components and communalities are given i n 

Table 5.9 and the r o t a t e d components i n Table 5.10 f o r each sex. 

The unrotated s o l u t i o n 

Component 1 i n both males and females i s a g e n e r a l 

d i g i t a l component, loading very h i g h l y on a l l d i g i t a l r i d g e counts, 

f i n g e r p a t t e r n i n t e n s i t y , c o n c e n t r i c whorls and u l n a r loops. Arches 
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and double loops load more moderately. Palmar a t t r i b u t e s i n 
c o n t r a s t load very low. 

Component 2 i s l a r g e l y a palmar component, loading 

s i g n i f i c a n t l y on a l l palmar a t t r i b u t e s i n females and a l l except 

palmar r i d g e counts i n the males. The magnitude of the loadings 

are lower than those f o r d i g i t a l a t t r i b u t e s i n component 1, r e f l e c t i n g 

the lower i n t e r - c o r r e l a t i o n s between palmar a t t r i b u t e s i n the 

b a s i c c o r r e l a t i o n matrix (Table 5.4). 

Component 3 i n males loads h i g h e s t on arches and u l n a r 

loops, w i t h moderate loadings on other d i g i t a l a t t r i b u t e s , p a r t i c u l a r l y 

double loops. The n e a r e s t female e q u i v a l e n t i s component 4 which 

a l s o loads s i g n i f i c a n t l y on u l n a r loops and arches, but a l s o , 

s u r p r i s i n g l y , on palmar r i d g e counts ( 0 . 4 ) . 

Component 4 i n males loads p r i m a r i l y on the palmar r i d g e 

counts, and to a l e s s e r extent on double loops, e s p e c i a l l y on the 

l e f t hand which loads at -0.49. The female e q u i v a l e n t i s component 

5, which d i f f e r s from the males i n that loadings on double loops are 

much lower, and loadings with l e f t hypothenar i n t e n s i t y on the l e f t 

hand are higher. 

Component 5 i n males loads most s i g n i f i c a n t l y on palmar 

r i d g e counts too, and on r i g h t double loops. There i s no female 

e q u i v a l e n t . 

Component 6 i n males i s d i s t i n g u i s h e d by low to moderate 

loa d i n g s , with the hi g h e s t being on hypothenar i n t e n s i t y , and l e f t 

i n t e r d i g l t a l i n t e n s i t y . Again there i s no female c o u n t e r p a r t . 

Component 3 i n females i s s i m i l a r to component 2 females, 

and component 2 males, loading h i g h l y on i n t e r d i g i t a l and t o t a l 

palmar i n t e n s i t y . I t d i f f e r s i n not loading on hypothenar i n t e n s i t y 

of e i t h e r hand. 
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Component 6 i n females, l i k e i n males, i s weak, and shows 

only low to moderate l o a d i n g s . However, i t d i f f e r s i n loading 

h i g h e s t on double loops. 

The unrotated s o l u t i o n thus p r e s e n t s a p i c t u r e of strong 

r e p l i c a t i o n of trends i n the f i r s t two components between the sexes, 

but a weakening of sharp r e l a t i o n s h i p s and r e p l i c a t i o n between the 

sexes i n the l a s t 4 weakest components. Complexity i s e v i d e n t i n 

the way some a t t r i b u t e s load s i g n i f i c a n t l y on s e v e r a l components 

( f o r example palmar r i d g e counts on components 4 and 5 i n males, and 2, 

4 and 5 females; and u l n a r loops and arches on components 1 and 3 

i n males, and 1 and 4 i n f e m a l e s ) . The r o t a t e d s o l u t i o n i s r e q u i r e d 

to s i m p l i f y these r e l a t i o n s h i p s . 

The r o t a t e d s o l u t i o n 

Component 1 i n the males loads h i g h l y on r a d i a l and u n i l a t e r a l 

r i d g e counts; and a l s o on a r c h e s , with t o t a l absolute r i d g e count 

and f i n g e r p a t t e r n i n t e n s i t y f o r the r i g h t hand loading moderately. 

The c l o s e s t female counterpart i s component 3, which a l s o loads very 

high on a r c h e s , but u n l i k e the males shows only moderate to low 

loadings on other t r a i t s . T h i s component, t h e r e f o r e , r e p r e s e n t s a 

major d i f f e r e n c e between the sexes. 

Component 2 i n the males loads h i g h l y on a l l the d i g i t a l 

t r a i t s except f o r arches and double loops. The female counterpart 

i s component 1, which loads almost i d e n t i c a l l y to t h a t of the males, 

the main d i f f e r e n c e being the f a c t that the females load s l i g h t l y 

higher on the r i d g e counts. 

Component 3 i n the males loads almost e x c l u s i v e l y on 

i n t e r d i g i t a l and t o t a l palmar i n t e n s i t y , T h i s component i s almost 

i d e n t i c a l to component 2 i n the females. 
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Component 4 i n the males loads h i g h l y only on double loops, 

and a l s o very moderately on u l n a r loops and c o n c e n t r i c whorls for 

the l e f t hand. The female counterpart i s component 5 which a l s o loads 

h i g h l y on double loops, but which d i f f e r s from the males i n loading 

a p p r e c i a b l y higher on u l n a r loops, u l n a r ridge counts and t o t a l f i n g e r 

p a t t e r n i n t e n s i t y . 

Component 5 i n the males loads high on hypothenar i n t e n s i t y 

and on t o t a l palmar i n t e n s i t y f o r the r i g h t hand. In the females 

hypothenar i n t e n s i t y a l s o loads h i g h l y i n component 4, but t o t a l 

palmar i n t e n s i t y not as h i g h l y as i n the males. Another notable 

d i f f e r e n c e i s the r e l a t i v e l y high loadings on the u l n a r loops, 

c o n c e n t r i c whorls and t o t a l f i n g e r p a t t e r n i n t e n s i t y i n the females. 

F i n a l l y Component 6 i s the same i n both sexes, and loads 

almost e x c l u s i v e l y and very h i g h l y on the palmar r i d g e counts. 

The advantage of t h i s p r i n c i p a l components a n a l y s i s over the 

preceding c o r r e l a t i o n a n a l y s i s i s i t s s u p e r i o r a b i l i t y i n d e l i n e a t i n g 

trends inherent i n the c o r r e l a t i o n matrix. In p a r t i c u l a r , the r o t a t e d 

s o l u t i o n has succeeded i n h i g h l i g h t i n g the s u b t l e d i f f e r e n c e s between 

the sexes i n i n t r a - s e x r e l a t i o n s h i p s which were not very obvious 

when looking at the raw c o r r e l a t i o n s (e.g. component 1, males compared 

to component 3, f e m a l e s ) . 

The above r o t a t e d s o l u t i o n confirms the v i r t u a l independence 

of d i g i t a l and palmar t r a i t s , except f o r hypothenar i n t e n s i t y which 

i s l i n k e d to some extent w i t h d i g i t a l p a t t e r n s . I t a l s o emphasises 

the c l o s e r e l a t i o n s h i p s between d i g i t a l r i d g e counts, total, f i n g e r 

p a t t e r n i n t e n s i t y , double loops and c o n c e n t r i c whorls. On the other 

hand, although i t p i c k s out a unique r e l a t i o n s h i p between arches and 
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n o t 

r a d i a l i t y , p a r t i c u l a r l y i n the males, i t d o e s A d e l i n e a t e any unique 

u l n a r i t y component. Double loops are again shown to be r e l a t i v e l y 

u n r e l a t e d to other d i g i t a l t r a i t s , and form a component i n themselves 

i n both s e x e s . The palmar v a r i a b l e s form th r e e d i s t i n c t components, 

the most d i s c r e t e being palmar r i d g e counts which load h i g h l y on only 

one component i n each sex, i n t e r d i g i t a l and t o t a l palmar i n t e n s i t y 

which are h i g h l y r e l a t e d , and t h i r d l y hypothenar i n t e n s i t y which 

has more complex r e l a t i o n s h i p s with a) t o t a l palmar i n t e n s i t y and 

b) some d i g i t a l p a t t e r n s . 

The communalities are a l s o i n t e r e s t i n g i n a s c e r t a i n i n g 

the uniqueness of each t r a i t i n r e l a t i o n to o t h e r s . A n o t i c e a b l e 

f e a t u r e i s the higher communalities on the whole i n the males. 

I n the main, the h i g h e s t v a l u e s i n both sexes are d i s p l a y e d by the 

d i g i t a l and palmar r i d g e counts and t o t a l f i n g e r p a t t e r n i n t e n s i t y . 

Palmar i n t e n s i t i e s i n c o n t r a s t have lower communalities, e s p e c i a l l y 

i n the females where the v a l u e s drop to under 0.7 f o r hypothenar 

i n t e n s i t y . Double loops on the l e f t hand a l s o show lower v a l u e s 

i n both sexes. We can conclude from the communalities t h a t a l l 

t r a i t s show s i g n i f i c a n t r e l a t i o n s h i p s w i t h at l e a s t one other t r a i t 

and that the p o r t i o n of unique v a r i a n c e i s h i g h e s t i n the palmar 

i n t e n s i t y t r a i t s . 

The i n t r a - s e x trends of r e l a t i o n s h i p s are thus r e l a t i v e l y 

c l e a r c u t and p o i n t to comparatively simple p a t t e r n s of r e l a t i o n s h i p s . 

Nothing has been r e v e a l e d i n the present a n a l y s i s which should change 

the c o n c l u s i o n s reached i n the c o r r e l a t i o n a n a l y s i s regarding the 

s i g n i f i c a n c e of i n t r a - s e x t r e n d s . The main gain has been the 

c l a r i f i c a t i o n of components of v a r i a t i o n , so t h a t the p r e c i s e 

s t r u c t u r e of each component i s known. 
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5,3.3.4 A n a l y s i s 5: PCA based on 80 d i g i t a l a t t r i b u t e s , males 

A n a l y s i s 6: PCA based on 80 d i g i t a l a t t r i b u t e s , females 

The present a n a l y s i s seeks to a s c e r t a i n a) whether 

s i g n i f i c a n t v a r i a t i o n has been l o s t i n d i s p l a y i n g the v a r i a t i o n of 

d i g i t a l summary t r a i t s , and b) whether components of v a r i a t i o n 

"hidden" i n the a n a l y s i s of summary t r a i t s w i l l be picked out by 

p r i n c i p a l components a n a l y s i s of the raw d i g i t a l t r a i t s . 

The t r a i t s i n c l u d e d i n the f o l l o w i n g two a n a l y s e s are 

the u l n a r and r a d i a l r i d g e counts f o r each d i g i t , p a t t e r n i n t e n s i t y 

for each d i g i t , a r c h e s , u l n a r loops, r a d i a l loops and double loops 

f o r each d i g i t . Absolute and u n i l a t e r a l r i d g e counts have been 

omitted, owing to the f a c t t h a t they are i n themselves c o n s t r u c t s 

based on r a d i a l and u l n a r r i d g e counts, and tented a r c h e s , l a t e r a l 

and c e n t r a l pocket loops have been discounted on the grounds of 

general r a r i t y . 

The e i g e n v a l u e s f o r the male and female a n a l y s e s 

r e s p e c t i v e l y are presented i n Table 5.11. E i g h t e e n components have 

been d i s t i n g u i s h e d as having an eigenvalue exceeding one i n both 

sexes, accounting i n toto f o r no l e s s than 87 per cent of the v a r i a n c e 

i n each sex. Of the eighteen components, component 1 accounts f o r 

27.7 per cent of the v a r i a n c e i n the males and 26,5 per cent i n the 

females. Components 2 to 5 each account from c.10 to c.5 per cent 

of the t o t a l v a r i a n c e and a l l other components f a l l below 5 per cent. 

The r e s u l t s are c o n s i s t e n t between the sexes. 

The unrotated s o l u t i o n i s presented i n Table 5.12 f o r the 

males and Table 5.13 f o r the females, and the r o t a t e d s o l u t i o n i n 

Table 5.14 f o r the males and Table 5.15 f o r the females. 



2 

Component 1 i n the unrotated s o l u t i o n i s very s i m i l a r i n 

both sexes. Moderate to high loadings appear on a m a j o r i t y of the 

a t t r i b u t e s , with only r a d i a l loops and double loops showing low 

loadings, R a d i a l loops and double loops, however, f a i l to load 

s i g n i f i c a n t l y as groups i n any other component, but tend to load 

very moderately i n many components. The gene r a l s t r u c t u r e i s thus 

one where r a d i a l loops and double loops are d i f f e r e n t i a t e d from the 

remaining v a r i a b l e s which are as a group at l e a s t moderately c o r r e l a t e d . 

The r e l a t i o n s h i p of double and r a d i a l loops with each other and with 

the remaining v a r i a b l e s i s complex. Of the remaining v a r i a b l e 

a r c h e s , w h i l e l o a d i n g higher than double or r a d i a l loops i n g e n e r a l , 

s t i l l load a p p r e c i a b l y lower than the remaining t r a i t s . Arches can 

thus be considered as p a r t i a l l y d i f f e r e n t i a t e d . 

More d e t a i l e d trends can be observed by looking at the 

ro t a t e d components: 

Component 1 i n the males i s an u l n a r i t y component loading 

high on d i g i t s 4 and 5 ( e s p e c i a l l y on the l e f t hand) on u l n a r ridge 

counts, f i n g e r p a t t e r n i n t e n s i t y , u l n a r loops ( n e g a t i v e l y ) and on 

c o n c e n t r i c whorls. There i s no p r e c i s e counterpart to t h i s component 

i n the females. Component 4 i n the females loads very h i g h l y on 

ul n a r r i d g e counts, fourth d i g i t on the l e f t hand, (LFU4) on LD4, 

UL00PL4 and WH0RLL4. Moderate loadings are a l s o i n evidence on the 

same types of v a r i a b l e on d i g i t s 2 and 3, but d i g i t 5, u n l i k e i n the 

males, loads low. Component 6 i n the females a l s o resembles male 

component 1, loading moderately on d i g i t 4 and q u i t e high on d i g i t 5, 

on the r i g h t hand i n p a r t i c u l a r , though loadings on d i g i t 4 are low 

on the l e f t hand. Component 1 i n the males i s thus expressed i n 

two s e p a r a t e components i n the females, 
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Component 2 i n the males i s very s i m i l a r to component 1 

i n the females. These components load h i g h l y on d i g i t 1 i n u l n a r 
ridge counts, f i n g e r p a t t e r n i n t e n s i t y , u l n a r loops, c o n c e n t r i c 
whorls and double loops. D i g i t 1 as expressed i n these components 
i s one of the very few i n s t a n c e s when c o n c e n t r i c whorls and double 
loops load r e l a t i v e l y h i g h l y together. 

Component 3 i n the males i s almost i d e n t i c a l to component 

3 i n the females. They can be i n t e r p r e t e d as g e n e r a l i s e d r i d g e 

count components loading at l e a s t moderately on most r i d g e counts 

and f i n g e r p a t t e r n i n t e n s i t y , but only low to moderately i n d i g i t a l 

p a t t e r n s . The emphasis i n both sexes i s on the r a d i a l ridge counts 

on d i g i t 4 and 5, with high loadings on both hands. 

Component 4 i s an arch component i n the males, loading 

h i g h l y and n e g a t i v e l y on d i g i t s 2 and 3 on both hands. The female 

counterpart i s component 11, which i s n e a r l y i d e n t i c a l i n i t s main 

trend s . 

Component 5 i n the males i s very s i m i l a r to component 5 

i n the females, loading h e a v i l y on r a d i a l r i d g e counts and arches 

on d i g i t 1 on both hands. 

Component 6 i n the males loads s i g n i f i c a n t l y on double 

loops only, on the second and fourth d i g i t s . The n e a r e s t female 

counterpart i s component 15, which d i f f e r s by loading h i g h l y on 

d i g i t 3 as w e l l , e s p e c i a l l y on the l e f t hand. 

Component 7 i n the males loads on r a d i a l loops, d i g i t s 4 

and 5 on the l e f t hand. Component 9 i n the females a l s o loads 

h i g h l y on these two t r a i t s , but u n l i k e the males, a) loads p o s i t i v e l y 

i n s t e a d of n e g a t i v e l y and b) a l s o loads very h i g h l y on RADLR3. 
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Component 8 i n the males i s a r a d i a l loop component loading 
r e l a t i v e l y h i g h l y on d i g i t 2, r i g h t hand, and on d i g i t s 1, 2 and 3 
on the l e f t . The h i g h e s t loadings a r e , moreover, a l l negative, 
There i s no exact counterpart f o r t h i s component i n the females. 

Component 9 i n the males l i k e w i s e has no c l o s e female 

p a r a l l e l , and i s a weak component, loading moderately on WH0RLR4, 

RADLL5 and DL00PR1 only. 

Component 10 i n the males i s another weak, i n c o n s i s t e n t 

component, loading moderately only on RADLR1, RADLR3 and DL00PL5. 

Component 18 i n the females a l s o loads on DL00PL5, but the loading 

i s higher than i n the males, and there i s no h i n t of any s i g n i f i c a n t 

loadings on r a d i a l loops. 

Component 11 i n the males loads h i g h l y on RADLR5, and 

moderately on WH0RLL1. I n the females, component 17 a l s o loads on 

RADLR5, but there i s no loading worth mentioning on whorls. 

Component 12 i n the males shows a strong trend of u l n a r i t y 

on d i g i t 2, l e f t hand only, with high loadings to be seen f o r t h i s 

d i g i t i n LFU2, LD2, UL00PL2 and l e s s high on c o n c e n t r i c whorls. 

Component 8 i n the females a l s o loads h i g h l y on d i g i t 2 for the same 

t r a i t s , but u n l i k e the males, a l s o loads h i g h l y on the e q u i v a l e n t 

t r a i t s f o r the r i g h t hand. 

Component 13 i n the males loads h i g h l y on the same t r a i t s 

on the r i g h t hand too. I t thus takes two male components to express 

the same r e l a t i o n s h i p s i nherent i n component 8 i n the females. 

Component 14 i n the males i s a strong arch component 

( d i g i t 2 excepted), loading h i g h e s t on d i g i t s 5 on both hands, and 

l e s s so on d i g i t 4, with only moderate loading on d i g i t 1. Component 

7 i n the females i s very s i m i l a r , with even high e r loadings on ARCHR5, 

and s u b s t a n t i a l l y higher ones f o r d i g i t 4. 
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Component 15 i n the males loads high only on DL00PR5 and 

moderately on ULOOP R & L5. There i s no female counterpart f o r 

t h i s component. 

Component 16 i n the males i s a weak component loading on 

d i g i t 5 i n the RFU5, ULOOPR5, and WH0RLR5. The component i s weakly 

r e l a t e d to component 6 i n the females. 

Component 17 loads moderately on d i g i t 3 on the l e f t hand 

(LFU3, UL00PL3, LD3) and h i g h e s t on DL00PR3. The c l o s e s t female 

e q u i v a l e n t i s female component 2, where loadings on d i g i t 3, 

p a r t i c u l a r l y on the r i g h t hand, are p a r t i c u l a r l y high. Component 

17 i s thus a p r e t t y weak v e r s i o n of female component 2. 

Component 18 loads high on only one t r a i t , RADLR4, i n the 

males. There i s no p r e c i s e female c o u n t e r p a r t . 

Th i s account f o l l o w i n g a predominantly male o r i e n t a t i o n 

w i t h matching female c o u n t e r p a r t s , s t i l l l e a v e s unaccounted f o r some 

female components which have no p r e c i s e e q u i v a l e n t s i n the males. 

These a r e : 

a) Component 10, which loads moderately on RADLL5 and moderately 

high on RADLL2. 

b) Component 14, which i s a weak component loading moderately 

on WH0RLR1 and DLOOPRl. 

c) Component 16, which loads moderately on RADLL3 and ARCHR5. 

d) Component 17, which loads high o n ^ ^ 5 a n ( j m o d e r a t e l y on 
A 

RADLR4. 
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D i s c u s s i o n 

The above account shows p l a i n l y t h a t d e t a i l e d trends are 

f a r more complex when i n d i v i d u a l d i g i t a l t r a i t s are considered 

than they are i n the case of the summary t r a i t s . N e v ertheless 

the unrotated components show th a t apart from double loops and 

r a d i a l loops, a l l the other t r a i t s are at l e a s t moderately i n t e r -

c o r r e l a t e d . As was the case i n the summary t r a i t s , there i s a l s o 

a strong r e l a t i o n s h i p between u l n a r r i d g e counts, f i n g e r p a t t e r n 

i n t e n s i t y , u l n a r loops ( n e g a t i v e ) and c o n c e n t r i c whorls i n the 

r o t a t e d components. Another broad s i m i l a r i t y i s the r e l a t i v e 

uniqueness of arches and double loops, which load l e s s r e a d i l y i n 

a s s o c i a t i o n with other d i g i t a l types of t r a i t s . 

A c o n s i d e r a t i o n of the more d e t a i l e d trends shows that 

the most c o n s i s t e n t r e l a t i o n s h i p s are between u l n a r r i d g e counts, 

p a t t e r n i n t e n s i t y , u l n a r loops and c o n c e n t r i c whorls on p a r t i c u l a r 

d i g i t s . A high loading i n any one of these t r a i t s i n a p a r t i c u l a r 

d i g i t i s almost i n v a r i a b l y accompanied by s i g n i f i c a n t loadings on 

the o t h e r s . R e p l i c a t i o n between the sexes a l s o tends to be high 

when t h i s p a t t e r n of r e l a t i o n s h i p occurs, although d i f f e r e n c e s occur 

i n r e s p e c t of the r e l a t i v e c o n t r i b u t i o n s of l e f t or r i g h t hand 

t r a i t s . The s t r o n g e s t trends are e x h i b i t e d by d i g i t 1 where both 

hands show the above p a t t e r n s i n the same component i n both sexes, 

followed by d i g i t s 4 and 5 which are more complicated i n t h a t they 

show d i f f e r e n t degrees of j o i n t a s s o c i a t i o n between the sexes. 

D i g i t s 2 and 3 d i s p l a y the weakest components of the above type i n 

the males, but are r e l a t i v e l y strong i n the females. 

A second s t r o n g r e l a t i o n s h i p i s expressed i n component 3 

which i s very s i m i l a r i n both sexes. T h i s i s mainly a r a d i a l 
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ridge count component which i s not s t r o n g l y l i n k e d with any p a t t e r n s . 
R a d i a l r i d g e counts show st r o n g r e l a t i o n s h i p s to the p a t t e r n s only 
i n the case of component 5 i n both sexes, where r a d i a l r i d g e counts 
are r e l a t e d to arches on d i g i t 1 on both hands. 

Arches show st r o n g r e l a t i o n s h i p s to each other by loading 

high on component 14 i n the males and component 7 i n the females, 

R a d i a l loops and double loops, however, show very patchy d i s t r i b u t i o n s 

and weak r e p l i c a t i o n between the s e x e s . The components i n the 

two a n a l y s e s which have no c o u n t e r p a r t i n the opposite sex i n v a r i a b l y 

load u n s y s t e m a t i c a l l y mainly on double loops and/or r a d i a l loops. 

5.3.3.5 A n a l y s i s 7: PCA based on 32 palmar a t t r i b u t e s , males 

A n a l y s i s 8: PCA based on 32 palmar a t t r i b u t e s , females 

The aim of a n a l y s e s 7 and 8 i s to see how many components 

are r e q u i r e d to account f o r a major p a r t of the v a r i a t i o n of unsummarised 

palmar a t t r i b u t e s , and whether the nature of the components i s 

s i m i l a r f o r both s e x e s . Secondly, the a n a l y s e s are designed to 

f i n d out whether the v a r i a t i o n exhbited by the non-summary t r a i t s 

i s a p p r e c i a b l y more complex than t h a t already d i s p l a y e d by summary 

palmar t r a i t s i n a n a l y s e s 1 to 4. 

The 32 t r a i t s i n c l u d e d i n the a n a l y s i s are mostly 

c o n v e n t i o n a l , such as palmar r i d g e counts, i n t e r d i g i t a l and 

hypothenar p a t t e r n s and thenar t r i r a d i a l i n t e n s i t y ( T E F ) . AX(RL) 

comprises the means f o r the minimal samples of the summation ( i n 

i n d i v i d u a l s ) of a x i a l t r i r a d i i t , t' and t ' 1 . I t i s thus a measure 

of a x i a l t r i r a d i a l i n t e n s i t y . F i n a l l y , the i n t e r d i g i t a l t r i r a d i i 

are included i n a q u a n t i t a t i v e form i n t r a i t s TDR and TDL, ( i . e . 

the mean of the t o t a l number of i n t e r d i g i t a l t r i r a d i i on r i g h t and 
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l e f t hands r e s p e c t i v e l y ) , and a l s o i n q u a l i t a t i v e form i n v a r i a b l e s 

TDR3 to TDL6, ( i . e . they measure the percentage of people with 3, 4, 

5, or 6 t r i r a d i i i n each population i n the a n a l y s i s on each hand). 

The eigenvalues f o r both the male and female a n a l y s e s 

are given i n Table 5.16. U n l i k e i n a n a l y s e s 3 to 6, the number of 

components e x t r a c t e d with eigenvalues above u n i t y i s not the same 

i n males and females. I n a n a l y s i s 7 i n the males, ten components 

are e x t r a c t e d , whereas i n a n a l y s i s 8 i n the females the number i s 

ele v e n . N e v e r t h e l e s s t h i s d i f f e r e n c e i s not r e a l l y s i g n i f i c a n t , 

as the e l e v e n t h male component f a i l s only by a f r a c t i o n of a per 

cent to reach u n i t y , and i s l i t t l e d i f f e r e n t from i t s female e q u i v a l e n t 

which i s j u s t above u n i t y . I f one compares the percentage of 

v a r i a n c e accounted f o r by each component, the r e s u l t s are very 

s i m i l a r f o r both sexes, with e l e v e n components account f o r 85.9 

per cent of the v a r i a n c e i n the males and 86.4 per cent i n the 

females. Each male component, moreover, i s extremely s i m i l a r to 

i t s female counterpart i n the r e l a t i v e p o r t i o n of v a r i a n c e accounted 

f o r . The eigenvalues a l s o point towards some degree of complexity 

as no component accounts f o r more than 23 per cent of the v a r i a n c e , 

and a l l but the f i r s t three i n the males and the f i r s t two i n the 

females account f o r l e s s than ten per cent of the v a r i a n c e . 

Unrotated s o l u t i o n 

The unrotated s o l u t i o n i s presented i n Table 5.17 f o r the 

males and Table 5.18 f o r the females. Component 1 i s almost 

i d e n t i c a l i n both sexes , loading h i g h l y on TDR and TDL and on TDR4 

to TDL6. F a i r l y high loadings are a l s o present on P2R and P2L 

and moderate loadings a l s o appear on some i n t e r d i g i t a l p a t t e r n s and 
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AXR and AXL. I n the males, moderate loadings a l s o appear on the 
be r i d g e counts, w h i l e i n the females the loadings are low f o r these 
v a r i a b l e s , but moderate f o r the ab ridge counts i n s t e a d . Component 
1 i s thus a s i z e component i n each sex, w i t h a strong emphasis on 
i n t e r d i g i t a l t r i r a d i a l i n t e n s i t y . P a r t i c u l a r l y i n t e r e s t i n g i s the 
l a c k of a s s o c i a t i o n of TDR3 and TDL3 w i t h the other i n t e r d i g i t a l 
t r i r a d i a l t r a i t s i n both sexes. 

Component 2 i s a l s o very s i m i l a r i n both sexes, loading 

h i g h l y on the palmar r i d g e counts, e s p e c i a l l y on the ab counts. 

Loadings on other v a r i a b l e s are at best moderate. Some of the 

higher remaining loadings are on i n t e r d i g i t a l p a t t e r n s . I t i s 

s u r p r i s i n g however, to f i n d c o n s i s t e n t f i f moderate, loadings on 

hypothenar p a t t e r n s and a x i a l t r i r a d i i i n the males, t r a i t s which 

are normally not a s s o c i a t e d with palmar r i d g e counts. In the 

females, however, a l l loadings on hypothenar and a x i a l t r a i t s are 

low. 

From component 3 onwards, the loadings s t a r t d e c r e a s i n g 

s i g n i f i c a n t l y i n magnitude, and tend to load r e l a t i v e l y h i g h l y on 

p a r t i c u l a r t r a i t s , r a t h e r than c l u s t e r s of t r a i t s . Moreover, th e r e 

i s no longer s t r o n g r e p l i c a t i o n of components between the sexes. 

To c l a r i f y d e t a i l e d t r e n d s , i t i s b e t t e r to c o n s i d e r the r o t a t e d 

components. 

Rotated s o l u t i o n 

The r o t a t e d components are presented i n Tables 5.19 and 

5.20 f o r males and females r e s p e c t i v e l y . 

Component 1 i n the males i s s i m i l a r to component 2 i n the 

females, and loads h i g h l y on P2R, TDR, TDR4 and TDR6 with more 
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moderate loadings on TDR5. I t i s thus a r i g h t hand i n t e r d i g i t a l 
component. The l e f t hand e q u i v a l e n t t r a i t s a l s o load s i g n i f i c a n t l y 
but moderately at under 0.5. One enigma i s the high loading of 0.67 
f o r TEFL i n the males, which i s not r e p l i c a t e d i n the females. 

Component 2 i n the males i s very s i m i l a r to component 1 i n 

the females and i s almost e x c l u s i v e l y a palmar r i d g e count component. 

Component 3 i n the males loads very h i g h l y on PHR and PHL, 

and on AXR and AXL. T h i s component i s p a r a l l e l e d by components 3 and 

4 i n the females. I n component 3 the females load very h i g h l y on 

PHL and AXL; and on PHR and AXR i n component 4, T h i s shows that 

there i s much g r e a t e r asymmetry i n the female means and f r e q u e n c i e s 

f o r these t r a i t s . The a s s o c i a t i o n between PH and AX r e f l e c t s the 

strong t o p o l o g i c a l r e l a t i o n s h i p between PH and AX. The a x i a l area 

can only have more than one t r i r a d i u s i f i t i s accompanied by a 

p e r i p h e r a l hypothenar loop. The v a r i a t i o n i n a x i a l i n t e n s i t y thus 

should c l o s e l y f o l l o w v a r i a t i o n i n p e r i p h e r a l hypothenar loops. 

Component 4 i n the males loads h i g h e s t and n e g a t i v e l y on 

P4R, and s l i g h t l y l e s s h i g h l y and p o s i t i v e l y on P3TL and P3L. L e f t 

hand e q u i v a l e n t s load very moderately. The n e a r e s t female counterpart 

i s component 9, which loads h i g h l y on P4R, and more moderately than 

i n the males on P3TR and P3R. I n the females, however, i t i s P4R 

that i s p o s i t i v e l y loaded. 

Component 5 i n the males i s the l e f t hand e q u i v a l e n t of 

component 4, but has no n o t i c a b l e female counterpart. 

Component 6 i n the males i s very s i m i l a r to component 5 i n 

the females, and loads h i g h l y only on c e n t r a l hypothenar loops on 

both hands. C e n t r a l hypothenar loops are thus d i s t i n g u i s h e d as 

r e l a t i v e l y unique t r a i t s . 
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Component 7 i n the males has no exact female counterpart 

and loads h i g h l y on P2L, TDL, and TDL6. These t r a i t s are separated 

from the other i n t e r d i g i t a l e q u i v a l e n t t r a i t s which load h i g h l y on 

component 1. The absence of a p r e c i s e female counterpart can be 

e x p l a i n e d by the f a c t t h a t P2L, TDL and TDL6 load a p p r e c i a b l y higher 

i n r e l a t i o n s h i p to t h e i r r i g h t hand e q u i v a l e n t s on component 2 than 

they do i n the males i n component 1. 

Component 8 i n the males and component 10 i n the females 

load very h i g h l y on TDL3 only. 

Component 9 i n the males loads on TDL5, TDL4, and TDL, and 

i s a r e l a t i v e l y weak counterpart of component 8 i n the females where 

the loadings on these t r a i t s are a p p r e c i a b l y h i g h e r . I n the females 

P3R a l s o loads moderately high. 

Component 10 i n the males loads h i g h e s t on TDR3 with lower 

loading on TDR5. Component 7 i n the females i s s i m i l a r , 

d i f f e r i n g only i n that TDR4 i s a l s o s i g n i f i c a n t l y loaded. 

The only female component with no male counterpart i s 

component 6, which loads e x c l u s i v e l y on TEFR and TEFL. I n the 

males TEFR does not load together w i t h TEFL on any component. Moreover, 

TEFR i n males i s weakly expressed, never loading higher than 0.4. 

TEFL i n a d d i t i o n loads h i g h l y on component 1 i n the males ( 0 . 6 7 ) , 

i n c o n j u n c t i o n w i t h i n t e r d i g i t a l t r a i t s , a r e l a t i o n s h i p which has no 

counterpart i n the females. The absence of a c l e a r thenar component 

i n the males and i t s s h a r p l y defined e x i s t e n c e i n the females i s a 

notable sex d i f f e r e n c e . 

D i s c u s s i o n 

I n both sexes there are two components of v a r i a t i o n that 

o v e r r i d e a l l o thers i n importance (important i n the sense t h a t they 
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c l e a r l y express c l u s t e r s of t r a i t s t h a t are most s t r o n g l y i n t e r -
c o r r e l a t e d ) . They are not only very s i m i l a r i n both sexes, but are 
picked out i n the f i r s t two components both i n the unrotated and 
r o t a t e d s o l u t i o n s . They are a) a strong i n t e r d i g i t a l component 
loading h i g h l y on c e r t a i n i n t e r d i g i t a l p a t t e r n s , i n t e r d i g i t a l 
i n t e n s i t y i n i t s q u a n t i t a t i v e form (TDR and TDL) and i n t e r d i g i t a l 
i n t e n s i t y i n i t s q u a l i t a t i v e form (TDR4 to TDL6), and b) a strong 
palmar r i d g e count component loading h i g h l y on a l l the palmar ridge 
counts. 

The remaining components tend to be more p a r t i c u l a r i s e d 

i n t h a t they tend to load on only a few s p e c i f i c t r a i t s , and 

r e p l i c a t i o n between the sexes i s not so s t r o n g . The most c o n s i s t e n t 

of the remaining components are those loading on c e n t r a l hypothenar 

loops, (component 6 i n both sexes; r o t a t e d s o l u t i o n ) . P e r i p h e r a l 

hypothenar loops and AXR and AXL are a l s o s t r o n g l y d i f f e r e n t i a t e d i n 

both sexes, although i n the females, r i g h t and l e f t hands f o r these 

t r a i t s are expressed i n two d i f f e r e n t components ( r o t a t e d components 

3 and 4 ) , whereas i n the males ( r o t a t e d component 3) a t t r i b u t e s of 

both hands load together on one component. There i s no apparent 

r e l a t i o n s h i p between the v a r i a t i o n of c e n t r a l and p e r i p h e r a l 

hypothenar t r a i t s . 

The strong female thenar component ( r o t a t e d component 6) 

and i t s absence i n the males has already been b r i e f l y d i s c u s s e d . 

In order to understand i t s apparent complexity i n the r o t a t e d 

s o l u t i o n , i t i s e s s e n t i a l a l s o to look at the unrotated components. 

In the males TEFR f a i l s to load to any extent on any of the unrotated 

components e i t h e r , but TEFL u n l i k e i n the r o t a t e d s o l u t i o n , does not 

load to any g r e a t extent on any s i n g l e unrotated component. I n s t e a d 
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i t loads moderately on unrotated component 1 (0.37) and unrotated 

component 8 (-0.44). On both these components, TEFL i s a s s o c i a t e d 

with higher loadings on some i n t e r d i g i t a l t r a i t s . The male thenar 

v a r i a t i o n , t h e r e f o r e , i s one where thenar v a r i a t i o n on each hand shows 

only moderate c o r r e l a t i o n s at b e s t with other i n t e r d i g i t a l t r a i t s , 

and low c o r r e l a t i o n s between the homologues. In the females 

however, homologue c o r r e l a t i o n s are not low, as i s shown by t h e i r 

loadings on unrotated component 4, and of course on r o t a t e d component 

6. The homologue c o r r e l a t i o n s are so much c l o s e r to each other 

than any other t r a i t , t h a t they load h i g h l y together on one r o r a t e d 

component only, with no v i s i b l e r e l a t i o n s h i p s w i t h other t r a i t s . 

The unrotated female component 4, however, shows th a t i n r e a l i t y 

a p p r e c i a b l e c o r r e l a t i o n s do e x i s t between the v a r i a t i o n of thenar 

t r a i t s , and that of some i n t e r d i g i t a l and hypothenar t r a i t s , as 

such t r a i t s a l s o load markedly on unrotated component 4. Thus 

i f one compares thenar v a r i a t i o n i n both types of s o l u t i o n i n each 

sex, i t becomes apparent that the p e c u l i a r t r a i t i s TEFR i n the 

males, which i s alone r e s p o n s i b l e f o r low c o r r e l a t i o n w i t h TEFL 

and the absence of a s i n g l e male thenar component. T h i s can be 

i n f e r r e d from the f a c t t h a t TEFR i n the males i s the only thenar 

t r a i t i n both sexes t h a t f a i l s to show loadings alongside other 

palmar i n t e r d i g i t a l and hypothenar t r a i t s . 

The remaining undiscussed components d e a l with the by no 

means c o n s i d e r a b l e i n t e r d i g i t a l v a r i a n c e which i s not expressed i n 

the main i n t e r d i g i t a l components d i s c u s s e d e a r l i e r ( i . e . unrotated 

component 1 and r o t a t e d component 2 i n the females, and unrotated 

and r o t a t e d components 1 i n the m a l e s ) . The " r e s i d u a l " i n t e r d i g i t a l 
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v a r i a n c e not accounted for i n the aforementioned primary components 

i s complex, and occupies four r o t a t e d components i n both sexes 

( i . e . components 7 to 10 i n both s e x e s ) . C l u s t e r s of r e l a t e d 

i n t e r d i g i t a l t r a i t s on these components are s h a r p l y d e l i n e a t e d i n t o 

r i g h t and l e f t hand components, showing t h a t homologue and h e t e r o l a t e r a l 

c o r r e l a t i o n s are low compared to homolateral c o r r e l a t i o n s . The 

g e n e r a l homolateral loadings tend to, with e x c e p t i o n s , s t r e s s 

r e l a t i o n s h i p s : 

a) P2 with TD-6. 

b) P3- and P4- w i t h TD-4 and TD-5 (P3 n e g a t i v e l y a s s o c i a t e d 

w i t h P4 and TD-4 n e g a t i v e l y a s s o c i a t e d with TD-5). 

c) TD-3 l a r g e l y loading on i t s own, but sometimes and 

i n c o n s i s t e n t l y loading w i t h TD-4 and TD-5. 

The g e n e r a l p i c t u r e of the r e l a t i o n s h i p of v a r i a t i o n expressed 

by i n t e r d i g i t a l t r a i t s (not i n c l u d i n g palmar r i d g e counts) i s a 

h i g h l y complex one. 

I t i s c l e a r from t h i s d i s c u s s i o n t h a t the i n d i v i d u a l palmar 

t r a i t s c o n t a i n much more information than the palmar summary t r a i t s . 

N e v e r t h e l e s s , the summary t r a i t s have succeeded i n summarising the 

most important a s p e c t s of the g e n e r a l v a r i a t i o n . The most 

s u c c e s s f u l summary t r a i t s are the palmar r i d g e counts , whose 

i n d i v i d u a l c o n s t i t u e n t t r a i t s load h i g h l y on one component only i n 

each sex. There i s thus l i t t l e i nformation .lost by u s i n g t o t a l 

palmar r i d g e count to summarise the i n d i v i d u a l palmar t r a i t s . 

Moreover, as i n the summary a n a l y s e s , the palmar r i d g e counts show 

l i t t l e a s s o c i a t i o n with the other palmar t r a i t s . Hypothenar 

i n t e n s i t y i s a l s o a reasonable summary t r a i t , i n the sense that the 



hypothenar and a x i a l t r a i t s are c l e a r l y d i f f e r e n t i a t e d i n the 

present a n a l y s i s . Unfortunately hypothenar i n t e n s i t y f a i l s to 

d i f f e r e n t i a t e between two d i s t i n c t elements of hypothenar v a r i a t i o n , 

namely between the hypothenar c e n t r a l loops (and the t o p o l o g i c a l l y 

i d e n t i c a l l y r e l a t e d t r i r a d i u s t b ) , and p e r i p h e r a l hypothenar loops 

and AXR and AX1. I n t e r d i g i t a l i n t e n s i t y i n c o n t r a s t only 

succeeded i n summarising a p o r t i o n of the manifested i n t e r d i g i t a l 

v a r i a t i o n (although i t i s an important p o r t i o n as shown by unrotated 

component 1 i n both s e x e s ) . The t r u e i n t e r d i g i t a l v a r i a t i o n i s 

i n r e a l i t y f a i r l y complex. F i n a l l y the absence of a summary t r a i t 

f o r thenar v a r i a t i o n i s somewhat m i t i g a t e d by the f a c t t h a t some 

a s s o c i a t i o n e x i s t s between thenar and i n t e r d i g i t a l v a r i a t i o n . 

Thenar a s s o c i a t i o n s however, are complex, and are no more than 

p a r t i a l l y expressed by t o t a l palmar i n t e n s i t y . 

5.4 The extent of "taxonomic" concordance between dermatoglyphi 
a t t r i b u t e s considered i n t h i s study. 

I n c o n s i d e r i n g s t r u c t u r a l r e l a t i o n s h i p s between a t t r i b u t e s 

the study so f a r has been based purely on taxonomic a t t r i b u t e s . 

As we have seen, though there i s c o n s i d e r a b l e discordance d i s p l a y e d 

between many a t t r i b u t e s , p a r t i c u l a r l y between a t t r i b u t e s belonging 

to d i f f e r e n t areas of the hand (e,g. between d i g i t a l v e r sus palmar 

a t t r i b u t e s ) , a t t r i b u t e s w i t h i n the same areas often show high 

taxonomic c o r r e l a t i o n s . T h i s i s e s p e c i a l l y evident for d i p i t a l 

a t t r i b u t e s , p a r t i c u l a r l y homolateral ones. 

As an a p p r a i s a l of the extent of taxonomic concordance, 

however, the a n a l y s i s to t h i s point i s m i s l e a d i n g , as I have not 

taken i n t o account the s t a t i s t i c a l c o r r e l a t i o n s between a t t r i b u t e s 
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i n i n d i v i d u a l s , I f , f o r example, the presence of whorls i s s t r o n g l y 

c o r r e l a t e d with u l n a r r i d g e counts i n i n d i v i d u a l s , t h i s would imply 

t h a t they are prob l a b l y p h e n e t i c a l l y , l o g i c a l l y or even g e n e t i c a l l y 

r e l a t e d . I t would thus be very s u r p r i s i n g i f they were not a l s o 

h i g h l y r e l a t e d taxonomically. To a s s e s s the t r u e extent of 

taxonomic concordance, t h e r e f o r e , we must c o n t r o l f o r s t a t i s t i c a l 

c o r r e l a t i o n s i n i n d i v i d u a l s . I f taxonomically r e l a t e d a t t r i b u t e s 

show no more concordance than we would expect from t h e i r p h e netic 

r e l a t i o n s h i p s , then they are not r e a l l y taxonomically concordant. 

I n the f o l l o w i n g i n v e s t i g a t i o n , I s h a l l attempt to 

estimate the extent of taxonomic concordance by comparing c o r r e l a t i o n s 

between a t t r i b u t e s both i n i n d i v i d u a l s and i n po p u l a t i o n s . Of 

p a r t i c u l a r i n t e r e s t i s the question, not so much of whether 

a t t r i b u t e s t h a t show high s t a t i s t i c a l r e l a t i o n s h i p s are even more 

r e l a t e d taxonomically, but r a t h e r of whether a t t r i b u t e s t h a t show 

low or moderate s t a t i s t i c a l r e l a t i o n s h i p s , are more h i g h l y r e l a t e d 

taxonomically. In a d d i t i o n , i t i s of i n t e r e s t to f i n d out whether 

the extent of t r u e taxonomic concordance d i f f e r s a p p r e c i a b l y between 

groups of a t t r i b u t e s belonging to d i f f e r e n t areas of the hand. 

5.4.1 Approach and methods 

One of the major problems i n comparing s t a t i s t i c a l and 

taxonomic c o r r e l a t i o n s f o r dermatoglyphic data i s th a t i t i s 

impossible to c o r r e l a t e a l l a t t r i b u t e s i n i n d i v i d u a l s meaningfully 

because some are nominal v a r i a b l e s . In t h i s study, the purely 

nominal a t t r i b u t e s are the d i g i t a l p a t t e r n s . 

Although i t i s p o s s i b l e to convert nominal a t t r i b u t e s 

i n t o a s e r i e s of dichotomous v a r i a b l e s on a present and absence 



b a s i s ( f o r example the i n d i v i d u a l has a whorl, or does not have 

a whorl on d i g i t 5 of h i s l e f t hand), thus rendering them s u i t a b l e 

f o r i n c l u s i o n i n c o r r e l a t i o n a n a l y s i s , I f e l t t h a t t h i s was 

i m p r a c t i c a l , given the l a r g e number of permutations i n v o l v e d . 

Thus the d i g i t a l p a t t e r n s are omitted i n the a n a l y s i s here. T h i s 

i n a sense i s unfortunate, as some of the most i n t e r e s t i n g 

r e l a t i o n s h i p s occur between d i g i t a l p a t t e r n s and r i d g e counts i n 

the a n a l y s e s i n s e c t i o n 5.3. 

Nevertheless t h i s s t i l l l e a v e s a l l the remaining d i g i t a l 

a t t r i b u t e s ( r i d g e counts and p a t t e r n i n t e n s i t y ) , as w e l l as a l l 

the palmar a t t r i b u t e s . The number of a t t r i b u t e s l e f t , moreover, 

i s f a r too l a r g e to permi t an a n a l y s i s of c o r r e l a t i o n s between 

every a t t r i b u t e . As a r e s u l t I have organised a t t r i b u t e s i n t o 

four groups. I n the f i r s t are non nominal summary a t t r i b u t e s , 

d i g i t a l and palmar. An examination of these a t t r i b u t e s should 

r e v e a l the nature of gene r a l t r e n d s , f o r i n s t a n c e , whether 

taxonomic c o r r e l a t i o n s are higher than s t a t i s t i c a l c o r r e l a t i o n s 

i n d i g i t a l r a t h e r than palmar a t t r i b u t e s . I n the remaining 

three groups, non summary a t t r i b u t e s are considered. The f i r s t 

of these three c o n s i s t s of d i g i t a l r i d g e counts ( r a d i a l and u l n a r ) , 

the second of palmar p a t t e r n s and t r i r a d i i , and the t h i r d of 

palmar r i d g e counts. The sep a r a t e c o n s i d e r a t i o n of palmar r i d g e 

counts i s d e s i r a b l e f o r they showed the hi g h e s t i n t e r sex taxonomic 

c o r r e l a t i o n s of any group of a t t r i b u t e s i n s e c t i o n 5.3.3.1 and. 

t h e r e f o r e , might be more concordant taxonomically than other 

a t t r i b u t e s , 

The b a s i c evidence f o r t h i s i n v e s t i g a t i o n i s c o r r e l a t i o n 

m a t r i c e s between a t t r i b u t e s , i n which s t a t i s t i c a l c o r r e l a t i o n s 
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between a t t r i b u t e s i n i n d i v i d u a l s are d i s p l a y e d s i d e by s i d e with 
taxonomic c o r r e l a t i o n s between the same a t t r i b u t e s . The s t a t i s t i c a l 
c o r r e l a t i o n s were c a l c u l a t e d u s i n g Spearman rank order c o r r e l a t i o n s 
on sub s e t s of the main sample of i n d i v i d u a l s , u s i n g SPSS procedures 
(Nie e t . a l . , 1975). Owing to the f a c t that the workspace r e q u i r e d 
to c a l c u l a t e Spearman c o r r e l a t i o n s with SPSS usin g the f u l l male 
and female m a t r i c e s of i n d i v i d u a l s was enormous, I had to l i m i t the 
sample s i z e to 1,500 randomly s e l e c t e d i n d i v i d u a l s f o r each sex. 

The taxonomic c o r r e l a t i o n s were c a l c u l a t e d as d e s c r i b e d 

e a r l i e r i n s e c t i o n 5.3 

The b a s i c m a t r i c e s comparing s t a t i s t i c a l and taxonoraic 

c o r r e l a t i o n s , however, are too complex to permit more than a very 

g e n e r a l a p p r a i s a l of t r e n d s . The main a n a l y s i s c o n s i s t s of 

comparing means of s t a t i s t i c a l and taxonomic c o r r e l a t i o n s through 

p a i r w i s e t - t e s t s , ( t e s t f o r p a i r e d samples), and through 

c o r r e l a t i n g (Pearson's r ) the two s e t s of c o r r e l a t i o n s (Nie e t . a l . 

1975:Chapter 17). 

5.4.2 R e s u l t s 

The b a s i c c o r r e l a t i o n m a t r i c e s are presented i n Tables 

5.21 to 5.24 f o r the four main groups of a t t r i b u t e s d e s c r i b e d 

e a r l i e r i n s e c t i o n 5.4.1. I t i s p l a i n from a c u r s o r y look at 

two types of c o r r e l a t i o n s t h a t they are very s i m i l a r . I f we 

compare, f o r i n s t a n c e , c o r r e l a t i o n s between RTRADRC and other 

summary a t t r i b u t e s i n Table 5.21 , both s t a t i s t i c a l and taxonomic 

c o r r e l a t i o n s are almost i d e n t i c a l l y high i n both sexes with other 



d i g i t a l a t t r i b u t e s , and very low with palmar a t t r i b u t e s , The 

main f l u c t u a t i o n s i n f a c t , occur when both types of c o r r e l a t i o n s 

are low. For i n s t a n c e RTRADRC males vs TDR and TDL shows higher 

taxonomic c o r r e l a t i o n s of .2, compared to s t a t i s t i c a l c o r r e l a t i o n s 

of .02. I n females, however, the e q u i v a l e n t c o r r e l a t i o n s are 

c l o s e to zero f o r both s t a t i s t i c a l and taxonomic c o r r e l a t i o n s . 

These f l u c t u a t i o n s at the low p o l a r i t y are almost c e r t a i n l y due 

to random e f f e c t s . 

For more p r e c i s e i n t e r p r e t a t i o n , we must t u r n to the 

r e s u l t s i n Table 5.25, which compare means of s t a t i s t i c a l and 

taxonoraic c o r r e l a t i o n s i n d i f f e r e n t groups of a t t r i b u t e s . The 

most outstanding trend i s that the mean taxonomic c o r r e l a t i o n i s 

higher than the mean s t a t i s t i c a l c o r r e l a t i o n i n every a t t r i b u t e 

group or sub-group examined. The d i f f e r e n c e s between the means, 

moreover, are s i g n i f i c a n t i n 16 of the 20 t ^ t e s t s performed, and 

h i g h l y s i g n i f i c a n t i n a l l 8 t - t e s t s f o r the undivided 4 major 

groups of a t t r i b u t e s , A, B, C and D. 

The non s i g n i f i c a n t d i f f e r e n c e s i n mean occur i n the 

summary a t t r i b u t e s u b - d i v i s i o n s ; i n the i n t e r - d i g i t a l c o r r e l a t i o n s 

i n both sexes, and i n the i n t e r - p a l m a r and palmar v s . d i g i t a l 

c o r r e l a t i o n s i n the females only. 

I n s p i t e of the s i g n i f i c a n c e of these r e s u l t s , however, 

i t i s n o t i c e a b l e that the mean of taxonomic c o r r e l a t i o n s i s only 

s l i g h t l y higher than t h a t of s t a t i s t i c a l c o r r e l a t i o n s i n a l l 

a t t r i b u t e groups except f o r palmar ridge counts. The di f f e r e n c e 

i n means i s u s u a l l y w e l l under .1. Palmar r i d g e counts, i n 

c o n t r a s t , have s t r i k i n g l y higher taxonomic c o r r e l a t i o n s than 

s t a t i s t i c a l ones, with d i f f e r e n c e s i n mean of ,19 i n both sexes. 
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The e s s e n t i a l o v e r a l l s i m i l a r i t y between s t a t i s t i c a l 
and taxonomic c o r r e l a t i o n s i s portrayed by the r e s u l t s of Pearson's 
r i n Table 5.25. The c o r r e l a t i o n s between s t a t i s t i c a l and 
taxonomic c o r r e l a t i o n s are w e l l over .9 for summary a t t r i b u t e s and 
palmar summary a t t r i b u t e s i n both s e x e s , and are u s u a l l y w e l l 
over .7 f o r a l l s e t s of i n t e r a t t r i b u t e c o r r e l a t i o n s except two. 
These are f o r B l ( r a d i a l v e rsus u l n a r r i d g e c o u n t s ) , where r i s 
moderate (.4 i n males and .6 i n f e m a l e s ) ; and for A3 ( d i g i t a l 
v e r s u s palmar summary a t t r i b u t e s ) , where r i s very low (.002 i n 
males and .336 i n f e m a l e s ) . I n A3 the low c o r r e l a t i o n s are 
a s s o c i a t e d with very low means f o r both s t a t i s t i c a l and taxonomic 
c o r r e l a t i o n s . I t i s obvious t h a t a l l c o r r e l a t i o n s between 
a t t r i b u t e s i n t h i s group, vary randomly w i t h i n the group to a 
l a r g e e x t e n t . N e v e r t h e l e s s i t should be emphasised t h a t a l l 
s t a t i s t i c a l and taxonomic c o r r e l a t i o n s i n the A3 e;roup are 
u n i v e r s a l l y low, and are s i g n i f i c a n t l y low when compared to 
the c o r r e l a t i o n s i n sub-groups Al and A2. 

5.4.3 D i s c u s s i o n 

The o v e r a l l s i m i l a r i t y between s t a t i s t i c a l and taxonomic 

c o r r e l a t i o n s as implied by the r e s u l t s of Pearson's r above, 

show t h a t the high taxonomic c o r r e l a t i o n s found between many 

a t t r i b u t e s i n the an a l y s e s i n s e c t i o n 5.3, predominantly r e f l e c t 

the f a c t that such a t t r i b u t e s are h i g h l y r e l a t e d p h e n e t i c a l l y 

i n i n d i v i d u a l s i n the f i r s t p l a c e . I n other words t o t a l taxonomic 

p a t t e r n s of concordance c l o s e l y r e f l e c t u nderlying p a t t e r n s of 

phenetic concordance. The only notable exception i s i n the case 

of palmar ridge counts, where there i s much more taxonomic 
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concordance than we would expect from the d i s p l a y e d f i g u r e s of 
phenetic concordance. 

Having s a i d t h i s , i t i s a l s o p l a i n that there i s some 

s m a l l , but s i g n i f i c a n t taxonomic concordance i n a l l the other 

major groups of a t t r i b u t e s , which i s not accounted f o r by 

phenetic concordance. We can q u a n t i f y t h i s pure taxonomic 

e f f e c t i f we use as a constant the f a c t t h a t t h e o r e t i c a l t o t a l 

concordance i s one. 

The d i f f e r e n c e i n the means between taxonomic and 

s t a t i s t i c a l c o r r e l a t i o n s m u l t i p l i e d by a hundred and d i v i d e d by 

one, i s the percentage of "pure" taxonomic concordance (assuming 

that the mean f o r taxonomic c o r r e l a t i o n s i s g r e a t e r ) . I n Table 

5.25 we can see ( m u l t i p l y i n g the d i f f e r e n c e s i n mean by 100), t h a t 

"pure" taxonomic concordance v a r i e s from 1 to 9 per cent i n groups 

A to C, but i s 19 per cent f o r palmar r i d g e count3. Pooling 

a t t r i b u t e s i n a l l the groups i n Table 5.25, we get an o v e r a l l 

f i g u r e of "pure" or adjust e d concordance of 6 per cent i n males and 

6 per cent i n females. 

We can i n f e r from t h i s t h a t i n Kenya, the b a s i c s t r u c t u r e 

of dermatoglyphic v a r i a t i o n i s taxonomically very d i s c o r d a n t . 

I would p r e d i c t , t h e r e f o r e , t h a t the o v e r a l l s t r u c t u r e of v a r i a t i o n 

should not c o n t a i n any strong m u l t i v a r i a t e c l u s t e r s or c l i n e s , and 

that the s t r e n g t h of any types of v a r i a t i o n such as e c o t y p i c or 

ethnotypic t h a t might be operating i n Kenya, w i l l at best be moderate 

on the o v e r a l l gene pool, though of course, they might be important 

on some i n d i v i d u a l a t t r i b u t e s . 
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CHAPTER 6 

O v e r a l l s t r u c t u r e of dermatoglyphic d i f f e r e n t i a t i o n 
between minimal e t h n i c u n i t samples 

I n t r o d u c t i o n 

The a n a l y s i s of b a s i c s t r u c t u r e i n Chapter 5 has r e v e a l e d 

t h a t taxonomic c o r r e l a t i o n s between a t t r i b u t e s are only high i n 

those a t t r i b u t e s that are a l s o c o r r e l a t e d s i g n i f i c a n t l y i n i n d i v i d u a l s . 

T h i s d i s c o r d a n t taxonomic s i t u a t i o n i m p l i e s that o v e r a l l population 

i n t e r - r e l a t i o n s h i p s w i l l be patterned according to a web or mosaic 

of c r o s s - c u t t i n g r e l a t i o n s h i p s , r a t h e r than to a s e r i e s of m u l i v a r i a t e 

c l u s t e r s of c l i n e s . 

The notion t h a t s i g n i f i c a n t discordance i n the b a s i c 

s t r u c t u r e w i l l a l s o r e f l e c t an absence of m u l t i v a r i a t e c l u s t e r s or 

c l i n e s however, needs to be e m p i r i c a l l y demonstrated, as so f a r i t 

has only been put forward as a t h e o r e t i c a l p r o p o s i t i o n ( s e e Chapter 

3 ) . The f i r s t p a r t of t h i s chapter t h e r e f o r e , examines the o v e r a l l 

s t r u c t u r e of dematoglyphic v a r i a t i o n between the minimal population 

u n i t samples to see whether the m u l t i v a r i a t e v a r i a t i o n i s s t r u c t u r e d 

i n a manner resembling a quasi-random network or web, r a t h e r than 

as a s e r i e s of c l u s t e r s or c l i n e s . 

The second stage of a n a l y s i s i n v e s t i g a t e s s t r u c t u r e i n 

d e t a i l , c o n s i d e r i n g the nature of the c h a r a c t e r i s t i c s of the s c a t t e r 

of s p e c i f i c populations i n multidimensional space as condensed 

through o r d i n a t i o n a n a l y s i s . I f the o v e r a l l m u l t i v a r i a t e s t r u c t u r e 

does indeed resemble a mosaic, the aim of the d e t a i l e d c o n s i d e r a t i o n 

of the s c a t t e r of p opulation p o i n t s w i l l be to a s c e r t a i n whether 

meaningful r e g u l a r i t i e s can be d i s c e r n e d i n the a f f i n i t y of 

population p o i n t s . By meaningful i s meant whether the r e g u l a r i t i e s 



3 

are c o n s i s t e n t l y demonstrated i n v a r i o u s o r d i n a t i o n s o l u t i o n s obtained 
from d i f f e r e n t methods. 

In c o n t r a s t i f the o v e r a l l s t r u c t u r e i s not complex, but 

shows d i s t i n c t c l u s t e r s or c l i n e s , the way i s opened up f o r a 

d e t a i l e d i n v e s t i g a t i o n i n t o the exact nature of these c l u s t e r s or 

c l i n e s , and of t h e i r r e l a t i v e homogeneity, d i s c r e t e n e s s and d i a g n o s t i c 

c h a r a c t e r i s t i c s . 

6.1 Methodological and s t a t i s t i c a l approaches 

The a n a l y s i s of o v e r a l l s t r u c t u r e t h a t f o l l o w s i s based 

on two approaches. The f i r s t i n v o l v e s the c a l c u l a t i o n of p h e netic 

d i s t a n c e s between the population u n i t s and the a n a l y s i s of these 

d i s t a n c e s through the a p p l i c a t i o n of o r d i n a t i o n techniques. The 

second approach i s based on the a n a l y s i s of p r i n c i p a l component 

s c o r e s , r e s u l t i n g from the PCA a n a l y s e s examined i n Chapter 5.3. 

The f i r s t approach, the a n a l y s i s of d i s t a n c e s , c o n s i d e r s the nature 

of i n t e r - s a m p l e r e l a t i o n s h i p s based on a t t r i b u t e s that have not been 

d e c o r r e l a t e d , and can hence be viewed as a measure of o v e r a l l 

p h e n etic a f f i n i t y . The examination of PCA s c o r e s i n c o n t r a s t i s 

based on a t t r i b u t e s which are d e c o r r e l a t e d during the c a l c u l a t i o n 

of the PCA s c o r e s , and t h e r e f o r e can be viewed as measuring adjusted 

phenetic a f f i n i t y , with a l i k e l i h o o d t h a t the d e p i c t e d r e l a t i o n s h i p s 

r e f l e c t g e n e t i c a f f i n i t y more c l o s e l y . 

6.1.1 Choice of d i s t a n c e s t a t i s t i c and the c a l c u l a t i o n of the 
d i s t a n c e s 

The most important requirement of a d i s t a n c e s t a t i s t i c 

that i s a p p l i e d to measure the o v e r a l l s t r u c t u r e of v a r i a t i o n (see 

Chapter 3) i s t h a t i t should be able to accommodate a f u l l spectrum. 



312 

of a t t r i b u t e s , u n r e s t r i c t e d by the s t a t i s t i c a l nature of the 

a t t r i b u t e s being c o n s i d e r e d . D i s t a n c e s t a t i s t i c s t h a t can only 
2 

cope with q u a n t i t a t i v e a t t r i b u t e s ( f o r example Penrose's C H, the 
2 

CRL, Mahalonobis's D ) or those t h a t can only accommodate q u a l i t a t i v e 
2 2 

t r a i t s ( f o r example Edward's E , Sanghvi's G , Spuhler's R - see 
e 

Constandse Westermann 1972 f o r d e t a i l s of a l l these masures) cannot 

examine more than a l i m i t e d range of dermatoglyphic a t t r i b u t e s , and 

th e r e f o r e f a i l to meet the requirement. 

measures of a f f i n i t y t h a t can accommodate both q u a n t i t a t i v e and 

q u a l i t a t i v e a t t r i b u t e s . These are Hiernaux's Ag (Hiernaux 1965) 
2 

and O l i v e r ' s X ( O l i v e r 1970). The l a t t e r measure however, i s not 

a true measure of d i s t a n c e , i n v o l v i n g the c a l c u l a t i o n and summation 

of p a i r - w i s e t - t e s t and c h i square p r o b a b i l i t i e s . Hiernaux's Ag 

t h e r e f o r e , i s an obvious c h o i c e for c a l c u l a t i n g d i s t a n c e s between 

populations based on both q u a n t i t a t i v e and q u a l i t a t i v e a t t r i b u t e s . 

population a t t r i b u t e means and f r e q u e n c i e s , where each a t t r i b u t e i s 

st a n d a r d i s e d by the world gamma of v a r i a t i o n f o r t h a t a t t r i b u t e 

( i n other words gamma i s the known maximum minus the known minimum 

mean or frequency f o r a t r a i t , recorded i n human p o p u l a t i o n s ) . 

I t s formula i s as f o l l o w s : 

A 

Constandse-Westermann (1972: Chapter V I ) d e s c r i b e s two 

g 

Hiernaux's Ag a c t s d i r e c t l y on a type B matrix of 

Mli 10,000 M2i Ag Z > 
o 

( Pkjk - P2jk 2 
aj k } 
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where; a ( a ) i s the world gamma of v a r i a t i o n f o r the .th 

q u a n t i t a t i v e a t t r i b u t e (M) or f o r the th c l a s s of the th q u a l i t a t i v e 

a t t r i b u t e ( P ) : r ' i s the number of q u a n t i t a t i v e a t t r i b u t e s , r 1 ' 

the number of q u a l i t a t i v e c l a s s e s / a t t r i b u t e s , and r° = r* + r ' * . 

(Constandse-Westermann 1972:127-8). 
2 

U n l i k e Mahalonobis's D , Ag has the disadvantage t h a t i t 

does not d e c o r r e l a t e i t s a t t r i b u t e s before the d i s t a n c e s are 

c a l c u l a t e d . N e vertheless Hiernaux (1965 and 1972) has demonstrated 

that d i s t a n c e s from Ag based on q u a n t i t a t i v e t r a i t s c o r r e l a t e h i g h l y 
2 2 with d i s t a n c e s from D and C based on the same a t t r i b u t e s ( implying H 

that i t s f a i l u r e to d e c o r r e l a t e a t t r i b u t e s i s not s e r i o u s i n p r a c t i s e . 

The problems encountered i n implementing Ag i n the an a l y s e s 

t h a t follow were t h r e e f o l d . The f i r s t and most p r e s s i n g was tha t 

there was no a v a i l a b l e computer program. T h i s problem was overcome 

by w r i t i n g a program i n FORTRAN 77 based on the formula presented 

by Constandse-Westermann (1972: Chapter V I ) . The r e l i a b i l i t y and 

accuracy of the program was t e s t e d by a) running the example 

provided by Constandse-Westermann i n the same chapter to see i f the 

same r e s u l t was obtained; and b) by comparing f i v e d i s t a n c e s as 

computed by the program from the c u r r e n t a n a l y s e s w i t h the same 

d i s t a n c e s c a l c u l a t e d by hand. The program i s l i s t e d i n Appendix 2. 

The second problem concerned the c a l c u l a t i o n of a world 

gamma of v a r i a t i o n , which i s used to s t a n d a r d i s e the a t t r i b u t e s . 

As the range of dermatoglyphic a t t r i b u t e s covered i n t h i s study 

i s much g r e a t e r than has been the p r a c t i c e p r e v i o u s l y (excepting 

Dennis's (1977a) Y o r k s h i r e Dale s u r v e y ) , and given t h a t the use of 

the Penrose and Loesch (1970) method makes comparison of p a t t e r n s 
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i n t h i s s e r i e s s t r i c t l y incompatible w i t h those measured t r a d i t i o n a l l y 

i n the bulk of previous s t u d i e s , i t became p l a i n t h a t the c a l c u l a t i o n 

of a world gamma of v a r i a t i o n would be a dubious e x e r c i s e . I n any 

case, the prime purpose of gamma i s to a d j u s t f o r d i f f e r e n t i a l 

a r i t h m e t i c a l weighting of means and f r e q u e n c i e s (e.g. so that a mean 

range of 135 to 250 i s not considered i n a raw form alongside one of aay 

1.456 to 3.567 ) . I n e f f e c t , gamma has the r o l e i n 

Ag th a t the standard d e v i a t i o n has i n q u a n t i t a t i v e measures of 
2 

d i s t a n c e such as the CRL and Penrose's C H. The d e s i r a b i l i t y of 

a world gamma of v a r i a t i o n i s t h a t a l l d i s t a n c e s i n a l l f u t u r e 

s t u d i e s u s i n g the same a t t r i b u t e s wi11 be t o t a l l y comparable, and 

r e l a t i v e homogeneity of d i s t a n c e s of populations i n any study 

a r e a can be e a s i l y measured i n r e l a t i o n to the maximum t h e o r e t i c a l 

d i s t a n c e of 10,000 (achieved i f two populations l i e at the opposite 

extremity of world v a r i a t i o n f o r every a t t r i b u t e ) . 

I n t h i s study I have used i n s t e a d the Kenya gamma of 

v a r i a t i o n , which i s the mean or frequency range of v a r i a t i o n f o r a 

p a r t i c u l a r a t t r i b u t e at the minimal popualation sample l e v e l (MALE 

and FEMALE). Thus f o r example, the Kenya gamma f o r t o t a l arches 

f o r the l e f t hand i s 12.3 (Kabras females) minus 0.0 (Gabbra m a l e s ) . 

Thus a l l the d i s t a n c e s , both male and female, are s t r i c t l y 

comparable when based on the same a t t r i b u t e s . 

A f u r t h e r problem a s s o c i a t e d w i t h working out gamma i n 

the present study i s the r e l a t i o n of v a r i a t i o n to sample s i z e . 

Very s m a l l sample s i z e s are obviously going to show a very l a r g e 

range of v a r i a t i o n by sheer chance, e s p e c i a l l y f o r dermatoglyphic 

a t t r i b u t e s which show c o n s i d e r a b l e v a r i a b i l i t y between i n d i v i d u a l s . 
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I have not ad j u s t e d f o r sample s i z e i n the c a l c u l a t i o n of the Kenya 
gamma, as I could not decide on what c o n s t i t u t e d an acceptable lower 
l i m i t f o r sample s i z e . The main e f f e c t of t h i s i s that the gammas 
are l i k e l y to be g r e a t e r than the true u n d e r l y i n g b i o l o g i c a l range 
of v a r i a t i o n , e s p e c i a l l y f o r the q u a l i t a t i v e t r a i t s . T h i s means 
that the d i s t a n c e s are correspondingly s m a l l e r than would have been 
the case i f s m a l l e r gammas had been used. Nevertheless r e l a t i v e 
d i s t a n c e i s not d i r e c t l y r e l a t e d to the a r i t h m e t i c a l s i z e of the 
d i s t a n c e s . I n d i r e c t l y , however, th e r e could be d i f f e r e n c e s i n 
r e l a t i v e d i s t a n c e caused by the f a c t t h a t those a t t r i b u t e s most 
su s c e p t a b l e to sample s i z e f l u c t u a t i o n w i l l produce the l a r g e s t 
gammas, and w i l l correspondingly wei <rht l e s s i n the f i n a l d i s t a n c e s . 
As sample s i z e improves, and gamma becomes i n c r e a s i n g l y a b e t t e r 
r e f l e c t i o n of true b i o l o g i c a l v a r i a t i o n , the a t t r i b u t e s most 
s e n s i t i v e to sample s i z e p r o g r e s s i v e l y weigh more i n the d i s t a n c e s . 
In the d i s t a n c e m a t r i c e s i n the present study, q u a l i t a t i v e a t t r i b u t e s 
such as d i g i t a l and palmar p a t t e r n s , show the g r e a t e s t range of 
v a r i a t i o n (see Table 5.3) and t h e r e f o r e i n d i v i d u a l l y weigh l e s s 
i n the d i s t a n c e s v i s a v i 3 q u a n t i t a t i v e a t t r i b u t e s . 

The f i n a l problem concerning the c a l c u l a t i o n of the Ag 

mat r i c e s i s choi c e of a t t r i b u t e s . The primary c o n s i d e r a t i o n t h a t 

must be kept i n mind i s tha t the a n a l y s i s of o v e r a l l s t r u c t u r e 

should r e f l e c t the t o t a l spectrum of ph e n e t i c v a r i a t i o n , and that 

one of the primary reasons f o r choosing Ag i s tha t i t i s one of 

the few measures th a t can inc o r p o r a t e a l l a t t r i b u t e s i r r e s p e c t i v e 

of whether they are q u a n t i t a t i v e or q u a l i t a t i v e . I n the an a l y s e s 

that follow I adopted the b a s i c procedure o u t l i n e d i n the previous 
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chapter of c o n s i d e r i n g both summary and non^suramary v a r i a t i o n s . 

The reasons f o r p r e s e r v i n g t h i s d i v i s i o n are the same as those l i s t e d 

i n s e c t i o n 2 of Chapter 5. 

I n the subsequent i n v e s t i g a t i o n , I c a l c u l a t e d four m a t r i c e s 

of Ag d i s t a n c e s . The f i r s t two correspond to d i s t a n c e s based on 

the same 26 summary a t t r i b u t e s as i n the PCA's 3 and 4 i n Chapter 

5.3, one matrix f o r each sex. The t h i r d and f o u r t h m a t r i c e s are 

male and female d i s t a n c e s based on 110 non-summary a t t r i b u t e s , 

c o n s i s t i n g of a l l the d i g i t a l and palmar a t t r i b u t e s i n c l u d e d i n 

the non-summary PCA a n a l y s e s (Chapter 5.3, Analyses 5 to 8) 
t 

excepting two, I I I on each hand, which are methodologically 

i m p r e c i s e a t t r i b u t e s . The atd angle moreover, as before, was 

a l s o excluded owing to i t s p r o p ensity to vary s i g n i f i c a n t l y 

with age (see Chapter 4 ) . 

6.1.2 Choice and implementation of techniques to a n a l y s e 
phenetic d i s t a n c e s 

A matrix of g e n e t i c of phenetic d i s t a n c e s i s a complex 

range of i n t e r - p o p u l a t i o n comparisons, forming a 

r e p r e s e n t a t i o n of p o i n t s i n mul t i d i m e n s i o n a l space. I f d i s t a n c e s 

are c a l c u l a t e d between more than a very low number of po p u l a t i o n s , 

trends of r e l a t i o n s h i p between the populations become i n c r e a s i n g l y 

d i f f i c u l t to i n t e r p r e t with any o b j e c t i v i t y as the number of 

dimensions r i s e s , The purpose of techniques that analyse 

s i m i l a r i t y or d i s s i m i l a r i t y m a t r i c e s i s to portray the number of 

population p o i n t s i n as few dimensions as p o s s i b l e , and to d e l i n e a t e 

trends of a f f i n i t y c l e a r l y and o b j e c t i v e l y . 
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There are many s t a t i s t i c a l techniques now a v a i l a b l e t h a t 
can analyse m a t r i c e s of d i s t a n c e s . C o n v e n t i o n a l l y the range of 
techniques are d i v i d e d i n t o two d i v i s i o n s , a) c l u s t e r i n g techniques 
(both h i e r a r c h i c a l and n o n - h i e r a r c h i c a l ) , and b) o r d i n a t i o n 
techniques. C l u s t e r a n a l y s i s b a s i c a l l y seeks to p a r t i t i o n the 
u n i t s i n t o p r o g r e s s i v e l y s m a l l e r groupings through d i v i s i v e or 
a gglomeritive algorithms. D i v i s i v e algorithms begin by t r e a t i n g 
a l l u n i t s as one c l u s t e r , and s p l i t them p r o g r e s s i v e l y i n t o s m a l l e r 
c l u s t e r s u n t i l the o r i g i n a l u n i t s are unique. Agglomeritive 
algorithms begin with the unique u n i t s and p r o g r e s s i v e l y amalgamate 
them i n t o bigger c l u s t e r s , l i n k e d h i e r a r c h i c a l l y , u n t i l only one 
c l u s t e r i s l e f t which i n c o r p o r a t e s a l l u n i t s , ( s e e Sneath and Sokal 
1973; E v e r i t t 1974 for d e t a i l e d d e s c r i p t i o n s of the range of 
p o s s i b l e t e c h n i q u e s ) . Ordination i n c o n t r a s t i s the condensation 
of the m ultidimensional s c a t t e r of p o i n t s onto few dimensions without 
p a r t i t i o n . 

In a d e s c r i p t i v e a n a l y s i s of the o v e r a l l m u l t i v a r i a t e 

s t r u c t u r e of b i o l o g i c a l v a r i a t i o n , c l u s t e r a n a l y s i s i s not the best 

type of technique to use. As Hiernaux p o i n t s out: 

"the f a c t w i l l remain that c l u s t e r a n a l y s i s tends to 
f i n d c l u s t e r s even when the data do not lend themselves 
to d i v i s i o n i n t o d i s c r e t e groups. C l u s t e r a n a l y s i s 
t h e r e f o r e , may not be a p p l i e d a u t o m a t i c a l l y : i t only 
makes sense i f the p o i n t s i n the hyperspace are grouped 
i n t o c l u s t e r s i n the t o t a l i t y of the s c a t t e r . I f the 
s c a t t e r of p o i n t s i s random, or c l u s t e r e d only i n some 
s e c t o r s , c l u s t e r a n a l y s i s i s m i s l e a d i n g . " 

(Hiernaux 1972:105) 

Ordi n a t i o n a n a l y s i s i s p r e f e r a b l e as a p r e l i m i n a r y d e s c r i p t i v e t o o l , 

as i t does not t r e a t the u n i t s as a u t o m a t i c a l l y forming c l u s t e r s . 

I f c l u s t e r s e x i s t , o r d i n a t i o n a n a l y s i s w i l 1 show them as c o n c e n t r a t i o n s 

of p o i n t s i n c l o s e proximity separated from other p o i n t s or groups of 
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p o i n t s , I f no c l u s t e r s e x i s t , the s c a t t e r of poi n t s w i l l appear as 

a continuous s c a t t e r with no d i s c r e t e c o n c e n t r a t i o n s of po i n t s -

O r d i n a t i o n s o l u t i o n s can be obtained by producing scattergrams 

of c a n o n i c a l v a r i a t e s i n d i s c r i m i n a n t f u n c t i o n a n a l y s i s , or 

scattergrams of component s c o r e s when PCA i s a p p l i e d to type R 

data m a t r i c e s . When the data i s i n the form of raw d i s t a n c e s 

however, techniques are needed to transform the d i s t a n c e s i n t o 

e q u i v a l e n t s of c a n o n i c a l v a r i a t e s or p r i n c i p a l components. The 

be s t known techniques that do t h i s are a) me t r i c s c a l i n g or 

p r i n c i p a l c o o r d i n a t e s a n a l y s i s (Gower 1966) and b) non m e t r i c 

m u l t i d i m e n s i o n a l s c a l i n g ( K r u s k a l 1964a; 1964b). 

a) P r i n c i p a l c o o r d i n a t e s a n a l y s i s (PCO) 

PCO a n a l y s i s i s s i m i l a r to PCA, i n tha t the d i s t a n c e s are 

transformed i n t o l a t e n t roots and v e c t o r s , the elements of the 

l a t e n t v e c t o r s g i v i n g the coordin a t e s which when g r a p h i c a l l y s c a t t e r e d 

produce an o r d i n a t i o n s o l u t i o n , ( E v e r i t t 1978:18-19). L i k e i n 

PCA the f i r s t l a t e n t v e c t o r accounts f o r the g r e a t e s t p o r t i o n of 

v a r i a n c e , the second l a t e n t v e c t o r the next h i g h e s t p o r t i o n of 

va r i a n c e and so on. Thus the g r e a t e r the v a r i a n c e accounted by 

the f i r s t two v e c t o r s , the l e s s d i s t o r t e d i s the low dimensional 

s o l u t i o n of the s c a t t e r of coordin a t e s f o r these v e c t o r s . D e t a i l e d 

d e s c r i p t i o n of the method i s given by Gower (1966). 

b) Non-metric multidimensional s c a l i n g (NMMS) 

NMMS a c t s on ranked d i s t a n c e s r a t h e r than the absolute 

v a l u e s of d i s t a n c e s , and reduces d i m e n s i o n a l i t y through an i t e r a t i v e 

f u n c t i o n that minimises a measure of " s t r e s s " and seeks to maximise 

the goodness of f i t of the low dimensional s o l u t i o n s ( K r u s k a l 1964b). 
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The d e t a i l e d d e s c r i p t i o n s of t h i s mathematically complex technique 

are given by Kr u s k a l (1964a; 1964b). 

Both PCO and NMMS have been used with s u c c e s s by p h y s i c a l 

a n t h r o p o l o g i s t s . (For i n s t a n c e Hiernaux 1972 f o r PCO; Rightmire 1976; 

Dennis 1977a f o r NMMS). Gower (1972), i n a s s e s s i n g the two 

methods s t a t e s t h a t : 

"Although (NMMS) uses l e s s information than m e t r i c 
methods l i k e p r i n c i p a l components and c a n o n i c a l 
v a r i a t e s a n a l y s i s , and might, t h e r e f o r e be thought 
s u p e r i o r to other methods of reducing d i m e n s i o n a l i t y , 
i t has been my experience, and tha t of many other 
workers, t h a t the r e s u l t i n g low-dimensional c o n f i g u r a t i o n s 
d i f f e r l i t t l e from t h e i r m e t r i c c o u n t e r p a r t s . I n t h i s 
r e s p e c t , a comparison of the two types of technique i s 
s i m i l a r to the comparison of the CRL d i s t a n c e with 
Mahalonobis's d i s t a n c e , where the choi c e of method has 
been found to make l i t t l e d i f f e r e n c e i n p r a c t i s e , although 
the agreement cannot be adequately e x p l a i n e d . " 

(Gower 1972:14-15). 

I n view of Gower's assessment, i t i s c l e a r t h a t both PCO 

and NMMS are both adequate techniques f o r a n a l y s i n g m a t r i c e s of 

b i o l o g i c a l d i s t a n c e , although NMMS i s t h e o r e t i c a l l y p r e f e r a b l e . 

I n the present study the choi c e of PCO over NMMS was pu r e l y pragmatic. 

The computer f a c i l i t i e s at the U n i v e r s i t y of S t i r l i n g , where the 

ana l y s e s were performed, i n c l u d e d a c c e s s to a program to compute PCO, 

but not NMMS. PCO was thus c a l c u l a t e d through a c c e s s to a program 

w r i t t e n by Gower i n the GENSTAT package (Gower, 1977). 

6.2 General s t r u c t u r e of o v e r a l l d i f f e r e n t i a t i o n between the 
minimal population samples 

The examination of ge n e r a l s t r u c t u r e i n t h i s study i s as 

we have seen, based on two approaches. A) The a n a l y s i s of the 

matrices of Ag d i s t a n c e s , mainly through p r i n c i p a l c o o r d i n a t e s 



a n a l y s i s and B) through the g r a p h i c a l d i s p l a y of component s c o r e s . 

The evidence i s contained i n the f o l l o w i n g t a b l e s (Appendix 3) 

Tables AP3:1 & AP3;2 The Ag m a t r i c e s f o r males and females 

based on 26 summary a t t r i b u t e s . 

Tables AP3:3 & AP3:4 The Ag m a t r i c e s f o r males and females 

based on 110 non-summary a t t r i b u t e s . 

Tables AP3;5 & AP3:6 The r e s u l t s of p r i n c i p a l c o o r d i n a t e s 

a n a l y s i s on the summary Ag m a t r i c e s . 

Tables AP3;7 & AP3:8 The r e s u l t s of p r i n c i p a l coordinates 

a n a l y s i s on the non-summary matrices„ 

Tables AP3:9 toAP3;12 The component s c o r e s * f o r males and 

females based on the summary t r a i t s . 

Table AP3:i3 & AP3:14 The component s c o r e s f o r males and females 

together based on 52 male and female 

summary t r a i t s . 

Table AP3:l5 toAP3:18 The component s c o r e s f o r males and females 

based on 80 d i g i t a l non-summary t r a i t s . 

Table AP3;19to AP3:22 The component s c o r e s f o r males and females 

based on 32 palmar non-summary t r a i t s . 

6.2.1 The nature of o v e r a l l s t r u c t u r e : The evidence from 
p h e n e t i c d i s t a n c e s 

In order to f i n d out whether s i g n i f i c a n t c l u s t e r s are 

l i k e l y to e x i s t i n the data, Hiernaux adopted a technique f i r s t 

proposed by F l i g h t (1967), i n which the d i s t r i b u t i o n of a l l the 

d i s t a n c e s i n a matrix i s p l o t t e d . As Hiernaux points out: 

" i f the s c a t t e r of points i s random, the d i s t r i b u t i o n 
of the d i s t a n c e s w i l l be unimodal. I n the case of 
c l u s t e r i n g , on the c o n t r a r y t there wi11 be an excess 
of small or high d i s t a n c e s , and the d i s t r i b u t i o n w i l l 
be b i - or multi-modal." 

(Hiernaux 1972;105) 

Component s c o r e s f o r unrotated and r o t a t e d s o l u t i o n s . 
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Hiernaux found the d i s t r i b u t i o n of 5,050 d i s t a n c e s between 101 sub-

Saharan populations to be s t r o n g l y uni-modal, and he concluded that 

"there i s no evidence of a s y s t e m a t i c c l u s t e r i n g of p o i n t s " , (1972:105). 

The s i m p l i c i t y and e f f e c t i v e n e s s of t h i s method c l e a r l y 

commends i t f o r the a n a l y s i s t h a t f o l l o w s . However i t i s no more 

than a rough and p r e l i m i n a r y guide to the nature of the m u l t i v a r i a t e 

s t r u c t u r e i mplied i n the d i s t a n c e matrix. To begin w i t h , the 

p l o t t i n g of the d i s t r i b u t i o n i s to some extent an a r b i t r a r y procedure, 

as raw d i s t a n c e s tend to be r e l a t i v e l y unique. (That i s to say 

t h a t , f o r example, very few Ag d i s t a n c e s i n a matrix w i l l be, say, 

e x a c t l y 236). I n order to draw up a meaningful d i s t r i b u t i o n , the 

raw d i s t a n c e s must be pooled i n some way. To a s i g n i f i c a n t e x t e n t , 

the shape of the d i s t r i b u t i o n depends on the c r i t e r i o n of pooling. 

The l a r g e r the u n i t s of pooling, the more homogeneous the d i s t r i b u t i o n 

w i l l become, as the boundaries between antimodes are e r a d i c a t e d . 

The conventional p r a c t i s e of pooling i n u n i t s of f i v e s , or tends, 

f i f t i e s , hundred e t c . , i s a r b r i t r a r y and f a r from s a t i s f a c t o r y . 

N e v e r t h e l e s s , the e m p i r i c a l j u g g l i n g needed to overcome t h i s problem 

i s seldom worth the e f f o r t . 

The a p p l i c a t i o n of t h i s method to the four Ag m a t r i c e s 

(AP3:1 to 4) turned out to be s i m p l e r than a n t i c i p a t e d . The Ag 

program was amended to output the d i s t a n c e s s e q u e n t i a l l y one per l i n e 

i n t o a f i l e , which was then t r e a t e d as a normal SPSS data matrix. 

The d i s t a n c e s were then transformed u s i n g SPSS COMPUTE procedures. 

F i r s t l y , they were square rooted to obtain the true d i s t a n c e 

r a t h e r than the squared d i s t a n c e (Ag l i k e a l l d i s t a n c e measures i s 

a squared d i s t a n c e ) . Secondly, they were rounded o f f i n t o whole 
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numbers to produce " u n i t " s c o r e s . T h i r d l y , the square rooted 
d i s t a n c e s were d i v i d e d by ten and rounded o f f to produce pooled 
c a t e g o r i e s . F r e q u e n c i e s were then c a l c u l a t e d f o r the u n i t and 
pooled category s c o r e s , and the histograms were compared. I found 
th a t the d i s t r i b u t i o n s of the pooled category s c o r e s d i f f e r e d l i t t l e 
from those of the u n i t s c o r e s i n shape, though of course the u n i t 
s c o r e d i s t r i b u t e d was more f l a t t e n e d . I t h e r e f o r e decided to present 
the r e s u l t s of the category s c o r e s only, as t h i s i s the l e v e l of 
r e s o l u t i o n used by Hiernaux (1972:105). His graph of true 
d i s t a n c e s between 101 populations from sub-Saharan A f r i c a i s 
reproduced i n F i g u r e 6.1. I t should be noted t h a t h i s X a x i s 
l a b e l s cannot p o s s i b l y be the square root of d i s t a n c e s as he c l a i m s , 
as the squares of the numbers at the middle to upper end of the 
range exceed 10,000. F i n a l l y , my graphs are c a l c u l a t e d from 
percentages, not r e a l numbers, to permit an exact comparison of 
my four s e r i e s of d i s t a n c e s . 

The d i s t r i b u t i o n s f o r the male and female 

s e r i e s of d i s t a n c e s based on summary t r a i t s are given i n F i g u r e 6.2, 

and the e q u i v a l e n t f o r non-summary t r a i t s i n F i g u r e 6.3. The 

genera l shapes of a l l four d i s t r i b u t i o n s are almost i d e n t i c a l w i t h 

these of Hiernaux's d i s t r i b u t i o n , showing n e g a t i v e l y skewed unimodal 

c u r v e s . The presence of only one mode and the r e l a t i v e l y narrow 

spread of the m a j o r i t y of d i s t a n c e s e i t h e r s i d e of i t suggests a 

marked c e n t r a l tendency with an absence of c l u s t e r s . The rap i d 

r i s e to the mode t e s t i f i e s to the very small proportion of low 

d i s t a n c e s . The r a p i d f a l l from the mode at the p o s i t i v e end of 

the c u r v e , followed by a gradual and lengthy " t a i l i n g o f f " , p o i n t s 

to the e x i s t e n c e of a few populations t h a t have l a r g e d i s t a n c e s from 

the m a j o r i t y of the other populations, 
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A comparison of the four d e t a i l e d d i s t r i b u t i o n s ( F i g u r e s 

6.2 and 6,3) r e v e a l s some s u b t l e d i f f e r e n c e s between them. The two 

"summary" d i s t r i b u t i o n s f o r i n s t a n c e show a g r e a t e r range of 

d i s t a n c e s than the two "non summary" d i s t r i b u t i o n s , but p a r o d o x i c a l l y , 

a mode l o c a t e d at a much lower d i s t a n c e . (That i s to say, i n the 

summary d i s t r i b u t i o n s the d i s t a n c e s range from l e s s than 10 to 

seventy compared to l e s s than ten to f i f t y i n the non summary ones, 

w h i l e the summary modes l i e at a d i s t a n c e of 20 compared to 30 i n 

the non summary on e s ) . There are moreover, some d i f f e r e n c e s 

between the sexes i n the summary d i s t r i b u t i o n s , though not i n the 

non-summary ones. As F i g u r e 6.2 shows, the females e x h i b i t a more 

condensed c e n t r a l tendency around the mode which i s higher and more 

peaked than i n the males, and the " t a i l " of l a r g e d i s t a n c e s i s longer 

i n the females. Thus the summary t r a i t s s e r v e to homogenise 

d i s t a n c e s at the c e n t r e , and emphasise p e r i p h e r a l d i s t a n c e s , 

e s p e c i a l l y i n the females, compared to non summary t r a i t s . 

Owing to the a r b i t r a r y nature of pooling however, the 

trends manifest i n the p l o t t i n g of the d i s t r i b u t i o n of d i s t a n c e s 

cannot be t o t a l l y r e l i e d on. I n order to ob t a i n an a l t e r n a t i v e 

p e r s p e c t i v e , I decided to make use of d i s t a n c e s from the ce n t r e of 

the s c a t t e r of p o i n t s c a l c u l a t e d during p r i n c i p a l c o o r d i n a t e s 

a n a l y s i s . These are l i s t e d i n Tables AP3:5 to AP3:8 f o r the four 

d i s t a n c e s m a t r i c e s . The d i s t a n c e s from the c e n t r o i d are a l l i n 

Ag u n i t s c a l e s , d i r e c t l y e q u i v a l e n t to the squared d i s t a n c e s contained 

i n the b a s i c m a t r i c e s . The d i s t r i b u t i o n s of d i s t a n c e s from the 

cn e t r o i d were p l o t t e d as c i r c l e s r a d i a t i n g from the c e n t r a l point of 

the d i s t r i b u t i o n u s i n g a p r i v a t e program u t i l i s i n g GHOST s u b r o u t i n e s . 
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The r e s u l t i n g p l o t s are presented i n F i g u r e s 6.4 to 6,7 
for each s e r i e s of d i s t a n c e s . The r e s u l t s confirm the trends of the 
previous a n a l y s i s of histograms, but are a l o t c l e a r e r . F i r s t l y , 
i t i s n o t i c a b l e t h a t i n a l l four d i s t r i b u t i o n s there i s a marked 
c e n t r a l tendency with a m a j o r i t y of the samples r a d i a t i n g c l o s e to 
the c e n t r e . There i s no marked s e p a r a t i o n of very low d i s t a n c e s 
from the c e n t r o i d from the main c e n t r a l mass, but at the opposite 
extreme t h e r e e x i s t s a s m a l l number of samples t h a t l i e f a r from 
the c e n t r e and which are c l e a r l y i s o l a t e d from the c e n t r a l group. 
I t i s these t h a t obviously account f o r the " t a i l s " i n the histogram 
d i s t r i b u t i o n s . 

The non summary d i s t r i b u t i o n s show l i t t l e sex d i f f e r e n c e s 

i n shape, and are d i s t i n g u i s h e d from the summary ones by a) e x h i b i t i n g 

a much lower range of d i s t a n c e s , b) being more spread out from 

the c e n t r e and c ) demonstrating much lower d i s t a n c e s from the 

c e n t r a l mass to the extremes. The summary d i s t r i b u t i o n s however 

demonstrate a marked sex d i f f e r e n c e . The females are remarkable 

i n showing an extremely " t i g h t " c e n t r a l mass r e p r e s e n t i n g a m a j o r i t y 

of p o p u l a t i o n s , w h i l e at the same time the extremes are more 

separated than i n the males. 

F i n a l l y , i n the p l o t s I have s p e c i f i e d who the p e r i p h e r a l 

populations a r e . There i s a n o t i c e a b l e absence of concordance 

between the four p l o t s , e s p e c i a l l y between the males and females. 

Only one population, the Kony, l i e at the extremity on a l l four 

p l o t s . T h i s p a t t e r n of discordance i s f u r t h e r evidence of 

s i g n i f i c a n t o v e r a l l complexity of s t r u c t u r e . (The p r e c i s e s i g n i f i c a n c e 

of these i s o l a t e s w i l l be d i s c u s s e d l a t e r ) . 
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6.2,2 The nature of o v e r a l l s t r u c t u r e : f u r t h e r evidence from 
p r i n c i p a l component s c o r e s 

Before d i s c u s s i n g the s i g n i f i c a n c e of the f i n d i n g s i n 

6.2.1, I wish to d e p i c t o v e r a l l s t r u c t u r e from a d i f f e r e n t angle. 

One could argue f o r i n s t a n c e , t h a t as the preceding d i s t r i b u t i o n s 

are based on the same type of t e c h n i c a l r e s u l t s ( i . e . Ag d i s t a n c e s ) , 

they might w e l l p resent a d i s t o r t e d p i c t u r e , i n p a r t i c u l a r as the 

a t t r i b u t e s are no d e c o r r e l a t e d i n the c a l c u l a t i o n of the d i s t a n c e s . 

The use of p r i n c i p a l component s c o r e s provides an a l t e r n a t i v e approach 

p i c t u r i n g s t r u c t u r e i n terras of r o t a t e d d e c o r r e l a t e d components. 

The p r i n c i p a l component s c o r e s as they are presented i n 

Tables AP3:9 to Ap3;22 c l o s e l y resemble u n i v a r i a t e v a r i a b l e s i n 

format. Each component emphasises the v a r i a t i o n of only those 

raw a t t r i b u t e s t h a t weigh s i g n i f i c a n t l y on i t . Each d i f f e r e n t 

component thus only r e l a t e s to a p a r t i c u l a r aspect of the t o t a l 

v a r i a t i o n . I n order to p i c t u r e o v e r a l l s t r u c t u r e , i t i s n e c e s s a r y 

to somehow combine a l l components t h a t r e s u l t from a p a r t i c u l a r 

a n a l y s i s . 

I r e s o l v e d t h i s problem through regarding i t p r i m a r i l y as 

a g r a p h i c a l r a t h e r than a computational problem. The component 

s c o r e s possess an e s s e n t i a l property: they are a l l s t a n d a r d i s e d 

s c o r e s whichare on the same s c a l e of measurement from component to 

component. In order to p i c t u r e o v e r a l l s t r u c t u r e t h e r e f o r e , a l l 

that needs to be done i s to l i n k the s c o r e s of each population 

by a s t r a i g h t l i n e on a graph with the number of the component on 

the X a x i s and the range of s c o r e s on the V a x i s . The r e s u l t a n t 

p l o t w i l l thus c o n s i s t of a s e r i e s of l i n e s l i n k i n g components t 

each l i n e r e p r e s e n t i n g a population or sample. I f c l u s t e r s e x i s t , 
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t h e p a t t e r n o f l i n e s w i l l c o n s i s t o f a s e r i e s o f s e p a r a t e d bands 
of z i g - z a g l i n e s , r i s i n g and f a l l i n g t o g e t h e r , each band b e i n g a 
c l u s t e r . O v e r l a p p i n g b u t n e v e r t h e l e s s d i s c e r n a b l e c l u s t e r s w i l l 
m a n i f e s t themselves as dense bands s e p a r a t e d by l e s s dense webs o f 
l i n e s a t t h e b o u n d a r i e s . An absence o f c l u s t e r i n g w i l l show i t s e l f 
as an u n t i d y mess o f c r i s s - c r o s s i n g l i n e s . ( 1 ) 

One l i m i t a t i o n o f t h i s g r a p h i c a l method i s t h a t i t i s 

i m p r a c t i c a l t o p i c t u r e more t h a n a l i m i t e d number o f components on 

a s i n g l e g r a p h . T h i s means t h a t i t i s n o t r e a l l y f e a s i b l e t o 

p r e s e n t a l l 28 d i g i t a l and palmar non summary components. Not t o 

do so however, would mean t h a t o n l y a p o r t i o n o f t h e t o t a l v a r i a t i o n 

w ould appear on a s i n g l e g r a p h . A p i l o t r u n on t h e males however, 

r e v e a l e d t h a t t h e g e n e r a l s t r u c t u r e was n o t r a d i c a l l y d i f f e r e n t f r o m 

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

o n l y p l o t s o f summary d i s t r i b u t i o n i n t h i s a n a l y s i s . 

The r e s u l t s t h e n c o n s i s t o f t h r e e p l o t s , The f i r s t d e p i c t s 

t h e most complete p i c t u r e o f o v e r a l l s t r u c t u r e , b e i n g based on t h e 

u n r o t a t e d component s c o r e s produced f r o m t h e a n a l y s i s o f 52 male and 

f emale t r a i t s (see Chapter 5 . 3 ) . The second and t h i r d a r e based on 

u n r o t a t e d component s c o r e s f o r i n d e pendent male and f e m a l e s e r i e s 

based on t w e n t y s i x summary t r a i t s . The graphs were p l o t t e d u s i n g 

p r i v a t e programs u s i n g GHOST s u b - r o u t i n e s . 

( 1 ) T h i s g r a p h i c a l method i s an u n s o p h i s t i c a t e d and b a s i c 
v e r s i o n o f Andrews p l o t s (Andrews 1972), i l l u s t r a t e d 
by E v e r i t t (1978:81-87) on Mahalonobis e t . a l . (1949) 
I n d i a n d a t a . A l t h o u g h E v e r i t t s e n t me a program t o 
c a l c u l a t e and graph Andrews p l o t s , i t p r oved 
i n c o m p a t i b l e w i t h t h e g r a p h i c a l p r o c e d u r e s i n use a t 
t h e U n i v e r s i t y o f S t i r l i n g ' s computer, and p r o v e d t o o 
d i f f i c u l t t o adapt w i t h t h e t i m e a t my d i s p o s a l , 
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The t h r e e d i s t r i b u t i o n s ( F i g u r e s 6.8 t o 6.10) r e v e a l a 
marked absence o f d i s t i n c t bands. The l i n e s a r e r a t h e r i n t e r w o v e n 
r e s e m b l i n g an u n t i d y web. The g r e a t e s t c o n c e n t r a t i o n o f p o i n t s on 
each component i s a t t h e c e n t r a l p o r t i o n o f t h e range, a l t h o u g h some 
m u l t i - m o d a l i t y i s i n e v i d e n c e by gaps between c o n c e n t r a t i o n o f p o i n t s . 
I t s h o u l d a l s o be n o t e d t h a t few p o p u l a t i o n s r u n a c r o s s t h e c e n t r a l 
areas on a l l components. The u s u a l p a t t e r n i s one o f e i t h e r a 
z i g zag f r o m p e r i p h e r y t o c e n t r e o f c o n v e r s e l y f r o m c e n t r e t o 
p e r i p h e r y , and f r o m p e r i p h e r y t o t h e o p p o s i t e extreme. The o u t e r m o s t 
p o i n t s on each component a r e few and r e p r e s e n t i s o l a t e s . No 
sample however runs c o n s i s t e n t l y f r o m e x t r e m i t y t o e x t r e m i t y . 

A comparison o f t h e male and female p l o t s a l s o shows 

ev i d e n c e o f t h e t r e n d observed i n t h e p r e v i o u s a n a l y s e s based on 

d i s t a n c e s , t h a t t h e females e x h i b i t a s t r o n g e r c e n t r a l tendency 

i n t h e s c a t t e r o f p o i n t s . I n F i g u r e 6.10 t h i s can be seen as a 

t h i c k e r band o f l i n e s near t h e c e n t r e . Extreme p o i n t s i n d i c a t i n g 

o u t l y i n g p o p u l a t i o n s a r e n o t as pronounced r e l a t i v e t o males as 

th e y a r e i n t h e p r e v i o u s d i s t r i b u t i o n s f r o m t h e a n a l y s i s o f d i s t a n c e s . 

6.2.3 D i s c u s s i o n 

The p r i n c i p a l c o n c l u s i o n t o be drawn from t h e a n l y s e s 

i n 6.2.1 and 6.2.2 i s t h a t t h e r e s u l t s a r e c o n s i s t e n t w i t h H i e r n a u x ' s 

(1972) f i n d i n g s on t h e p a t t e r n o f d i f f e r e n t i a t i o n i n sub-Saharan 

p o p u l a t i o n s w h i c h were based on a much w i d e r v a r i e t y o f a t t r i b u t e s . 

The s t r u c t u r e h e r e , l i k e t h a t observed by H i e r n a u x , resembles a 

mosaic r a t h e r than a s e r i e s o f d i s t i n c t c l u s t e r s . Moreover, i t i s 

a l s o p o s s i b l e t o i n f e r f r o m t h e s t r o n g c e n t r a l tendency o f t h e 

d i s t r i b u t i o n s and t h e r e l a t i v e r a r i t y o f v e r y s m a l l and v e r y l a r g e 



d i s t a n c e s t h a t o v e r a l l m u l t i v a r i a t e c l i n e s are n o t a p p a r e n t i n t h e 

s t r u c t u r e . T h i s does n o t mean t h a t c l i n e s are t o t a l l y absent. 

For i n s t a n c e t h e y c o u l d be i n e v i d e n c e between p o p u l a t i o n s f r o m 

r e s t r i c t e d l o c a l i t i e s o r zones. A l l t h a t t h e p r e s e n t r e s u l t s show 

i s t h a t m a c r o - c l i n e s i n v o l v i n g m a j o r i t y o f p o p u l a t i o n s (such as 

e a s t t o west o r n o r t h t o s o u t h g r a d i e n t s ) a r e n o t p r e s e n t . 

The a n a l y s i s o f s t r u c t u r e based on d i s t a n c e s d emonstrates 

a s t r o n g u nimodal c e n t r a l n e t w o r k o f r e l a t i o n s h i p s w i t h a few 

s e p a r a t e d p e r i p h e r a l p o i n t s . T h i s i n d i c a t e s r e l a t i v e homogeneity 

i n t h e c e n t r a l swarm and t h e presence o f a few i s o l a t e d p o p u l a t i o n s . 

The a n a l y s i s o f PCA s c o r e s however, q u a l i f i e s t h i s p i c t u r e , The 

i s o l a t e s i n r e a l i t y a r e extreme on r e l a t i v e l y few components. The 

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

w e i g h t i n g o f raw a t t r i b u t e s i n t h e p r i n c i p a l components and d i s t a n c e 

approaches. I n t h e c a l c u l a t i o n o f Ag d i s t a n c e s a t t r i b u t e s a r e 

n o t d e c o r r e l a t e d . Thus f o r example, extreme raw s c o r e s f o r 

a t t r i b u t e s such as r a d i a l r i d g e count w i l l be r e p l i c a t e d t o a 

v a r y i n g b u t s i g n i f i c a n t e x t e n t i n a l a r g e range o f o t h e r d i g i t a l 

a t t r i b u t e s such as u l n a r r i d g e c o u n t s , d i g i t a l p a t t e r n i n t e n s i t y , 

w h o r l s arches and l o o p s . Moderate raw scores on o t h e r u n r e l a t e d 

a t t r i b u t e s such as palmar a t t r i b u t e s w i l l n o t compensate f o r t h e 

heavy w e i g h t i n g o f t h e extreme d i g i t a l s c o r e s . The p o p u l a t i o n 

a f f e c t e d w i l l t h u s have l a r g e d i s t a n c e s f r o m o t h e r p o p u l a t i o n s and 

w i 1 1 appear as a c l e a r i s o l a t e . I n t h e p r i n c i p a l components 

a n a l y s i s however, extreme s c o r e s on t h e l a r g e range o f d i g i t a l 

a t t r i b u t e s w i l l produce a heavy s c o r e on o n l y one o r two d i g i t a l 

components when t h e a t t r i b u t e s are d e c o r r e l a t e d . The a n a l y s i s o f 
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p r i n c i p a l component s c o r e s i n t r o d u c e s a c a u t i o n a r y n o t e i n t o any 
a t t e m p t t o e x p l a i n t h e i s o l a t e s i n terms o f d r i f t . I t shows t h a t 
t h e f undamental q u e s t i o n t h a t s h o u l d be asked i s n o t why t h e 
p o p u l a t i o n i s i s o l a t e d , b u t by r a t h e r why i t e x h i b i t s extreme v a l u e s 
on s p e c i f i c components. 

F i n a l l y , as I have a l r e a d y remarked, t h e d i s t r i b u t i o n s o f 

d i s t a n c e s show d i f f e r e n c e s a) between t h e s e r i e s based on summary 

t r a i t s compared t o th o s e based on non-summary ones and b) i n t h e 

case o f t h e summary d i s t r i b u t i o n s , between t h e males and f e m a l e s . 

The g r e a t e r homogeneity o f samples a t t h e c e n t r e o f t h e d i s t r i b u t i o n 

o f d i s t a n c e s based on summary t r a i t s , p a r t i c u l a r l y i n t h e f e m a l e s , 

i s a p a r t i c u l a r l y p u z z l i n g t r e n d . One would e x p e c t t h e d i s t r i b u t i o n s 

o f t h e summary s e r i e s t o be more homogeneous a t t h e c e n t r e and 

more i s o l a t e d a t t h e e x t r e m i t i e s , because o f t h e g r e a t e r s t a b i l i t y 

o f t h e summary t r a i t s r e g a r d i n g sample s i z e . I n o t h e r words, t r u e 

b i o l o g i c a l d i r e c t i o n a l t r e n d s would be ex p e c t e d t o be emphasised i n 

t h e summary d i s t a n c e s . Thus f o r i n s t a n c e s i m i l a r p o p u l a t i o n s s h o u l d 

become more homogeneous as random f l u c t u a t i o n l e s s e n s and 

c o r r e s p o n d i n g l y d i s s i m i l a r p o p u l a t i o n s , more d i s t a n t . T h i s 

h y p o t h e s i s however i s c o n t r a d i c t e d when one compares t h e males and 

females "summary" d i s t r i b u t i o n s . The male sample s i z e s a re 

s i g n i f i c a n t l y l a r g e r t h a n t h e f e m a l e s , y e t i t i s t h e females who show 

th e most condensed homogeneous r e l a t i o n s h i p s a t t h e c e n t r e and t h e 

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

complex r e l a t i o n s h i p s between t h e male and female s e r i e s i n t h i s 

s t u d y . 
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6.3 D e t a i l e d m u l t i v a r i a t e r e l a t i o n s h i p s between p o p u l a t i o n 
samples 

6.3.1 I n t r o d u c t i o n 

So f a r , t h e d e s c r i p t i v e a n a l y s i s has shown not o n l y t h a t 

t h e r e i s c o n s i d e r a b l e taxonomic d i s c o r d a n c e i n p a t t e r n s o f 

d i f f e r e n t i a t i o n between p h e n e t i c a l l y u n r e l a t e d a t t r i b u t e s , b u t a l s o 

t h a t , p r o b a b l y as a r e s u l t o f t h i s , t h e o v e r a l l s t r u c t u r e i s o f a 

n a t u r e t h a t does n o t c o n t a i n any m a j o r c l u s t e r s o r c l i n e s . A c c o r d i n g 

t o H i e r n a u x , t h i s t y p e o f d i f f e r e n t i a t i o n i s i n c o m p a t i b l e w i t h i n q u i r y 

t h a t seeks t o a p p l y a taxonomic o r p h y l o g e n e t i c i n t e r p r e t a t i o n on 

t h e d a t a . He emphasises however, t h a t a non-taxonomic approach 

can be p r o f i t a b l e i n h e l p i n g t o "shed l i g h t on t h e e v o l u t i o n a r y 

p rocesses w h i c h l e d t o t h e p r e s e n t d i v e r s i t y . " ( H i e r n a u x 1972:110). 

I n a p p l y i n g t h e non-taxonomic approach t o t h e a n a l y s i s o f 

t h e sub-Saharan d a t a , b o t h H i e r n a u x (1972) and R i g h t m i r e (19 76) 

have e x p l o r e d t h e p o s s i b i l i t i e s o f f u r t h e r a n a l y s i n g t h e b a s i c Ag 

m a t r i x o f d i s t a n c e s t h r o u g h t h e a p p l i c a t i o n o f o r d i n a t i o n t e c h n i q u e s . 

Thus H i e r n a u x (1972) a p p l i e d p r i n c i p a l c o o r d i n a t e s a n a l y s i s t o t h e 

d i s t a n c e s between 15 Kivu/Rwanda p o p u l a t i o n s , and R i g h t m i r e (19 76) 

a p p l i e d n o n - m e t r i c m u l t i d i m e n s i o n a l s c a l i n g t o a s e t o f d i s t a n c e s 

between a w i d e r s e l e c t i o n o f 60 o f H i e r n a u x ' s o r i g i n a l 101 
a 

p o p u l a t i o n s ( H i e r n a u x 1968). 

The r a t i o n a l e f o r a p p l y i n g o r d i n a t i o n a n a l y s i s i s t h a t 

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

t h e most d e t a i l e d and complete p i c t u r e o f m u l t i v a r i a t e r e l a t i o n s h i p s , 

t hey n e v e r t h e l e s s c o n t a i n "much more i n f o r m a t i o n than can be d i g e s t e d 

t h r o u g h s i m p l e i n s p e c t i o n , " ( R i g h t m i r e 1976:445). I n a more 
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a b s t r a c t sense t h e d i s t a n c e s can be viewed as p o i n t s s c a t t e r e d i n 

m u l t i d i m e n s i o n a l g e o m e t r i c space. The purpose o f o r d i n a t i o n i s t o 

" r e p r e s e n t t h e m u l t i d i m e n s i o n a l s c a t t e r i n a space o f any d e s i r e d 

low number o f d i m e n s i o n s " , ( H i e r n a u x 1972:103). The fewer t h e 

dimensions t h a t t h e d a t a can be condensed t o , t h e e a s i e r i t becomes 

t o d i s c e r n and i n t e r p r e t t r e n d s . A most e f f e c t i v e d e m o n s t r a t i o n 

o f t h e power o f o r d i n a t i o n a n a l y s i s i s g i v e n by E v e r i t t ( 1 9 7 8 ) . He 

a p p l i e d p r i n c i p a l c o o r d i n a t e s a n a l y s i s t o a m a t r i x o f r e a l g e o g r a p h i c a l 

d i s t a n c e s between 48 B r i t i s h c i t i e s . When t h i s complex and 

i n d i g e s t i b l e s c a t t e r o f d i s t a n c e s was reduced t o a low number o f 

di m e n s i o n s , and t h e f i r s t two p r i n c i p a l v e c t o r s were p l o t t e d as a 

s c a t t e r d i a g r a m , t h e r e s u l t i n g c o n f i g u r a t i o n was a c l o s e a p p r o x i m a t i o n 

t o t h e map o f t h e B r i t i s h I s l e s , ( E v e r i t t 1978:20). 

From t h e e x a m i n a t i o n o f t h e way p o p u l a t i o n p o i n t s s c a t t e r 

a t a few dimensions b o t h H i e r n a u x and R i g h t m i r e have i n v e s t i g a t e d 

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

areas examined, i n c l u d i n g t h e d e d u c t i o n o f z o n a l c l i n e s , common 

a n c e s t r y , r e c o g n i t i o n o f i s o l a t e s and r e l a t i n g l i n g u i s t i c and 

b i o l o g i c a l a f f i n i t y . R i g h t m i r e i n p a r t i c u l a r p r e s e n t s a v e r y 

d e t a i l e d a n a l y s i s o f t h e i m p l i c a t i o n s o f t h e observed s c a t t e r o f 

p o p u l a t i o n s a t I , I I , and I I I n o n - m e t r i c a l l y s c a l e d d i m e n s i o n s , 

( R i g h t m i r e 1976). 

From t h e ev i d e n c e o f p r e c e d e n t s , t h e r e f o r e , i t seems t h a t 

o r d i n a t i o n a n a l y s i s i s an e s s e n t i a l approach. Given t h a t t h e 

b a s i c o v e r a l l s t r u c t u r e o f d i f f e r e n t i a t i o n i s here v e r y s i m i l a r t o 

t h a t p i c t u r e d by H i e r n a u x , one s h o u l d e x p e c t t h a t t h e e x a m i n a t i o n 

o f t h e low d i m e n s i o n a l s c a t t e r o f p o i n t s i s g o i n g t o be as i l l u m i n a t i n g 



i n t h e p r e s e n t s t u d y as i t has a p p a r e n t l y been f o r H i e r n a u x and 

R i g h t m i r e , 

I have however some r e s e r v a t i o n s . F i r s t l y , t h e r e i s t h e 

problem t h a t i n r e d u c i n g t h e s c a t t e r o f p o i n t s t o few dimensions t 

c o n s i d e r a b l e d i s t o r t i o n can r e s u l t . I n a p p l y i n g n o n - m e t r i c 

m u l t i d i m e n s i o n a l s c a l i n g , d i s t o r t i o n can be r e a d i l y assessed t h r o u g h 

K r u s k a l ' s measure o f s t r e s s w h i c h can be i n t e r p r e t e d on a s c a l e o f 

adequacy ( K r u s k a l 1964). S i m i l a r l y , i n p r i n c i p a l c o o r d i n a t e s 

a n a l y s i s t h e amount o f v a r i a n c e accounted f o r by t h e f i r s t few 

d i m e n s i o n s can be viewed as an i n d i c a t i o n o f t h e power o f t h e low 

d i m e n s i o n a l s o l u t i o n . The i m p l i c a t i o n s o f s t r e s s however, a re 

never d w e l t upon i n a n t h r o p o l o g i c a l i n v e s t i g a t i o n s . I have f o r 

i n s t a n c e , n o t come a c r o s s a s t u d y w h i c h s t a t e s t h a t t h e s t r e s s o r 

d i s t o r t i o n found was " u n n a c c e p t a b l e " f o r t h e o b j e c t i v e i n t e r p r e t a t i o n 

o f t h e low d i m e n s i o n a l s o l u t i o n . The q u e s t i o n o f what i s a c t u a l l y 

b e i n g r e p r e s e n t e d by t h e f i r s t few dimensions when d i s t o r t i o n i s 

h i g h i s y e t t o be s e r i o u s l y t a c k l e d . 

Secondly, t h e r e i s t h e pr o b l e m o f d i f f e r e n t s o l u t i o n s 

g i v e n by v a r i o u s o r d i n a t i o n t e c h n i q u e s . When d i s t o r t i o n i s low 

(as i n t h e E v e r i t t example g i v e n e a r l i e r , where over 90 p e r c e n t 

o f t h e v a r i a n c e was accounted f o r by t h e f i r s t two v e c t o r s ) 

d i f f e r e n t t e c h n i q u e s w i l l u s u a l l y g i v e v e r y s i m i l a r r e s u l t s . When 

d i s t o r t i o n i s s i g n i f i c a n t however, i t i s g e n e r a l l y t h e case t h a t 

s o l u t i o n s f r o m d i f f e r i n g o r d i n a t i o n t e c h n i q u e s w i l l o f t e n d i f f e r 

r a d i c a l l y f r o m one a n o t h e r . Which i s one t o b e l i e v e , t h e o r d i n a t i o n 

o f d i s c r i m i n a n t f u n c t i o n s , p r i n c i p a l components ( r o t a t e d o r u n r o t a t e d ) , 

p r i n c i p a l c o o r d i n a t e v e c t o r s o r non m e t r i c a l l y s c a l e d v e c t o r s ? I n 
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a d d i t i o n , t h e r e i s t h e p o s s i b i l i t y t h a t male and fem a l e s e r i e s w i l l 
n o t be c o n c o r d a n t i n t h e i r low d i m e n s i o n a l r e p r e s e n t a t i o n . Even 
s u b t l e d i f f e r e n c e s between t h e s e p o s s i b l e s o l u t i o n s a r e d e t r i m e n t a l 
t o o b j e c t i v e i n t e r p r e t a t i o n . 

I t a k e t h e view t h a t b e f o r e one can s t a r t i n t e r p r e t i n g 

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

hypotheses t h a t seek t o e x p l a i n t h e observed d i f f e r e n t i a t i o n , i t 

i s necessary t o assess how f a r s o l u t i o n s as g i v e n by d i f f e r e n t 

t e c h n i q u e s and between males and females a r e c o n c o r d a n t . I f 

s u f f i c i e n t concordance i s n o t f o r t h c o m i n g , t h e n i t i s p o i n t l e s s 

t o a t t a c h t o o much credence t o t h e r e s u l t s o f such p r o c e d u r e s . 

6.3.2 A n a l y s i s 

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

t h e p o s s i b i l i t i e s o f s e v e r a l o r d i n a t i o n and c l u s t e r i n g t e c h n i q u e s . 

The Ag m a t r i c e s o f d i s t a n c e s were s u b j e c t e d t o p r i n c i p a l c o o r d i n a t e s 

a n a l y s i s , and t o Ward's h i e r a r c h i c a l c l u s t e r i n g . Secondly, component 

s c o r e s f o r a l l p r i n c i p a l components an a l y s e s d e s c r i b e d i n Chapter 

5.3, b o t h f o r t h e r o t a t e d and u n r o t a t e d s o l u t i o n s were produced. 

For each a n a l y s i s , t h e PCO v e c t o r s and PCA components were 

g r a p h i c a l l y o r d i n a t e d u s i n g p r i v a t e g r a p h i c a l programs u t i l i s i n g 

GHOST s u b r o u t i n e s . A l l p e r m u t a t i o n s were o b t a i n e d f o r t h e f i r s t 

f o u r v e c t o r s o r components i n each a n a l y s i s ( e . g . v e c t o r 1 vs 2, 

1 vs 3, 1 vs 4, 2 vs 3, 2 vs 4, 3 vs 4 ) . 

A l l t h e s e p e r m u t a t i o n s r e s u l t e d i n 108 s c a t t e r graphs 

(each a low d i m e n s i o n a l s o l u t i o n ) and 4 Ward's c l u s t e r diagrams 

(one f o r each male and fem a l e Ag m a t r i x based on summary and non 

summary a t t r i b u t e s ) . F u r t h e r m o r e , I e x p e r i m e n t e d w i t h t h r e e 



d i m e n s i o n a l g r a p h i c a l r e p r e s e n t a t i o n s o f t h e f i r s t 3 PCO v e c t o r s f o r 

each male and female a n a l y s i s based on 26 summary a t t r i b u t e s . The 

t h r e e d i m e n s i o n a l graphs were produced u s i n g PLUTO, a program 

d e v i s e d by c h e m i s t s t o p o r t r a y 3 - D m o l e c u l a r s t r u c t u r e s . Even 

t h i s condensed p r o c e d u r e however, was p r o l i f i c i n i t s o u t p u t , as 

each 3r-D s o l u t i o n can be viewed f r o m many a n g l e s (above, below, X, Y 

o r Z a x i s e t c ) . Moreover, w i t h 57 male and 53 f e m a l e samples t h e 

graphs were messy, and c o m p l i c a t e d c e n t r a l c l u s t e r s had t o be 

m a g n i f i e d and r e p r o d u c e d i n d i v i d u a l l y . Most o f t h e s e c o m b i n a t i o n s 

were l o o k e d a t i n t e r a c t i v e l y on a TEKTRONIX VDU, and no h a r d copy 

was made. 

I t i s e v i d e n t f r o m t h i s r e v i e w o f r e s u l t s t h a t i t i s 

p o s s i b l e t o produce a v a s t a r r a y o f d i f f e r e n t low d i m e n s i o n a l 

g r a p h i c a l s o l u t i o n s , each graph g i v i n g a u n i q u e r e p r e s e n t a t i o n o f 

t h e o r d e r i n g o f p o p u l a t i o n p o i n t s f o r th o s e dimensions c o n s i d e r e d . 

A sample o f th e s e graphs i s p r e s e n t e d i n F i g u r e 6.11 t o 6.28. An 

i n s p e c t i o n o f t h e graphs r e v e a l s g e n e r a l concordance i n o n l y a v e r y 

few areas i n t h e extreme p e r i p h e r i e s . Thus f o r example, t h e Kony 

(pop 13) are extreme on t h e f i r s t d i m e n s i o n i n b o t h male and female 

s e r i e s i n b o t h PCO and PCA s o l u t i o n s , b u t a r e n o t s t r o n g l y 

d i f f e r e n t i a t e d i n o t h e r d i m e n s i o n s . The Digo (59) a r e v e r y extreme 

i n t h e females a t t h e o p p o s i t e p o l a r i t y t o t h e Kony i n t h e f e m a l e s , 

b u t a r e n o t extreme i n t h e males. The Somali ( 1 ) , R e n d i l l e (2), 

Gabbra ( 3 ) , B u r j i (7) and Samburu (8) occupy t h e same g e n e r a l areas 

i n t h e f i r s t two dimensions o f b o t h male and female PCO and PCA 

s o l u t i o n s . On t h e whole however, t h e r e i s marked d i s c o r d a n c e i n 

t h e o r d e r i n g and s c a t t e r o f s p e c i f i c p o p u l a t i o n s a t d i f f e r e n t 
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dimensions and s o l u t i o n s . Even c o n c e n t r a t i n g on the o r d i n a t i o n o f 

the f i r s t two v e c t o r s or components ( w h i c h account f o r t h e l a r g e s t 

p o r t i o n o f v a r i a n c e ) , t h e r e i s marked l a c k o f concordance p a r t i c u l a r l y 

between male and female c o n f i g u r a t i o n s . 

For i n s t a n c e , i n t h e male PCO a n a l y s i s on t h e d i s t a n c e 

m a t r i x based on 26 summary t r a i t s v e c t o r 1 vs v e c t o r 2 ( F i g u r e 6,11) 

( i n s h o r t male P C 0 ( 2 6 ) v l : v 2 ) , t h e r e i s a t i g h t c l u s t e r a t t h e l o w e r 

m i d d l e p o r t i o n o f t h e graph c o n s i s t i n g o f pops 34, 52, 22 and 57. 

I n male P C O ( l l O ) v l : v 2 ( F i g u r e 6.17), t h e t i g h t c l u s t e r d i s a p p e a r s , 

a l t h o u g h t h e p o p u l a t i o n s s t i l l s c a t t e r i n t h e same r e l a t i v e a r ea 

of t h e g r a p h . I n c o n t r a s t i n b o t h f e m a l e P C 0 ( 2 6 ) v l : v 2 ( F i g u r e 6,14), 

the female P C O ( l l O ) v l ; v 2 ( F i g u r e 6.20), t h e p o p u l a t i o n s i n the above 

male c o n f i g u r a t i o n s t h a t c l u s t e r c l o s e l y are c o m p l e t e l y d i s p e r s e d . 

T h i s d i s c o r d a n c e between d i f f e r e n t s o l u t i o n s i s t y p i c a l fo,r a 

m a j o r i t y o f seeming c l u s t e r s on i n d i v i d u a l g r a p h s , e s p e c i a l l y 

f o r those p o p u l a t i o n s i n t h e c e n t r a l a r ea o f t h e graphs which a r e 

l e a s t d i s c r i m i n a t e d . 

I t became o b v i o u s w h i l e I t r i e d t o make sense o f t h i s 

w e a l t h o f d i f f e r e n t d i s c o r d a n t c o n f i g u r a t i o n s , t h a t a more o b j e c t i v e 

method o t h e r t h a n d i r e c t i n s p e c t i o n was needed t o compare t h e 

a f f i n i t i e s o f p o p u l a t i o n s on d i f f e r e n t v e c t o r s and components from 

male and female and summary and non-summary a t t r i b u t e s e r i e s . I 

assessed d i s c o r d a n c e by c a l c u l a t i n g Spearman rank o r d e r c o r r e l a t i o n s 

between a l 1 c o m b i n a t i o n s o f : 

a) The f i r s t t h r e e PCO v e c t o r s f r o m analyses based on b o t h 

summary and non summary a t t r i b u t e s males and f e m a l e s : ( P C 0 ( 2 6 ) v l t o v3; 

P C 0 ( 1 1 0 ) v l t o v3; males and f e m a l e s ) . 



b) U n r o t a t e d component s c o r e s f o r t h e s i x s i g n i f i c a n t 

components d e r i v e d f r o m PCA an a l y s e s based on summary t r a i t s (males 

and f e m a l e s ) as d e s c r i b e d i n Chapter 5.3 (UNCI t o UNC6 f o r each s e x ) . 

c) The e q u i v a l e n t o f ( b ) f o r r o t a t e d component s c o r e s , 

( C I t o C6 f o r each s e x ) . 

These v e c t o r s and components were chosen t o p r o v i d e a 

r e p r e s e n t a t i v e p i c t u r e o f p o s s i b l e d i s c o r d a n c e w i t h i n and between 

t h e methods o f o r d i n a t i o n . I t would have been a v e r y l e n g t h y 

e x e r c i s e t o have i n t e r - c o r r e l a t e d a l l v e c t o r s and components f o r 

b o t h summary and non summary a t t r i b u t e s . 

The r e s u l t s c o n t a i n i n g i n t e r - c o r r e l a t i o n s f o r 36 v a r i a b l e s 

(3 PCO v e c t o r s f o r summary t r a i t s , 3 PCO v e c t o r s f o r non summary 

t r a i t s , 6 r o t a t e d and 6 u n r o t a t e d PCA component s c o r e s f o r summary 

t r a i t s o n l y , d o u b l e d f o r t h e male and female s e r i e s ) n e v e r t h e l e s s 

t a k e up t o o much space t o r e p o r t i n f u l l . They are however, 

summarised i n T a b l e 6.1. I t s h o u l d be c a r e f u l l y n o t e d t h a t a l l 

u n s p e c i f i e d c o m b i n a t i o n s e x h i b i t v e r y low c o r r e l a t i o n s , 

i ) I n t r a - s e x c o r r e l a t i o n s between PCO v e c t o r s f r o m d i s t a n c e s 
based on 26 summary (PC026) and 110 non summary (PC0110) 
a t t r i b u t e s 

I n b o t h sexes P C 0 ( 2 6 ) v l c o r r e l a t e s v e r y h i g h l y w i t h PCO 

( 1 1 0 ) v l ( n e a r l y 0 . 9 ) . I n o t h e r words i n s p i t e o f t h e f a c t t h a t 

P C 0 ( 2 6 ) v l accounts f o r t w i c e as much o f t h e v a r i a n c e (c40%) as 

P C 0 ( 1 1 0 ) v l ( c 2 0 % ) i n b o t h sexes, t h e r e l a t i v e o r d e r i n g o f p o p u l a t i o n 

i s v e r y s i m i l a r . Only 20 per c e n t o f t h e v a r i a n c e between t h e 

v e c t o r s i s n o t i n common, T h i s however i s enough t o produce 

s u b t l e d i f f e r e n c e s i n the o r d i n a t e d graphs. 
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I n c o n t r a s t , t h e r e i s l e s s concordance between PC0(26)v2 and 
v3 and PC0(110)v2 and v3, I n t h e females moreover, PCO(26)v2 i s 
n o t e q u i v a l e n t t o PCO(110)v2 b u t t o PC0(110)v3 and c o n v e r s e l y 
PC0(26)v3 i s e q u i v a l e n t t o PC0(110)v2. There i s a c r o s s o v e r i n t h e 
females b u t n o t i n t h e males. I n b o t h sexes however, i t i s 
PC0(26)v2 t h a t shows t h e l o w e s t c o r r e l a t i o n w i t h i t s e q u i v a l e n t 
( o n l y 0.5 i n the males and -0.5 i n t h e f e m a l e s ) , w h i l e PCO(26)v3 
c o r r e l a t e s h i g h e r a t -0.7 i n t h e males and 0.7 i n t h e f e m a l e s . 
When graphs between v l and v2, 1 and 3 e t c . , a r e p l o t t e d , i t i s 
th u s n o t s u r p r i s i n g t h a t s i g n i f i c a n t d i f f e r e n c e s e x i s t i n t h e 
c o n f i g u r a t i o n s between t h e summary and non summary s e r i e s as t h e 
combined e f f e c t s o f the l a c k o f concordance between each p a i r o f 
v e c t o r s i s c o n s i d e r a b l e . N e v e r t h e l e s s , t h e r e i s s u f f i c i e n t 
concordance t o p e r m i t the d i s c e r n m e n t o f broad s i m i l a r i t i e s between 
t h e two s e r i e s . 

i i ) I n t r a - s e x c o r r e l a t i o n s between PCO v e c t o r s and u n r o t a t e d 
component scores (UNCI t o UNC6). 

I n t h i s s e c t i o n , I s h a l l c o n c e n t r a t e on comparing t h e 

u n r o t a t e d components j u s t w i t h t h e PC0(26) v e c t o r s as b o t h t y p e s 

o f s o l u t i o n a re based on t h e same d a t a (summary a t t r i b u t e s ) . The 

r e l a t i o n s h i p s between UNCI t o UNC6 and PCO(llO) v e c t o r s a re moderate 

and complex, exc e p t f o r t h e f i r s t components and v e c t o r s , as can be 

seen i n Table 6.1 

There i s almost t o t a l concordance between P C 0 ( 2 6 ) v l and 

UNCI a p p r o a c h i n g u n i t y i n b o t h sexes. Concordance f o r v e c t o r s 2 

and 3 w i t h UNC2 and 3 r e s p e c t i v e l y a r e a l s o e x t r e m e l y h i g h , 

p a r t i c u l a r l y i n t h e males. Sex d i f f e r e n c e s a re e v i d e n t f o r 
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PCO(26)v3 vs UNC3 wh i c h i s lo w e r and p o s i t i v e l y c o r r e l a t e d i n t h e 

fe m a l e s , The r e s u l t s t h u s show t h a t t h e r e i s a v e r y s t r o n g 

s i m i l a r i t y between PCO a n a l y s i s on a m a t r i x o f Ag d i s t a n c e s and 

u n r o t a t e d PCA a n a l y s i s based on t h e same a t t r i b u t e s , b u t t h a t s u b t l e 

d i f f e r e n c e s e x i s t f o r t h e l e s s e r components. I t s h o u l d be n o t e d 

moreover, t h a t t h e p e r c e n t a g e v a r i a n c e accounted f o r by each 

component (see T a b l e 5.8) i s a l m o t t i d e n t i c a l t o t h a t e x p l a i n e d by 

each PCO e q u i v a l e n t v e c t o r (see Tables AP3:5 and AP3:6). Consequently 

we s h o u l d c o n c l u d e t h a t t h e whole c o m p l i c a t e d b u s i n e s s o f 

c a l c u l a t i n g Ag and a p p l y i n g PCO a n a l y s i s was s u p e r f l u o u s , as a l l 

b u t a s m a l l p o r t i o n o f v a r i a n c e i s i d e n t i c a l i n t h e two s o l u t i o n s , 

Moreover PCA a n a j s i s i s n o t o n l y s i m p l e r t o compute, b u t a l s o 

i n d i c a t e s w h i c h a t t r i b u t e s a r e d i r e c t l y l o a d i n g on each component. 

i i i ) I n t r a - s e x c o r r e l a t i o n s between PC0(26) and r o t a t e d PCA 
component s c o r e s ( C I t o C6), and between r o t a t e d and 
u n r o t a t e d component s c o r e s . 

The r o t a t e d s o l u t i o n as we saw i n t h e p r e v i o u s c h a p t e r 

d i f f e r s a p p r e c i a b l y from t h e u n r o t a t e d one. T h i s i s c l e a r l y 

r e f l e c t e d i n T a b l e 6.1, where PC0(26) v l t o v3 and t h e l a r g e l y 

e q u i v a l e n t u n r o t a t e d components UNCI t o UNC6 e x h i b i t complex p a t t e r n s 

o f r e l a t i o n s h i p w i t h C I t o C6. At b e s t , t h e c o r r e l a t i o n s a r e 

lower t h a n 0.8 and a r e i n some cases c o n s i d e r a b l y l o w e r . As t h e 

o r d e r o f fem a l e and male r o t a t e d components d i f f e r s ( e . g . CI 

males i s r e a l l y e q u i v a l e n t t o C2 females - see Ta b l e 5.10 i n t h e 

p r e v i o u s c h a p t e r ) , t h e apparent l a c k o f agreement between t h e male 

and female c o m b i n a t i o n s ( T a b l e 6.1) i s s p u r i o u s . There i s i n 

f a c t s t r o n g e q u i v a l e n c e between t h e sexes. 
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The comparison o f u n r o t a t e d components and PCO v e c t o r s 
w i t h r o t a t e d components shows t h a t t h e r e i s f a r more d i s c o r d a n c e 
between t h e u n r o t a t e d and r o t a t e d components t h a n t h e r e i s between 
u n r o t a t e d components and PCO v e c t o r s . The main d i f f e r e n c e between 
t h e r o t a t e d s o l u t i o n and t h e o t h e r s i s t h a t i t i s f a r l e s s 
g e n e r a l i s e d , b e i n g more s e n s i t i v e t o s u b t l e d i f f e r e n c e s between 
groups o f t a x o n o m i c a l l y r e l a t e d c h a r a c t e r s (see p r e v i o u s c h a p t e r ) . 

i v ) I n t e r - s e x c o r r e l a t i o n s between PCO v e c t o r s and PCA components 

There are none l i s t e d i n T a b l e 6.1 as a l l c o m b i n a t i o n s 

between t h e sexes e x h i b i t v e r y low c o r r e l a t i o n s i n d e e d , u s u a l l y 

below 0.1. The h i g h e s t c o r r e l a t i o n i s between PC0(26)v2 males 

versus UNC3 females and i s o n l y -0.34. A l l o r d i n a t i o n s c a t t e r 

graphs w i l l t h u s d i f f e r r a d i c a l l y between t h e sexes. 

6.4 D i s c u s s i o n 

The above a n a l y s i s r a i s e s some i n t e r e s t i n g p o i n t s . F i r s t l y , 

t h e s t r o n g e q u i v a l e n c e between PCA and PCO u n r o t a t e d components 

and v e c t o r s p u t s i n t o q u e s t i o n t h e advantage o f c a l c u l a t i n g and 

a n a l y s i n g g e n e t i c and p h e n e t i c d i s t a n c e s . I n t h e p r e s e n t s t u d y , 

i t i s now o b v i o u s t h a t t h e PCA a n a l y s i s n o t o n l y r e p r o d u c e s a l l 

e s s e n t i a l i n f o r m a t i o n g i v e n by t h e a n a l y s i s o f t h e Ag d i s t a n c e s , 

b u t has t h e a d d i t i o n a l advantages o f easy c o m p u t a t i o n and o f 

b e i n g a b l e t o r e l a t e components t o i n d i v i d u a l a t t r i b u t e s . 

S econdly, t h e r e i s t h e i m p l i c a t i o n o f d i s t o r t i o n and 

d i s c o r d a n c e . I n a n o n ^ m e t r i c m u l t i d i m e n s i o n a l s c a l i n g s o l u t i o n , 

w h ich produces v e r y s i m i l a r r e s u l t s t o a m e t r i c s o l u t i o n such as 

PCO, (Gower 1972:14) d i s t o r t i o n i s seen as " s t r e s s " , o r t h e e x t e n t 
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o f m o n o t o n i c i t y between t h e new d i s t a n c e s i n low dim e n s i o n and t h e 

o r i g i n a l rank o r d e r ( R i g h t m i r e 197 :446) . Here however, d i s t o r t i o n 

can be en v i s a g e d r a t h e r i n terms o f how much v a r i a n c e i s accounted 

f o r by t h e f i r s t few components o r v e c t o r s . 

I n a sense, PCO and PCA low d i m e n s i o n a l s o l u t i o n s a re n o t 

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

u n d i s t o r t e d condensed aspects o f t h e v a r i a n c e . T h i s can be seen 

by c o n s i d e r i n g what i s a c t u a l l y b e i n g measured by each PCO v e c t o r . 

As each v e c t o r i s c l o s e l y e q u i v a l e n t t o an u n r o t a t e d component, 

th e n we can assume t h a t a PCO v e c t o r accounts f o r t h e same v a r i a n c e 

as a PCA u n r o t a t e d component. We can moreover, e a s i l y i n t e r p r e t 

what each component i s m e asuring. U n r o t a t e d component 1 f o r 

summary a t t r i b u t e s has been d e s c r i b e d i n d e t a i l i n t h e p r e v i o u s c h a p t e r , 

and i s a g e n e r a l i s e d d i g i t a l component i n b o t h sexes. Hence 

P C 0 ( 2 6 ) v l i n b o t h sexes a l s o i s a g e n e r a l measure o f d i g i t a l v a r i a n c e , 

as t h e c o r r e l a t i o n between P C 0 ( 2 6 ) v l and UNCI i s c l o s e t o u n i t y . 

UNC2 i n c o n t r a s t i s a g e n e r a l i s e d palmar component, w i t h an emphasis 

on t o t a l and h y p o t h e n a r p a t t e r n i n t e n s i t y . I t a l s o accounts f o r 

much l e s s v a r i a n c e t h a n UNCI. PC0(26)v2 i s c o n s e q u e n t l y m o s t l y a 

g e n e r a l i s e d palmar component as i t c o r r e l a t e s h i g h l y w i t h UNC2 i n 

bo t h sexes. What a r e we measuring t h e n when we produce an 

o r d i n a t i o n s c a t t e r graph o f P C 0 ( 2 6 ) v l vs v2? We a r e e f f e c t i v e l y 

p o r t r a y i n g t h e s c a t t e r o f p o p u l a t i o n p o i n t s i n two d i m e n s i o n a l 

space f o r components o f v a r i a n c e e x p r e s s i n g some, b u t by no means 

a l l , d i g i t a l v a r i a n c e on t h e X a x i s and some, b u t n o t a l l palmar 

v a r i a n c e on t h e Y a x i s . I t i s almost a compressed u n i v a r i a t e 

s c a t t e r g r a m . 



T h i s can h a r d l y be viewed as a f a i t h f u l r e p r e s e n t a t i o n 

o f " o v e r a l l " a f f i n i t y between p o p u l a t i o n s , T h i s i s a v e r y 

i m p o r t a n t p o i n t , as when we see p o p u l a t i o n s such as t h e Kony (13) 

a p p e a r i n g as i s o l a t e s on t h e s c a t t e r o f t h e f i r s t two v e c t o r s , i t 

does n o t mean t h a t they a r e n e c e s s a r i l y t r u e i s o l a t e s . A l o o k a t 

th e f i r s t PCO v e c t o r s i n Tab l e s PA3:5 and AP3:6 r e v e a l s t h a t t h e 

Kony appear as i s o l a t e s o n l y on t h e f i r s t component. As t h i s i s 

a d i g i t a l component, t h e n i t means t h a t t h e y j u s t have u n u s u a l 

means and f r e q u e n c i e s f o r some d i g i t a l a t t r i b u t e s . ( I n f a c t t h e 

Kony have u n u s u a l l y low r i d g e c o u n t means, and v e r y low f r e q u e n c i e s 

o f w h o r l s i n b o t h sexes, see A p p e n d i x ^ l ) . For palmar a t t r i b u t e s , 

t h e y a r e q u i t e u n d i s t i n g u i s h e d . I n e x p l a i n i n g t h e m u l t i v a r i a t e 

d i f f e r e n t i a t i o n t h e r e f o r e , t h e s c a t t e r i n g o f v e c t o r s and components, 

r a t h e r t h a n g i v i n g an a c c u r a t e " o v e r a l l " p i c t u r e , i s o n l y m a r g i n a l l y 

more h e l p f u l than l o o k i n g a t s c a t t e r g r a m s between u n i v a r i a t e 

a t t r i b u t e s . 

The r e a l i s a t i o n o f t h e b a s i c r e l a t i o n s h i p between PCO 

v e c t o r s and u n r o t a t e d PCA components, and by e x t e n s i o n , between 

PCO v e c t o r s and s p e c i f i c a t t r i b u t e s , b r i n g s us round back t o 

c o n s i d e r i n g t h e i m p l i c a t i o n s o f t h e d i s c o r d a n c e between taxonomic 

a t t r i b u t e s . The d i s c o r d a n c e between t h e o r d i n a t i o n s o l u t i o n s 

based on summary and non summary a t t r i b u t e s , and between t h e sexes, 

i s d i r e c t l y a consequence o f t h e d i s c o r d a n c e between t h e 

u n d e r l y i n g taxonomic a t t r i b u t e s t h a t are r e f l e c t e d i n t h e PCO 

v e c t o r s . Thus i n a s k i n g why do p o p u l a t i o n s n o t s c a t t e r i n t h e 

same way when t h e f i r s t two v e c t o r s are b e i n g examined, we are 

r e a l l y a s k i n g a) when a r e t h e r a n k i n g s o f d i g i t a l means and 



f r e q u e n c i e s so d i f f e r e n t between the sexes and b) when are the 
g 

palmar r a n k i n s so d i f f e r e n t ? These are quest i o n s t h a t to a l a r g e 
A 

extent can only be answered u n i v a r i a t e l y . 

I have thus e f f e c t i v e l y shown th a t i f the b a s i c s t r u c t u r e 

of a t t r i b u t e r e l a t i o n s h i p s i s h e a v i l y d i s c o r d a n t , as I demonstrated 

i n Chapter 5, then the o v e r a l l s t r u c t u r e w i l l r e f l e c t t h i s 

discordance, by showing not only an absence of major c l i n e s and 

c l u s t e r s , but a l s o d i s c o r d a n t p a t t e r n s of p o i n t s when they are 

represented i n fewer dimensions. T h i s d i s c o r d a n c e makes i t 

impossible i n my opinion, o b j e c t i v e l y to u t i l i s e low dimensional 

s o l u t i o n s f o r the p u r s u i t of d e t a i l e d explanatory hypotheses as 

Rightmire and Hiernaux have done, u n l e s s the p r e c i s e causes and 

i m p l i c a t i o n s of the disco r d a n c e are known. I n e f f e c t , I have 

gained very l i t t l e i n t r y i n g to e x p l a i n the d i f f e r e n t i a t i o n between 

the minimal population u n i t s by examining the d e t a i l e d " o v e r a l l " 

s t r u c t u r e . 

I do not wish to suggest however, th a t the a n a l y s i s of 

" o v e r a l l " d i s t a n c e through o r d i n a t i o n i s n e c e s s a r i l y always a 

waste of time. My e s s e n t i a l point i s th a t i t only assumes meaning 

i f i t can be demonstrated beforehand t h a t s i g n i f i c a n t taxonomic 

concordance between a t t r i b u t e s e x i s t s over and above th a t normally 

expected through phenetic concordance between a t t r i b u t e s . 



PART THREE: EXPLANATORY ANALYSIS. 



CHAPTER 7 

Sex D i f f e r e n c e s i n the V a r i a t i o n of Dermatoglyphic A t t r i b u t e s 

I n t r o d u c t i o n 

Sex d i f f e r e n c e s i n dermatoglyphic a t t r i b u t e s are u s u a l l y 

regarded as being p r i m a r i l y of methodological importancein a 
a 

r e g i o n a l human b i o l o g i c a l survey, Dennis (1977:218ff) f o r example, 

sees the presence of marked sex d i f f e r e n c e s as an important reason 

why the sexes cannot be pooled to i n c r e a s e sample s i z e . The 

treatment of the sexes as se p a r a t e s e r i e s i s thus a necessary 

methodological inconvenience. I n the present study t h e r e are a l s o 

a p p r e c i a b l e sex d i f f e r e n c e s i n most dermatoglyphic a t t r i b u t e s . 

The s e p a r a t e c o n s i d e r a t i o n of male and female samples i n the 

d e s c r i p t i v e a n a l y s i s was thus a d i r e c t acknowledgement of the 

methodological n e c e s s i t y f or t e a t i n g them as s e p a r a t e . T h i s was 

e s p e c i a l l y important owing to the imbalance of sample s i z e s between 

the sexes f o r many samples. The pooling of the sexes could have 

been achieved through the e q u a l i s i n g of sample s i z e s , which would 

have r e s u l t e d i n equal weighting. T h i s would have r e s u l t e d however, 

i n a d r a s t i c r e d u c t i o n of o v e r a l l sample numbers, and the r e would 

have s t i l l been some imbalance owing to the d i f f e r e n t i a l occurrence 

of m i s s i n g v a l u e s . 

The methodological importance of sex d i f f e r e n c e s however, i s 

not the primary point of i n t e r e s t i n t h i s chapter, Sex d i f f e r e n c e s 

here are r a t h e r regarded as a fundamental c h a r a c t e r i s t i c of 

dermatoglyphic v a r i a t i o n between sampled populations t h a t needs 

f u r t h e r a n a l y s i s and d i s c u s s i o n . The d e s c r i p t i v e a n a l y s e s (Chapter 

5 and 6) have r a i s e d two important q u e s t i o n s . F i r s t l y , t h e r e i s the 
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enigma t h a t w h i l e the sexes show very s i m i l a r i n t r a r s e x p a t t e r n s 
of phenetic and taxonomic concordance between a t t r i b u t e s , they 

n e v e r t h e l e s s are r a d i c a l l y d i f f e r e n t i n the i n t e r - s e x rankings of 
populations f o r e q u i v a l e n t a t t r i b u t e s , ( s e e Chapter 5,3). Secondly, 
i n the general p a t t e r n i n g of o v e r a l l s t r u c t u r e , the females tend to 
be more homogeneous i n the c l u s t e r i n g of c e n t r a l populations and 
more heterogeneous i n the s c a t t e r of p e r i p h e r a l populations (see 
Chapter 6.2), and there i s c o n s i d e r a b l e o v e r a l l discordance i n the 
p o s i t i o n of populations from the c e n t r e of the m u l t i d i m e n s i o n a l 
d i s t r i b u t i o n ( s e e Chapter 6.2). To seek an e x p l a n a t i o n f o r these 
trends i t i s n e c e s s a r y i n the f i r s t i n s t a n c e to examine more c l o s e l y 
the c h a r a c t e r i s t i c s of sex d i f f e r e n c e s f o r i n d i v i d u a l a t t r i b u t e s 
at a macro l e v e l , where random f l u c t u a t i o n due to low sample s i z e s 
i s not i n f l u e n t i a l . 

7.1 Sex d i f f e r e n c e s at the t o t a l sample l e v e l 

The t o t a l sample means and f r e q u e n c i e s are l i s t e d by sex 

f o r a l l a t t r i b u t e s i n Appendix 1.1. The f i g u r e s 

r e v e a l marked sex d i f f e r e n c e s f o r a m a j o r i t y of a t t r i b u t e s . An 

o b j e c t i v e assessment of the d i f f e r e n c e s however, can only be achieved 

by t e s t i n g f o r s i g n i f i c a n c e . The r e s u l t s of t - t e s t s f o r q u a n t i t a t i v e 

a t t r i b u t e s and c h i square f o r q u a l i t a t i v e ones are summarised i n 

Table 7.1. They r e v e a l the f o l l o w i n g trends; 

7.1.1 D i g i t a l a t t r i b u t e s 

A l l d i g i t a l a t t r i b u t e s show sex d i f f e r e n c e s t h a t are h i g h l y 

s i g n i f i c a n t on the r i g h t hand. On the l e f t hand however, th e r e i s 

some v a r i a b i l i t y . R a d i a l , u n i l a t e r a l and a bsolute r i d g e counts and 
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f i n g e r p a t t e r n s a l l show s i g n i f i c a n c e , mostly high s i g n i f i c a n c e . 
The u l n a r r i d g e counts however, show s i g n i f i c a n c e only on LFU4 
(P = 0.04) and f o r LFU1 there i s very strong homogeneity (P = 0.774). 
For f i n g e r p a t t e r n i n t e n s i t y LD1, LD2, and LD5 are not s i g n i f i c a n t , 
w h i l e LD3 and LD4 are very s i g n i f i c a n t . 

These trends of s i g n i f i c a n c e f o r the l e f t hand c o n t r a s t 
a 

a p p r e c i a b l y with the r e s u l t s found by Dennis (1977) f o r the Y o r k s h i r e 

Dale population. He reported t h a t a l l d i g i t a l v a r i a b l e s showed 
a 

h i g h l y s i g n i f i c a n t sex d i f f e r e n c e s on both hands (Dennis 1977;220). 

The e x p l a n a t i o n f o r the d i f f e r e n c e s between the Kenyan 

and Y o r k s h i r e s e r i e s l i e s i n the f a c t that asymmetry i s r e v e r s e d 

on c e r t a i n d i g i t s between the sexes i n the Kenyan population, but 

not i n the Y o r k s h i r e one. As Table API.1,1 shows, the males have 

higher means on the r i g h t hand than the l e f t f o r u l n a r counts on 

the f i r s t and f o u r t h d i g i t s , whereas the female means are much 

higher on the l e f t hand on a l l d i g i t s . The males on d i g i t s two, 

t h r e e and f i v e have means on the r i g h t hand only s l i g h l y lower 

than on the l e f t , but the female d i f f e r e n c e s on those d i g i t s w h i l e 

i n the same d i r e c t i o n , are much g r e a t e r . The o v e r a l l trend i s 

very c l e a r l y d i s p l a y e d by the t o t a l u l n a r count. In the males 

t o t a l u l n a r r i d g e count on the r i g h t hand i s 18.73 compared to 

18.49 on the l e f t (almost i d e n t i c a l ) w h i l e i n the females the r i g h t 

hand mean i s 14.80 compared to 18.12 on the l e f t , an enormous 

asymmetrical sex d i f f e r e n c e . 

The r e v e r s e d asymmetry shown by the u l n a r counts i s a l s o 

more weakly demonstrated by f i n g e r p a t t e r n i n t e n s i t y . Except 

f o r d i g i t one where the r i g h t hand mean i s bigger, the females 

c o n s i s t e n t l y show higher means on the l e f t hand, whereas i n the 
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males the r i g h t hand mean i s g r e a t e r ( d i g i t s one. two, four and f i v e ) 
and only s l i g h t l y l e s s on d i g i t t h r e e . Again the summary a t t r i b u t e 
shows the trend very c l e a r l y . T o t a l f i n g e r p a t t e r n i n t e n s i t y i s 
much higher on the r i g h t hand f o r males (6.392 compared to 6.230) 
w h i l e i n the females i t i s higher on the l e f t (6.049 compared to 6.114). 

The trends of r e v e r s e d asymmetry i n u l n a r r i d g e counts 

and f i n g e r p a t t e r n i n t e n s i t y c o n t r a s t with those e x h i b i t e d by 

r a d i a l , u n i l a t e r a l and absolute r i d g e counts, where r i g h t hand 

means are g r e a t e r i n both s e x e s . To a s i g n i f i c a n t e x t e n t , however 

u l n a r r i d g e counts and f i n g e r p a t t e r n i n t e n s i t y r e f l e c t the r e l a t i v e 

occurrence of whorls. In Table AP.1.1.3 the frequency of t o t a l 

whorls i s g r e a t e r i n the males on the r i g h t hand on a l l d i g i t s 

except d i g i t t h r e e , whereas the female f r e q u e n c i e s are i n c o n t r a s t 

lower on the r i g h t hand than the l e f t on a l l d i g i t s . Ulnar loops 

are a l s o i n t e r e s t i n g , showing r e v e r s e d asymmetry on d i g i t s one and 

four, and much g r e a t e r homologue d i f f e r e n c e s f o r the females on the 

other t h r e e d i g i t s . 

The Y o r k s h i r e Dale m a t e r i a l (Dennis 1977a), shows t h a t 

means and f r e q u e n c i e s f o r r i d g e counts, f i n g e r p a t t e r n i n t e n s i t y 

and whorls are higher i n the r i g h t hand i n both sexes, i n c o n t r a s t 

w i t h the Kenyan t o t a l sample j u s t r e p o r t e d . T h i s remarkable 

population d i f f e r e n c e p o i n t s to the f a c t t h a t we could expect to 

f i n d v a r i a b l e sex d i f f e r e n c e s , i n both magnitude and d i r e c t i o n from 

one population to another, a f a c t o r , which I s h a l l show, i s of 

fundamental importance for the understanding of i n t e r - s e x discordance 

i n the present study. 



7.1.2 Palmar a t t r i b u t e s 

A m a j o r i t y of palmar a t t r i b u t e s are a l s o s i g n i f i c a n t l y 

heterogeneous for sex. As Table 7.1 shows only the be r i d g e count 

on the r i g h t hand i s not s i g n i f i c a n t f o r the palmar r i d g e counts. 

A l l other palmar a t t r i b u t e s show high s i g n i f i c a n c e except f o r 

thenar a t t r i b u t e s on the r i g h t hand and hypothenar a t t r i b u t e s on 

both hands. The hypothenar area i s hence unique i n the present 

spectrum of a t t r i b u t e s as c o n t a i n i n g the only group of a t t r i b u t e s 

t h a t c o n s i s t e n t l y shows no s i g n i f i c a n t sex d i f f e r e n c e s on both hands 
t 

( t ' ' and I I I a l s o show no s i g n i f i c a n c e , but they are uncommon 

t r a i t s ) . 

7.2 Sex d i f f e r e n c e s at the macro population l e v e l 

I have e s t a b l i s h e d so f a r t h a t not only are there h i g h l y 

s i g n i f i c a n t sex d i f f e r e n c e s at the t o t a l sample l e v e l f o r a m a j o r i t y 

of d i g i t a l and palmar a t t r i b u t e s , but a l s o that t h e r e are major 

d i f f e r e n c e s i n the magnitude and asymmetry of some sex d i f f e r e n c e s 

between the Kenyan and Y o r k s h i r e p o p u l a t i o n s . The next i s s u e to 

c o n s i d e r i s whether sex d i f f e r e n c e s vary between populations w i t h i n 

Kenya. I n order to achieve c l e a r r e s u l t s f r e e from the p o s s i b i l i t y 

of random f l u c t u r a t i o n s i n means and f r e q u e n c i e s due to s m a l l sample 

numbers, I decided to co n c e n t r a t e the a n a l y s i s on sex d i f f e r e n c e s 

between the e t h n i c c a t e g o r i e s (see Chapter 5,1) which as Tables 

AP.1.2,1 to 1.2.9 r e v e a l , show major d i f f e r e n c e s f or many a t t r i b u t e s 

e s p e c i a l l y between the C u s h i t i c category and the N i l o t i c and Bantu 

C a t e g o r i e s , For the purposes of the p r e s e n t a n a l y s i s the outstandii 

c h a r a c t e r i s t i c of these pooled populations samples i s t h e i r l a r g e 

sample s i z e s , 
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7.2.1 Summary of inter-r-population trends between e t h n i c c a t e g o r i e s 

and d i f f e r e n c e s between the male and female s e r i e s 

I f sex d i f f e r e n c e s between the means or f r e q u e n c i e s of 

a t t r i b u t e s remain constant from one population to another, and 

male and female samples f o r each population are drawn from the same 

gene pool, one would expect, given adequate sample s i z e s , t h a t 

rankings of i n t e r - p o p u l a t i o n d i f f e r e n c e s f o r a p a r t i c u l a r i n h e r i t e d 

a t t r i b u t e would be very s i m i l a r i n each sex s e r i e s . I w i l l begin 

the a n a l y s i s t h e r e f o r e , by examining how f a r the male and female 

s e r i e s r e p l i c a t e trends of i n t e r p o p u l a t i o n v a r l a t i o n at the e t h n i c 

category l e v e l , not only i n o v e r a l l taxonomic ranking, but a l s o i n 

the p r o p o r t i o n of s i g n i f i c a n t d i f f e r e n c e s t h a t occur. Should 

there be major d i f f e r e n c e s between the sexes on one or both of these 

p o i n t s , the a n a l y s i s w i l l procede to i n v e s t i g a t e f l u c t u a t i o n s i n the 

magnitude of sex d i f f e r e n c e s between the populations f o r i n d i v i d u a l 

a t t r i b u t e s . 

I t becomes evident from the f i n d i n g s of Tables A,P.1,2.1 to 

AP.1.2.9 which provide the raw u n i v a r i a t e means and f r e q u e n c i e s 

for each e t h n i c category by sex, t h a t the C u s h i t i c category i s 

d i f f e r e n t i a t e d from the Bantu and N i l o t i c c a t e g o r i e s by having on 

the whole much highe r ridge count means, highe r f r e q u e n c i e s of 

whorls, lower f r e q u e n c i e s of loops and a r c h e s , lower means f o r palmar 

r i d g e counts, lower f r e q u e n c i e s of thenar p a t t e r n s , second p e r i p h e r a l 

loops and f o u r t h p e r i p h e r a l loops, and t r i r a d i u s t * f and lower 

means f o r i n t e r d i g i t a l and palmar t r i r a d i a l i n t e n s i t y ; higher 

means f o r t o t a l hypothenar i n t e n s i t y . These trends are r e l a t i v e l y 

c o n s i s t e n t between the sexes, The Bantu and N i l o t i c c a t e g o r i e s 

are much l e s s d i f f e r e n t i a t e d from each other than each are w i t h 
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the Cushites., e s p e c i a l l y f o r d i g i t a l a t t r i b u t e s . 

A more p r e c i e a n a l y s i s however, can only be achieved 

by employing t e s t s of s i g n i f i c a n c e . T - t e s t s were consequently 

c a l c u l a t e d between each category f o r a l l non-nominal a t t r i b u t e s -

the palmar p a t t e r n s and t r i r a d i i being t r e a t e d as i n t e r v a l data. 

I f e l t t h a t the t - t e s t was more robust and r e l i a b l e than a c h i -

square f o r these a t t r i b u t e s , as the t - t e s t i s not a f f e c t e d by 

sm a l l expected f r e q u e n c i e s a r i s i n g i n the c a s e of those palmar 

p a t t e r n s and t r i r a d i i which occur r a r e l y more than once i n an 

i n d i v i d u a l on the same hand. T e s t s of s i g n i f i c a n c e f o r a l l 

a t t r i b u t e s are presented i n Table 7.2 f o r males and Table 7.3 

fo r females. These t a b l e s however, c o n t a i n too much information 

to be e a s i l y a s s i m i l a t e d . To f a c i l i t a t e i n t e r p r e t a t i o n 

t h e r e f o r e , a summary of the main i n t e r - p o p u l a t i o n trends i s 

provided i n Table 7.4. 

Table 7.4 l i s t s the number of s i g n i f i c a n t d i f f e r e n c e s 

found for each i n t e r - p o p u l a t i o n combination ( i . e . C u s h i t e s vs 

N i l o t e s , C u s h i t e s vs Bantu, N i l o t e s vs Bantu), f o r both male and 

female s e r i e s , f o r a r e p r e s e n t a t i v e group of s i x t y d i g i t a l and 

f o r t y palmar a t t r i b u t e s . The C u s h i t i c category i s h i g h l y 

d i s t i n c t i v e with 73 per cent of a t t r i b u t e s showing s i g n i f i c a n c e 

between C u s h i t e s and N i l o t e s and 78 per cent between C u s h i t e s 

and Bantu i n the males; and 44 per cent and 53 per cent f or 

the same r e s p e c t i v e combinations i n the females. The N i l o t e s vs Bantu 



i n c o n t r a s t show only 24 per cent s i g n i f i c a n t d i f f e r e n c e s i n the 

males and 16 per cent i n the females. 

The r e l a t i v e rankings between the three c a t e g o r i e s ( i . e . 

the C u s h i t e s are much more d i s t i n c t from both the N i l o t e s and Bantu 

than the l a t t e r are from each o t h e r ) t are i d e n t i c a l i n both the 

male and female s e r i e s . On the other hand f o r the f u l l spectrum 

of a t t r i b u t e s the males d i s p l a y roughly 30 per cent more s i g n i f i c a n t 

d i f f e r e n c e s than the females f o r each i n t e r - p o p u l a t i o n s e t of 

comparisons. The major d i f f e r e n c e between the male and female 

s e r i e s thus l i e s i n the proportion of s i g n i f i c a n t d i f f e r e n c e s i n 

d i g i t a l a t t r i b u t e s f o r the C u s h i t i c Category when c o n t r a s t e d to the 

N i l o t e s and Bantu, Hence Table 7.4 shows c l e a r l y that the 

proportion of s i g n i f i c a n t d i f f e r e n c e s i n the C u s h i t e s vs N i l o t e s 

f o r d i g i t a l a t t r i b u t e s i s over twice as b i g i n the males (88.3 per 

cent) than i n the females (41.7 per c e n t ) . S i m i l a r l y when the 

Cu s h i t e s are c o n t r a s t e d to the Bantu, the males show 90 per cent 

s i g n i f i c a n t d i f f e r e n c e s f o r d i g i t a l a t t r i b u t e s compared to 55 per 

cent i n the females. I n c o n t r a s t f o r the N i l o t e s vs Bantu the 

proportion of s i g n i f i c a n t d i f f e r e n c e s i s more even (23.5 per cent 

i n males and 16.7 per cent i n f e m a l e s ) . 

For palmar a t t r i b u t e s the discrepancy between the sexes 

i n the number of s i g n i f i c a n t d i f f e r e n c e s i s much l e s s marked. 

When the C u s h i t e s are c o n t r a s t e d w i t h the N i l o t e s the proportion 

of s i g n i f i c a n t d i f f e r e n c e s i n males i s 50.0 compared to 47.5 per 

cent i n females, an almost i d e n t i c a l d i s t r i b u t i o n , When C u s h i t e s 

are compared to Bantu the males show 10 per cent more s i g n i f i c a n t 

d i f f e r e n c e s , as do the N i l o t e s vs the Bantu. 
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7.2.2 R e l a t i v e sex d i f f e r e n c e s i n magnitude and d i r e c t i o n i n 

s e l e c t e d a t t r i b u t e s , between e t h n i c c a t e g o r i e s 

T h i s g r e a t e r o v e r a l l homogeneity i n the females p a r t i c u l a r l y 

for d i g i t a l a t t r i b u t e s r e q u i r e s f u r t h e r i n v e s t i g a t i o n i f some s o r t 

of e x p l a n a t i o n i s to be found. I n order to explore t h i s phenomenon 

i n more d e t a i l I decided to go back to the raw means and f r e q u e n c i e s , 

and to c a l c u l a t e the d i f f e r e n c e s i n means and standard d e v i a t i o n s 

( f o r q u a n t i t a t i v e v a r i a b l e s ) and f r e q u e n c i e s ( f o r q u a l i t a t i v e v a r i a b l e s ) 

between the sexes f o r a s e l e c t e d r e p r e s e n t a t i v e sample of a t t r i b u t e s , 

an e x c e r c i s e repeated f o r each e t h n i c category. (Thus f o r example 

the C u s h i t i c female mean f o r r i g h t t o t a l r a d i a l r i d g e count was 

su b t r a c t e d from the e q u i v a l e n t male mean , and the procedure was 

repeated f o r the N i l o t e s and Bantu). I a n t i c i p a t e d t h a t the d i r e c t 

c o n t r a s t of such d i f f e r e n c e s between the thr e e c a t e g o r i e s would 

show how f a r i t i s s a f e to assume that d i f f e r e n c e s between the sexes 

e x h i b i t e d by dermatoglyphic v a r i a b l e s are r e l a t i v e l y constant 

from population to population. Should t h i s assumption be i n c o r r e c t , 

then some more s p e c i f i c e x p l a n a t i o n f or the o v e r a l l d i f f e r e n c e i n 

v a r i a t i o n between the sexes might emerge. 

The r e s u l t s of t h i s a n a l y s i s are presented i n Table 7.5. 

There are two s m a l l methodological p o i n t s a s s o c i a t e d with t h i s 

a n a l y s i s however, t h a t should be d i s c u s s e d before the r e s u l t s are 

explored i n d e t a i l . F i r s t l y , i n a l l the c a l c u l a t i o n s the female 

f i g u r e s were always s u b t r a c t e d from those of the males. Thus the 

minus va l u e s i n the t a b l e r e v e a l t h a t the female mean, standard 

d e v i a t i o n or frequency f o r th a t a t t r i b u t e i s l a r g e r than t h a t of 

the males, Such d i f f e r e n c e s i n d i r e c t i o n are p o t e n t i a l l y as 

va l u a b l e as the magnitude of the d i f f e r e n c e s i n making sense of 
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the u n d e r l y i n g trends- Secondly, in the case of the a t t r i b u t e s 
that measure t r i r a d i a l i n t e n s i t y , where the whole spectrum of i n t e r -
population v a r i a t i o n i s measured i n decimal p o i n t s , the d i f f e r e n c e s 
have been m u l t i p l i e d by ten to make the sc o r e s more e q u i v a l e n t 
to the range of v a l u e s e x h i b i t e d by the other v a r i a b l e s . 

Table 7.5 c l e a r l y shows that f or many a t t r i b u t e s , c o n s i d e r a b l e 

v a r i a t i o n i n sex d i f f e r e n c e occurs between the c a t e g o r i e s . These 

d i f f e r e n c e s w i l l be d i s c u s s e d under two headings, a) d i f f e r e n c e s 

i n magnitude and b) d i f f e r e n c e s i n d i r e c t i o n . 

7.2,2,1 D i f f e r e n c e s i n magnitude 

The d i g i t a l r i d g e counts d i s p l a y some of the s t r o n g e s t 

v a r i a t i o n of sex d i f f e r e n c e s between the c a t e g o r i e s . The gener a l 

trend i s f o r C u s h i t e s to e x h i b i t s u b s t a n t i a l l y l a r g e r sex d i f f e r e n c e s 

i n both mean and standard d e v i a t i o n than the other two c a t e g o r i e s , 

who show broadly s i m i l a r d i f f e r e n c e s to each other. T h i s trend i s 

e s p e c i a l l y s t r o n g i n the case of t o t a l absolute r i d g e count, and i s 

l e a s t apparent i n t o t a l u l n a r r i d g e count, 

T o t a l f i n g e r p a t t e r n i n t e n s i t y f o l l o w s the main trend, but 

the trend i s much weaker than i n the ri d g e counts, p a r t i c u l a r l y f o r 

the r i g h t hand. When d i g i t a l p a t t e r n s are considered d i f f e r e n t 

trends become evident, D i f f e r e n c e s f o r arches are s m a l l e s t i n the 

Cu s h i t e s and l a r g e s t i n the Bantu. For u l n a r loops the C u s h i t e s 

show a much l a r g e r d i f f e r e n c e f o r the r i g h t hand, and the lowest f or 

the l e f t hand, with the Bantu d i s p l a y i n g the l a r g e s t d i f f e r e n c e . 

For true whorls the C u s h i t e s once again show the l a r g e s t d i f f e r e n c e 

f o r the r i g h t hand, w i t h the N i l o t i c and Bantu d i f f e r e n c e s almost 



i d e n t i c a l , w h i l e f o r the l e f t hand a l l three c a t e g o r i e s show very 

s i m i l a r v a l u e s , 

One s i g n i f i c a n t d i s c e r n a b l e trend i n the d i g i t a l v a r i a b l e s 

i s t h a t those populations who e x h i b i t a high mean or frequency, a l s o 

tend to manifest the l a r g e s t sex d i f f e r e n c e . Thus i n the case of 

rid g e counts i t i s the C u s h i t e s who show the h i g h e s t means and 

standard d e v i a t i o n s , and i t i s the C u s h i t e s who a l s o show the 

hig h e s t sex d i f f e r e n c e s . T h i s i s a l s o the case f or c o n c e n t r i c 

whorls on the r i g h t hand. S i m i l a r l y i t i s the Bantu who show 

the h i g h e s t arch f r e q u e n c i e s , and i t i s they who show the h i g h e s t 

sex d i f f e r e n c e s f o r arches. 

I n c o n t r a s t to the d i g i t a l v a r i a b l e s , the palmar v a r i a b l e s 

show more i n d i v i d u a l i s t i c t r e n d s . D i f f e r e n c e s i n the means f o r 

i n t e r d i g i t a l t r i r a d i a l i n t e n s i t y are m a r g i n a l l y h i g h e s t i n the Bantu 

and lowest i n the C u s h i t e s , The Bantu and C u s h i t e s , on the other 

hand, d i s p l a y s i m i l a r high d i f f e r e n c e s i n standard d e v i a t i o n , w h i l e 

the N i l o t i c d i f f e r e n c e s i n standard d e v i a t i o n are h a l f those of 

the other two c a t e g o r i e s . The d i f f e r e n c e s i n mean f o r t o t a l 

palmar i n t e n s i t y are hi g h e s t i n the Bantu and lowest i n the N i l o t e s . 

The standard d e v i a t i o n d i f f e r e n c e s are c o n t r a d i c t o r y between r i g h t 

and l e f t hands, with the N i l o t e s showing the h i g h e s t value f o r the 

r i g h t hand and the lowest f o r the l e f t . For t o t a l hypothenar 

i n t e n s i t y the Bantu show h a r d l y any d i f f e r e n c e i n e i t h e r mean or 

standard d e v i a t i o n , w h i l e the N i l o t e s and Cu s h i t e s show highe r 

s i m i l a r v a l u e s , 

T o t a l palmar r i d g e count i s a l s o a r e l a t i v e l y complex 

v a r i a b l e . For the r i g h t hand the C u s h i t e s show the hi g h e s t sex 

d i f f e r e n c e i n means and by f a r the l a r g e s t d i f f e r e n c e i n standard 



d e v i a t i o n f w i t h the N i l o t e s e x h i b i t i n g the lowest d i f f e r e n c e s . For 

the l e f t hand, however, the C u s h i t e s manifest by f a r the lowest 

d i f f e r e n c e i n mean, and the Bantu the hi g h e s t , although the C u s h i t e s 

s t i l l e x h i b i t by f a r the l a r g e s t d i f f e r e n c e i n standard d e v i a t i o n . 

The d i f f e r e n c e i n standard d e v i a t i o n of the Bantu f o r l e f t t o t a l 

palmar r i d g e count i s p a r t i c u l a r l y low. 

D i f f e r e n c e i n frequency of t r i r a d i i i n the thenar a r e a 

d i f f e r a p p r e c i a b l y between r i g h t and l e f t hand. For the r i g h t 

hand the N i l o t e s show the h i g h e s t d i f f e r e n c e , but f o r the l e f t i t 

i s the C u s h i t e s who e x h i b i t the h i g h e s t . The Bantu manifest 

hard l y any d i f f e r e n c e on the r i g h t hand but a r e l a t i v e l y l a r g e one 

on the l e f t . 

The d e s c r i p t i o n of sex d i f f e r e n c e s between the c a t e g o r i e s 

f o r palmar v a r i a b l e s so f a r has i n d i c a t e d a complex p a t t e r n of 

r e l a t i o n s h i p s . L i k e the d i g i t a l v a r i a b l e s , palmar v a r i a b l e s a l s o 

e x h i b i t marked v a r i a t i o n s i n sex d i f f e r e n c e between the c a t e g o r i e s , 

but u n l i k e d i g i t a l v a r i a b l e s , the magnitude of the sex d i f f e r e n c e s 

are not n e c e s s a r i l y r e l a t e d to the magnitude of the o r i g i n a l means 

and f r e q u e n c i e s . Thus the C u s h i t e s show the lowest mean f o r r i g h t 

t o t a l palmar r i d g e counts, but they a l s o d i s p l a y the h i g h e s t sex 

d i f f e r e n c e f o r the t r a i t and the hi g h e s t d i f f e r e n c e i n standard 

d e v i a t i o n , S i m i l a r l y i n the case of thenar t r i r a d i a l frequency 

fo r the l e f t hand, the C u s h i t e s d i s p l a y by f a r the lowest frequency 

for the t r a i t , but a t the same time they a l s o e x h i b i t the l a r g e s t 

sex d i f f e r e n c e . Thus the palmar v a r i a b l e s do not support the 

nascent hypothesis t h a t r e l a t i v e sex d i f f e r e n c e s are a s s o c i a t e d 

with the magnitude of means and f r e q u e n c i e s , as was suggested at the 

end of the d i s c u s s i o n of the d i g i t a l v a r i a b l e s , 
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7.2.2.2 D i f f e r e n c e s i n d i r e c t i o n 

The m a j o r i t y of the v a r i a b l e s present no s u r p r i s e s regarding 

the d i r e c t i o n of sex d i f f e r e n c e s i n mean and frequency, as the trends 

follow c o n s i s t e n t l y those o u t l i n e d f o r the t o t a l sample (s e e s e c t i o n 

7.1). Thus the d i g i t a l r i d g e counts show th a t as expected a l l the 

male means are g r e a t e r than those of the females for a l l t h r e e 

c a t e g o r i e s , except f o r t o t a l u l n a r r i d g e count on the l e f t hand f o r 

the Bantu, where the females show a m a r g i n a l l y g r e a t e r mean. 

S i m i l a r l y arch f r e q u e n c i e s are c o n s i s t e n t l y h i g h e r i n the females, 

as are loops on the r i g h t hand, t o t a l hypothenar i n t e n s i t y , palmar 

r i d g e counts, fourth loops and hypothenar loops f o r the l e f t hand. 

Whorls, double loops f o r the r i g h t hand, i n t e r d i g i t a l palmar i n t e n s i t y , 

t o t a l palmar i n t e n s i t y , p e r i p h e r a l t h i r d loops, c e n t r a l hypothenar 

loops f o r the r i g h t hand and t r i r a d i u s t a l l show means or 

f r e q u e n c i e s g r e a t e r i n the males. 

I n s p i t e of the f a c t t h a t a m a j o r i t y of v a r i a b l e s conform to 

e x p e c t a t i o n s , however, th e r e are some d i f f e r e n c e s between the 

c a t e g o r i e s , notably f o r l e f t t o t a l u l n a r count (Bantu), l e f t t r u e 

whorls (Bantu), l e f t double loops ( C u s h i t e s ) , r i g h t thenar 

loops ( C u s h i t e s ) , l e f t p e r i p h e r a l f o u r t h loops ( N i l o t e s ) , and r i g h t 

c e n t r a l hypothenar loops ( N i l o t e s ) which are opposite to the normal 

trends. The most s p e c t a c u l a r d i f f e r e n c e s , are to be found i n the 

standard d e v i a t i o n s of the r i d g e counts, where the C u s h i t e s d i s p l a y 

high v a l u e s which are a l l p o s i t i v e ( i , e . g r e a t e r i n the m a l e s ) , w h i l e 

the N i l o t e s demonstrate p o s i t i v e standard d e v i a t i o n s f o r only r i g h t 

u l n a r and absolute t o t a l r i d g e counts. The Bantu seem to occupy 

an in t e r m e d i a t e p o s i t i o n , being negative f o r the r a d i a l and 

u n i l a t e r a l counts and p o s i t i v e f o r the u l n a r and absolute counts. 

Of the remaining v a r i a b l e s where standard d e v i a t i o n s are l i s t e d , the 



357 
N i l o t e s f a i l to f o l l o w the expected trend f o r t o t a l palmar i n t e n s i t y 
( l e f t hand) and f o r hypothenar i n t e n s i t y ( r i g h t hand), w h i l e the 
Bantu e x h i b i t a m a r g i n a l l y c o n t r a r y trends f or hypothenar i n t e n s i t y 
( l e f t hand). 

7.3 D i s c u s s i o n 

The evidence from Table 7.5 shows t h e r e f o r e , t h a t there 

are l a r g e v a r i a t i o n s i n the magnitude of sex d i f f e r e n c e s i n means, 

standard d e v i a t i o n s and frequency from one e t h n i c category to 

another. There are a l s o v a r i a t i o n s i n the d i r e c t i o n of sex 

d i f f e r e n c e s , e s p e c i a l l y i n the standard d e v i a t i o n s of the d i g i t a l 

r idge counts. 

I t i s now p o s s i b l e to work out why the females e x h i b i t 

a s m a l l e r p r o p o r t i o n of s i g n i f i c a n t d i f f e r e n c e s between the e t h n i c 

c a t e g o r i e s i n Table 7.4. Where l a r g e and s i g n i f i c a n t d i f f e r e n c e s 

occur i n males, but only marginal or non s i g n i f i c a n t d i f f e r e n c e s i n 

females f t h i s p r i m a r i l y r e f l e c t s the d i f f e r e n t i a l magnitude i n sex 

d i f f e r e n c e s between the e t h n i c c a t e g o r i e s . In the case of d i g i t a l 

r i d g e counts f o r i n s t a n c e , i f the r e l a t i v e magnitude of sex d i f f e r e n c e s 

was the same i n a l l three e t h n i c c a t e g o r i e s , then the same degree 

of s i g n i f i c a n c e would p r e v a i l i n both s e x e s . What i s apparent 

however, i s th a t w h i l e the r e l a t i v e magnitude of sex d i f f e r e n c e s f o r 

d i g i t a l r i d g e counts i s the same f o r the N i l o t i c and Bantu C a t e g o r i e s , 

i n the C u s h i t e s sex d i f f e r e n c e s are n e a r l y double those f o r the 

N i l o t e s and Bantu, Thus the female C u s h i t i c means for d i g i t a l r i d g e 

counts are much c l o s e r to those of the female N i l o t e s and Bantu, 

than the male C u s h i t i c means are to those of the male N i l o t e s and 
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Bantu, T h i s accounts f o r the much g r e a t e r proportion of 
s i g n i f i c a n t d i f f e r e n c e s i n the males when the C u s h i t e s are compared 
to the N i l o t e s and Bantu. 

There i s s t i l l a great deal of work to be done to account 

f o r the d i s c o r d a n t v a r i a t i o n between the sexes. T h i s i n v e s t i g a t i o n 

can be regarded as j u s t a p r e l i m i n a r y e x p l o r a t i o n of the problem. 

From the a n a l y s i s so f a r however, i t i s p o s s i b l e to come to an 

important c o n c l u s i o n , t h a t the assumption that sex d i f f e r e n c e s f o r 

dermatoglyphic a t t r i b u t e s are r e l a t i v e l y constant from one population 

to ano'ther i s not v a l i d . T h i s has major consequences f o r the 

i n t e r p r e t a t i o n of dermatoglyphic v a r i a t i o n between the minimal 

population samples, as an absence of concordance between the male 

and female s e r i e s can no longer be j u s t a t t r i b u t e d to low sample 

numbers, but should be regarded as a c e n t r a l c h a r a c t e r i s t i c of 

dermatoglyphic v a r i a t i o n , 
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CHAPTER 8 

An Examination of the Extent to which Population 
Samples i n Kenya tend to vary d e r m a t o g l y p h i c a l l y according 

to L i n g u i s t i c and C u l t u r a l P a t t e r n s of A f f i n i t y 

Introduction : 
Spuhler (1972) remarks t h a t : 

"Many a n t h r o p o l o g i s t s i n s i s t t h a t there i s no 
n e cessary c l o s e and permanent c o r r e l a t i o n between 
race (whether regarded as anatomical type or gene 
pool) language and c u l t u r e . " 

(Spuhler 1972:87) 

Thi s view has some e m p i r i c a l j u s t i f i c a t i o n . Howells f o r i n s t a n c e , 

found only moderate c o r r e l a t i o n s between l i n g u i s t i c resemblance 

and b i o l o g i c a l d i s t a n c e between populations from B o u g a i n v i l l e i n 

the Solomon I s l a n d s (Howells 1966). Hiernaux (1972) f a i l e d to 

f i n d any d i s t i n c t i v e taxonomic groups i n sub-Saharan A f r i c a , i n 

s p i t e of the f a c t t h a t d i s t i n c t i v e r a c i a l taxonomies were devised 

i n the p a s t which corresponded with l a r g e s c a l e l i n g u i s t i c groups 

(e.g. Oschinksy 1954). 

Nevertheless t h e r e i s c o n s i d e r a b l e t h e o r e t i c a l 

j u s t i f i c a t i o n f o r expecting a strong a s s o c i a t i o n between l i n g u i s t i c 

or c u l t u r a l and b i o l o g i c a l v a r i a t i o n . At any focus on the time 

continuum, few people would dispute t h a t i t i s a normal process f o r 

c h i l d r e n to i n h e r i t not only the genes, but a l s o the language and 

c u l t u r e of t h e i r p a r e n t s . People a l s o tend to choose marriage 

p a r t n e r s who speak the same language, share the same c u l t u r e and 

who are u s u a l l y l i v i n g i n r e l a t i v e l y c l o s e geographical proximity 

to them before marriaga. T r a n s f e r r i n g the emphasis from i n d i v i d u a l s 

to p o p u l a t i o n s , we can i n f e r that a breeding population which shares 

a common language and c u l t u r e d i f f e r e n t from that of other p o p u l a t i o n s , 



w i l l tend to p r e s e r v e a c l o s e a s s o c i a t i o n between i t s gene pool, 

language and c u l t u r e from one generation to another, given demograph 

s t a b i l i t y and a degree of i s o l a t i o n over time. 

I f the simultaneous t r a n s m i s s i o n of genes, language and 

c u l t u r e from one gene r a l to another i s the normal process i n human 

peoples, then the f a c t that e m p i r i c a l evidence has often f a i l e d to 

show strong c o r r e l a t i o n s between l i n g u i s t i c and b i o l o g i c a l 

v a r i a t i o n can only mean that t h i s normal process i s o f t e n 

s i g n i f i c a n t l y d i s r u p t e d . As Hiernaux p o i n t s out i n the case of 

sub-Saharan A f r i c a : 

"As a r e s u l t of many l a r g e - s c a l e migrations and 
expansions, most l i v i n g populations of t h i s 
subcontinent r e s u l t from m u l t i p l e h y b r i d i z a t i o n 
processes o f t e n i n v o l v i n g very d i f f e r e n t components. 
.... The i d e n t i t y of population u n i t s i s o f t e n 
ephemeral: many of them w i l l d i s i n t e g r a t e , and 
recombine a f t e r a few genera t i o n s . As a r e s u l t 
of such p r o c e s s e s , a group of populations which claim 
a common o r i g i n and share f e a t u r e s of c u l t u r e and 
language, may be f a r from forming a b i o l o g i c a l 
c l u s t e r . " 

(Hiernaux 1972:106) 

Thus i t only takes one per i o d of major population 

movement followed by s i g n i f i c a n t h y b r i d i z a t i o n of d i f f e r e n t peoples 

to d i l u t e markedly any s t r o n g r e l a t i o n s h i p t h a t may have e x i s t e d 

between the gene pool, language and c u l t u r e of the diverged 

peoples. The frequent occurrence of famine, epidemics, and warfare 

i n many areas of the world makes Hiernaux's assessment h i g h l y 

p l a u s i b l e . 

Although d i s r u p t i v e events may g r e a t l y a l t e r the 

r e l a t i o n s h i p between b i o l o g i c a l and l i n g u i s t i c or c u l t u r a l a f f i n i t y , 

i s i t reasonable to assume th a t such events are l i k e l y to e r a d i c a t e 

a l l b i o l o g i c a l s i m i l a r i t y between peoples who have diverged and who 
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might s t i l l share l i n g u i s t i c f e a t u r e s ? There i s evidence to suggest 
that some s i m i l a r i t y may s t i l l p e r s i s t , even though the o v e r a l l 
r e l a t i o n s h i p between b i o l o g i c a l and l i n g u i s t i c a f f i n i t y i s not 
strong. Hiernaux f o r example (1968b) showed t h a t the mean 
b i o l o g i c a l d i s t a n c e between a l l Bantu populations sampled was lower 
than t h a t f or d i s t a n c e s between Bantu and non Bantu samples, a 
f a c t t h a t suggested to Hiernaux t h a t the Bantu had a common o r i g i n . 
S i m i l a r l y Spuhler (1972) found a s i g n i f i c a n t d i f f e r e n c e i n the 
occurrence of s m a l l e r b i o l o g i c a l d i s t a n c e s between Amerindian 
populations who belonged to the same l i n g u i s t i c group, when compared 
to d i s t a n c e s between populations belonging to d i f f e r e n t l i n g u i s t i c 
groups. Some a s s o c i a t i o n between gene pool and language was found, 
i n s p i t e of the f a c t t h a t c o n s i d e r a b l e u n i v a r i a t e heterogeneity e x i s t e d 
w i t h i n the l i n g u i s t i c groups examined. 

In the i n v e s t i g a t i o n t h a t f o l l o w s I s h a l l be seeking to 

a s s e s s how f a r dermatoglyphic p a t t e r n s of v a r i a t i o n between the 

Kenyan samples correspond to known p a t t e r n s of l i n g u i s t i c and 

c u l t u r a l a f f i n i t y . I n the f i r s t s e c t i o n , I s h a l l examine the 

r e l a t i v e h eterogeneity of e t h n i c c a t e g o r i e s as depicted by the 

dermatoglyphic v a r i a t i o n of e t h n i c groups. I n the second and 

t h i r d s e c t i o n s I s h a l l explore the r e l a t i v e heterogeneity and the 

correspondence of dermatoglyphic resemblance w i t h l i n g u i s t i c 

a f f i n i t y of e t h n i c groups, from the evidence of minimal population 

samples. 

8.1 The degree of correspondence of dermatoglyphic a f f i n i t y 
and l i n g u i s t i c and c u l t u r a l a f f i n i t y a t the macro 
population l e v e l s . 

The peoples of Kenya, as I d e s c r i b e d i n Chapter 1.2, 



belong to three major l i n g u i s t i c f a m i l i e s , the C u s h i t e s , N i l o t e s 

and Bantu. The p r e c i s e a l l o c a t i o n of minimal population samples to 

r e s p e c t i v e e t h n i c groups and c a t e g o r i e s was given i n Chapter 4.5. 

Of the 12 e t h n i c groups d i s t i n g u i s h e d i n Chapter 4.5, two (the Somali 

and G a l l a ) belong to the C u s h i t i c Category, four (the Maasai, 

K a l e n j i n , Karimojong and Luo) belong to the N i l o t i c Category, and 

f i v e (the L u y i a , C e n t r a l Bantu, Pokomo and T a i t a ) belong to the 

Bantu Category. The two samples of t r a d i t i o n a l hunters and 

g a t h e r e r s , the Ngwesi and Mukogodo Dorobo from L a i k i p i a k , could be 

c l a s s i f i e d t e n t a t i v e l y on l i n g u i s t i c grounds as belonging to the 

C u s h i t i c and N i l o t i c C a t e g o r i e s r e s p e c t i v e l y . On c u l t u r a l and 

r e g i o n a l grounds however, they are c l e a r l y a d i s t i n c t e t h n i c group. 

Due to t h i s f a c t and the u n c e r t a i n nature of the l i n g u i s t i c 

c l a s s i f i c a t i o n of the Mokogodo, they have not been a l l o c a t e d to any 

of the three major e t h n i c c a t e g o r i e s (see Chapter 1.2). 

The aim of t h i s s e c t i o n i s to examine how f a r p a t t e r n s of 

dermatoglyphic r e l a t i o n s h i p s between the e t h n i c groups correspond 

to known p a t t e r n s of l i n g u i s t i c and c u l t u r a l a f f i n i t y . The 

i n v e s t i g a t i o n of t h i s i s s u e begins with a b r i e f a p p r a i s a l of the 

nature of the derraatoglyphic v a r i a t i o n between the e t h n i c c a t e g o r i e s , 

followed by an e x p l o r a t i o n of the r e l a t i v e homogeneity of the 

c a t e g o r i e s from the evidence of Ag d i s t a n c e s between e t h n i c groups. 

D e t a i l e d dermatoglyphic a f f i n i t y between e t h n i c groups w i t h i n e t h n i c 

c a t e g o r i e s i s examined at the end of t h i s s e c t i o n through a 

c o n s i d e r a t i o n of the evidence from a p r i n c i p a l c o o r d i n a t e s a n a l y s i s 

of the Ag d i s t a n c e s . I n view of the d i s c u s s i o n a t the end of 

Chapter 6, i n which the conventional methods of d e l i n e a t i n g trends 

of resemblance from o r d i n a t i o n a n a l y s i s were c r i t i c i s e d , the 
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g r a p h i c a l techniques used here to d e p i c t resemblance are unorthodox, 

8.1.1 General trends of dermatoglyphic r e l a t i o n s h i p between 
e t h n i c c a t e g o r i e s 

U n i v a r i a t e d i f f e r e n c e s between the three maximal e t h n i c 

d i v i s i o n s (the C u s h i t i c , N i l o t i c and Bantu C a t e g o r i e s ) , were d i s c u s s e d 

i n another context i n Chapter 7.2. I t i s c l e a r from t h a t d i s c u s s i o n 

t h a t the C u s h i t i c Category i s s h a r p l y d i f f e r e n t i a t e d from the other 

two, w h i l e the N i l o t i c and Bantu C a t e g o r i e s i n c o n t r a s t show many 

fewer d i f f e r e n c e s w i t h each other. I n f a c t as Table 7.4 demonstrates, 

over 70 per cent of a t t r i b u t e s are s i g n i f i c a n t when the C u s h i t e s are 

co n t r a s t e d to the N i l o t e s and Bantu i n the males, and over 40 per 

cent f o r the e q u i v a l e n t female comparisons. The N i l o t e s however, 

e x h i b i t only 24 and 16 per cent s i g n i f i c a n t d i f f e r e n c e s f o r males 

and females r e s p e c t i v e l y from the Bantu. 

I t should be noted however, that although t h e r e i s a 

great d e a l of s i g n i f i c a n t v a r i a t i o n between e t h n i c c a t e g o r i e s , the 

range of v a r i a t i o n f o r a l 1 a t t r i b u t e s (see Appendix 1) at t h i s l e v e l 

of r e s u l t i o n i s very s m a l l compared to t h a t manifested a t the 

e t h n i c group and minimal population l e v e l s . T h i s shows th a t the 

process of pooling populations on the b a s i s of maximal l i n g u i s t i c 

and c u l t u r a l a f f i n i t y c a n c e l s out most of the v a r i a t i o n . T h i s i s 

p a r t i c u l a r l y t r u e f o r the N i l o t i c and Bantu C a t e g o r i e s , which 

d i s p l a y a l a r g e range of v a r i a t i o n f or t h e i r r e s p e c t i v e c o n s t i t u e n t 

p o p u l a t i o n s , and which, when pooled, r e s u l t i n comparatively few 

s i g n i f i c a n t d i f f e r e n c e s when the c a t e g o r i e s are compared. 
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8,1.2 The r e l a t i o n s h i p between dermatoglyphic v a r i a t i o n and 
l i n g u i s t i c and c u l t u r a l a f f i n i t y of e t h n i c groups. 

The examination of dermatoglyphic v a r i a t i o n between e t h n i c 

groups, and the extent to which e t h n i c groups vary d e r m a t o g l y p h i c a l l y 

according to l i n g u i s t i c and c u l t u r a l a f f i n i t y , can be considered 

a prelude to the more d e t a i l e d a n a l y s i s i n v o l v i n g minimal population 

samples. There are thr e e reasons why the d i r e c t c o n s i d e r a t i o n of 

dermatoglyphic v a r i a t i o n between e t h n i c groups i s advantageous. 

F i r s t l y , a l l e t h n i c groups are represented by l a r g e sample s i z e s , 

and any trends can thus be i n t e r p r e t e d as being r e l a t i v e l y f r e e of 

the u n c e r t a i n t i e s surrounding the i n v e s t i g a t i o n of v a r i a t i o n between 

the minimal population samples. Secondly, as the pooling of 

minimal population samples i s normally a s s o c i a t e d with a c o n s i d e r a b l e 

l o s s of v a r i a t i o n (Hiernaux 1972:98-9), any marked trends t h a t 

emerge when e t h n i c groups are analysed are p a r t i c u l a r l y s t r o n g , and 

w i l l thus be v a l u a b l e g u i d e l i n e s f o r the f u r t h e r a n a l y s i s of the 

minimal population samples t h a t f o l l o w s . F i n a l l y , the Kenyan 

e t h n i c groups i n t h i s study are u n i t s broadly compatible i n s c a l e 

with many u n i t s adopted by Hiernaux (1968a; 1972) i n h i s sub-Saharan 

i n v e s t i g a t i o n s . I t i s i n t e r e s t i n g to see what kind of trends can 

be a s s o c i a t e d w i t h t h i s s c a l e of a n a l y s i s , e s p e c i a l l y when c o n t r a s t e d 

with the f i n d i n g s from the a n a l y s i s of the small s c a l e minimal 

e t h n i c population samples. 

8.1.2.1 U n i v a r i a t e d e s c r i p t i v e evidence of dermatoglyphic v a r i a t i o n 
between e t h n i c groups 

U n i v a r i a t e t a b l e s showing v a r i a t i o n f o r e t h n i c groups f o r 

a f u l l spectrum of dermatoglyphic a t t r i b u t e s are given by sex i n 

Appendix 1.3. 
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Table AP.1.3.13 a l s o l i s t the r e s u l t s of applying a n a l y s i s of 

v a r i a n c e and chi^-square t e s t s to u n i v a r i a t e a t t r i b u t e s , and r e v e a l 

that most a t t r i b u t e s demonstrate high s i g n i f i c a n c e f o r e t h n i c group 

d i f f e r e n c e s i n means and f r e q u e n c i e s . 

A d e t a i l e d a n a l y s i s of l i n g u i s t i c and c u l t u r a l heterogeneity 

could i n c l u d e a f u l l i n v e s t i g a t i o n i n t o u n i v a r i a t e d i f f e r e n c e s between 

e t h n i c groups, w i t h i n and between e t h n i c c a t e g o r i e s . Such an 

a n a l y s i s however, would take up a great d e a l of time and space i f 

i t were to be f u l l y reported. Moreover i t would be comparatively 

d i f f i c u l t to i n t e r p r e t o v e r a l l trends from the mass of r e s u l t s t h a t 

would be the consequence of applying u n i v a r i a t e t e s t s of s i g n i f i c a n c e . 

The procedure followed here, t h e r e f o r e , i s to i n v e s t i g a t e i n t e r -

e t h n i c group d i f f e r e n t i a t i o n i n a h i g h l y summarised form, through 

the c a l c u l a t i o n and f u r t h e r a n a l y s i s of Ag d i s t a n c e s based on the 

twenty s i x summary a t t r i b u t e s o u t l i n e d i n Chapter 5.3.2. 

Tables 8.1 and 8.2 g i v e the m a t r i c e s of Ag d i s t a n c e s 

between e t h n i c groups f o r males and females r e s p e c t i v e l y . Below 

each matrix a r e the r e s u l t s of p r i n c i p a l c o o r d i n a t e s a n a l y s i s of 

each s e t of d i s t a n c e s , c o n s i s t i n g of a l i s t i n g of l a t e n t v e c t o r s , 

squared d i s t a n c e s from the c e n t r o i d , l a t e n t roots and t r a c e from 

which the percentage v a r i a n c e of each l a t e n t v e c t o r i s c a l c u l a t e d . 

These are the r e s u l t s on which a l l subsequent i n v e s t i g a t i o n s i n 

t h i s s e c t i o n are based. 

8.1.2.2 R e l a t i v e l i n g u i s t i c and c u l t u r a l homogeneity of ethnic-
c a t e g o r i e s from the evidence of Ag d i s t a n c e s between 
e t h n i c group3. 

The Ag d i s t a n c e s between e t h n i c groups i n Tables 8.1 and 

8.2 show a great d e a l of v a r i a t i o n i n both s e x e s , ranging from 47 



to 1665 i n males and from 57 to 918 i n females. I n order to 

i n v e s t i g a t e the extent of dermatoglyphic homogeneity of each e t h n i c 

category as depicted by c o n s t i t u e n t e t h n i c groups, a one way a n a l y s i s 

of v a r i a n c e was performed to see whether inter-^group Ag d i s t a n c e s 

w i t h i n e t h n i c c a t e g o r i e s (e.g. d i s t a n c e s between L u y i a , C e n t r a l , 

Pokomo, Mji Kenda and T a i t a Bantu groups i n the Bantu Category) 

are s i g n i f i c a n t l y s m a l l e r than d i s t a n c e s of e t h n i c groups between 

c a t e g o r i e s (e.g. d i s t a n c e s between L u y i a or Pokomo Bantu versus 

K a l e n j i n N i l o t e s or G a l l a C u s h i t e s ) . 

The f i n d i n g s are reported i n Table 8.3. I n n e i t h e r sex 

are the F p r o b a b i l i t i e s s i g n i f i c a n t . T h i s however, may be due 

to the f a c t that only one d i s t a n c e e x i s t s f o r the C u s h i t i c Category 

w i t h i n d i v i s i o n , and the low numbers of d i s t a n c e s i n the N i l o t i c 

and Bantu w i t h i n d i v i s i o n s . N e v e r t h e l e s s i n the males, the "between 

a l l categor'es" mean d i s t a n c e of 433, i s appr e c i a b l y higher than any 
A 

mean d i s t a n c e s w i t h i n e i t h e r the C u s h i t i c , N i l o t i c or Bantu 

C a t e g o r i e s . T h i s i m p l i e s some degree of r e l a t i v e homogeneity f o r 

e t h n i c C a t e g o r i e s . I n the females however, th e r e i s i n c o n t r a s t 

no marked d i f f e r e n c e between the mean f o r d i s t a n c e s i n the "between 

a l l c a t e g o r i e s " d i v i s i o n and those w i t h i n each r e s p e c t i v e e t h n i c 

category, and hence i m p l i e s a l a c k of r e l a t i o n s h i p between 

dermatoglyphic and e t h n i c a f f i n i t y . 
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To c l a r i f y these r e s u l t s , I pooled the w i t h i n e t h n i c 
category d i s t a n c e s and compared t h e i r mean with the mean f o r 
between e t h n i c category d i s t a n c e s through a t - t e s t . Table 8.4 shows 
that i n the males, the mean of d i s t a n c e s between e t h n i c c a t e g o r i e s 
i s s i g n i f i c a n t l y higher than t h a t f o r d i s t a n c e s w i t h i n e t h n i c 
c a t e g o r i e s , though i n the females the two means are s i m i l a r and not 
s i g n i f i c a n t . There i s thus a notable l a c k of agreement between the 
male and female r e s u l t s , making i n t e r p r e t a t i o n d i f f i c u l t . I t would 
appear t h a t only the males show any i n d i c a t i o n of a correspondence 
of dermatoglyphic a f f i n i t y with l i n g u i s t i c and c u l t u r a l a f f i n i t y . 

Owing to the c o n t r a d i c t o r y nature of these r e s u l t s , 

I decided to look at the q u a l i t a t i v e d i s t r i b u t i o n of d i s t a n c e s w i t h i n 

and between e t h n i c c a t e g o r i e s to see i f c l e a r e r r e l a t i o n s h i p s e x i s t e d , 

The range of d i s t a n c e s was d i v i d e d i n t o 3 d i v i s i o n s and the 

percentage occurrence of d i s t a n c e s f a l l i n g i n t o each of the 3 

d i v i s i o n s was examined f o r w i t h i n and between e t h n i c category 

d i v i s i o n s . The r e s u l t s are contained i n Table 8.5. 

The f i r s t point to n o t i c e i s t h a t no l e s s than 18 per cent 

of between e t h n i c category d i s t a n c e s i n males and 34 per cent i n 

females are l e s s than 200. T h i s shows t h a t an a p p r e c i a b l e m i n o r i t y 

of s m a l l d i s t a n c e s are between e t h n i c groups belonging to d i f f e r e n t 

e t h n i c c a t e g o r i e s . S i m i l a r l y , 29 per cent of w i t h i n e t h n i c 

category d i s t a n c e s i n i j a l e s and 21 per cent i n females are g r e a t e r 

than 400, i n d i c a t i n g some heterogeneity w i t h i n e t h n i c c a t e g o r i e s . 

N e vertheless i t i s a l s o c l e a r t h a t a much l a r g e r percentage 

of s m a l l d i s t a n c e s occur i n the w i t h i n e t h n i c category d i v i s i o n i n 

each sex. Thus i n the males, 35 per cent of the w i t h i n e t h n i c 



category d i s t a n c e s f a l l under 200, compared to 18 per cent of 

d i s t a n c e s between e t h n i c c a t e g o r i e s ; the e q u i v a l e n t comparisons 

i n females are 64 per cent compared to 34 per cent r e s p e c t i v e l y . 

I t i s a l s o apparent that the females show a much l a r g e r proportion 

of s m a l l d i s t a n c e s i n toto than the males. 

When ch i - s q u a r e t e s t s of s i g n i f i c a n c e are applied to the 

male and female f i g u r e s i n Table 8.5, n e i t h e r sex shows s i g n i f i c a n c e 

though the females approach s i g n i f i c a n c e at p = 0.055. T h i s trend 

i s a broad r e v e r s a l of the trends of s i g n i f i c a n c e f o r the q u a n t i t a t i v e 

a n a l y s i s i n Table 8.4, where the females were f a r l e s s s i g n i f i c a n t 

than the males. 

T h i s r e v e r s a l of trends of s i g n i f i c a n c e between the sexes 

can be accounted f o r by two f a c t o r s . F i r s t l y the males show a much 

g r e a t e r r a t i o of l a r g e d i s t a n c e s to s m a l l , accompanied by a much 

g r e a t e r proportion of l a r g e d i s t a n c e s i n the between e t h n i c 

c a t e g o r i e s d i v i s i o n (52 compared to 29 per c e n t ) . T h i s c o n t r a s t s 

with the females, where the percentage of l a r g e d i s t a n c e s i s only 

m a r g i n a l l y g r e a t e r i n the between e t h n i c c a t e g o r i e s d i v i s i o n (24 

compared to 22 per c e n t ) . T h i s accounts f o r the much higher male 

mean of d i s t a n c e s i n the between e t h n i c c a t e g o r i e s d i v i s i o n , i n 

Table 8.4, as the excess of l a r g e d i s t a n c e s i n the male "between" 

d i v i s i o n c a r r i e s c o n s i d e r a b l e a r i t h m e t i c weight. Secondly, the 

females are much c l o s e r to s i g n i f i c a n c e i n the q u a l i t a t i v e a n a l y s i s 

i n Table 8.5 because of the very l a r g e r e l a t i v e d i f f e r e n c e i n 

proportion of d i s t a n c e s i n the between and w i t h i n e t h n i c c a t e g o r i e s 

d i v i s i o n s t h a t f a l l i n the 200-399 d i v i s i o n (42 per cent i n the 

"between d i v i s i o n " compared to 12 per cent i n the " w i t h i n d i v i s i o n " ) s 



T h i s c o n t r a s t s with a much more even d i s t r i b u t i o n of d i s t a n c e s i n 

the males f o r the 200^399 d i v i s i o n (29 compared to 35 per c e n t ) . 

The q u a l i t a t i v e a n a l y s i s i s , on the whole, perhaps a 

b e t t e r i n d i c a t o r of the extent of v a r i a t i o n along e t h n i c 1ines 

than the q u a n t i t a t i v e a n a l y s i s . The preponderance of s m a l l e r 

d i s t a n c e s i n the w i t h i n e t h n i c c a t e g o r i e s d i v i s i o n i n Table 8.5 i s 

c o n s i s t e n t i n both sexes, u n l i k e i n the q u a n t i t a t i v e a n a l y s i s i n 

Table 8.4 where the female w i t h i n c a t e g o r i e s mean d i f f e r e d l i t t l e 

from t h a t between c a t e g o r i e s . In s p i t e of the f a c t t h a t i n both 

sexes there i s a g r e a t e r proportion of s m a l l e r d i s t a n c e s w i t h i n 

e t h n i c c a t e g o r i e s i n the q u a l i t a t i v e a n a l y s i s however, the 

correspondence of dermatoglyphic with e t h n i c a f f i n i t y i mplied by 

t h i s trend i s by no means strong, as there e x i s t s a minority of 

sm a l l d i s t a n c e s i n the between e t h n i c c a t e g o r i e s d i v i s i o n i n both 

sexes, and a minority of l a r g e d i s t a n c e s i n the w i t h i n e t h n i c 

c a t e g o r i e s d i v i s i o n . 

The trends observed i n t h i s a n a l y s i s of absolute d i s t a n c e s 

are r a t h e r g e n e r a l . I t has not been p o s s i b l e to a s s e s s the 

r e l a t i v e homogeneity of s p e c i f i c e t h n i c c a t e g o r i e s with any 

c e r t a i n t y , owing to the adverse a f f e c t of s m a l l numbers on the 

t e s t s of s i g n i f i c a n c e used. For a more d e t a i l e d a p p r a i s a l we must 

consider the i m p l i c a t i o n s of the p r i n c i p a l coordinates a n a l y s e s 

i n Tables 8,1 and 8,2. 

8.1,2.3 R e l a t i v e l i n g u i s t i c and c u l t u r a l homogeneity of e t h n i c 
c a t e g o r i e s from the evidence of l a t e n t PCO v e c t o r s . 

The p r i n c i p a l coordinates a n a l y s e s depicted i n Tables 8,1 

and 8.2 show th a t 88 per cent of the male and 83.5 per cent of the 

female v a r i a n c e i s accounted f or by the f i r s t three l a t e n t v e c t o r s . 
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and 98 and 92 per cent by the f i r s t s i x . An almost complete p i c t u r e 
of e t h n i c a f f i n i t y can be obtained t h e r e f o r e , by c o n s i d e r i n g the 
f i r s t s i x l a t e n t v e c t o r s . 

I t i s p o s s i b l e to approach the a n a l y s i s of l a t e n t v e c t o r s 

e i t h e r by c o n s i d e r i n g them i n d i v i d u a l l y i n turn i n d e c r e a s i n g order 

of importance or by producing scattergrams of each p a i r of v e c t o r s 

i n t u r n . These methods however, as I pointed out i n Chapter 6, 

s u f f e r from d i f f i c u l t y of i n t e r p r e t a t i o n i f discordance i s manifested 

by d i f f e r e n t v e c t o r s . A s e r i e s of scattergrams f o r i n s t a n c e , f o r 

every combination of s i x l a t e n t v e c t o r s , would produce t h i r t e e n 

d i f f e r e n t r e p r e s e n t a t i o n s of r e l a t i o n s h i p s between e t h n i c groups, 

without d i v i d i n g up the data by sex. 

I n order to o b t a i n a more complete p i c t u r e of inter-rgroup 

a f f i n i t y , i t i s necessary to combine the information contained i n 

each v e c t o r on one graph f o r each population. As I showed i n 

Chapter 6, t h i s can be achieved by l i n k i n g the p l o t t e d s c o r e s of 

each v e c t o r f o r each population w i t h a s t r a i g h t l i n e . A f f i n i t y 

can then be a s s e s s e d not only by d i s t a n c e s between p o i n t s on each 

v e c t o r , but a l s o by the "shape" of the population l i n e . The 

"shape" i n f a c t , might be more important than d i s t a n c e , as i t i s 

p o s s i b l y more s t a b l e i n the f a c e of random f l u c t u a t i o n due to 

sample s i z e . T h i s method i s d e s c r i b e d i n more d e t a i l l a t e r i n the 

a n a l y s i s of minimal e t h n i c population v a r i a t i o n ( s e c t i o n 8.3) 

The program used to p l o t the graphs t h a t follow i s a 

p r i v a t e one w r i t t e n by Graham Cameron of the Department of Psychology, 

U n i v e r s i t y of S t i r l i n g , I t not only provides f u l l l a b e l l i n g , but 

a l s o d i f f e r e n t i a t e s each population by a unique l i n e and symbol. 



For ease of i n t e r p r e t a t i o n , the number of l i n e s on each graph 

i s l i m i t e d to s i x . The reader t h e r e f o r e , has to turn over pages 

to compare graphs of the same s e r i e s of l a t e n t v ector comparisons. 

In the f o l l o w i n g a n a l y s i s there are s i x graphs, three f o r 

males and three f o r females. Each graph p o r t r a y s the l i n k e d 

v ector c o o r d i n a t e s f o r e t h n i c groups belonging to a s p e c i f i c 

e t h n i c category. Here the Dorobo group i s included i n the a n a l y s i s 

as i t i s i n t e r e s t i n g to see where i t f i t s i n , and i t i s i n c l u d e d i n 

the C u s h i t i c graph. 

a) C u s h i t i c and Dorobo e t h n i c groups: ( f i g u r e 8.1 ( m a l e s ) : 
f i g u r e 8.2 ( f e m a l e s ) ) . 

The outstanding c h a r a c t e r i s t i c of the C u s h i t i c e t h n i c 

groups (Somali and G a l l a ) i s t h e i r s t r o n g s i m i l a r i t y i n the "shape" 

of t h e i r l i n e s , implying c o n s i d e r a b l e a f f i n i t y . Moreover a 

comparison w i t h the N i l o t i c and Bantu graphs r e v e a l s no other group 

with a s i m i l a r shape. The G a l l a and Somali t h e r e f o r e , can be 

viewed as belonging to the same macro-taxonomic u n i t . N e v e r t h e l e s s 

the d i s t a n c e between the Somali and G a l l a i n both sexes between 

the c o o r d i n a t e s on the f i r s t v e c t o r i n p a r t i c u l a r and l e s s markedly 

on the second and t h i r d v e c t o r s , i s q u i t e a p p r e c i a b l e . T h i s 

p o s s i b l y means th a t though s t r u c t u r a l l y s i m i l a r i n shape, the two 

populations have n e v e r t h e l e s s been separated f o r many gene r a t i o n s , 

I f t h i s i s the case, i t would correspond to the r e l a t i v e l i n g u i s t i c 

a f f i n i t y between the two groups. 

The Dorobo group on the male graph are not only almost 

i d e n t i c a l i n shape to the Somali group, but a l s o i n d i s t a n c e f o r 

a l l but the second and s i x t h v e c t o r s . Dermatoglyphically t h e r e f o r e 

the L a i k i p i a k Dorobo are f i r m l y a l l i e d to the C u s h i t i c p o p u l a t i o n s , 



b) N i l o t i c and e t h n i c groups; ( f i g u r e 8.3 (m a l e s ) : f i g u r e 
8.4 ( f e m a l e s ) ) . 

The male groups r e v e a l marked d i f f e r e n c e s both i n shape 

and d i s t a n c e between two groupings. The f i r s t grouping c o n s i s t s 

of the Maasai and K a l e n j i n groups who who a f f i n i t y i n shape and 

d i s t a n c e on a l l s i x v e c t o r s . The second c o n s i s t s of the Karimojong 

and Luo groups who are very s i m i l a r on the most important f i r s t 

three v e c t o r s , though not on v e c t o r s 4 to 6. 

According to l i n g u i s t i c c l a s s i f i c a t i o n (Sutton 1974:82^3) 

the Luo are the s o l e Kenya r e p r e s e n t a t i v e s of the Riv e r - L a k e N i l o t e s , 

who have c l o s e r a f f i n i t i e s with the P l a i n s N i l o t e s (Maasai group 

and Itunga (Kairmojong) group) than the Highland N i l o t e s of whom 

the K a l e n j i n a re a branch. C u l t u r a l l y however, the Maasai have 

more i n common wi t h the K a l e n j i n than the Karimojong Group, the 

l a t t e r occupying a middle ground from the Luo who re p r e s e n t the 

tru e N i l o t i c c u l t u r a l p o l a r i t y . The dermatoglyphic resemblance 

here c l e a r l y r e f l e c t s c u l t u r a l r a t h e r than l i n g u i s t i c a f f i n i t y . 

The females however, show marked d i f f e r e n c e s from the 

males. F i r s t l y , t h e r e i s much g r e a t e r homogeneity i n d i s t a n c e than 

f o r the males on a l l s i x v e c t o r s . Secondly, from the point of view 

of both shape and d i s t a n c e i t i s the Maasai and Karimojong groups 

who r e v e a l the g r e a t e s t a f f i n i t y (on the f i r s t two v e c t o r s which 

account f o r most of the v a r i a n c e ) , with the K a l e n j i n and Luo 

l y i n g on opposite p o l a r i t i e s on the f i r s t v e c t o r . T h i s c l e a r l y 

f i t s the l i n g u i s t i c c l a s s i f i c a t i o n b e t t e r than the c u l t u r a l 

c l a s s i f i c a t i o n . On the whole however, the general p a t t e r n s of 

a f f i n i t y i n the females are un c l e a r and i n c o n c l u s i v e , 



c) The Bantu groups: ( f i g u r e 8.5 ( m a l e s ) : f i g u r e 8.6 ( f e m a l e s ) ) 

P a t t e r n s of resemblance are very c l e a r i n the males. There 

i s c l o s e homogeneous s i m i l a r i t y i n d i s t a n c e and shape between three 

groups, L u y i a , C e n t r a l Bantu and Pokomo. The Mji Kenda and T a i t a 

i n c o n t r a s t are not only very d i s s i m i l a r from each other, but a l s o 

from a l l the other groups. The T a i t a i n p a r t i c u l a r are c l e a r i s o l a t e s 

on v e c t o r 1, and the Mji Kenda are d i s t i n c t on v e c t o r s 2 and 3. 

L i k e the N i l o t e s the Bantu females show g r e a t e r homogeneity 

than the males. Only the Mji Kenda on vector 1 are s h a r p l y 

d i s t i n g u i s h e d . Within the c e n t r a l mass however, the T a i t a are 

comparatively more d i f f e r e n t i a t e d ( v e c t o r s 1, 3, 4 and 5) though 

not n e a r l y as much as the males. The c l o s e a f f i n i t y between the 

L u y i a , C e n t r a l Bantu and Pokomo Groups i s evident on v e c t o r 1, 

but l e s s apparent on the other v e c t o r s . With the exception of the 

Mji Kenda, t h e r e f o r e , the females show o v e r a l l homogenei ty i n 

d i s t a n c e , though not i n shape. Trends are not n e a r l y so c l e a r as 

i n the males. 

The alignment of dermatoglyphic a f f i n i t i e s i n both sexes 

i s incompatible with l i n g u i s t i c and c u l t u r a l a f f i n i t y . According 

to these c r i t e r i a , there ought to be three d i s t i n c t groupings, 

one c o n s i s t i n g of Mji Kenda, Pokomo and T a i t a , the second being the 

C e n t r a l Bantu and the t h i r d the L u y i a , with the C e n t r a l Bantu i n 

between the C o a s t a l and L u y i a groupings. The o v e r a l l dermatoglyphic 

resemblance between Bantu Groups t h e r e f o r e , does not suggest any 

marked correspondence w i t h known p a t t e r n s of l i n g u i s t i c or c u l t u r a l 

a f f i n i t y . 



8.2 The extent of o v e r a l l dermatoglyphic heterogenei ty of 
e t h n i c groups: an examination of a f f i n i t y between minimal 
population samples, w i t h i n and between e t h n i c groups. 

I f a c l o s e correspondence e x i s t s between dermatoglyphic 

gene pool and language and c u l t u r e i n Kenya, we can expect to f i n d 

a) r e l a t i v e homogeneity of minimal sample means and frequences 

with e t h n i c groups and b) that trends of dermatoglyphic a f f i n i t y 

between minimal samples w i t h i n e t h n i c groups w i l l f o l l o w p a t t e r n s 

of known intra-group l i n g u i s t i c and or c u l t u r a l a f f i n i t y . These 

are the main i s s u e s that w i l l be i n v e s t i g a t e d i n the f o l l o w i n g 

s e c t i o n . 

8.2.1 Approach. 

In the a n a l y s i s of e t h n i c category homogeneity as depicted 

by e t h n i c groups, one of the main procedures used to t e s t homogeneity 

was to compare the mean of the Ag d i s t a n c e s between e t h n i c groups 

w i t h i n e t h n i c c a t e g o r i e s with that between e t h n i c c a t e g o r i e s . T h i s 

method however, cannot be used i n the a n a l y s i s of minimal population 

samples, as the magnitude of Ag d i s t a n c e s i s s i g n i f i c a n t l y dependent 

on sample s i z e . I n Table 8.6 are l i s t e d the mean Ag d i s t a n c e s at 

va r i o u s sample s i z e s f o r male and female analyses based on a) twenty 

s i x summary a t t r i b u t e s and b) one hundred and ten non^-summary 

a t t r i b u t e s . The c l e a r trend to emerge from the t a b l e i s the f a c t 

t h a t the mean d i s t a n c e s f o r the s m a l l e s t sample s i z e are much g r e a t e r 

than those f o r the l a r g e r sample s i z e s . In f a c t , r e l a t i v e s t a b i l i t y 

i s only achieved when a sample of f i f t y i s reached^ As one of the 

e t h n i c groups, (the L u y i a ) , ̂ s m o s ^ y r e p r e s e n t e d by sample s i z e s w e l l 

below f i f t y i n each sex, the sample s i z e s i n the t h i r t i e s and f o r t i e s 



are l i b e r a l l y represented i n many of the other e t h n i c groups, 

p a r t i c u l a r l y i n the females, any measure of r e l a t i v e homogeneity 

i n v o l v i n g comparisons of wthin and between group v a r i a t i o n of raw 

Ag d i s t a n c e s i s bound to be d i s t o r t e d by sample s i z e b i a s . The 

s m a l l e r the samples w i t h i n an e t h n i c group, the higher the mean of 

int e r - m i n i m a l population sample d i s t a n c e s f o r t h a t group i s l i k e l y 

to be: from sample s i z e e f f e c t s alone. 

When we look at the e f f e c t of sample s i z e on Ag d i s t a n c e s 

t h e r e f o r e , we must take i n t o account the f a c t t h a t the extent of 

random f l u c t u a t i o n i s d i s p o r o p o r t i o n a t e l y g r e a t e r i n sample s i z e s 

i n the twenties and t h i r t i e s than i n those i n the f i f t i e s to 

and over a hundred. Random f l u c t u a t i o n however, w i l l tend to be 

random i n each a t t r i b u t e . I n the c a l c u l a t i o n of the d i s t a n c e s , the 

random v a r i a t i o n w i l l tend to c a n c e l i t s e l f out when the d i s t a n c e s 

from each a t t r i b u t e are averaged out. Nevertheless i t w i l l r e s u l t 

i n much bigger d i s t a n c e s i n absolute terms f o r those very s m a l l 

sample s i z e s where random f l u c t u a t i o n i s p r o p o r t i o n a l l y more 

e x t e n s i v e . 

The random v a r i a t i o n i n a d i s t a n c e t h e r e f o r e , can be 

termed as "random n o i s e " . T h i s n o i s e however, should not a f f e c t 

r e l a t i v e d i s t a n c e . Any s y s t e m a t i c v a r i a t i o n w i l l tend to p u l l i n 

one d i r e c t i o n from a t t r i b u t e to a t t r i b u t e as the d i s t a n c e i s 

c a l c u l a t e d between two u n i t s . T h i s r e l a t i v e s y s t e m a t i c v a r i a t i o n 

i s what i s mostly picked out during PCA and PCO a n a l y s i s . That 

t h i s i s so can be seen by the f a c t that the PCO a n a l y s e s on minimal 

population sample d i s t a n c e d e s c r i b e d i n Chapter 6 produce l a t e n t 

v e c t o r s that s t r o n g l y c o r r e l a t e with PCA component s c o r e s which load 

h e a v i l y on s p e c i f i c a t t r i b u t e s whose i n t e r - r x e l a t i o n s h i p s are f a r 
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from random (see Chapter 5.3). PCA component s c o r e s and PCO v e c t o r s 
are thus much b e t t e r r e p r e s e n t a t i o n s of i n t e r - p o p u l a t i o n r e l a t i o n s h i p s 
than raw d i s t a n c e s . Any a n a l y s i s of w i t h i n and between e t h n i c group 
a f f i n i t y of minimal population samples should be based on such 
measures r a t h e r than raw d i s t a n c e s . 

PCA component s c o r e s and PCO v e c t o r s however, are not of 

course, f r e e from the e f f e c t s of sample s i z e . B u t t h e i s s u e i s r a d i c a l l y 

d i f f e r e n t from t h a t adopted i n the i n t e r p r e t a t i o n of raw d i s t a n c e s . 

I t i s no longer a case of d i s t o r t i o n due to a p r e v a l e n c e of random 

no i s e i n d i s t a n c e s of small samples, but one where the c e n t r a l 

point of i n t e r e s t i s now how f a r a FCA score or PCO v e c t o r i s a 

r e l i a b l e e stimator of the t r u e population parameter. PCA s c o r e s 

and PCO v e c t o r s may be p o t e n t i a l l y u n r e p r e s e n t a t i v e measures, but 

they are not b i a s e d or badly weighted ones. 

In the a n a l y s i s of the l i n g u i s t i c and c u l t u r a l homogeneity 

of e t h n i c c a t e g o r i e s according to the evidence from e t h n i c groups, 

I could assume from the f a c t t h a t d i s t a n c e s appear s u b s t a n t i a l l y 

to s t a b i l i s e a t a sample s i z e around 50 to 60 (Table 8.6), t h a t a l l 

e t h n i c category sample s i z e s were l a r g e enough to c o n t a i n l i t t l e 

random n o i s e . The a p p l i c a t i o n of a n a l y s i s of v a r i a n c e to raw 

d i s t a n c e s of e t h n i c groups between and w i t h i n e t h n i c c a t e g o r i e s 

was thus not only p e r m i s s a b l e , but a l s o a u s e f u l summary method 

of e x p l o r i n g r e l a t i v e homogeneity. The f a c t t h a t raw d i s t a n c e s 

cannot be adopted i n the a n a l y s i s of minimal population sample 

homogeneity w i t h i n e t h n i c groups means that a l e s s summarised 

approach i s ne c e s s a r y , i n v o l v i n g not only the c o n s i d e r a t i o n of 

PCA component s c o r e s and PCO v e c t o r s but a l s o u n i v a r i a t e measures. 



37 7 
The c h o i c e of approach i s i n f l u e n c e d by one f u r t h e r f a c t o r 

namely the e x i s t e n c e of marked discordance observed between 

p h e n e t i c a l l y u n r e l a t e d taxonomic a t t r i b u t e s d e s c r i b e d i n Chapter 5.3. 

I n Chapter 3 , I proposed that from a t h e o r e t i c a l s t a n d p o i n t , the 

demonstration of discor d a n c e i s incompatible with the e x i s t e n c e 

of strong o v e r a l l trends of et h n o t y p i c v a r i a t i o n . T h i s means that 

i n the present group of population samples, i t i s u n l i k e l y that 

s t r o n g e t h n o t y p i c v a r i a t i o n i s going to be manifested i n the a n a l y s i s 

of o v e r a l l resemblance. T h i s does not preclude, however, the 

p o s s i b i l i t y t h a t some s p e c i f i c a t t r i b u t e s may vary according to e t h n i c 

p a t t e r n s of a f f i n i t y . A u n i v a r i a t e approach t h e r e f o r e , i s 

a d d i t i o n a l l y advantageous i n t h a t i t w i l l permit the i n v e s t i g a t i o n of 

the notion t h a t v a r i a t i o n s along e t h n i c l i n e s may e x i s t i n c e r t a i n 

a t t r i b u t e s and not i n o t h e r s . 

8.2.2 U n i v a r i a t e a n a l y s i s of e t h n i c group homogeneity and 
a f f i n i t y from the evidence of minimal population sample 
d i f f e r e n t i a t i o n . 

The procedure adopted to i n v e s t i g a t e t h i s i s s u e was to 

perform a one way a n a j s i s of v a r i a n c e f o r a r e p r e s e n t a t i v e sample 

of d i g i t a l and palmar a t t r i b u t e s on the c o n s t i t u e n t populations f o r 

each e t h n i c group i n t u r n . 

During t h i s p a r t i c u l a r a n a l y s i s the between group v a r i a n c e 

i s the d e v i a t i o n s of the sample means from the grand mean f o r the 

e t h n i c group under c o n s i d e r a t i o n , and the w i t h i n group v a r i a n c e i s 

the weighted average of the d e v i a t i o n s of i n d i v i d u a l s (people) from 

w i t h i n each sample mean. The r a t i o of the between to w i t h i n group 

v a r i a n c e s , the F r a t i o , has a known sampling d i s t r i b u t i o n which 



through the c o n s i d e r a t i o n of w i t h i n and between group degrees of 

freedom g i v e s a f i g u r e of p r o b a b i l i t y from zero to u n i t y . The 

gr e a t e r the F r a t i o the l e s s chance th e r e i s th a t the d i f f e r e n c e i n 

sample means i s random, and hence the lower the F p r o b a b i l i t y . 

What I am t e s t i n g here t h e r e f o r e , i s how f a r the 

d i s t a n c e between sample means w i t h i n each e t h n i c group, i s 

s t a t i s t i c a l l y random. The f i n d i n g of s i g n i f i c a n c e however, cannot 

be d i r e c t l y i n t e r p r e t e d as a s i g n of heterogeneity. I t i s p o s s i b l e 

f o r i n s t a n c e , to obtain high s i g n i f i c a n c e where very small 

d i f f e r e n c e s i n means e x i s t i f sample s i z e s are l a r g e enough. 

S i g n i f i c a n c e cannot d i r e c t l y t e l l us t h e r e f o r e , whether d i f f e r e n c e s 

i n means w i t h i n e t h n i c groups are r e l a t i v e l y l a r g e r or s m a l l e r than 

d i f f e r e n c e s i n sample means between e t h n i c groups; or whether the 

d i f f e r e n c e s of means i n one e t h n i c group are g r e a t e r than those 

i n another. I n d i r e c t l y however, s i g n i f i c a n c e can poin t to the 

e x i s t e n c e of heterogeneity, i n t h a t i n the present a n a l y s i s the 

sample s i z e s are not very l a r g e . Consequently, a b i g d i f f e r e n c e 

i n means i s r e q u i r e d to achieve s i g n i f i c a n c e . To f i n d s i g n i f i c a n c e 

i n the present a n a l y s i s t h e r e f o r e , i m p l i e s t h a t the range of mean 

d i f f e r e n c e s i s l a r g e . 

Although one way a n a l y s i s of v a r i a n c e can imply the 

e x i s t e n c e of l a r g e d i f f e r e n c e s i n means, i t cannot i n d i c a t e whether 

i t i s only the extreme samples that cause s i g n i f i c a n c e . I t i s 

p o s s i b l e f o r i n s t a n c e , to obtain s i g n i f i c a n c e when only one population 

out of many i s very d i f f e r e n t . In t h i s case, the e t h n i c group 

would be homogeneous for a l l but one member, but A,O.V. might 

produce the same f i g u r e of s i g n i f i c a n c e as a group where many 
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c o n s t i t u e n t p o p u l a t i o n s d i f f e r s i g n i f i c a n t l y . The present a n a l y s i s 

t h e r e f o r e t should only be regarded as a p r e l i m i n a r y guide to e t h n i c 

group heterogeneity or homogeneity. 

A p o s s i b l e source of d i s t o r t i o n i n the a p p l i c a t i o n of 

A.0.V. i s the f a c t that i n some a t t r i b u t e s i n c e r t a i n groups 

assumptions of homoscedasticity could not be met (about f i v e per 

cent of a t t r i b u t e s i n a l l ) . The a p p l i c a t i o n of s o p h i s t i c a t e d 

t ransformations to c o r r e c t skewness through the use of an i t e r a t i v e 

f u n c t i o n by Box and Cox (1964), on a p i l o t range of a t t r i b u t e s , 

succeeded i n s l i g h t l y reducing h e t e r o s c e d a s t i c i t y , but f a i l e d to 

change the F p r o b a b i l i t i e s to any s i g n i f i c a n t e x t e n t , I decided 

t h e r e f o r e , to use untransformed data i n the f o l l o w i n g a n a l y s i s . 

In view of the l a r g e amount of output t h a t can be 

produced by one way a n a l y s i s of v a r i a n c e , I l i m i t e d the number of 

a t t r i b u t e s to be considered i n the a n a l y s i s to 20 d i g i t a l and 30 

palmar non summary a t t r i b u t e s ; and 14 summary d i g i t a l and palmar 

a t t r i b u t e s ( s e e Table 8.7 f o r a p r e c i s e l i s t i n g ) . Palmar p a t t e r n s 

and t r i r a d i i were t r e a t e d as i n t e r v a l data f o r reasons already 

o u t l i n e d i n Chapter 5.2. F i n a l l y to reduce output f u r t h e r some 

e t h n i c groups were pooled. The Somali and G a l l a groups were 

pooled to form a general C u s h i t i c group. The Luo, being on t h e i r 

own as a group, were included with the Turkana and I t e s o to form 

a g e n e r a l non K a l e n j i n / M a a s a i N i l o t i c group (the Luo are i n f a c t 

c u l t u r a l l y more s i m i l a r to the Turkana and I t e s o than the other 

N i l o t i c p o p u l a t i o n s ) . F i n a l l y , the Pokomo, Mji Kenda and T a i t a 

were amalgamated to form a gene r a l C o a s t a l Bantu group - l i n g u i s t i c a l l y 

permissable as Sutton shows (Sutton 1973:83). 
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One way a n a l y s i s of v a r i a n c e was app l i e d s e p a r a t e l y on 
each e t h n i c group i n turn f o r the a t t r i b u t e s considered, with 
i n d i v i d u a l people p r o v i d i n g the w i t h i n v a r i a n c e and the minimal 
population samples the between v a r i a n c e f or each e t h n i c group. 
The r e s u l t s i n a condensed form are given i n Table 8.7 and 8.8 
for males and females r e s p e c t i v e l y . S i g n i f i c a n c e i s i n d i c a t e d by 
an a s t e r i s k f o l l o w i n g the p r o b a b i l i t y f o r the a t t r i b u t e , and i s 
c o n v e n t i o n a l l y defined here as any p r o b a b i l i t y equal to or l e s s 
than 0.05. 

Table 8.9 i s a summary of Tables 8.7 and 8.8, and l i s t s 

the number and percentage of s i g n i f i c a n t d i f f e r e n c e s found i n each 

e t h n i c group f o r d i g i t a l and palmar groupings and f o r u n d i f f e r e n t i a t e d 

summary a t t r i b u t e s . The l a r g e s t number and percentage of s i g n i f i c a n t 

d i f f e r e n c e s occur i n the C o a s t a l Bantu i n both sexes, followed by 

the C e n t r a l Bantu and the L u y i a Bantu. The K a l e n j i n show a l a r g e 

proportion of d i f f e r e n c e s i n the males but not i n the females, w h i l e 

the C u s h i t e s e x h i b i t an opposite t r e n d s , with d i f f e r e n c e s 

predominating i n the females. The Haasai and Luo/Karimojong show 

few d i f f e r e n c e s i n both sexes, as do the Dorobo i n the males. 

One of the f e a t u r e s of these r e s u l t s i s the d i f f e r e n t i a l 

d i s t r i b u t i o n of d i f f e r e n c e s i n d i g i t a l and palmar a t t r i b u t e s from 

one group to another. The C o a s t a l Bantu and K a l e n j i n (males only) 

show f a r more d i f f e r e n c e s i n d i g i t a l a t t r i b u t e s , w h i l e d i f f e r e n c e s 

i n palmar a t t r i b u t e s are f a r more common i n the C e n t r a l Bantu. 

We thus have a s i t u a t i o n where the v a r i a t i o n i n sample 

means v a r i e s s t a t i s t i c a l l y randomly i n a m a j o r i t y of a t t r i b u t e s f o r 

every e t h n i c group, the proportion of random v a r i a t i o n ranging from 

68 per cent of non summary a t t r i b u t e s ( C o a s t a l Bantu males) to 100 



per cent (Maasai males and Luo/Karimojong f e m a l e s ) . The non random 

v a r i a t i o n moreover, tends to occur i n c l u s t e r s of p h e n e t i c a l l y 

r e l a t e d a t t r i b u t e s . I n the C o a s t a l Bantu, i t can be found i n some 

r a d i a l and a m a j o r i t y of u l n a r r i d g e counts (see Tables 8.7 and 8.8), 

and i n hypothenar a t t r i b u t e s i n both s e x e s . I n the C e n t r a l Bantu, 

the l a r g e s t d i f f e r e n c e s are f o r palmar r i d g e counts i n both sexes, 

on the hypothenar i n the males and i n the a x i a l region i n the 

females. The L u y i a Bantu show some d i f f e r e n c e s i n r a d i a l r i d g e 

counts on the fo u r t h and f i f t h d i g i t s and i n ab and cd palmar 

r i d g e counts i n both sexes. The K a l e n j i n e x h i b i t l a r g e d i f f e r e n c e s 

i n r a d i a l counts i n the males, and i n the a x i a l t r i r a d i i i n both 

sexes. D i f f e r e n c e s i n the other groups are l e s s common and s y s t e m a t i c 

and show l i t t l e r e p l i c a t i o n between the sexes. 

Having s p o t l i g h t e d which r e l a t e d groups of a t t r i b u t e s 

are s i g n i f i c a n t i n each e t h n i c group, i t i s now p o s s i b l e to obtain 

p r e l i m i n a r y i n d i c a t i o n s of the extent of heterogeneity by examining 

the d i s t r i b u t i o n of minimal population sample means and f r e q u e n c i e s 

f o r s i g n i f i c a n t a t t r i b u t e s , u s i n g the u n i v a r i a t e t a b l e s l i s t e d i n 

Appendix 1.4. Of s p e c i a l i n t e r e s t i s whether heterogeneity i s a 

consequence of l a r g e d i f f e r e n c e s between s e v e r a l populations; or 

between a homogeneous swarm ad one aberrant population. These 

i s s u e s are d i s c u s s e d below f o r each e t h n i c group ranked according 

to the l a r g e s t proportion of s i g n i f i c a n t d i f f e r e n c e s l i s t e d i n Table 

8.9. 

i ) The C o a s t a l Bantu 

The C o a s t a l Uantu show s i g n i f i c a n c e f o r d i g i t a l r i d g e 

counts and hypothenar p a t t e r n s and t r i r a d i i i n both sexes. In the 

males, there are three g e n e r a l l e v e l s o f v a r i a t i o n f o r d i g i t a l ridge 



counts: low means i n the T a i t a and Taveta, medium to medium high 

means i n the Mji Kenda and Pokomo, and high to very high means i n 

the Digo. S i g n i f i c a n c e i s t h e r e f o r e mostly a consequence of the 

l a r g e d i f f e r e n c e between the Digo at the high p o l a r i t y and the T a i t 

and Taveta at the low one. 

I n the females however, the Mji Kenda, Pokomo and T a i t a / 

Taveta are r e l a t i v e l y homogeneous f o r d i g i t a l r i d g e counts showing 

low to medium v a l u e s i n a l l populations except f o r the Digo, who 

d i s p l a y very high means. Heterogeneity, i s t h e r e f o r e due to the 

f a c t t h a t the Digo are q u i t e d i s t i n c t from the r e s t . 

S i g n i f i c a n c e i n the hypothenar area, p a r t i c u l a r l y f o r 

c e n t r a l hypothenar loops, i s a l s o a pronounced f e a t u r e f o r both 

hands i n the females and f o r the r i g h t hand i n males. I n both 

sexes, very low f r e q u e n c i e s f o r c e n t r a l hypothenar loops occur i n 

the Chonyi and Mid Mji Kenda, w h i l e the other populations show 

medium to medium high v a l u e s except f o r the T a i t a who e x h i b i t 

very high f r e q u e n c i e s . I t i s the T a i t a t h e r e f o r e , t h a t c o n t r i b u t e 

most to the observed s i g n i f i c a n c e . 

i i ) The C e n t r a l Bantu 

The o v e r r i d i n g c h a r a c t e r i s t i c of the C e n t r a l Bantu group 

i s the very high s i g n i f i c a n c e e x h i b i t e d by palmar r i d g e counts and 

a x i a l t r i r a d i i i n both s e x e s . The d i s t r i b u t i o n of the v a r i o u s 

palmar r i d g e count means i s un u s u a l l y concordance f o r the C e n t r a l 

Bantu, even between sexes, with the range of means g r e a t e r than 

the r e s t of the Kenya range. At the high p o l a r i t y are the Muranga 
m 

and Kiambu Kikuyu, Muthambi, Mwibi , T i g a n i a and Tharaka, w h i l e the 

very low p o l a r i t y i s represented by the I g o j i and Imenti. The 
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r e s t show low medium to medium high means. For palmar r i d g e counts 
t h e r e f o r e , the C e n t r a l Bantu are very heterogeneous, and the p a t t e r n s 
of v a r i a t i o n do not correspond to i n t e r n a l l i n g u i s t i c d i v i s i o n s . 
For example the Meru and non Meru samples are both heterogeneous. 

A d e t a i l e d a n a l y s i s of the C e n t r a l Bantu v a r i a t i o n f o r 

a x i a l t r i r a d i i i s not j u s t i f i e d , owing to u n r e l i a b i l i t y i n the 

measurements of these a t t r i b u t e s ( s e e Chapter 4 ) . A look at the 

fr e q u e n c i e s f o r t and t ' i n Appendix 1 .4 however, r e v e a l s t h a t many 

C e n t r a l Bantu samples d i f f e r a p p r e c i a b l y i n the f r e q u e n c i e s f o r the 

t r a i t s . 

i i i ) The L u y i a Bantu 

Consi d e r i n g the low sample s i z e s of the L u y i a populations 

i t i s not s u r p r i s i n g t h a t most a t t r i b u t e s show a lac k of s i g n i f i c a n c e , 

even though, as the u n i v a r i a t e t a b l e s demonstrate, t h e r e are very 

marked d i f f e r e n c e s i n means or f r e q u e n c i e s f o r a l l a t t r i b u t e s . 

The f a c t t h a t some a t t r i b u t e s are s i g n i f i c a n t means th a t the range 

of means or f r e q u e n c i e s must be p a r t i c u l a r l y wide owing to the s m a l l 

s i z e of the L u y i a samples. For d i g i t a l a t t r i b u t e s , only r a d i a l 

r i d g e counts on the fo u r t h and f i f t h d i g i t s i n the males and only 

on the f i f t h i n the females show s i g n i f i c a n c e . The only c o n s i s t e n t 

p a t t e r n to emerge from the u n i v a r i a t e means i s th a t the Bukusu show 

very low means i n both sexes, and the Marama very high ones. With 

other populations d i s p l a y i n g a c o n s i d e r a b l e but l e s s concordant 

range of v a r i a t i o n . The low Bukusu and high Marama v a l u e s occur 

i n most d i g i t a l a t t r i b u t e s , but only on the fo u r t h and f i f t h d i g i t s 

i s the d i f f e r e n c e i n means l a r g e enough to produce s i g n i f i c a n c e . 
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Both sexes a l s o manifest s i g n i f i c a n c e f o r palmar r i d g e 
counts. On the whole, most L u y i a population samples i n both sexes 
tend to show r e l a t i v e l y high means - remarkably homogeneous 
c o n s i d e r i n g the sample s i z e s . Once again however, i t i s the Bukusu 
who are outstanding, showing very low means i n both sexes, e s p e c i a l l y 
i n the females. 

i v ) The K a l e n j i n N i l o t e s 

The K a l e n j i n show h i g h l y s i g n i f i c a n t d i f f e r e n c e s i n the 

r a d i a l d i g i t a l ridge counts i n males, and i n ab ridge counts and 

a x i a l t r i r a d i i i n both s e x e s . T h i s apparent sex d i f f e r e n c e f o r the 

d i g i t a l r i d g e counts r e q u i r e s e x p l a n a t i o n , e s p e c i a l l y as sample 

numbers are broadly equal i n both sexes except for the Kony which 

possess a much s m a l l e r female sample. The u n i v a r i a t e t a b l e s i n 

Appendix 1.4 f o r r a d i a l r i d g e counts demonstrate t h a t a l l K a l e n j i n 

populations are broadly homogeneous, except f o r the Kony i n both 

sexes, which have the lowest Kenyan d i g i t a l r i d g e count means f o r 

most of these a t t r i b u t e s , and the K i p s i g i s i n the males only, which 

show r e l a t i v e l y high means. The l a c k of s i g n i f i c a n c e i n most 

female r a d i a l r i d g e counts i s thus accounted for by the absence of 

the high K i p s i g i s p o l a r i t y of the males, combined with a s m a l l e r 

sample s i z e f o r the Kony. I t should be noted however, th a t though 

the Kony do not d i f f e r s i g n i f i c a n t l y from the others i n the females, 

t h e i r s e p a r a t i o n i n terms of the absolute d i f f e r e n c e s i n means f o r 

d i g i t a l r i d g e counts from the other K a l e n j i n populations i s a c t u a l l y 

g r e a t e r than i n the males. The d i s t i n c t i v e n e s s of the Kony moreover, 

i s to be seen i n a l l d i g i t a l a t t r i b u t e s , even where d i f f e r e n c e s are 

not l a r g e enough to produce s i g n i f i c a n c e . 
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The s i g n i f i c a n c e of the ab r i d g e counts i s due to l e s s 
s y s t e m a t i c d i f f e r e n c e s than were manifest by the d i g i t a l r i d g e 
counts. The population at the lowest and h i g h e s t p o l a r i t y d i f f e r s 
from r i g h t and l e f t hands, and from one sex to another. I n g e n e r a l , 
however, i t i s the Nandi who show lower means, and the Keyo, 
Marakwet and Pokot high ones. 

F i n a l l y , the a x i a l t r i r a d i i demonstrate that the K i p s i g i s 

have f a r the h i g h e s t ad lowest f r e q u e n c i e s of t ' and t r e s p e c t i v e l y 

i n the males, and they are j o i n e d by the Nandi i n the females. 

v) The C u s h i t e s 

The p a t t e r n s of s i g n i f i c a n c e e x h i b i t e d by the C u s h i t e s 

are remarkable i n th a t although the male samples are g e n e r a l l y 

much bigger than those of the females, i t i s the females who 

d i s p l a y by f a r the l a r g e r number of s i g n i f i c a n t a t t r i b u t e s . T h i s 

i m p l i e s the e x i s t e n c e of c o n s i d e r a b l e i n t e r - s e x discordance. 

The females f o r i n s t a n c e , d i s p l a y no l e s s than four 

s i g n i f i c a n t d i f f e r e n c e s f o r non summary d i g i t a l a t t r i b u t e s compared 

to only one f o r males. The u n i v a r i a t e t a b l e s show however, t h a t 

whereas i n the males a l l C u s h i t i c populations show remarkably uniform 

high means, i n the females only the Somali, R e n d i l l e and to a l e s s e r 

extent the Gabbra r e p l i c a t e the male t r e n d s . The Boran and 

e s p e c i a l l y the B u r j i , who showed high means i n the males, r e v e a l 

low to medium means i n the females. I t i s thus the Boran and 

B u r j i females that are d i s t i n c t i v e and a t y p i c a l . 

For palmar a t t r i b u t e s , the main trend i s the high female 

s i g n i f i c a n c e f o r p e r i p h e r a l hypothenar loops, a trend not r e p l c i a t e d 

i n the males who show no s i g n i f i c a n c e i n any palmar a t t r i b u t e . For 

PHR and PHL i n the females, the outstanding d i f f e r e n c e s are between 
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the R e n d i l l e who who very high f r e q u e n c i e s , and the others who show 

low to average ones. I n the males, however, the R e n d i l l e f a l l w e l l 

w i t h i n the range of other C u s h i t i c v a l u e s , being i f anything on the 

low s i d e . 

v i ) The Maasai, Dorobo and Luo/Kariomojong 

A l l these groups d i s p l a y very few s i g n i f i c a n t d i f f e r e n c e s 

i n both s e x e s . The Maasai and Luo/Karimojong groups moreover, 

c o n t a i n samples of r e s p e c t a b l e sample s i z e , emphasising f u r t h e r the 

apparent homogeneity of the groups. 

D i s c u s s i o n 

From t h i s a n a l y s i s , we can p r o v i s i o n a l l y d i s t i n g u i s h 

four types of intra-r-ethnic group v a r i a t i o n . The f i r s t type i s 

the g r e a t e s t h e t e r o g e n e i t y c o o n s i d e r a b l e d i f f e r e n c e s between samples 

f o r a l i m i t e d number of r e l a t e d a t t r i b u t e s . The C e n t r a l Bantu 

and L u y i a Bantu f a l l i n t o t h i s category. The second type i s where 

most intra-group samples show c o n s i d e r a b l e s i m i l a r i t y f o r a t t r i b u t e s 

t h a t show s i g n i f i c a n c e , but where one or two populations d i f f e r 

r a d i c a l l y from the r e s t . The C o a s t a l Bantu belong to t h i s type, 

w i t h the Digo d i f f e r e n t i a t e d from the r e s t f o r d i g i t a l a t t r i b t u e s 

and the T a i t a for c e r t a i n hypothenar a t t r i b u t e s . The K a l e n j i n 

a l s o conform, with the Kony showing r a d i c a l l y lower d i g i t a l r i d g e 

count means than theot'ier K a l e n j i n samples . T h i r d l y , t h e r e i s a type 

where o v e r a l l homogeneity i n one sex i s not r e p l i c a t e d i n the other, 

but as i n the case of the K a l e n j i n because sample s i z e s i n the 

females are too low to s i g n i f i c a n t l y m i r r o r the same trends s i g n i f i c a n t 

i n the males, but because there i s c o n s i d e r a b l e i n t e r - s e x d i f f e r e n c e s 
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i n some samples. The C u s h l t e s , where the Boran and B u r j i females 

show much lower means for d i g i t a l r i d g e counts r e l a t i v e to the 

other samples than i n the males, are the only example of t h i s type. 

The f o u r t h type i s where complete s t a t i s t i c a l homogeneity 

e x i s t s f o r a l l but a very few a t t r i b u t e s , as i s shown by the Maasai, 

Dorobo and the Luo Karimojong Groups. 

I n s p i t e of these f i n d i n g s however, the a n a l y s i s on the 

whole has f a i l e d to provide an o b j e c t i v e c r i t e r i o n on which to measure 

r e l a t i v e homogeneity w i t h i n e t h n i c groups. The procedure of comparing 

the number of s i g n i f i c a n t d i f f e r e n c e s between e t h n i c groups i s open 

to d i s t o r t i o n . I f an e t h n i c group shows s i g n i f i c a n c e f o r an 

a t t r i b u t e , other a t t r i b u t e s s t r o n g l y r e l a t e d pheneti c a l l y to i t. 

w i l l a l s o tend to show s i g n i f i c a n c e . For example the f a c t t h a t 

the C o a s t a l Bantu show s i g n i f i c a n c e f o r a d i g i t a l r i d g e count means 

that i t i s l i k e l y to do so f o r other ridge counts. As there are 

more d i g i t a l r i d g e counts than other kinds of p h e n e t i c a l l y r e l a t e d 

v a r i a b l e groupings, then showing s i g n i f i c a n c e on d i g i t a l r i d g e 

counts w i l l weight more than f o r i n s t a n c e , s i g n i f i c a n c e on thenar 

a t t r i b u t e s . 

Furthermore i t i s q u e s t i o n a b l e to base an assessment of 

homogeneity on the extent of s t a t i s t i c a l s i g n i f i c a n c e . For i n s t a n c e 

the d i s t i n c t i v e lower means f o r d i g i t a l r idge counts of the Kony 

from other K a l e n j i n populations i s evident not only i n d i g i t a l 

a t t r i b u t e s t h a t are s i g n i f i c a n t i n the males, but a l s o i n d i g i t a l 

a t t r i b u t e s t h a t are not s i g n i f i c a n t i n both males and females. T h i s 

example i m p l i e s t h a t type I I e r r o r i s probably important. I n 

other words marked c o n s i s t e n t heterogeneous trends of v a r i a t i o n 

seem to e x i s t without appearing as s t a t i s t i c a l l y s i g n i f i c a n t . 



8.2.3 D i r e c t comparison of r e l a t i v e homogeneity between e t h n i c 
groups as depicted by c o r r e l a t i o n between v a r i a t i o n f or 
minimal population samples and v a r i a b l e s t h a t measure 
e t h n i c a f f i 1 i a t i o n . 

In view of the shortcomings of the previous a n a l y s i s of 

i n t e r - e t h n i c group trends of r e l a t i v e homogeneity, I employed a 

d i f f e r e n t approach t h a t not only focuses s p e c i f i c a l l y on each 

e t h n i c group i n tu r n , but which a l s o provides a s t a n d a r d i s e d s c a l e 

of measurement to a s s e s s comparative homogeneity and c h a r a c t e r i s t i c 

d i f f e r e n t i a t i o n between groups on i n d i v i d u a l a t t r i b u t e s . 

For each e t h n i c group, the range of populations was 

recoded i n t o two c a t e g o r i e s , the f i r s t c o n s i s t i n g of a l l minimal 

population samples belonging to the e t h n i c group being a s s e s s e d , 

and the second c o n s i s t i n g of a l l samples not belonging to the 

e t h n i c group. A dummy v a r i a b l e was thus cr e a t e d i n which members 

of the e t h n i c group were codel as 1, and the others as 0. The 

dummy i n t e r v a l v a r i a b l e s , one f o r each e t h n i c group, were then 

c o r r e l a t e d with each summary taxonomic a t t r i b u t e i n turn u s i n g 

Pearson's r . Each c o r r e l a t i o n can thus be i n t e r p r e t e d as a measure 

of the extent and nature of the r e l a t i o n s h i p between e t h n i c group 

a f f i l i a t i o n and a t t r i b u t e v a r i a t i o n . The higher the c o r r e l a t i o n , 

the more d i s t i n c t i v e and unique the range and magnitude of the w i t h i n 

e t h n i c group a t t r i b u t e s c o r e s become, and hence the g r e a t e r the 

chance of p r e d i c t i n g the s c o r e s of a population belonging to tha t 

e t h n i c group. A high p o s i t i v e c o r r e l a t i o n furthermore, can be 

i n t e r p r e t e d as showing t h a t f o r th a t a t t r i b u t e , members of the 

et h n i c group have high means or f r e q u e n c i e s r e l a t i v e to the 

populations not i n the e t h n i c group, and means and fr e q u e n c i e s 

d i s t i n c t i v e l y lower i f the c o r r e l a t i o n i s high and nega t i v e . 



38 

To save space the f o l l o w i n g a n a l y s i s only r e p o r t s the 

r e s u l t s of c o r r e l a t i o n s with summary a t t r i b u t e s . The r e s u l t s of 

the non summary an a l y s e s showed s i m i l a r t r e n d s , and the magnitude of 

c o r r e l a t i o n s were not any higher on the whole than those e x h i b i t e d 

by the summary a t t r i b u t e s reported here. 

The r e s u l t s are contained i n Table 8.10 f o r males and 

Table 8.11 f o r females. The f i r s t o b s e r v a t i o n t h a t emerges i s t h a t 

a l l c o r r e l a t i o n s are low i n both sexes, v a r y i n g ( i g n o r i n g s i g n s ) 

from 0.0 to 0.5. I n other words the maximum amount of unique 

v a r i a n c e e x h i b i t e d by any e t h n i c group f o r any a t t r i b u t e i s 25 per 

cent. A l l e t h n i c groups t h e r e f o r e , are r e l a t i v e l y heterogeneous 

and not very d i s t i n c t i v e i n r e l a t i o n to other groups. 

Having made t h i s g e n e r a l c o n c l u s i o n however, i t i s 

n o t i c e a b l e from the f i g u r e s t h a t there are some d e f i n i t e t r e n d s . 

The range of 0.0 to 0.5 though on the low s i d e , i s s t i l l an 

a p p r e c i a b l e range, and higher c o r r e l a t i o n s are not randomly s c a t t e r e d 

through the groups. 

The C u s h i t e s show r e l a t i v e l y high p o s i t i v e c o r r e l a t i o n s 

i n the 0.2 to 0.4 range i n both sexes on a l l d i g i t a l r i d g e counts, 

t o t a l f i n g e r p a t t e r n i n t e n s i t y and c o n c e n t r i c whorls, though not 

on double loops. They are thus r e l a t i v e l y c h a r a c t e r i s e d by high 

means and f r e q u e n c i e s f o r these t r a i t s . On the opposite p o l a r i t y , 

they e x h i b i t moderately high negative c o r r e l a t i o n s for 

i n t e r d i g i t a l and t o t a l palmar i n t e n s i t y , p a r t i c u l a r l y i n the males, 

and a l s o f o r a r c h e s , implying low means and f r e q u e n c i e s for these 

a t t r i b u t e s . 

The Maasai are one of the l e a s t d i s t i n c t i v e groups, 

demonstrating only two c o r r e l a t i o n s exceeding 0.2 ( f o r l e f t t o t a l 

* T h i s w r i t t e n a n a l y s i s i s based on f i g u r e s at more than one decimal p l a c e 
not on the summarised r e s u l t s of t a b l e s r l , i • 'Kv' i i . 
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palmar i n t e n s i t y and l e f t double loops i n the males. T h e i r apparent 

homogeneity i n the previous a n a l y s e s t h e r e f o r e , has hardly any 

taxonomic v a l i d i t y . The Dorobo on the other hand, follow the 

C u s h i t i c trends f o r d i g i t a l a t t r i b u t e s , though not for palmar ones, 

f o r which the Dorobo are the l e a s t d i s t i n c t i v e of a l l the male 

groups. 

The K a l e n j i n are c u r i o u s i n that the male d i g i t a l r i d g e 

counts are p o s i t i v e i n the 0,2 to 0.3 range i n the males, whereas i n 

the females they show the same magnitude of c o r r e l a t i o n f o r these 

a t t r i b u t e s , but n e g a t i v e . The females a l s o e x h i b i t negative 

c o r r e l a t i o n s of -0.2 and v-0.3 f o r TDR and TDL r but i n the males only 

TDR f o l l o w s the same trend. T h i s apparent d i s c o r d a n c e between 

the sexes should not d e t r a c t however, from the f a c t t h a t the 

K a l e n j i n are r e l a t i v e l y d i s t i n c t . I n f a c t they are the most d i s t i n c t 

N i l o t i c group f o r d i g i t a l a t t r i b u t e s . 

The Luo/Karimojong e x h i b i t only two c o r r e l a t i o n s exceeding 

0.2, f o r TDL and LTPLMI, i n the males. They are thus s l i g h t l y 

more l i k e l y to have higher v a l u e s f o r palmar t r i r a d i a l i n t e n s i t y 

measures. As i n the case of the Maasai, moreover, the l a c k of 

d i s t i n c t i v n e s s here c o n t r a s t s notably with the l a c k of s i g n i f i c a n c e 

found f o r most a t t r i b u t e s i n the previous a n a l y s i s . 

For the L u y i a , the h i g h e s t c o r r e l a t i o n s occur i n palmar 

a t t r i b u t e s i n both s e x e s . In the males the most d i s t i n c t i v e are 

r i g h t hand a t t r i b u t e s f o r palmar r i d g e count, i n t e r d i g i t a l and t o t a l 

palmar t r i r a d i a l i n t e n s i t y , whereas i n the females the h i g h e s t 

occur on l e f t hand pal n a r a t t r i b u t e s . I n both sexes, the c o r r e l a t i o n s 

are p o s i t i v e f o r these a t t r i b u t e s . D i g i t a l a t t r i b u t e s i n c o n t r a s t 

demonstrate very low c o r r e l a t i o n s i n males and s l i g h t l y higher 
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negative ones I n females. Both sexes however, c o r r e l a t e at 0.3 
fo r l e f t hand u l n a r loops. 

Considering the low sample s i z e s of the L u y i a , and the 

number of populations a f f i l i a t e d to t h i s group, the c o r r e l a t i o n s 

are s u r p r i s i n g l y high, e s p e c i a l l y as they a t t a i n on some a t t r i b u t e s 

as high a range of c o r r e l a t i o n as other e t h n i c groups whose 

populations have much l a r g e r sample s i z e s . 

The C e n t r a l Bantu are p a r t i c u l a r l y d i s t i n c t i v e r e garding 

palmar a t t r i b u t e s , e s p e c i a l l y i n the males where negative c o r r e l a t i o n s 

f o r TDR and RTPLMI are -0.4 and -0.5 r e s p e c t i v e l y . These r e l a t i v e l y 

high negative c o r r e l a t i o n s f o r palmar t r i r a d i a l i n t e n s i t y measures 

are r e p l i c a t e d i n the females to a s l i g h t l y l e s s e r degree. Palmar 

ri d g e counts show the h i g h e s t p o s i t i v e c o r r e l a t i o n of any group i n 

the males (0.3; 0.2) but are very c l o s e to zero i n the females. Sex 

d i f f e r e n c e s are a l s o apparent f o r double loops, which are p o s i t i v e 

i n females (0.2; 0.3) and negative i n males (-0.2; ^-0.3). 

F i n a l l y , the C o a s t a l Bantu show very s i m i l a r trends to 

the c e n t r a l Bantu regarding the d i s t r i b u t i o n of higher c o r r e l a t i o n s 

The major d i f f e r e n c e i s however, th a t c o r r e l a t i o n s f o r palmar 

i n t e n s i t y t r i r a d i a l measures though s l i g h t l y l a r g e r than those for 

the C e n t r a l Bantu i n both sexes, are p o s i t i v e r a t h e r than n e g a t i v e . 

L i k e the C e n t r a l Bantu moreover, the males show much higher 

c o r r e l a t i o n s f o r palmar r i d g e counts than the females, though u n l i k e 

the C e n t r a l Bantu males, the c o r r e l a t i o n s are negative. C o r r e l a t i o n s 

f o r double loops are a l s o r e l a t i v e l y high i n the C o a s t a l Bantu, and 

p o s i t i v e i n both s e x e s , w h i l e loops are h i g h i s h and n e g a t i v e . 

The r e s u l t s t h e r e f o r e , i n d i c a t e that there i s some 

r e l a t i o n s h i p between e t h n i c a f f i l i a t i o n and dermatoglyphic v a r i a t i o n . 



Some measure of the extent of t h i s r e l a t i o n s h i p can be gained by 

examining the proportion of s i g n i f i c a n t c o r r e l a t i o n s (those 0.3 or 

higher) i n a l l groups. I n the males there are 50 out of 208 

a t t r i b u t e s or 24 per cent w h i l e i n the females there are 38 out of 

182 a t t r i b u t e s or 21 per cent. The extent of r e l a t i v e homogeneity 

and d i s t i n c t i v e n e s s moreover, can be gauged by looking at the 

percentage of s i g n i f i c a n t c o r r e l a t i o n s i n each group. With the 

sexes combined ( i . e . the number of s i g n i f i c a n t a t t r i b u t e s i n both 

male and female groups) we get, i n order of the h i g h e s t proportion; 

1) The C h u s t i e s ( 4 8 . 0 % ) ; 2) the Dorobo ( 3 8 . 5 % ) ; 3) the C o a s t a l 

Bantu ( 2 8 . 9 % ) ; 4) the K a l e n j i n ( 2 6 . 9 % ) ; 5) the C e n t r a l Bantu (23.1%) 

6) the L u y i a Bantu ( 1 5 . 4 % ) ; and 7) and 8) the Maasai and Luo/ 

Karimojong ( 3 . 8 % ) . From these rankings i t appears that the C u s h i t e s 

are the most d i s t i n c t i v e and homogeneous, followed c l o s e l y by the 

Dorobo, with other groups showing much lower p r o p o r t i o n s , r e a c h i n g 

a very low percentage i n the Maasai and Luo/Karimojong. I t should 

be remembered however, t h a t although these r e s u l t s seem to imply 

strong r e l a t i o n s h i p s between e t h n i c a f f i l i a t i o n and dermatoglyphic 

v a r i a t i o n for groups at the higher end of the r a n k i n g s , t h e i r 

d i s t i n c t i v e n e s s i s only r e l a t i v e . In absolute terms, no group 

i s h i g h l y or e x c l u s i v e l y d i f f e r e n t i a t e d , as t h e r e are no high 

c o r r e l a t i o n s . The o v e r a l l p i c t u r e t h e r e f o r e , i s one of r e l a t i v e 

h e t e r ogeneity, r a t h e r than of r e l a t i v e homogeneity. Th i s c o n t r a s t s 

markedly with the f i n d i n g s of the a n a l y s i s of v a r i a n c e (8.2,1.1) 

where a m a j o r i t y of a t t r i b u t e s i n each e t h n i c group f a i l e d to 

achieve s i g n i f i c a n c e . 



8.3 O v e r a l l trends of r e l a t i v e homogeneity and a f f i n i t y : the 
evidence from PCO l a t e n t v e c t o r s 

393 The general a n a l y s i s i n Chapters 5 and 6 showed th a t owing 
to the c o n s i d e r a b l e d i s c o r d a n c e between a t t r i b u t e s t h a t are not 
p h e n e t i c a l l y r e l a t e d , the o v e r a l l s t r u c t u r e of v a r i a t i o n i s 
incompatible with the e x i s t e n c e of s t r o n g l y d i f f e r e n t i a t e d taxonomic 
c l u s t e r s , The r e s u l t s of the an a l y s e s of the preceding s e c t i o n 
r e f l e c t the f i n d i n g s of Chapters 5 and 6, as a strong correspondence 
between e t h n i c p a t t e r n s of a f f i n i t y and dermatoglyphic v a r i a t i o n was 
not found, N e v e r t h e l e s s , there i s some evidence t h a t at l e a s t 
some moderate and s i g n i f i c a n t r e l a t i o n s h i p does e x i s t between 
e t h n i c and dermatoglyphic a f f i n i t i e s on some a t t r i b u t e s , being 
s t r o n g e s t i n the C u s h i t i c Group. 

There are two b a s i c models th a t could e x p l a i n t h i s s i t u a t i o n 

of an o v e r a l l absence of taxonomic d i s t i n c t i v e n e s s , l i n k e d with a 

moderate tendency f o r p a t t e r n s of v a r i a t i o n to f o l l o w e t h n i c 

p a t t e r n s of a f f i n i t y . The f i r s t model i s where populations who 

share s i m i l a r languages and c u l t u r e at the pr e s e n t , have common 

e t h n i c and b i o l o g i c a l o r i g i n s . Divergence i n time and space has 

not been phylogenetic i n nature, owing to p e r i o d i c h y b r i d i s a t i o n 

not only with each other, but a l s o with populations o u t s i d e the 

group. The extent of h y b r i d i s a t i o n however, has not been on a 

s u f f i c i e n t s c a l e e i t h e r to r e v e r s e divergence or to e r a d i c a t e 

completely the b a s i c o v e r a l l s i m i l a r i t y of members of the group 

when compared to members of other groups. 

The second model i s where s p l i n t e r groups from d i f f e r e n t 

e t h n i c c l u s t e r s have converged i n the not too d i s t a n t p a s t , and 

have adopted the language and c u l t u r e of one of t h e i r number, thus 

forming i n time a new d i s t i n c t e t h n i c u n i t . In s p i t e of the f a c t 

t h a t some b i o l o g i c a l s i m i l a r i t y between the populations has r e s u l t e d 



oyer time owing to h y b r i d i s a t i o n between them, or to adaptation 

f o r some a t t r i b u t e s to the new environment, the degree of 

h y b r i d i s a t i o n and adaptation has not been e x t e n s i v e enough to 

e r a d i c a t e the fundamental b i o l o g i c a l d i f f e r e n c e s of the o r i g i n a l 

members of heterogeneous o r i g i n s . 

Between these two extreme models i t i s p o s s i b l e to 

conceive of s i t u a t i o n s i n which some members of a present e t h n i c 

group might f o r i n s t a n c e , have common o r i g i n s , w h i l e other members 

have only r e c e n t l y migrated to the area and adopted the language 

and customs of the group. I n such a c a s e , we could expect to 

f i n d u n d e r l y i n g b i o l o g i c a l s i m i l a r i t y between the former popul a t i o n s , 

and only s u p e r f i c i a l s i m i l a r i t y between them and the migrant 

population or pop u l a t i o n s . 

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

p e r s i s t f o r a long time i n populations who have a common o r i g i n 

or who have shared a common l i n g u i s t i c and c u l t u r a l h e r i t a g e f o r 

many generations, i s based on the f a c t t h a t divergence of gene 

pools i s not normally constant f o r every a t t r i b u t e . T h i s i n 

a s i t u a t i o n of divergence, coupled with periods of weaker convergence 

through h y b r i d i s a t i o n , some a t t r i b u t e s might show l a r g e d i f f e r e n c e s 

between the populat i o n s , and others s m a l l d i f f e r e n c e s . We would 

expect t h e r e f o r e , an o v e r a l l s t r u c t u r a l s i m i l a r i t y between such 

populations to take generations to disappear completely, except i n 

the case of s m a l l populations who are more l i a b l e to be completely 

d i s p e r s e d and a s s i m i l a t e d by other groups sometime i n the course 

of h i s t o r y . 

Conversely, where members of a present e t h n i c group have 

heterogeneous o r i g i n s , we would expect i t to take a long time f o r 
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the s t r u c t u r a l b i o l o g i c a l p e c u l i a r i t i e s t h a t c h a r a c t e r i s e d each 

member a t the time of convergence to disappear completely, u n l e s s 

processes of h y b r i d i s a t i o n were very strong indeed, or u n l e s s the 

formation of the e t h n i c group took place a very long time ago. 

The e s s e n t i a l concept un d e r l y i n g these two models t h e r e f o r e , 

i s that of " s t r u c t u r a l b i o l o g i c a l s i m i l a r i t y " , Given t h a t a 

proportion of a t t r i b u t e s w i l l be expected to show marked d i f f e r e n c e s 

between members of an e t h n i c group i n both models, how can we 

measure " s t r u c t u r a l b i o l o g i c a l s i m i l a r i t y " ? As I showed i n 

Chapter 6, the t r a d i t i o n a l methods of a s s e s s i n g m u l t i v a r i a t e 

s i m i l a r i t y between popul a t i o n s , i n v o l v i n g the c a l c u l a t i o n of 

g e n e t i c d i s t a n c e s , t h e i r a n a l y s i s through c l u s t e r or o r d i n a t i o n 

a n a l y s i s , and the d e p i c t i o n of r e l a t i o n s h i p s e i t h e r through 

dendograms or v i a p a i r w i s e scattergrams of ordinated v e c t o r s , runs 

i n t o d i f f i c u l t y when discordance i s s t r o n g . The s c a t t e r i n g of 

v e c t o r s i n a p a i r w i s e f a s h i o n during o r d i n a t i o n a n a l y s i s , f o r 

i n s t a n c e , tends to show d i f f e r e n t p a t t e r n s of r e l a t i o n s h i p from 

one p a i r of v e c t o r s to another. Moreover I a l s o showed th a t each 

s c a t t e r g r a m t even t h a t between the f i r s t two f a c t o r s t h a t provides 

the s t r o n g e s t s o l u t i o n , i s not r e a l l y an o v e r a l l assessment of 

p a t t e r n s of r e l a t i o n s h i p , but j u s t an assessment of such p a t t e r n s 

f o r a l i m i t e d s e t of a t t r i b u t e s t h a t load on the two v e c t o r s being 

s c a t t e r e d . 

I n view of the shortcomings of the t r a d i t i o n a l methods of 

d i s p l a y i n g o v e r a l l a f f i n i t y , I have employed i n the f o l l o w i n g 

i n v e s t i g a t i o n the g r a p h i c a l a n a l y t i c a l technique employed i n the 

d e t a i l e d a n a l y s i s of e t h n i c group i n t e r r e l a t i o n s h i p s i n s e c t i o n 

8.1.2.3. I n t h i s technique, s t r u c t u r a l s i m i l a r i t y can be i n t e r p r e t e d 



to e x i s t between two popula t i o n s , if_ the shape of the l i n e formed 

when the PCO v e c t o r c o o r d i n a t e s are l i n k e d , i s s i m i l a r i n the 

populations. The r a t i o n a l e f o r t h i s i s th a t the l i k e l i h o o d of two 

populations d i s p l a y i n g the same p a t t e r n o r d e r i n g from one v e c t o r 

to another f o r a number of v e c t o r s purely due to chance i s remote. 

T h i s can be seen more c l e a r l y i f we t r a n s l a t e the v e c t o r s i n t o 

b i o l o g i c a l terms. I f say, the f i r s t v e c t o r i s l a r g e l y one 

e x p r e s s i n g the d e c o r r e l a t e d taxonomic v a r i a n c e f o r r a d i a l r i d g e 

counts, the second f o r palmar r i d g e counts, and the t h i r d f o r 

hypothenar p a t t e r n s , then i f two populations show a V "shape", i t 

means th a t both show r e l a t i v e l y high f i n g e r r i d g e count means, 

r e l a t i v e l y low palmar r i d g e count means, and r e l a t i v e l y high 

f r e q u e n c i e s f o r hypothenar p a t t e r n s . Thus, i f s e v e r a l populations 

w i t h i n an e t h n i c group were to show the same V shape, and others 

o u t s i d e the group were not, then such a p a t t e r n of s i m i l a r i t y i s 

not l i k e l y to be c o i n c i d e n t a l . I n p r a c t i s e , there are many 

p o s s i b l e shapes, the p o s s i b i l i t i e s i n c r e a s i n g c o n s i d e r a b l y w i t h 

every a d d i t i o n a l vector considered. 

S i m i l a r i t y i n shape however, can e x i s t without the two 

populations being p a r t i c u l a r l y c l o s e i n the absolute c o o r d i n a t e s 

they d i s p l a y on i n d i v i d u a l v e c t o r s . Using again the previous 

example, two populations could both e x h i b i t c h a r a c t e r i s t i c V shapes 

f o r the three v e c t o r s , and at the same time, could l i e i n q u i t e 

d i f f e r e n t areas of the graph: f o r i n s t a n c e one population could 

l i e at the top of the graph and a second near the middle. The 

two populations would thus be s t r u c t u r a l l y s i m i l a r , but heterogeneous 

i n " d i s t a n c e " . Such a f i n d i n g could thus be i n t e r p r e t e d as 

p o s s i b l y showing a common o r i g i n between the two po p u l a t i o n s , and 



t h a t they have been d i v e r g i n g f o r many generat i o n s . I f two 

populations show the same shape with l i t t l e d i s t a n c e on i n d i v i d u a l 

v e c t o r s , then t o t a l homogeneity i s i m p l i e d . These examples of 

course, are s i m p l i f i e d to i l l u s t r a t e the t h i n k i n g behind the 

method. I n p r a c t i s e we would not expect exact s i m i l a r i t i e s i n 

e i t h e r shape or d i s t a n c e . 

I n u s i n g t h i s method to examine d e t a i l e d dermatoglyphic 

a f f i n i t y between populations w i t h i n e t h n i c groups, I o r i g i n a l l y 

produced graphs f o r both sexes f o r PCO v e c t o r coordinates from 

Ag d i s t a n c e s based on both summary and non summary a t t r i b u t e 

s e r i e s (see Chapter 6 ) . I a l s o produced some graphs from the PCA 

component s c o r e s to be found i n Appendix 3. Owing to the l a r g e 

number of graphs produced, I have l i m i t e d the a n a l y s i s here to 

c o n s i d e r i n g only those d i s p l a y i n g a f f i n i t i e s w i t h i n e t h n i c groups 

based on PCO a n a l y s e s based on summary a t t r i b u t e s (see Appendix 3 ) , 

O c c a s i o n a l l y , I have a l s o shown an e q u i v a l e n t graph f o r PCO 

a n a l y s e s based on non summary a t t r i b u t e s , i f i t c l a r i f i e s a 

p a r t i c u l a r i s s u e . 

One of the problems encountered i n g r a p h i c a l l y l i n k i n g PCO 

l a t e n t v e c t o r c o o r d i n a t e s i s how many l a t e n t v e c t o r s to i n c l u d e i n 

the graph. The fewer v e c t o r s t h a t are i n c l u d e d , the e a s i e r i t 

becomes to i n t e r p r e t the f i g u r e s . However, to i n c l u d e too few 

i s to r e p r e s e n t only a p o r t i o n of the t o t a l v a r i a n c e . In the 

f o l l o w i n g f i g u r e s , based on PCO a n a l y s e s with summary a t t r i b u t e s , 

I have included only the f i r s t four l a t e n t v e c t o r s , T h i s i s 

acceptable as they account f o r c l o s e to 75 per cent of the v a r i a n c e 

i n both s e x e s . To have a l s o considered v e c t o r s 5 and 6 would have 

improved the t o t a l v a r i a n c e by only j u s t over ten per cent, w h i l e 



at the same time adding g r e a t l y to the task of i n t e r p r e t a t i o n . 

Owing to the f a c t that the number of populations i n some of 

the l a r g e r groups exceeds the maximum of s i x permitted by the 

graphing program (se e 8,1.2.3) these groups are represented by two 

or more graphs. The s u b - d i v i s i o n of a f f e c t e d groups was done on a 

r e g i o n a l b a s i s . Thus for example, the K a l e n j i n were d i v i d e d i n t o 

south-western and n o r t h - e a s t e r n d i v i s i o n s . During a n a l y s i s , 

intra-group s i m i l a r i t i e s i n d i f f e r e n t graphs f o r the same sex were 

gauged by superimposing the graphs. Unfortunately however, i t i s 

not p o s s i b l e f o r the reader to check the r e s u l t s i n t h i s way, as the 

pages are f i x e d . N evertheless a c l o s e s c r u t i n y by eye should 

j u s t i f y any s t a t e d s i m i l a r i t i e s . F i n a l l y , i t should be s t r e s s e d 

t h a t there i s no expected strong correspondence between l i n e s i n 

the male and female s e r i e s , as v e c t o r s are not p r e c i s e l y e q u i v a l e n t 

or i n the same order (see Chapter 6.3). 

8.3.1 S t r u c t u r a l dermatoglyphic s i m i l a r i t y and p a t t e r n s of 
a f f i n i t y between minimal population samples w i t h i n e t h n i c 
groups 

I n the f o l l o w i n g i n v e s t i g a t i o n , the d e t a i l e d dermatoglyphic 

s t r u c t u r a l a f f i n i t i e s between minimal population samples w i t h i n 

e t h n i c groups w i l l be d e s c r i b e d through the implementation of the 

techniques o u t l i n e d i n the preceding i n t r o d u c t i o n , and c o n t r a s t e d 

with the p a t t e r n s of l i n g u i s t i c and c u l t u r a l a f f i n i t i e s t h a t p e r t a i n 

w i t h i n each e t h n i c group. The format as each e t h n i c group i s 

i n v e s t i g a t e d i s f i r s t l y to o u t l i n e p a t t e r n s of l i n g u i s t i c 

r e l a t i o n s h i p s w i t h i n the group i n g r e a t e r d e t a i l than was given i n 

Chapter 1.2, and secondly to present and d i s c u s s the dermatoglyphic 

evidence. 
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8.3,1.1 The C u s h i t i c Group 

The Somali, R e n d i l l e , Gabbra and Boran a l l belong to the 

E a s t e r n C u s h i t i c Group of A f r o - A s i a t i c languages (Sutton 1974:83). 

The l i n g u i s t i c r e l a t i o n s h i p s between the E a s t e r n C u s h i t e s are more 

p r e c i s e l y d e l i n e a t e d by Spencer (1973:5) who uses as a measure 

the s i m i l a r i t i e s they d i s p l a y i n a sample of 100 commonly used 

words. The most s i m i l a r on t h i s b a s i s are the R e n d i l l e and Somali, 

with 38 words i n common, compared to l e s s than 20 f o r the Boran when 

c o n t r a s t e d to the R e n d i l l e and Somali. The Gabbra, though not 

mentioned by Spencer, are l i n g u i s t i c a l l y very c l o s e to the Boran, 

being c l a s s i f i e d i n the same E a s t e r C u s h i t i c sub-group: the G a l l a 

(Sutton 1974:83). 

When we look at F i g u r e 8.7, the males on the whole show 

an a p p r e c i a b l e s i m i l a r i t y i n shape between a l l the C u s h i t i c 

populations, p a r t i c u l a r l y f o r the 2nd and 4th v e c t o r s , with only 

the Gabbra anomalous on vector 3. The gener a l p a t t e r n moreover, 

approximates to th a t of the d e t a i l e d l i n g u i s t i c evidence. On 

vector 1 i n p a r t i c u l a r , which accounts f o r over 40 per cent of the 

v a r i a n c e , the Gabbra and Boran are c l e a r l y s i m i l a r and d i f f e r e n t i a t e d 

from the R e n d i l l e and Somali who a l s o show c l o s e s i m i l a r i t y . The 

B u r j i on the other hand, are c l e a r l y separate from the others 

i n d i s t a n c e . 

The females however, demonstrate g r e a t e r h eterogeneity, 

and a d i f f e r e n t p a t t e r n of s i m i l a r i t i e s . U n l i k e the males, where 

the o v e r a l l shape was s i m i l a r i n a l l the populat i o n s , the females 

i n F i g u r e 8.8 appear to d i f f e r e n t i a t e two groups on grounds of 

shape, the B o r a n / B u r j i and the Somali/Gabbra/Pendille, with the 



R e n d i l l e abberrant on the 2nd and 4th v e c t o r s . T h i s apparent 

heterogeneity i n s t r u c t u r a l shape however, i s not supported by 

F i g u r e 8,9, which gives the d i s t r i b u t i o n f or the same female 

populations f o r v e c t o r s based on 110 non summary a t t r i b u t e s . The 

s t r u c t u r a l s i m i l a r i t y between a l l the female C u s h i t i c populations 

i s w e l l demonstrated, e s p e c i a l l y on v e c t o r s 3 to 6, though the 

B u r j i and Boran are c l e a r l y separated on grounds of d i s t a n c e 

on the f i r s t two v e c t o r s , The females t h e r e f o r e , though showing 

o v e r a l l s t r u c t u r a l s i m i l a r i t y , do not as the males do, very c l o s e l y 

according to i n t e r n a l l i n g u i s t i c a f f i n i t y . 

8.3.1.2 The Dorobo 

From a s o c i o - c u l t u r a l p e r s p e c t i v e , the Mukogodo and Ngwesi 

are s i m i l a r , being hunters and gat h e r e r s who i n t h i s century have 

adopted p a s t o r a l ism and some s i g n i f i c a n t a s p e c t s of Maasai c u l t u r e 

(Spencer 1973: Appendix ) . The Mukogodo however, have always 

apparently l i v e d i n t h e i r c u r r e n t l o c a t i o n , but the Ngwesi are 

reputed to have moved to the Meru area i n the l a t e n i n eteenth 

century, from where they were r e s e t t l e d i n t o the Dol Dol a r e a i n 

c o l o n i a l times (Spencer 1973:202). An even more r a d i c a l d i f f e r e n c e 

between the Ngwesi and Mukogodo spoke e x c l u s i v e l y u n t i l very 

r e c e n t l y an a r c h a i c C u s h i t i c language whose p r e c i s e c l a s s i f i c a t i o n 

i s problematic, but which has been p r o v i s i o n a l l y assigned as E a s t e r n 

C u s h i t i c (Sutton 1974:88). Spencer mentions however, t h a t today 

the Mukogodo are b i l i n g u a l , speaking Maasai as w e l l as t h e i r a ncient 

C u s h i t i c tongue. 

One of the f a s c i n a t i n g a s p e c t s of the Northern Kenya 

Dorobo groups i s t h e i r apparent f a c i l i t y i n adopting the language 



and c u l t u r e of t h e i r more powerful neighbours. In 1900 f o r example, 

the E l Molo Dorobo from the shores of Lake Turkana spoke a 

C u s h i t i c language. Today they have t o t a l l y forgotten t h e i r 

a n c e s t r a l language, and speak Maasai (Samburu) even though according 

to Spencer, there have been very few i n s t a n c e s of i n t e r m a r r i a g e 

with o u t s i d e r s , (Spencer 1973:214), I t would seem t h e r e f o r e , 

t h a t the L a i k i p i a k Dorobo are good examples of s m a l l - s c a l e peoples 

t h a t can e a s i l y change t h e i r language and c u l t u r e without n e c e s s a r i l y 

r a d i c a l l y a l t e r i n g the c h a r a c t e r of t h e i r gene-rpool, 

There are two c o n f l i c t i n g t h e o r i e s as to the h i s t o r i c a l 

o r i g i n s of the L a i k i p i a k Dorobo. E a r l y a n t h r o p o l o g i s t s such as 

Johnston (1902:857) and Dundas (1908:136-9) thought they r e p r e s e n t e d 

the remnants of an a b o r i g i n a l r a c e . Spencer on the other hand, 

champions the more modern view t h a t the Dorobo are 

"a r e s i d u e of the e x i s t i n g peoples of the ar e a . 
For as long as t h e r e have been h i s t o r i c a l r e c o r d s , 
t h e r e have been such groups, absorbing odd members 
of defeated and impoverished t r i b e s , forming r e l a t i o n s 
w i t h neighbouring t r i b e s and other Dorobo groups, and 
o c c a s i o n a l l y becoming members of r i c h e r t r i b e s with 
whom they a s s o c i a t e d " . 

(Spencer 1973:218) 

I f the " a b o r i g i n a l r a c e " hypothesis i s c o r r e c t , the 

Mukogodo and Ngwesi ought to show d i s t i n c t i v e and r a d i c a l l y d i f f e r e n t 

s t r u c t u r a l shapes from other Kenyan p o p u l a t i o n s . I f Spencer i s 

c o r r e c t , however, we should expect the Ngwesi to resemble the 

Samburu c l o s e l y b i o l o g i c a l l y and p o s s i b l y a l s o some of the Meru 

populations. The Mukogodo should a l s o be s i m i l a r to the Maasai/ 

Samburu, as they are reputed to have a s s o c i a t e d c l o s e l y w i t h the 

Momonyot i n the l a s t two g e n e r a t i o n s , a Dorobo group reputed to be 

a defeated L a i k i p i a k Maasai remnant from the l a t e nineteenth 

century (Spencer 1973:202-3). 



F i g u r e s 8.10 and 8.11 show however, t h a t both the Mukogodo 

and Ngwesi are very s i m i l a r i n shape, e s p e c i a l l y f o r the f i r s t two 

v e c t o r s i n F i g u r e 8,10 and f o r the f i r s t four i n F i g u r e 8.11. 

They do however d i f f e r i n d i s t a n c e and i n the shape of the l a t t e r 

components, confirming t h a t they are not i d e n t i c a l types. 

The shape of the Mukogodo i n p a r t i c u l a r , moreover, i s 

almost i d e n t i c a l to t h a t of the B u r j i , Somali and R e n d i l l e l i n e s 

i n F i g u r e 8.7, When we compare the Ngwesi and Mukogodo shapes 

and d i s t a n c e s to the Samburu and Maasai however, there i s h a r d l y 

any resemblance at a l l (see F i g u r e 8.12), The only N i l o t i c 

male population shows the remotest resemblance i s the Turkana 

to the Ngwesi. None of the Meru male populations show any 

s i m i l a r i t y to the Ngwesi e i t h e r . The i n e s c a p a b l e c o n c l u s i o n 

t h e r e f o r e , i s t h a t the Mukogodo and Ngwesi are of C u s h i t i c 

e x t r a c t i o n as f a r as the dermatoglyphic evidence i s concerned. 

I t confirms the r e l a t i v e b i o l o g i c a l s t a b i l i t y of these groups 

over time, i n the face of c o n s i d e r a b l e c u l t u r a l and l i n g u i s t i c 

change. 

8.3.1.3 The Maasai, Luo and Karimojong Groups 

According to the l i n g u i s t i c evidence, the populations 

i n the Maasai group (Samburu, the Keekonyokie from Kadjiado and 

the Purko from Narok), should be much more s i m i l a r to each other 

than to the Itunga/Karimojong peoples represented here by the 

I t e s o and Turkana. Both these groups moreover, are g e n e r i c a l l y 

c l u s t e r s of the P l a i n s N i l o t e s , a l i n g u i s t i c d i v i s i o n to be 

c o n t r a s t e d at the same s c a l e w i t h the River-Lake N i l o t e s d i v i s o n , 

of which the Luo group i s a branch. I f l i n g u i s t i c and dermatoglyphi 



a f f i n i t y are compatible, we should expect to f i n d the Luo out on a 

limb, s h a r p l y segregated from two sub-rclusters ; corresponding 

f i r s t l y to the Turkana and I t s s o and secondly to the Maasai and 

Samburu. 

I n F i g u r e 8,12 however, t h i s i s not the c a s e . The male 

populations mostly show c o n s i d e r a b l e h e t e r o g e n e i t y i n both shape 

and d i s t a n c e , with the c l o s e s t resemblance being between the Narok 

(Purko) Maasai and the Samburu and between the Turkana and Luo. 

The Kadjiado (Keekonyokie) Maasai are i n the p o l a r i t y of the other 

Maasai popu l a t i o n s , but do not resemble them s i g n i f i c a n t l y i n shape, 

The I t e s o resemble the Luo on the l a t t e r v e c t o r s , but d i f f e r 

r a d i c a l l y on the f i r s t v e c t o r . 

The p i c t u r e presented by the females however, i s c l e a r e r 

( F i g u r e 8.13). At the high p o l a r i t y the Kadjiado and Samburu 

Maasai resemble each other c l o s e l y i n both d i s t a n c e and shape on 

a l l four v e c t o r s , w h i l e the Turkana and Luo are e q u a l l y s i m i l a r at 

the lower p o l a r i t y . The I t e s o a r e more s i m i l a r to the Luo/Turkana 

than to the Maasai, but t h e i r shape i s "thrown out" by v e c t o r 2, 

On the whole t h e r e f o r e , there i s some evidence of o v e r a l l 

s t r u c t u r a l s i m i l a r i t y between these N i l o t i c p o p u l a t i o n s , but the 

p a t t e r n s do not correspond c l o s e l y to expected p a t t e r n s of l i n g u i s t i c 

a f f i n i t y . The dermatoglyphic evidence d i f f e r e n t i a t e s only two 

loose groups, the Maasai and Turkana/Luo/Iteso. 

8.3.1.4 The K a l e n j i n N i l o t e s 

The K a l e n j i n a r e a l i n g u i s t i c s u b - d i v i s i o n of the Highland 

N i l o t e s , a g e n e r i c d i v i s i o n at the same s c a l e as " P l a i n s " and 

"Riv e r - L a k e " N i l o t e s . A d e t a i l e d i n t e r n a l l i n g u i s t i c c l a s s i f i c a t i o n 



for the K a l e n j i n i s given by Heine (1971). From the evidence 

of an e x t e n s i v e vocabulary survey, he d i s t i n g u i s h e d three sub

d i v i s i o n s , a) the Elgon group, represented by the Kony here, 

b) the Nandi group (Nandi, K i p s i g i s , Tugen, Keyo, Marakwet) and 

c) Northern Branch (the Pokot). The Elgon group i s more c l o s e l y 

r e l a t e d to the Nandi group than e i t h e r group i s to the Northern 

Branch. 

These d i f f e r e n c e s however, are r e l a t i v e . On the whole, 

the K a l e n j i n are l i n g u i s t i c a l l y f a i r l y homogeneous, with the 

lowest percentage of common words between any two populations being 

s i x t y per ce n t . Within the Nandi group, over s e v e n t y - f i v e per 

cent of words are held i n common, wi t h the Nandi and K i p s i g i s , and 

the Keyo and Marakwet having over n i n e t y per cent of words i n 

common. The i n t e r n a l a f f i n i t i e s of the Nandi group t h e r e f o r e , 

are as f o l l o w s : the N a n d i / K i p s i g i s on one p o l a r i t y with the 

Keyo/Marakwet on the other, with the Tugen occupying the middle. 

The dermatoglyphic r e l a t i o n s h i p s are shown on four f i g u r e s 

F i g u r e s 8.14 and 8.15 f o r the Kony, Nandi and K i p s i g i s male and 

female samples, and F i g u r e s 8.16 and 8.17 f o r the male and female 

Tugen, Keyo, Marakwet and Pokot samples. The Kony are c l e a r l y 

very d i s t i n c t i n both sexes, e s p e c i a l l y on v e c t o r 1. I n the 

females moreover, the Kony shape i s s i m i l a r to those f o r a l l 

p opulations except the Nandi and K i p s i g i s . I n the males however, 

the Kony shape i s q u i t e d i f f e r e n t from that of other populations. 

The Pokot, which are l i n g u i s t i c a l l y the most d i s t i n c t of 

the K a l e n j i n , a re not de r m a t o g l y p h i c a l l y d i s t i n c t , being s i m i l a r 

i n s i z e and shape to the other n o r t h - e a s t e r n K a l e n j i n i n both sexes 



The Nandi group demonstrates some heterogeneity i n both 

s i z e and shape. I n the males, the K i p s i g i s are d i f f e r e n t i a t e d 

from a c l u s t e r ( i . e . the Nandi, Tugen, Keyo, Marakwet and Pokot) who 

are r e l a t i v e l y homogeneous i n shape. The Tugen on vector 3 are 

the only population resembling the K i p s i g i s , i n shape. Within 

t h i s c l u s t e r moreover, the c l o s e s t a f f i n i t y i s between the Tugen and 

Keyo, not between the Keyo and Marakwet as one would expect from 

the l i n g u i s t i c evidence. I n the females however, the Nandi and 

K i p s i g i s are almost i d e n t i c a l , both d i f f e r i n g i n shape though not 

s i z e from the Tugen, Keyo, Marakwet and Pokot c l u s t e r , which shows 

strong resemblance i n shape. In the females, the Keyo and Marakwet 

are the most s i m i l a r . 

The r e s u l t s t h e r e f o r e , are c o n t r a d i c t o r y between the s e x e s . 

On the whole, the females e x h i b i t a c l o s e r correspondence to l i n g u i s t 

a f f i n i t i e s than the males. Except f o r the K i p s i g i s , the K a l e n j i n 

g e n e r a l l y show o v e r a l l r e g u l a r i t i e s of shape, though there i s some 

c o n s i d e r a b l e f l u c t u a t i o n i n s i z e , p a r t i c u l a r l y i n the case of the 

Kony. I n both s e x e s , the s t r u c t u r a l l y most s i m i l a r r e g i o n a l group 

i s the n o r t h - e a s t e r n branch. The Pokot, which are the most 

l i n g u i s t i c a l l y s e p a r a t e d , are not d e r m a t o g l y p h i c a l l y d i s t i n c t from 

the n o r t h - e a s t e r n group, implying t h a t g eographical proximity 

transcends l i n g u i s t i c d i f f e r e n c e i n t h i s a r e a . 

F i n a l l y , when the K a l e n j i n are compared to the other 

N i l o t i c p o p u l a t i o n s , the c h a r a c t e r i s t i c shape of the n o r t h - e a s t e r n 

K a l e n j i n group i s s i m i l a r to th a t of the Narok Maasai and Samburu 

i n the males. I n the females however, the shape i s not s i m i l a r to 

any other N i l o t i c group. The r e l a t i o n s h i p between the K a l e n j i n and 

other N i l o t e s , t h e r e f o r e , i s weak. 
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8,3.1.5 The L u y i a Bantu 

"From the e t h n i c , l i n g u i s t i c and p o l i t i c a l p o i n t s of 
view, the Bantu Kavirondo ( L u y i a ) do not form a 
homogeneous group, although they are c l e a r l y d i s t i n c t 
from the surrounding t r i b e s " . 

(Wagner 1949:19) 

Thi s opinion i s shared by Were, who notes t h a t the L u y i a 

"are a hybrid community founded by people of d i f f e r e n t o r i g i n s and 

c u l t u r e " (Were 1974:187). The o r a l h i s t o r y of the L u y i a as 

d e s c r i b e d by Were (1967) and Osogo (1966), i s extremely complicated 

a p i c t u r e of s u c c e s s i o n s of s m a l l and l a r g e s c a l e migrations of s m a l l 

groups and c l a n s from d i v e r s e d i r e c t i o n s , and i n c l u d e s c o n s i d e r a b l e 

a s s i m i l a t i o n of o f f s h o o t s of neighbouring K a l e n j i n peoples. For 

i n s t a n c e , Were s t a t e s t h a t 

"between AD 1571 and 1652 a s m a l l column of Maasai 
or Nandi came from the e a s t e r n d i r e c t i o n and s e t t l e d 
i n Idakho. They were l a t e r bantuised and l o s t t h e i r 
o r i g i n a l language and c u l t u r e " . 

(Were 1974:188) 

I t i s not s u r p r i s i n g t h a t the L u y i a a r e a should be so 

c u l t u r a l l y heterogeneous. I t i s a n a t u r a l topographical c o r r i d o r , 

bordered i n the southwest by Lake V i c t o r i a and the Y a l a swamps, 

by the Nandi P l a t e a u escarpment i n the e a s t and south e a s t and by 

the Uasin Glshu, Trans Nzoia and Mt. Elgon highland areas I n the 

North. Population movement i n t o the L u y i a area by migrating Bantu 

groups was only p o s s i b l e from the south, f o l l o w i n g the Lake V i c t o r i a 

shore and surrounding p l a i n s i n the time preceding the Luo 

occupation of t h a t region; or from the west and north west from 

Uganda. The e a s t e r n and n o r t h - e a s t e r n areas were blocked by 

generations of K a l e n j i n and Maasai occupation. The L u y i a t h e r e f o r e , 

i s a population melting pot, w i t h routes admitting incomers, but 

with few options a v a i l a b l e to expand f u r t h e r . 



I n s p i t e of t h i s u n stable h i s t o r y however, the L u y i a 

peoples do form an e t h n i c a l l y d i s t i n c t c u l t u r a l block, and i n 

r e c e n t times have assumed a common sense of i d e n t i t y . There i s 

very l i t t l e d e t a i l e d l i n g u i s t i c information regarding the L u y i a 

s u b ^ t r i b e s , but we do know t h a t d i f f e r e n t d i a l e c t s are mutually 

i n t e l l i g i b l e to a v a r y i n g degree. On the b a s i s of l i m i t e d 

vocabulary l i s t s , Wagner (1949) d i s t i n g u i s h e s four l i n g u i s t i c 

d i v i s i o n s : 1) The Wanga, Butsotso, Bunyore, T i r i k i , Isukhe and 

Idakho; 2) Bukusu and Tachoni; 3) Bunyala and Samia; 

4) Mar ago l i (Wagner 1949:26) . Not a l l the sub^-tribes sampled 

here however, are i n c l u d e d i n t h i s c l a s s i f i c a t i o n . From the 

sketchy l i n g u i s t i c information of Osogo (1966:3) i t i s p o s s i b l e 

to a s c r i b e the Marama to the Wanga group. T h i s leaves the Bukhayo 

and Marach as l i n g u i s t i c a l l y unplaced. 

The L u y i a dermatoglyphic a f f i n i t i e s are presented i n s i x 

f i g u r e s ( F i g u r e s 8.18 to 8,23), comprising t h r e e f o r each sex, 

d i v i d e d i n t o t h r e e r e g i o n a l groups. The outstanding c h a r a c t e r i s t i c 

to emerge from these r e s u l t s i s the great h e t e r o g e n e i t y i n both 

s i z e and shape, and a l a c k of concordance between the sexes, T h i s 

at f i r s t s i g h t would appear to confirm the heterogeneous o r i g i n s 

of the L u y i a . T h i s c o n c l u s i o n however, must be t r e a t e d with some 

ca u t i o n , as most of the L u y i a samples are very s m a l l , u s u a l l y around 

25 f o r each sex. 

I t i s i n t e r e s t i n g to note however, th a t the Bukusu, the 

only l a r g e L u y i a sample i n the males ( F i g u r e 8.22) have a shape that 

i s s i m i l a r to t h a t of the Kony ( F i g u r e 14). T h i s s i m i l a r i t y between 

the Bukusu and Kony i s a l s o shown by the females (s e e F i g u r e s 8.15 

and 8,23), even though both the Bukusu and Kony female samples are 
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s m a l l . From t h i s evidence t h e r e f o r e , i t appears that the L u y i a 
Bantu speaking Bukusu have d e r m a t o g l y p h i c a l l y a much g r e a t e r 
a f f i n i t y w i t h the Elgon K a l e n j i n speaking Kony, than with the other 
L u y i a Bantu speakers. T h i s tends to confirm E h r e t ' s theory t h a t the 
Bukusu are a Highland N i l o t i c people who adopted a Bantu language, as 
many of t h e i r c u l t u r e f e a t u r e s today are s t i l l t y p i c a l of the Highland 
N i l o t i c peoples ( E h r e t 1974:160). 

F i n a l l y , I have not mentioned the G u s i i so f a r . T h i s 

i s because they are a problematic people to c l a s s i f y , showing many 

c u l t u r a l s i m i l a r i t i e s to some L u y i a groups (the Maragoli i n 

p a r t i c u l a r - Wagner 1949;25), but at the same time reputed to be 

l i n g u i s t i c a l l y s i m i l a r to the C e n t r a l Bantu (Sutton 1974;82). 

The G u s i i here however ( F i g u r e s 8.18 and 8.19) show some s u p e r f i c i a l 

s i m i l a r i t y to the Maragoli and T i r i k i i n the males, and to the 

T i r i k i and Idakho i n the females (shape not d i s t a n c e ) . They do 

not show any resemblance to any C e n t r a l Bantu population. The 

c l o s e s t s i m i l a r i t y of the G u s i i i s i n f a c t to the Kadjiado Maasai, 

showing a very c l o s e resemblance i n both sexes when the e q u i v a l e n t 

graphs are super-imposed. 

8.3.1.6 The C e n t r a l Bantu 

The C e n t r a l Bantu i n the Mt. Kenya highland areas are 

r e l a t i v e l y homogeneous i n language and c u l t u r e . There i s f or 

i n s t a n c e , a c o n s i d e r a b l e degree of mutual i n t e l l i g i b i l i t y of 

d i a l e c t s , and t h e i r g e n e r a l c u l t u r a l s i m i l a r i t y has l e d them to 

assume a common sense of i d e n t i t y i n modern times. 

The C e n t r a l Bantu belong l i n g u i s t i c a l l y to the "Highland 

Bantu" d i v i s i o n ( s e e Chapter 1 ) , which i n c l u d e s many northern 
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Tanzania Bantu populations and the G u s i i and K u r i a of south western 

Kenya, as weel as the Segeju of the south Kenyan c o a s t . L i t t l e 

work however, has been done on the d e t a i l e d l i n g u i s t i c s of t h i s 

l a r g e d i v i s i o n (Sutton 1974:81). For the C e n t r a l Bantu the major 

pu b l i s h e d source i s s t i l l Lambert (1949). He s t a t e s that 

"the languages or d i a l e c t s .., d i v i d e themselves i n t o 
to main groups. One i n c l u d e s the Kikuyu, Ndia, Gichugu, 
Embu and Mbere, and i s c l o s e l y r e l a t e d to Kamba .„, The 
other group i n c l u d e s Meru ( I g o j i , Miutoni, Imenti, T i g a n i a 
and Igembe), Muthambi and Mwimbe and shows c l o s e r 
a f f i n i t y with the coast languages (Pokomo, Nyika ( i . e . 
Mji Kenda)) than does the f i r s t .... Chuka perhaps comes 
somewhere between the two groups, and Tharaka i s g e n e r a l l y 
regarded as a conglomerate of s i m i l a r d i a l e c t s which are 
s c a r c e l y y e t merged i n t o u n i f o r m i t y ; i t s present lea n i n g s 
are towards the Meru group, but the s i m i l a r i t i e s w i t h 
Kikuyu are marked and t h e r e has been some borrowing from 
Kamba". 

(Lambert 1949;5) 

Bennett (1967) r e f i n e s the c l a s s i f i c a t i o n of the Kikuyu 

group s l i g h t l y by d i s t i n g u i s h i n g between two Kikuyu d i a l e c t s , a 

northern and southern one, The former corresponds to the present 

Kiambu and Muranga samples, and the l a t t e r to the Nyeri. I n 

a d d i t i o n , Bennett examines the d i s t r i b u t i o n of Dhal's law amongst 

the C e n t r a l Bantu, a l i n g u i s t i c phenomenon confined to the E a s t 

A f r i c a n Bantu. I t i s i n t e r e s t i n g t h a t whereas the Meru and Kikuyu 

f o l l o w the L u y i a and G u s i i i n d i s p l a y i n g the phenomenon, the Kamba 

and C o a s t a l Bantu do not. There i s thus a suggestion of l i n g u i s t i c 

h e terogeneity amongst the C e n t r a l Bantu (Bennett 1967). 

The o r a l h i s t o r y of the C e n t r a l Bantu has been explored 

by Lambert (1949), Muriuki (1974), Fadiman (1973) and Saberwell (1967). 

These authors present a complex p i c t u r e of population movement i n t o 

the present areas of occupation. The g e n e r a l consensus i s that 

a l l the population groups except f o r the Kamba probably o r i g i n a t e d 
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from the Kenya. Coast, haying migrated from there i n a s e r i e s of 

migrations f o l l o w i n g the R i v e r Tana, (Lambert and Fadlman are 

e s p e c i a l l y i n f l u e n t i a l i n proposing t h i s h y p o t h e s i s ) . The l a t e s t 

wave of migration was the peopling of the present southern Kikuyu 

areas around the Aberdares, which i s b e l i e v e d to be recent ( l a s t 

two c e n t u r i e s or l e s s ) . The Kamba are i n c o n t r a s t b e l i e v e d to 

have come from the Mt, K i l i m a n j a r o r e g i o n , f o l l o w i n g a south/north 

migratory route (Lambert 1949:28). The main exception to these 

o r a l h i s t o r i c a l t r a d i t i o n s are those f o r the Chuka, who according 

to Lambert b e l i e v e d themselves to be the o r i g i n a l i n h a b i t a n t s 

of t h e i r land, and who u n t i l c o l o n i a l times kept themselves i s o l a t e d 

from t h e i r neighbours, being 

"the b u t t of a l l the w a r - l i k e t r i b e s i n the neighbourhood.., 
they came to regard a l l s t r a n g e r s with s u s p i c i o n , and they 
t h e r e f o r e became more and more e x c l u s i v e and i s o l a t e d " . 

(Lambert 1949:3). 

The o r a l h i s t o r i c a l t r a d i t i o n s t h e r e f o r e , present a p i c t u r e 

of p o t e n t i a l heterogeneity of o r i g i n s , w h i l e the l i n g u i s t i c and 

c u l t u r a l evidence i s one of r e l a t i v e homogeneity. The dermatoglyphic 

evidence i s presented i n F i g u r e s 8.24 to 8.31. Owing to the 

number of populations i n the group, four f i g u r e s are necessary f or 

each sex. Populations are grouped according to approximate 

geographical proximity. 

In the males three types of c h a r a c t e r i s t i c shapes are 

d i s c e r n a b l e ; 

Type 1: i s t y p i f i e d by the Imenti, showing a sharp climb from 

v e c t o r 1 to 2, a f a l l i n v e c t o r 3 and a l e v e l l i n g o f f i n v e c t o r 4. 

In a d d i t i o n to the Imenti the T i g a n l a , Chuka and Nyeri Kikuyu f a l l 



i n t o t h i s group. From the poi n t of view of " d i s t a n c e " the most 

d i f f e r e n t i a t e d population i n t h i s group i s the Chuka. 

Type 2: i s c l a s s i c a l l y depicted by the Embu, showing a steep r i s e 

from v e c t o r s 1 to 2, a l e v e l p r o g r e s s i o n from 2 to 3, and a f a l l 

from 3 to 4. V a r i a n t s of t h i s shape are the Ndia and Muthambi. 

A much more f l a t t e n e d v e r s i o n of t h i s type i s a l s o shown by the 

Muthambi and I g o j i , who are very s i m i l a r to each other. 

Type 3: i s an i n v e r t e d v e r s i o n of type 2, with a descent from 

v e c t o r s 1 to 2, a l e v e l l i n g o f f between 2 and 3, and a r i s e from 3 

to 4. C l a s s i c examples are the Mbere and Tharaka. The Muranga 

Kikuyu a l s o conform to t h i s type, but are not so s i m i l a r on the fourth 

v e c t o r . Other l e s s c l a s s i c v a r i a n t s are the Igem_be, Kiambu Kikuyu 

and Kamba. The l a t t e r two i n f a c t are f a i r l y d i s t i n c t from the 

o t h e r s . 

I n the females the most c h a r a c t e r i s t i c shape i s one showing 

a r i s e from v e c t o r s 1 to 2, a f a l l from 2 to 3, and a r i s e from 

3 to 4. C l a s s i c a l examples are the Ndia, Embu, Mbere, Muthambi 

Chuka, T i g a n i a and Nyeri Kikuyu. The Kamba a l s o f a l l i n t o t h i s 

group from the evidence of the l a s t t h r e e v e c t o r s , but d i f f e r i n 

showing a steep f a l l from v e c t o r s 1 and 2 r a t h e r than a r i s e . 

V a r i a n t s of Type 2 i n the males ( u s u a l l y much f l a t t e r i n 

the females) are the Muranga and Kiambu Kikuyu, Igembe, 

Imenti and Tharaka. 

The Mwimbi females are i n between the above two types, 

showing a h o r i z o n t a l s t r a i g h t l i n e , 
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The dermatoglyphic a f f i n i t i e s t h e r e f o r e , show no tendency 
to r e p l i c a t e l i n g u i s t i c a f f i n i t i e s i n e i t h e r sex. Where i s 
heterogeneity i n shape i n both s e x e s . On the whole, the females 
are much more homogeneous than the males, showing not only l e s s 
v a r i e t y i n shape, but a l s o much t i g h t e r c e n t r a l c l u s t e r s of l i n e s . 
In both sexes moreover, there i s some evidence of both geographical 
and e c o t y p i c a f f i n i t y . I n Type 3 i n the males f o r i n s t a n c e , a l l 
populations l i s t e d , with the exception of the Muranga, occupy lower 
l y i n g and more a r i d country. I n the females t h e r e i s a great d e a l 
of homogeneity f o r both shape and d i s t a n c e f o r the g e o g r a p h i c a l l y 
contiguous Nyeri/Kikuyu, Ndia, Embu and Chuka. The d i s c o r d a n t 
trends between the sexes however, make more d e t a i l e d a n a l y s i s 
problematic. 

8.3.1.7 The C o a s t a l Bantu 

The c o a s t a l Bantu peoples ( T a i t a , Mji Kenda, Pokomo), 

have strong o r a l t r a d i t i o n s that speak of a r e c e n t common o r i g i n . 

They are reputed to have migrated from a p l a c e c a l l e d Shungwaya, 

somewhere on the Somali c o a s t , some 4-500 years ago, 

The a u t h e n t i c i t y of these t r a d i t i o n s has been disputed 

by Morton (1972), who argues t h a t t h e r e i s no mention of the 

Shungwaya myth p r i o r to 1897, i n the European and Arab l i t e r a t u r e . 

He concludes t h a t the myth arose and spread amongst the c o a s t a l 

peoples of Kenya during the e a r l y years of the r u l e of the B r i t i s h 

E a s t A f r i c a Company (1888-1897), i n response to a growing s p i r i t of 

u n i t y , p a r t i c u l a r l y amongst the Mji Kenda. 

Spear (1974, 1977), however, quest i o n s Morton's a p p r a i s a l . 

He accuses Morton of being " a h i s t o r i c a l " , f or "arguing n e g a t i v e l y from 



a s m all and b a l s e d body of evidence" (Spear 1974;75), and c l a i m s , 

i n r e f e r e n c e to the supposed r a p i d spread of the Shungwaya myth i n 

the l a t e 19th Century, t h a t : 

"such an i n t r i c a t e and coordinated manipulation of 
at l e a s t a dozen independent t r a d i t i o n s during such 
a s m a l l period i s extremely improbable - I would say 
impo s s i b l e - even i f the i n i t i a l impact of c o l o n i a l 
r u l e had been s u f f i c i e n t to warrant i t . " 

(Spear 1974:76) 

That twelve independent bodies of o r a l t r a d i t i o n should 

agree so c l o s e l y on the re c e n t migrations from Shungwaya i s seen 

by Spear (1974) as c r u c i a l evidence f o r the common o r i g i n s of the 

Mji Kenda and the other c o a s t a l peoples. He notes, moreover, that 

from a c u l t u r a l p e r s p e c t i v e , the Mji Kenda e s p e c i a l l y "share a t o t a l 

complex of c u l t u r a l t r a i t s w i t h one another" (Spear 1974:72). 

F i n a l l y , Spear suggests t h a t the l i n g u i s t i c evidence a l s o s t r o n g l y 

supports a hypothesis of recent common o r i g i n s . He r e f e r s to 

Gut h r i e (1959) and Bryan (1959), who group the T a i t a , Mji Kenda and 

Pokomo i n t o one group of c l o s e l y c oordinate languages: 

" L i n g u i s t i c thory holds t h a t coordinate languages 
probably share a common o r i g i n i n a s i n g l e proto-
language. I n other words i t i s more probable t h a t 
two coordinate languages evolved from a s i n g l e ancestor 
than one borrowed e x t e n s i v e l y from another". 

(Spear 1974:71) 

The work of Hinnebusch (quoted by Spear 1977), has 

con s i d e r a b l y c l a r i f i e d the i n t e r r e l a t i o n s h i p s of the c o a s t a l Bantu 

languages, s i n c e Spear's 1974 a r t i c l e . According to Hinnebusch's 

a n a l y s i s , the proto north e a s t e r n C o a s t a l Bantu languages f a l l i n t o 

four groups: (a) Saghala (one of the T a i t a d i a l e c t s ) , (2) Sabaki 

(Pokomo, Mji Kenda and S w a h i l i ) , (3) Seuta and (4) Ruva (both l a t t e r 

groups confined almost t o t a l l y to T a n z a n i a ) . I n t e r e s t i n g l y , Saghala 



i s the l e a s t r e l a t e d of the four major groups. 

The Sabaki group i s f u r t h e r sub-divided i n t o two main 

groups, the S w a h i l i and Mji Kenda/Pokomo. Thus l i n g u i s t i c a l l y , 

the Mji Kenda and Pokomo are very c l o s e l y r e l a t e d to each other, 

compared to the Saghala T a i t a . A s u b s t a n t i a l s e c t i o n of T a i t a , 

moreover, the Dabida, speak a l a n g u a g e / d i a l e c t that i s not even 

included i n the north e a s t e r n C o a s t a l Bantu f a m i l y by Hinnesbusch. 

Hence, having accommodated the f r e s h l i n g u i s t i c evidence, 

Spear <1977;240) produced a more e l a b o r a t e r e c o n s t r u c t i o n of the 

h i s t o r i c a l i n t e r r e l a t i o n s h i p s and p a t t e r n s of movement of the 

Kenya C o a s t a l Bantu: 

1) The north e a s t e r n C o a s t a l Bantu d i s p e r s e d from a primary 

s i t e near Mt. K i l i m a n j a r o to a s e r i e s of secondary a r e a s , each 

d i s p e r s a l forming the nucleus of the present four major l i n g u i s t i c 

d i v i s i o n s , 

2) The Sabaki group migrated up the Kenya Coast as f a r as 

Brava i n Somalia, where they s e t t l e d around the eleventh century. 

3) By the mid s i x t e e n t h Century the C u s h i t i c G a l l a had 

forced them to move southwards again. There were two mi g r a t i o n s . 

The f i r s t was t h a t of the Digo, who s e t t l e d around Kwale south of 

Mombasa. The second in v o l v e d the remaining Sabaki, who followed 

soon a f t e r . The a n c e s t r a l Pokomo s e t t l e d i n the Tana R i v e r area, 

and the r e s t congregated south of Mengea H i l l near M a l i n d i , where 

they d i s p e r s e d to the present Mji Kenda l o c a t i o n s . An offshoot 

moreover, went to the T a i t a H i l l s , where they were a s s i m i l a t e d by 

the r e s i d e n t Saghala and Dabida speakers. 

4) F i n a l l y the Kauma Cone of the Mji Kenda), s p l i t from the 

Ribe, and the Mji Kenda absorbed the Rabai who had p r e v i o u s l y 



i n h a b i t e d the area. The Duruma were formed by an amalgam of 

c o a s t a l s l a v e s and immigrant Kamba and Digo, 

The dermatoglyphic s t r u c t u r a l i n t e r r e l a t i o n s h i p s are 

portrayed i n F i g u r e s 8.32 and 8.33 f o r the Mji Kenda males and 

females r e s p e c t i v e l y , and i n F i g u r e s 8.34 and 8.35 f o r the Pokomo 

T a i t a and Taveta. 

Looking f i r s t at the Mji Kenda, the male samples r e v e a l 

a strong s i m i l a r i t y i n shape between the Digo, Chonyi and Mid Mji 

Kenda, although t h e r e i s some d i s t a n c e between the Digo and the 

others on the second v e c t o r . The Giriama however, e x h i b i t a 

d i f f e r e n t shape, i n p a r t i c u l a r l y f a i l i n g to show the sharp f a l l 

from v e c t o r 1 to 2 c h a r a c t e r i s t i c of the other samples. 

The females show s i m i l a r i t y i n shape f o r the Giriama, 

Chonyi and Mid Mji Kenda samples. The Digo, however, are very 

s t r o n g l y d i f f e r e n t i a t e d on v e c t o r 1, but follow the c h a r a c t e r i s t i c 

shape of the other samples on the remaining t h r e e v e c t o r s . 

The Pokomo and Malakote male samples do not appear as 

s i m i l a r i n F i g u r e 8.34, which t e n t a t i v e l y i n d i c a t e s t h a t the Malakot 

have d i f f e r e n t o r i g i n s from the main Pokomo group. I t i s i n t e r e s t ! 

however, t h a t the Malakote are much more s i m i l a r to the Mji Kenda 

samples than the Pokomo are. Nor are the Malakote s t r i k i n g l y 

s i m i l a r to the C u s h i t i c samples ( F i g u r e 8.7), which we might 

expect, given the reputedly s i g n i f i c a n t i n t e r m i x t u r e of the 

Malakote with the neighbouring Orma and Somali C u s h i t e s . 

The Pokomo male sample i s c l e a r l y d i f f e r e n t i n shape from 

the Mji Kenda samples, withwhom we would expect c l o s e a f f i n i t y given 

the h i s t o r i c a l s i t u a t i o n o u t l i n e d by Spear (1977). The female 

Pokomo sample, i n c o n s t r a s t , shows a c l o s e s i m i l a r i t y i n shape with 

the other female Mji Kenda samples. 
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F i n a l l y , the T a i t a and Taveta. i n both sexes show l i t t l e 

s i m i l a r i t y with one another, confirming t h a t although today they 

may be regarded as kindred peoples by o u t s i d e r s , any such a f f i n i t y 

i s due to geographical proximity r a t h e r than any b a s i c b i o l o g i c a l , 

l i n g u i s t i c or c u l t u r a l s i m i l a r i t y . Both the T a i t a and Taveta, 

moreover, show l i t t l e s i m i l a r i t y with e i t h e r the Pokomo, or the 

other M ji Kenda samples 

The i n t e r p r e t a t i o n of t h i s evidence i s made d i f f i c u l t by 

the c o n t r a d i c t o r y evidence presented by the male and female s e r i e s 

on three v i t a l a r e a s . The f i r s t i s the anomalous p o s i t i o n of the 

Giriama i n the males but not the females; the second i s the anomalous 

p o s i t i o n of the Digo i n the females but not the males; the t h i r d i s 

the f a c t t h a t the Pokomo are not s i m i l a r to the Mji Kenda i n the 

males, though they are i n the females. 

On the whole, however, th e r e i s s u f f i c i e n t agreement 

between the sexes to i n d i c a t e that the hypothesis of common o r i g i n s 

f o r the Mji Kenda and Pokomo i s probably j u s t i f i e d . The samples 

from these groups are much more homogeneous i n shape than any of 

the other Bantu e t h n i c groups examined i n t h i s chapter. The main 

f e a t u r e t h a t at f i r s t s i g h t s t r o n g l y c o n t r a d i c t s Spear's (1977) 

h i s t o r i c a l summary i s the f a i l u r e of the T a i t a to show any s i m i l a r i t y 

to the Mji Kenda and Pokomo. The T a i t a sample here, however, i s 

from the Dabida s e c t i o n , not the Saghala one, where the main group 

of o r i g i n a l Sabaki speakers i s supposed to have s e t t l e d . The 

f a c t that the present sample of T a i t a i s so d i f f e r e n t from the Mji 

Kenda and Pokomo i n f a c t confirms the absence of c l o s e l i n g u i s t i c 

a f f i n i t y between the Dabida T a i t a and the group of Sabaki speakers. 



CHAPTER 9 

The Extent of Derraatoglyphlc F c o t y p i c V a r i a t i o n E x h i b i t e d by 
Minimal Ethnic Population Samples 

I n t r o d u c t i o n 

I n t h i s chapter I s h a l l undertake a p r e l i m i n a r y examination 

of the p o s s i b i l i t y t h a t dermatoglyphic v a r i a t i o n i n Kenya i s r e l a t e d 

to c l i m a t e and ecology. At f i r s t s i g h t t h i s i s an unpromising 

area of i n q u i r y . F i r s t l y Hiernaux (1968* 1977) f a i l e d to f i n d 

any s i g n i f i c a n t c o r r e l a t i o n s between the v a r i a t i o n of arch e s , loops 

and whorls of 54 sub-Saharan A f r i c a n populations and three c l i m a t i c 

v a r i a b l e s ( r a i n f a l l , temperature and h u m i d i t y ) . The h i g h e s t 

c o r r e l a t i o n (-.1) was between r a i n f a l l and whorls, a f i g u r e which 

i s not s i g n i f i c a n t . I n c o n t r a s t Hiernaux found c o r r e l a t i o n s as 

high as .55 between these c l i m a t i c v a r i a b l e s and anthropometric 

means. 

Secondly there i s an i n t u i t i v e problem. I t i s d i f f i c u l t 

to r a t i o n a l i s e why any dermatoglyphic c o n f i g u r a t i o n should be 

advantageous or disadvantageous i n any given c l i m a t e . Why, f o r 

i n s t a n c e , should a person with a whorl r a t h e r than a loop be 

favoured i n an a r i d environment r a t h e r than a wet one? There i s 

no s p e c u l a t i v e reason t h a t e a s i l y s p r i n g s to mind, i n c o n t r a s t 

to other polygenic a t t r i b u t e s , f o r example, s k i n c o l o u r . 

I n s p i t e of these unpromising i n d i c a t i o n s , however, i t 

i s worth pursuing the p o s s i b i l i t y t h a t dermatoglyphic v a r i a t i o n 

i n Kenya might be r e l a t e d to c l i m a t e and environment. The 

j u s t i f i c a t i o n f o r t h i s view r e s t s not so much on the premise t h a t 

a l l f a c t o r s t h a t might account f o r the v a r i a t i o n should be 



i n v e s t i g a t e d , i f only to e l i m i n a t e them, but r a t h e r on the f a c t 

that a c l o s e s c r u t i n y of the u n i v a r i a t e r e s u l t s i n Appendix 1.4 

seem to suggest some r e l a t i o n s h i p with ecology f o r some a t t r i b u t e s . 

For example, a c u r s o r y examination of the v a r i a t i o n of t o t a l r a d i a l 

f i n g e r ridge counts (Appendix 1.4.1:4) r e v e a l s a rough trend that 

populations with higher means (e.g. Somali, R e n d i l l e , Gabbra, Digo) 

tend to be low a l t i t u d e p o p u l a t i o n s , w h i l e populations w i t h low 

means (e.g. Kony, Bukusu, T a i t a , Pokot), are high a l t i t u d e 

p o p ulations. 

9 . 1 Approach and methods 

9 . 1.1 Choice of environmental and c l i m a t i c v a r i a b l e s 

The choice of appropriate c l i m a t i c and environmental 

v a r i a b l e s f o r t h i s study i s d i c t a t e d p r i m a r i l y by p r a c t i c a l 

c o n s t r a i n t s . For a c l i m a t i c or environmental v a r i a b l e to be 

s u i t a b l e f o r a n a l y s i s , d e t a i l e d records must be a v a i l a b l e from 

a l l the areas sampled f o r dermatoglyphic t r a i t s . 

I n Kenya, however, only a l i m i t e d number of c l i m a t i c and 

environmental v a r i a b l e s are recorded, and of these, only some are 

measured throughout the country. Information r e l a t i n g to remoter 

and economically l e s s developed areas i s g e n e r a l i s e d , and o f t e n 

u n r e l i a b l e . I n f a c t the only primary v a r i a b l e s t h a t meet minimal 

requirements of coverage are topography, s o i l t y p e , r a i n f a l l , and 

v e g e t a t i o n . Other v a r i a b l e s such as humidity, temperature, 

evaporation, s o l a r r a d i a t i o n are only measured i n key areas. For 

example G r i f f i t h s notes i n the case of s o l a r r a d i a t i o n t h a t : 

" i t i s unfortunate t h a t measurements of incoming 
s o l a r r a d i a t i o n energy are so r a r e i n E a s t A f r i c a ; 
only three s t a t i o n s , a l l i n the Nairobi r e g i o n , have 
a continuous r a d i a t i o n record extending over a few y e a r s . " 

( G r i f f i t h s 1961:86) 



I n view of these shortcomings, I decided to l i m i t t h i s 

p r e l i m i n a r y i n q u i r y to two v a r i a b l e s , a l t i t u d e and r a i n f a l l , which 

are the most e x t e n s i v e l y and r e l i a b l y covered. Although these 

v a r i a b l e s are not i n themselves l i k e l y to be d i r e c t s e l e c t i v e 

agents, they n e v e r t h e l e s s j o i n t l y c o r r e l a t e h i g h l y with c l i m a t i c 

v a r i a b l e s that might so be, such as temperature and humidity. 

I n a d d i t i o n a l t i t u d e and r a i n f a l l are major f a c t o r s i n determining 

the nature of major h a b i t a t s , i n f l u e n c i n g not only p a t t e r n s of 

human h a b i t a t i o n , modes of l i v e l i h o o d and population d e n s i t y , but 

a l s o the nature of the fauna and f l o r a of regions - p a r t i c u l a r l y 

fauna a s s o c i a t e d with the t r a n s m i s s i o n of c e r t a i n i n f e c t i o u s 

d i s e a s e s . I f c l i m a t e and environment do c o r r e l a t e at a l l w i t h 

dermatoglyphic v a r i a t i o n i n Kenya, r a i n f a l l and a l t i t u d e are the 

two v a r i a b l e s most l i k e l y to show a s s o c i a t i o n s and to i n d i c a t e 

areas of promising f u r t h e r i n v e s t i g a t i o n . 

9.1.2 Sources f o r the d i s t r i b u t i o n of a l t i t u d e and r a i n f a l l i n 
Kenya used i n the f o l l o w i n g a n a l y s i s 

The most d e t a i l e d i n f o rmation f o r a l t i t u d e can be obtained 

from Survey of Kenya Topographical Maps which cover the country at 

two d e t a i l e d s c a l e s . The populated southern, western and c e n t r a l 

areas are covered by w e l l over a hundred maps at 1:50,000, and 

the e a s t e r n and northern areas by a s i m i l a r number of maps a t 

1;100,000. I found i t im p o s s i b l e however, to gain a c c e s s to 

most of these maps as they are not i n u n i v e r s i t y l i b r a r i e s , and 

are too expensive to buy as a complete s e r i e s . I n s t e a d I r e l i e d 

on the a l t i t u d e contours ( s t i l l very d e t a i l e d ) provided i n the 

Survey of Kenya Topographical maps s c a l e 1:250,000, of which f o r t y 



nine are needed f o r complete n a t i o n a l coverage. I managed to 

obtain a complete s e r i e s ensuring permanent access to t h e i r 

information. 

D i s t r i b u t i o n maps f o r r a i n f a l l was more problematic. 

The only d e t a i l e d records are to be found i n the Survey of Kenya 

s c a l e 1:250,000 S p e c i a l Maps e n t i t l e d "Climate and Vegetation". 

Unfortunately only the south western a r e a of the country i s 

covered i n t h i s s e r i e s - only four maps a v a i l a b l e out of f o r t y 

nine needed to achieve n a t i o n a l coverage. Of these four maps 

moreover, I only succeeded i n buying one owing to Government 

r e s t r i c t i o n s on t h e i r s a l e . I had to r e l y t h e r e f o r e , on l e s s 

d e t a i l e d s o u r c e s : a) the A t l a s of Kenya published by the Survey 

of Kenya which has a d e t a i l e d map of r a i n f a l l d i s t r i b u t i o n at a 

s c a l e of 1:3000,000 and b) on the r a i n f a l l map /*iven i n Morgan 

and S h a f f e r (1966:32). A l l f i g u r e s f o r r a i n f a l l i n the f o l l o w i n g 

a n a l y s e s r e f e r to mean annual r a i n f a l l and are measured i n in c h e s . 

9 . 1.3. A l l o c a t i o n of i n d i v i d u a l s and populations to a l t i t u d e 

and r a i n f a l 1 zones 

I t i s not p o s s i b l e to be e n t i r e l y o b j e c t i v e about the 

a l l o c a t i o n of samples to r a i n f a l l and a l t i t u d e zones. Some 

populations, f o r i n s t a n c e , (such as the Tugen) occupy t e r r i t o r y 

which shows marked d i f f e r e n c e s i n a l t i t u d e and r a i n f a l l . The 

procedure followed here i s to a l l o c a t e the samples according to 

the p r e c i s e a l t i t u d e and r a i n f a l l at the sampling l o c a t i o n . Thus 

the Tugen f o r example, were sampled at the g r e a t e s t population 

c o n c e n t r a t i o n i n the high r a i n f a l l and a l t i t u d e p o r t i o n of t h e i r 

t e r r i t o r y (the upper s l o p e s of the Tugen H i l l s ) , and the sample i s 



thus t y p i c a l of t h i s s e c t i o n of Tugen. I t does not c l a i m to 

rep r e s e n t those Tugen who h a b i t u a l l y i n h a b i t the more a r i d lowland 

p l a i n s . Nor i s i t p o s s i b l e to take i n t o account the p o s s i b i l i t y 

that some Tugen might r e g u l a r l y migrate from one zone to another. 

Another f a c t o r that needs c o n s i d e r a t i o n concerns those 

samples of peoples that were c o l l e c t e d i n areas not t y p i c a l of 

t h e i r normal h a b i t a t . The Turkana sample f o r i n s t a n c e , was 

c o l l e c t e d i n K i t a l e , a high a l t i t u d e and r a i n f a l l a r e a u n t y p i c a l 

of the harsh d e s e r t c o n d i t i o n s of Turkana land, from whom the 

parents of the sampled c h i l d r e n had migrated from. S i m i l a r l y 

the Boran and Gabbra from Marsabit Town, and the Luo from N a i r o b i , 

are a l l comparatively r e c e n t and of t e n temporary migrants from 

lower l y i n g and h o t t e r a r e a s . For these migrant samples i t makes 

more sense to a l l o c a t e them to zones of immediate o r i g i n r a t h e r than 

to zones of r e s i d e n c e , as i t i s the zone of o r i g i n that i s most 

l i k e l y to have i n f l u e n c e d t h e i r g e n e t i c c o n s t i t u t i o n . 

9.1.4 C a t e g o r i s i n g a l t i t u d e and r a i n f a l l zones 

A l t i t u d e and mean annual r a i n f a l l are continuous s c a l e s 

of measurement. A l t i t u d e i n Kenya ranges from zero to over 

17,000 f e e t , and mean annual r a i n f a l l from l e s s than one to over 

80 i n c h e s . Given d e t a i l e d r e c o r d s , i t would thus be p o s s i b l e to 

a s s i g n to a sample a very s p e c i f i c f i g u r e f or a l t i t u d e and r a i n f a l l . 

We could say, f o r example, th a t sample A was lo c a t e d at 3,553 f e e t 

i n a l t i t u d e with a mean annual r a i n f a l l of 42.3 i n c h e s . Such 

s c i e n t i f i c p r e c i s i o n , however, i s i n a p p r o p r i a t e here, due not only 

to the absence of very d e t a i l e d r e c o r d s , but a l s o to f a c t o r s such 

as l o c a l population m o b i l i t y and d i f f e r e n c e s i n t e r r a i n w i t h i n a 
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sample capture a r e a . For example I n the highland areas of 
Kenya the walk to school from home could r e s u l t i n a d i f f e r e n c e 
i n a l t i t u d e of s e v e r a l hundred f e e t . 

Changing the p e r s p e c t i v e from the sample capture a r e a to 

the broader population, i t i s apparent t h a t s i g n i f i c a n t l o c a l 

m o b i l i t y can take p l a c e even i n one gen e r a t i o n . P a s t o r a l i s t s 

can move from one g r a z i n g area to another, which can r e s u l t i n a 

change of a l t i t u d e and mean annual r a i n f a l l . A g r i c u l t u r i s t s can 

move from a densely populated high r a i n f a l l l o c a l i t y , to a more 

marginal a g r i c u l t u r a l a r e a wbre the r a i n f a l l i s l e s s , but where 

more land i s a v a i l a b l e f o r c u l t i v a t i o n . Even change of r e s i d e n c e 

through marriage can r e s u l t i n s u b s t a n t i a l changes i n a l t i t u d e 

and mean annual r a i n f a l l i n some areas ( p a r t i c u l a r l y i n the Meru 

and T a i t a D i s t r i c t s ) . 

Much v a r i a t i o n i n a l t i t u d e and r a i n f a l l , t h e r e f o r e , i s 

bound to be non s i g n i f i c a n t from a g e n e t i c point of view. Any 

g e n e t i c s e l e c t i v e changes a r i s i n g d i r e c t l y or i n d i r e c t l y from 

a l t i t u d e and r a i n f a l l would be soon d i s s i p a t e d by l o c a l p a t t e r n s 

of m o b i l i t y . Nonetheless i t i s a l s o apparent that l o c a l p a t t e r n s 

of m o b i l i t y w i l l only s i g n i f i c a n t l y operate w i t h i n a p o r t i o n of the 

t o t a l a l t i t u d e and mean annual r a i n f a l l ranges i n Kenya. I t i s 

very u n l i k e l y , f o r example, t h a t , h i s t o r i c a l l y , a s i g n i f i c a n t 

proportion of high a l t i t u d e , high r a i n f a l l d w e l l i n g a g r i c u l t u r a l i s t s 

w i l l have moved temporarily to a d e s e r t low l y i n g environment, or 

that d e s e r t d w e l l i n g p a s t o r a l i s t s w i l l have moved f o r a period to 

lu s h high a l t i t u d e p a s t u r e s . I n f a c t u n t i l the c o l o n i a l and 

post c o l o n i a l e r a s , we can assume th a t movement from one major type 

of e c o l o g i c a l zone to another by l a r g e numbers of people was very 
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uncommon, i n c o n t r a s t to movement w i t h i n such zones, and i n 

marginal areas of ov e r l a p . 

I n view of these arguments, I have c a t e g o r i s e d a l t i t u d e 

and r a i n f a l l i n t o four g e n e r a l d i v i s i o n s f o r a n a l y t i c a l purposes, 

as o u t l i n e d at the bottom of Table 9.1. I n between the two extreme 

d i v i s i o n s (low and high a l t i t u d e ; low and high r a i n f a l l ) , there 

are two in t e r m e d i a t e d i v i s i o n s . The cut o f f p o i n t s are designed 

to roughly r e f l e c t the boundaries of zones t h a t on the whole 

d i c t a t e the dominant mode of l i v e l i h o o d of the peoples encompassed 

by the d i v i s i o n s . Thus the very low a l t i t u d e and r a i n f a l l 

d i v i s i o n s correspond to d e s e r t and semi d e s e r t c o n d i t i o n s where 

small l i v e s t o c k , camels and some c a t t l e form the main mode of 

s u b s i s t e n c e . The lower i n t e r m e d i a t e r a i n f a l l and a l t i t u d e 

d i v i s i o n s r e f l e c t c o n d i t i o n s of a r i d savannah g r a s s l a n d where 

c a t t l e predominate, and marginal a g r i c u l t u r e takes p l a c e i n some 

a r e a s . The higher d i v i s i o n s encompass those peoples with prime 

a g r i c u l t u r a l land, with the h i g h e s t population d e n s i t y , and 

i n c l u d e i n the hi g h e s t a l t i t u d e zone those peoples which occupy 

or o v e r l a p i n t o the l e s s favoured high f o r e s t and g r a s s l a n d areas 

(see Chapter 1 ) . 

I would s t r e s s , however, t h a t these e c o l o g i c a l zones 

have only i n f l u e n c e d the drawing up of demarcations between the 

a l t i t u d e and r a i n f a l l d i v i s i o n s , I t would be a mistake to 

i n t e r p r e t a l t i t u d e and r a i n f a l 1 d i v i s i o n s as r e f l e c t i n g 

e c o l o g i c a l zones i n t h e i r own r i g h t , as the c o r r e l a t i o n between 

r a i n f a l l and a l t i t u d e i s f a r from being u n i t y . In Table 9.1, f o r 

i n s t a n c e , the L u y i a on the whole occupy the higher intermediate 

a l t i t u d e zones, and the hi g h e s t r a i n f a l l zone; and the Mji Kenda 
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though occupying the lowest a l t i t u d e zone, occupy the higher 
intermediate r a i n f a l l zone. 

I n s p i t e of these f a c t o r s i n f l u e n c i n g the demarcation of 

a l t i t u d e and r a i n f a l 1 zones, moreover, there i s undoubtedly an 

a r b i t r a r y element i n the demarcation of the zones. Such 

a r b i t r a r i n e s s , however, i s p r e f e r a b l e to a p o l i c y of r e - a r r a n g i n g 

the d i v i s i o n s to f i n d an optimum r e l a t i o n s h i p between 

dermatoglyphic v a r i a t i o n and a l t i t u d e and r a i n f a l l , as such a 

p o l i c y i s open to s u b j e c t i v e d i s t o r t i o n . On the p o s i t i v e s i d e 

I would submit t h a t the d i v i s i o n s as a l l o c a t e d here r e p r e s e n t a 

good s t a r t i n g p o i n t . As each d i v i s i o n encompasses a broad range 

of p o p u l a t i o n s , we would expect l i t t l e d i f f e r e n c e s between the zones 

when population means and f r e q u e n c i e s are pooled i f no r e l a t i o n s h i p 

e x i s t s between dermatoglyphic v a r i a t i o n and a l t i t u d e and r a i n f a l l . 

9.2 A n a l y t i c a l approach 

The a n a l y s i s of p o s s i b l e r e l a t i o n s h i p s between 

dermatoglyphic v a r i a t i o n and a l t i t u d e and r a i n f a l l i n t h i s s e c t i o n 

f a l l s i n t o two p a r t s . I n the f i r s t the extent of the 

r e l a t i o n s h i p s i s explored through c o r r e l a t i n g taxonomic 

dermatoglyphic a t t r i b u t e s with " c a t e g o r i s e d " r a i n f a l l and a l t i t u d e 

v a r i a b l e s . In the second, a n a l y s i s of v a r i a n c e i s a p p l i e d to 

see whether v a r i a t i o n of dermatoglyphic means or f r e q u e n c i e s w i t h i n 

a l t i t u d e and r a i n f a l l zones d i f f e r s s i g n i f i c a n t l y from the v a r i a t i o n 

between zones. For those a t t r i b u t e s that do show s i g n i f i c a n c e , 

the d i s t r i b u t i o n of zone average means and f r e q u e n c i e s wi11 be 

presented and d i s c u s s e d . In e f f e c t the f i r s t p a r t of the a n a l y s i s 

measures s t r e n g t h of r e l a t i o n s h i p s , and the second the nature of 

r e l a t i o n s h i p s , 
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9.2.1 The extent of the r e l a t i o n s h i p s between dermatoglyphic 
taxonomic v a r i a t i o n , and a l t i t u d e and r a i n f a l 1 

The taxonomic a t t r i b u t e s i n c l u d e d i n the a n a l y s i s are 

the sample means and f r e q u e n c i e s of a l l non r a r e dermatoglyphic 

a t t r i b u t e s , both summary and non summary as al r e a d y o u t l i n e d i n 

Chapters 5 and 6. Each taxonomic a t t r i b u t e i s c o r r e l a t e d w i t h 

a l t i t u d e and r a i n f a l l v a r i a b l e s , c o n s i s t i n g of the sample zone v a l u e s 

f o r a l t i t u d e and r a i n f a l l as enumerated i n Table 9.1. 

A l l c o r r e l a t i o n s i n v o l v i n g a l t i t u d e are normal Pearson's 

c o r r e l a t i o n s . I n the case of r a i n f a l l , however, the c o r r e l a t i o n s 

are p a r t i a l ones, c o n t r o l l i n g f o r the e f f e c t of a l t i t u d e . The 

employment of p a r t i a l c o r r e l a t i o n s i s to avoid r e p l i c a t i o n i n view 

of the s i g n i f i c a n t c o r r e l a t i o n between a l t i t u d e and r a i n f a l l i n 

Kenya ( . f> i n the case of the present s t u d y ) . Moreover the reason 

why p a r t i a l c o r r e l a t i o n s only apply i n the case of r a i n f a l l i s 

the f a c t t h a t r a i n f a l l i s a f f e c t e d by a l t i t u d e , w h i l e a l t i t u d e 

i s not a f f e c t e d by r a i n f a l l . I t would be nonsense, t h e r e f o r e , 

to produce p a r t i a l c o r r e l a t i o n s of dermatoglyphic a t t r i b u t e s with 

a l t i t u d e , c o n t r o l l i n g f o r r a i n f a l l . F i n a l l y a l l computations 

were performed u s i n g SPSS c o r r e l a t i o n procedures (Nie e t . a l . 1975, 

Chapters 18 and 19). 

9.2.2, C o r r e l a t i o n s of dermatoglyphic summary taxonomic a t t r i b u t e s 
with a l t i t u d e and r a i n f a l l 

The c o n s i d e r a t i o n of the summary a t t r i b u t e s i s to e s t a b l i s h 

the nature of o v e r a l l t r e n d s , i n order to make i t e a s i e r to 

i n t e r p r e t the more complex r e s u l t s of the non summary a t t r i b u t e s . 

The r e s u l t s are presented i n Table 9,2, In order to save 
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space and to achieve a c l e a r p i c t u r e , only s i g n i f i c a n t c o r r e l a t i o n s 
are l i s t e d , and they are given i n rank order w i t h i n d i g i t a l and 
palmar v a r i a b l e groupings. The main trends are as f o l l o w s : 

1) The s t r o n g e s t r e l a t i o n s h i p s tend to be with r a i n f a l l 

r a t h e r than w i t h a l t i t u d e . More c o r r e l a t i o n s are s i g n i f i c a n t with 

r a i n f a l l (10 to 8 i n males and 9 to 5 i n f e m a l e s ) ; and c o r r e l a t i o n s 

tend to be higher w i t h r a i n f a l l ( i n males 7 out of 10 s i g n i f i c a n t 

c o r r e l a t i o n s exceed .3 with r a i n f a l l , compared to 3 out of 8 wi t h 

a l t i t u d e ; and i n females the e q u i v a l e n t f i g u r e s are 5 out of 9 

compared to 1 out of 5 ) . 

2) I f we d i f f e r e n t i a t e the a t t r i b u t e s i n t o d i g i t a l and 

palmar groups, the d i g i t a l a t t r i b u t e s follow the main trend, t h a t 

more c o r r e l a t i o n s w i t h r a i n f a l l a re s i g n i f i c a n t , and they tend to 

be h i g h e r than those w i t h a l t i t u d e . The palmar a t t r i b u t e s 

however, show stronge r r e l a t i o n s h i p s w i t h a l t i t u d e , e s p e c i a l l y 

i n the females where three palmar c o r r e l a t i o n s are s i g n i f i c a n t 

w i t h a l t i t u d e , compared to none w i t h r a i n f a l l . 

3) On the whole the d i g i t a l a t t r i b u t e s t h a t show s i g n i f i c a n c e 

with a l t i t u d e tend to be " u l n a r " ones; p a r t i c u l a r l y r i g h t hand 

u l n a r loops and t o t a l u l n a r r i d g e count. C o r r e l a t i o n s w i t h 

r a i n f a l l however, tend to be high on " r a d i a l " a t t r i b u t e s , ( t o t a l 

r a d i a l and u n i l a t e r a l r i d g e c o u n t s ) , and c o n c e n t r i c whorls which 

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

moreover, are on the l e f t hand i n both sexes. 

In the case of palmar a t t r i b u t e s i t i s i n t e r d i g i t a l and 

t o t a l palmar i n t e n s i t y t h a t tend to show the h i g h e s t c o r r e l a t i o n s 

with a l t i t u d e i n both sexes and w i t h r a i n f a l l i n males only. 
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4) C o r r e l a t i o n s both w i t h a l t i t u d e and r a i n f a l l are mostly 
negative, showing that the lower l y i n g and more a r i d samples tend 
to have the higher means and f r e q u e n c i e s . The only p o s i t i v e 
c o r r e l a t i o n s are u l n a r loops and RTPRC wi t h a l t i t u d e , and LTPLMI, 
TDR and TDL wi t h r a i n f a l l . I t i s i n t e r e s t i n g that i n t e r d i g i t a l 
and t o t a l palmar t r i r a d i a l i n t e n s i t i e s c o r r e l a t e n e g a t i v e l y with 
a l t i t u d e , and p o s i t i v e l y w i t h r a i n f a l l . 

5) Trends between the sexes show some fundamental s i m i l a r i t y , 

For i n s t a n c e both RTULNRC and RULOOP are s i g n i f i c a n t f o r a l t i t u d e 

i n both s e x e s , r i g h t hand a t t r i b u t e s predominate i n both sexes f o r 

a l t i t u d e , and l e f t hand c o r r e l a t i o n s predominate f o r r a i n f a l l i n 

males, and l e f t hand a t t r i b u t e s are most s i g n i f i c a n t f o r r a i n f a l l 

i n females; " r a d i a l " a t t r i b f c e s c o r r e l a t e s i g n i f i c a n t l y with 

r a i n f a l l i n both sexes. N e v e r t h e l e s s there are a l s o c o n s i d e r a b l e 

d i f f e r e n c e s between the se x e s . For example LDLOOP c o r r e l a t e s 

h i g h e s t w i t h a l t i t u d e i n males, but i s not s i g n i f i c a n t i n females; 

c o r r e l a t i o n s with both r a i n f a l l and a l t i t u d e are higher f o r males, 

and even where the same a t t r i b u t e s c o r r e l a t e s i g n i f i c a n t l y i n both 

sexes, the rankings are not concordant. 

9.2.3 C o r r e l a t i o n s of dermatoglyphic non summary a t t r i b u t e s 
with a l t i t u d e and r a i n f a l l 

The r e s u l t s are presented i n Table 9.3 f o r a l t i t u d e and 

Table 9.4 f o r r a i n f a l l . The main trends are as f o l l o w s : 

1) The males follow the main trend e x h i b i t e d by c o r r e l a t i o n s 

with summary a t t r i b u t e s ; t h a t c o r r e l a t i o n s with r a i n f a l l are more 

numerous and tend to be higher. A comparison of the male 

c o r r e l a t i o n s i n t a b l e s 9.3 and 9.4 shows th a t 33 a t t r i b u t e s c o r r e l a t e d 
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s i g n i f i c a n t l y w i t h r a i n f a l l , compared to 26 wi t h a l t i t u d e , and 
that 10 of these exceeded .4 with r a i n f a l l (maximum -.48) compared 
to only 4 w i t h a l t i t u d e (maximum - . 4 3 ) . 

The females, however, manifest the opposite trend, I t i s 

s i g n i f i c a n t c o r r e l a t i o n s with a l t i t u d e t h a t are the most numerous 

and h i g h e s t . No l e s s than 42 a t t r i b u t e s c o r r e l a t e s i g n i f i c a n t l y 

w i t h a l t i t u d e , compared to 29 with r a i n f a l l , and 12 of the 

c o r r e l a t i o n s w i t h a l t i t u d e are .4 or g r e a t e r , (maximum -.5) 

compared to 2 with r a i n f a l l (maximum - . 4 1 ) . 

2) Segregating d i g i t a l and palmar a t t r i b u t e s r e v e a l s even 

more marked sex d i f f e r e n c e s . The males show 14 s i g n i f i c a n t 

d i g i t a l c o r r e l a t i o n s w i t h a l t i t u d e compared to 39 i n females, and 

12 palmar a t t r i b u t e s c o r r e l a t e s i g n i f i c a n t l y w i t h a l t i t u d e i n 

males compared to only 3 i n females. 

C o r r e l a t i o n s with r a i n f a l l e x h i b i t a much l e s s n o t i c a b l e 

d i s p a r i t y between the se x e s . The males show 23 d i g i t a l and 10 

palmar s i g n i f i c a n t c o r r e l a t i o n s , compared to 20 d i g i t a l and 9 palmar 

ones i n females. 

3) D e t a i l e d d i g i t a l trends f o r a l t i t u d e show very c l e a r l y 

i n the males t h a t i t i s mainly a t t r i b u t e s of the " u l n a r " type 

that c o r r e l a t e h i g h l y . The 7 hi g h e s t c o r r e l a t i o n s are a l l with 

d i g i t 1 i n v o l v i n g mostly u l n a r r i d g e counts and u l n a r loops. In 

the lower rankings WH0RLR1 and DL00PR1 a l s o f i g u r e . The remaining 

s i g n i f i c a n t c o r r e l a t i o n s a r e with a t t r i b u t e s on d i g i t 4 except f o r 

RFR5 . 

The females show much more complex tren d s . Of the 39 

s i g n i f i c a n t c o r r e l a t i o n s with a l t i t u d e 10 are a t t r i b u t e s on d i g i t 

1, 9 each on d i g i t s 2, 3, 4, but only 2 on d i g i t 5. Only d i g i t 5, 
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t h e r e f o r e i s markedly unrepresented. I f we take, however, only the 

12 most s i g n i f i c a n t a t t r i b u t e s (.4 or g r e a t e r ) , the most prominant 

are those a t t r i b u t e s on d i g i t 1 (5 out of the 12), c o n s i s t i n g as 

i n the males, mainly of u l n a r r i d g e counts and loops. The 

hig h e s t and most s i g n i f i c a n t c o r r e l a t i o n s , however, are LFR4 and RFR4 

which c o r r e l a t e much lower i n males. The remaining 5 a t t r i b u t e s 

are on d i g i t 3 and 2. 

I n summary a l t i t u d e appears to a f f e c t mainly " u l n a r " 

a t t r i b u t e s on d i g i t 1 and r a d i a l r i d g e counts on d i g i t 4. The 

d i s p a r i t y between the sexes i s due t o the f a c t t h a t a l t i t u d e 

a f f e c t s many a t t r i b u t e s on d i g i t s 2 and 3 i n the females, but not 

i n the males. 

4) D e t a i l e d trends of c o r r e l a t i o n of d i g i t a l a t t r i b u t e s with 

r a i n f a l l a re complex i n both s e x e s . I n males 3 a t t r i b u t e s are 

s i g n i f i c a n t on d i g i t 1; 6 on d i g i t 2; 3 on d i g i t 3; 5 on d i g i t 4 

and 6 on d i g i t 5. In females 7 a t t r i b u t e s are s i g n i f i c a n t on d i g i t 

1, 5 on d i g i t 2; 1 on d i g i t 3; 5 on d i g i t 4; and 2 on d i g i t 5. 

Thus i t i s a t t r i b u t e s on d i g i t 3 i n both sexes, d i g i t 1 i n males 

and d i g i t 5 i n females t h a t are l e a s t a f f e c t e d by r a i n f a l l . 

A t t r i b u t e s on d i g i t s 1 and 2 t h a t are s i g n i f i c a n t tend 

to be r a d i a l r i d g e counts, c o n c e n t r i c whorls and double loops i n 

both sexes, w h i l e those loading on d i g i t s 4 and 5 are predominantly 

" u l n a r " a t t r i b u t e s ( u l n a r r i d g e counts, u l n a r l o o p s ) . T h i s 

c o n t r a s t s w i t h the c o r r e l a t i o n s with a l t i t u d e where a t t r i b u t e s on 

d i g i t s 1 and 2 tended to be " u l n a r " i n type, w h i l e those on d i g i t 

4 tended to be " r a d i a l " i n type. 



5) I n the case of palmar a t t r i b u t e s , the f a c t t h a t only 

3 c o r r e l a t e s i g n i f i c a n t l y w i t h a l t i t u d e i n females compared to 12 

i n males makes i n t e r p r e t a t i o n d i f f i c u l t . Only two a t t r i b u t e s 

c o r r e l a t e s i g n i f i c a n t l y i n both s e x e s , TDR6 and P4R. I n the males 

a l l s i g n i f i c a n t c o r r e l a t i o n s are with i n t e r d i g i t a l a t t r i b u t e s 

and palmar r i d g e counts, except f o r one hypothenar a t t r i b u t e (CHL). 

The s i g n i f i c a n t palmar r i d g e counts (RAB, LAB, RCD).moreover, d i f f e r 

from the others i n t h a t they c o r r e l a t e p o s i t i v e l y . 

C o r r e l a t i o n s of palmar a t t r i b u t e s with r a i n f a l l tend to 

be higher than those w i t h a l t i t u d e . As i n the c a s e of a l t i t u d e , 

most a t t r i b u t e s c o r r e l a t i n g s i g n i f i c a n t l y with r a i n f a l l tend to be 

i n t e r d i g i t a l or palmar r i d g e counts. There a r e , however, some 

major d i f f e r e n c e s . I t i s the be r a t h e r than the ab r i d g e counts 

that c o r r e l a t e s i g n i f i c a n t l y w i t h r a i n f a l l . Some i n t e r d i g i t a l 

a t t r i b u t e s , furthermore, t h a t c o r r e l a t e n e g a t i v e l y w i t h a l t i t u d e 

( i . e . P2R, P2L, P4R), c o r r e l a t e p o s i t i v e l y with r a i n f a l l . 

F i n a l l y TEFL c o r r e l a t e s s i g n i f i c a n t l y i n both sexes with r a i n f a l l , 

u n l i k e with a l t i t u d e where a l l c o r r e l a t i o n s with thenar t r a i t s 

are very low. 

9.3 The nature of the r e l a t i o n s h i p of the v a r i a t i o n of 
dermatoglyphic taxonomic a t t r i b u t e s , w i t h a l t i t u d e and 
r a i n f a l l 

The i n v e s t i g a t i o n so f a r has shown t h a t a notable number 

of dermatoglyphic taxonomic a t t r i b u t e s c o r r e l a t e s i g n i f i c a n t l y i n 

the 2.3 to 5.0 range with a l t i t u d e and/or r a i n f a l l . Nineteen 

out of the 26 summary a t t r i b u t e s c o r r e l a t e s i g n i f i c a n t l y at l e a s t 

once with e i t h e r ; (a) a l t i t u d e males; (b) a l t i t u d e females; 



( c ) r a i n f a l l males and. (d) r a i n f a l l females. I n the case of 

non summary a t t r i b u t e s the e q u i v a l e n t r a t i o i s 77 s i g n i f i c a n t 

a t t r i b u t e s out of the 112 a t t r i b u t e s considered. 

I now turn to examining the nature of the apparent 

r e l a t i o n s h i p s between dermatoglyphic v a r i a t i o n and a l t i t u d e and 

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

s e c t i o n 9.3. The method adopted to achieve t h i s i s to examine 

the d i s t r i b u t i o n of a l t i t u d e or r a i n f a l l zone means ( i . e . the zone 

mean of the population sample dermatoglyphic means or f r e q u e n c i e s ) 

through one way a n a l y s i s of v a r i a n c e . I n sub s e c t i o n 9.3.1 the 

a n a l y s i s c o n c e n t r a t e s on summary a t t r i b u t e s , and i n s u b - s e c t i o n 

9.3.2 on non-summary a t t r i b u t e s . 

9.3.1 The nature of the r e l a t i o n s h i p of summary dermatoglyphic 
taxonomic a t t r i b u t e s , with a l t i t u d e and r a i n f a l l 

A) The nature of r e l a t i o n s h i p s w i t h a l t i t u d e 

The r e s u l t s of a n a l y s i s of v a r i a n c e are given i n Table 9.5 

fo r both s e x e s . Only those a t t r i b u t e s t h a t show s i g n i f i c a n t 

c o r r e l a t i o n s with a l t i t u d e (Table 9.2) are reported, and the 

a t t r i b u t e s are ranked as i n Table 9.2 i n d e c r e a s i n g order of 

r e l a t i o n s h i p . 

The r e s u l t s f o r d i g i t a l a t t r i b u t e s i n both sexes show 

an overwhelming trend of a l i n e a r c l i n a l r e l a t i o n s h i p with a l t i t u d e . 

I n the case of RTULNRC and RTABSRC i n males, and RTULNRC i n females 

there i s a p r o g r e s s i v e f a l l i n mean as a l t i t u d e i n c r e a s e s , and 

f o r RULOOP i n each sex (an a t t r i b u t e n e g a t i v e l y r e l a t e d to r i d g e 

counts and whorls both p h e n e t i c a l l y and t a x o n o m i c a l l y ) , there i s a 

sharp i n c r e a s e i n mean as a l t i t u d e i n c r e a s e s . I n females the 



i n c r e a s e i n mean i s p r o g r e s s i v e and l i n e a r . In males, however, 

the f i r s t two low a l t i t u d e zones are almost i d e n t i c a l i n mean, 

showing a sharp i n c r e a s e to the two high a l t i tude zones which are 

a l s o s i m i l a r . 

In the c a s e of LDLOOP i n males, an a t t r i b u t e that shows 

the s t r o n g e s t c o r r e l a t i o n w i t h a l t i t u d e , there i s a marked drop 

i n mean from the lowest to the h i g h e s t a l t i t u d e zone. The two 

medium zones, however, though e x h i b i t i n g mean v a l u e s t h a t f a l l 

between those of the extreme zones, are r e l a t i v e l y s i m i l a r , and 

the means are a r e v e r s e of the dominant trend. 

Palmar a t t r i b u t e s i n c o n t r a s t do not show such c l e a r 

c l i n a l t r e n d s . TDR f o r i n s t a n c e , which i n both sexes d i s p l a y s 

the s t r o n g e s t c o r r e l a t i o n with a l t i t u d e , shows an a l t e r n a t i n g 

decrease and i n c r e a s e i n mean from low to high zones, with the 

o v e r a l l trend being a d e c r e a s e i n value as a l t i t u d e i n c r e a s e s . 

RTPLMI ( m a l e s ) , TDL and LTPLMI (females) a l s o show a s i m i l a r 

p a t t e r n of v a r i a t i o n to TDR. In males RTPRC e x h i b i t s a l i n e a r 

i n c r e a s e i n mean as a l t i t u d e i n c r e a s e s , up to the t h i r d / f o u r t h 

zones which are almost i d e n t i c a l . LTOTHI i n males i s the only 

t r u e l i n e a r c l i n a l a t t r i b u t e , with means p r o g r e s s i v e l y d e c r e a s i n g 

as a l t i t u d e i n c r e a s e s . 

B) Nature of r e l a t i o n s h i p s with r a i n f a l l 

The r e s u l t s of a n a l y s i s of v a r i a n c e are presented i n 

Table 9.6, i n the same format as those f o r a l t i t u d e . 

As i n the preceding account concerning a l t i t u d e f there 

are d i n a r trends manifested f o r the a t t r i b u t e s which c o r r e l a t e 

s i g n i f i c a n t l y with r a i n f a l l . In males a l l d i g i t a l a t t r i b u t e s show 
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a tendency f o r means to decrease as r a i n f a l l i n c r e a s e s , and a l l 
three palmar a t t r i b u t e s demonstrate an i n c r e a s e i n mean as r a i n f a l l 
i n c r e a s e s . The trend f o r these a t t r i b u t e s , however, i s not one 
of r e g u l a r i n c r e a s e or decrease from zone to zone. The c l i n e r a t h e r 
resembles a Z, with the f i r s t two low r a i n f a l l zones homogeneous, 
and s h a r p l y d i s t i n g u i s h e d from the a l s o homogeneous two high 
r a i n f a l l zones. 

I n the case of females, however, th e r e i s more v a r i e t y 

of t r e n d s . Although the Z trend i s a l s o i n evidence, i t i s 

much weaker than t h a t i n males. The Z trend i s s t r o n g e s t f o r LTRC, 

RTRC, RTFPI and RCWHORL. Nev e r t h e l e s s even f o r these a t t r i b u t e s 

there i s a d i n a r decrease i n mean i n the lowest two r a i n f a l l 

zones, before the main decrease occurs from the 2nd to 3rd zone. 

I t i s the two hi g h e s t r a i n f a l l zones t h a t are most homogeneous. 

In the case of LTRADRC, LTABSRC, LCWHORL and RTRADRC, the Z trend 

i s very moderate, and there i s a r e g u l a r d i n a r decrease 

demonstrated. 

9.3.2 The nature of the r e l a t i o n s h i p of the v a r i a t i o n of non 
summary dermatoglyphic taxonomic a t t r i b u t e s , >vith a l t i t u d e 
and r a i n f a l l 

A) Nature of r e l a t i o n s h i p s with a l t i t u d e 

The r e s u l t s of a n a l y s i s of v a r i a n c e are presented i n 

Table 9.7 f o r males and Table 9.8 f o r females, with a t t r i b u t e s 

ordered according to the c o r r e l a t i o n rankings l i s t e d i n Table 9.3. 

Of the 4 male and 12 female d i g i t a l a t t r i b u t e s t h a t 

c o r r e l a t e at .4 or higher with a l t i t u d e , the d i f f e r e n c e s i n zone 

means are a l l h i g h l y s i g n i f i c a n t . Of these a t t r i b u t e s , moreover, 



RFU1, LFU1 and LD1 i n males, and LFR4, RFR4, LFU1, RFU2 and RFU1 

i n females show a s t r o n g l i n e a r , c l i n a l decrease i n mean as a l t i t u . 

i n c r e a s e s . The biggest decrease tends to be from the 3rd to the 

4th and h i g h e s t a l t i t u d e zone. In a d d i t i o n UL00PR3 and UL00PR1 

i n females e x h i b i t a strong l i n e a r i n c r e a s e i n mean as a l t i t u d e 

i n c r e a s e s . 

The a t t r i b u t e s not y e t mentioned that c o r r e l a t e higher 

than .4 show a l e s s d i s t i n c t c l i n a l p a t t e r n of v a r i a t i o n . Thus 

ULOOPR1 i n males shows l i t t l e d i f f e r e n c e between the f i r s t two 

a l t i t u d e zones, but there i s a sharp i n c r e a s e i n mean i n the two 

h i g h e s t zones. A s i m i l a r p a t t e r n i s a l s o demonstrated by LFR3 

and RFU3 i n females, only t h a t there i s a sharp decrease i n mean 

i n the two h i g h e s t a l t i t u d e zones. A d i f f e r e n t p a t t e r n i s i n 

evidence f o r UL00PR2 and UL00PL1 (females) where there i s a sharp 

i n c r e a s e i n mean from the lowest to the two medium zones, which 

d i f f e r l i t t l e i n mean, followed by a sharp i n c r e a s e again i n the 

h i g h e s t zone. F i n a l l y RD1 i n females shows an i n c r e a s e i n mean 

from the 1 s t to 2nd zones, followed by a strong decrease i n the 

l a s t two h i g h e s t zones. 

In the case of those d i g i t a l a t t r i b u t e s t h a t c o r r e l a t e 

s i g n i f i c a n t l y a t l e s s than .4, only two i n the males (RD1 and 

DL00PL1) show s i g n i f i c a n t d i f f e r e n c e s between zone means. In the 

females, however, eleven a t t r i b u t e s show s i g n i f i c a n t d i f f e r e n c e s 

(UL00PL2, RD4, WHORLRI , RFTJ4, LFR5, RADLL1, WH0RLL1, DLOOPR1, 

UL00PR4, RADLR4 and WH0RLR4). A l l the d i g i t a l a t t r i b u t e s 

c o r r e l a t i n g l e s s than .4, whether s i g n i f i c a n t or not, s t i l l show 

some evidence of the general trend of d e c r e a s i n g means as a l t i t u d e 

i n c r e a s e s f o r r i d g e counts, f i n g e r p a t t e r n i n t e n s i t y , c o n c e n t r i c 



whorls and double loops; and of i n c r e a s i n g means f o r u l n a r loops. 

In only one of these a t t r i b u t e s , however, (LFU2 f e m a l e s ) , i s the 

c l i n e of means d i s t i n c t l y l i n e a r f o r a l l four zones. In the r e s t 

the trend i s i n d i s t i n c t , with two or sometimes three zones showing 

l i t t l e d i f f e r e n c e i n means. For example i n the case of DL00PH2 

females, there i s a strong decrease i n mean from the f i r s t to 

second zones, and r e l a t i v e homogeneity t h e r e a f t e r , or i n the case 

of DL00PH4 th e r e i s a Z type c l i n e , w i t h the lowest two zones 

showing homogeneous high means, followed by a decrease to the 

h i g h e s t two zones which are a l s o homogeneous. 

Trends of v a r i a t i o n f o r palmar a t t r i b u t e s are more 

complex and l e s s s y s t e m a t i c than those f o r d i g i t a l a t t r i b u t e s . 

D e aling f i r s t w i t h the males, which show by f a r the g r e a t e s t number 

of s i g n i f i c a n t c o r r e l a t i o n s with palmar a t t r i b u t e s ( s e e Table 9.3) 

6 out of 12 show s i g n i f i c a n t d i f f e r e n c e s between zone means, 

(TDR4, TDR6, TDL6, P2L, P2R and TDL4). The i n t e r d i g i t a l a t t r i b u t e s 

TDR4 and TDL4 show a marked i n c r e a s e i n mean from the 1 s t zone 

to the 2nd, followed by a decrease i n the 3rd and an i n c r e a s e i n 

the 4th. The r e v e r s e trend i s apparent f r o TDR6, TDL6, and TDR5 

( i . e . d e c r e a s e , i n c r e a s e , d e c r e a s e ) . T h i s a l t e r n a t i n g trend 

i s a l s o i n evidence f o r P2R and P2L. I n t e r d i g i t a l loop P4R and 

hypothenar loop CHI t however show a l i n e a r decrease i n mean as 

a l t i t u d e i n c r e a s e s , with the 2 h i g h e s t zones being r e l a t i v e l y 

homogeneous. F i n a l l y the palmar r i d g e counts show a rough trend 

of i n c r e a s i n g means as a l t i t u d e i n c r e a s e s . T h i s i s most evi d e n t 

for RCD wbre there i s a r a p i d i n c r e a s e up to the r e l a t i v e l y 

homogeneous h i g h e s t two zones. I n the case of RAB and LAB, 



however, the notable i n c r e a s e i n mean occurs from the 1 s t to the 

2nd zone, with the higher 3 zones homogeneous i n mean. 

In the females the only 3 palmar a t t r i b u t e s that c o r r e l a t e 

s i g n i f i c a n t l y with a l t i t u d e (Table 9.3), TDR6 and TDR3, do 
i 

not show s i g n i f i c a n t df f erences i n mean . The trends , however , are 

more s y s t e m a t i c than i n males, with a decrease i n mean as a l t i t u d e 

i n c r e a s e s , w i t h the middle two zone homogeneous, f o r TDR6 and 

P4R, and a s i m i l a v i n c r e a s e i n mean as a l t i t u d e i n c r e a s e s f o r 

TDR3. 

B) The nature of r e l a t i o n s h i p s , with r a i n f a l l 

The r e s u l t s of a n a l y s i s of v a r i ance are given i n 

Table 9.9 f o r males and Table 9.10 f o r females. They show th a t 

10 d i g i t a l a t t r i b u t e s i n males (RADLL2, RFR2, RFU5, WH0RLR5, 

LFR1, LFU5, LFR2, WH0RLL5, ARCHL1, and ULO0PL5) and 8 i n females 

(RFR2, LFR1, WH0RLR4, WH0RLL1, RFU4, UL00PR4, LFR5, and RD4) 

have zone means th a t d i f f e r s i g n i f i c a n t l y . 

U n l i k e r e l a t i o n s h i p s with a l t i t u d e , where the a t t r i b u t e s 

w i t h the h i g h e s t c o r r e l a t i o n s were the ones which almost 

e x c l u s i v e l y d i s p l a y e d s t r o n g l i n e a r c l i n a l t r e n d s , r e l a t i o n s h i p s 

w i t h r a i n f a l l a re l i n e a r and c l i n a l . only f or WH0RLR5 i n males and 

RFR2 i n females f o r d i g i t a l a t t r i b u t e s that c o r r e l a t e at .4 or 

above. 

I n the males the s t r o n g l i n e a r c l i n a l d i g i t a l a t t r i b u t e s 

are a s s o c i a t e d with r i d g e counts, u l n a r loops and c o n c e n t r i c 

whorls on d i g i t s 4 and 5, on the r i g h t hand i r r e s p e c t i v e of 

s t r e n g t h of r e l a t i o n s h i p . Thus WHORLI 5, WH0RLR4, RFU4, RD5 

and RD4 a l l show a marked decrease i n mean as r a i n f a l l i n c r e a s e s . 



4 
The remaining a t t r i b u t e s show weaker c l i n e s , p o s i t i v e i n the 
case of RADLL2, RADLR2, ARCHL1, UL00PL5, UL00PL3; and negative 
f o r RFR2, RFU5, LFR1, LFU5, LFR2, WH0RLL5, WH0RLL3, WH0RLL2, 
WH0RLR2, WH0RLL4 and WH0RLL1. I n each case the c l i n e i s weakened 
sometimes by i r r e g u l a r i t y i n one zone (e.g. WH0RLL5 where zone 2 
has a higher mean th a t zone 1) or commonly by the f a c t that two 
contiguous zones are homogeneous i n mean (e.g. ULO0PL3) 

In females l i n e a r c l i n e s are only i n evidence f o r RFR2, 

WH0RLR4, UL00PL4, RADLL2 and LFU5. Although t h i s l i s t s t r e s s e s 

d i g i t s 4 and 5, u n l i k e i n the males, i t i s the l e f t r a t h e r than 

the r i g h t hand t h a t shows the s t r o n g e s t t r e n d s . As i n the case 

of males, however, a l l remaining a t t r i b u t e s except f o r UL00PR2, 

show some evidence of a weaker c l i n e w i t h r a i n f a l l : n e gative 

f o r LFR1, WH0RLL1, RFR1, DL00PR1, DL00PL1, RFU4, LFR5, RD4, 

LFR2, WH0RLL3; and p o s i t i v e f o r RADLL1, ULOOPR4, DL00PR2, UL00PL4, 

ARCHR1, and RADLL2. 

Palmar a t t r i b u t e s i n males show some c o n s i s t e n t c l i n e s , 

though only f o r CHR i s the trend l i n e a r ( n e g a t i v e ) . RBC, TDR4, 

TDL4, and TEFL show a decrease i n mean as r a i n f a l l i n c r e a s e s , with 

the 3rd and 4th zones homogeneous, w h i l e P2R shows the same trend 

i n the p o s i t i v e d i r e c t i o n . TDL5 a l s o shows a p o s i t i v e c l i n a l trend, 

only i t i s the 2 medium zones t h a t are homogeneous. P2L and 

TDR6 demonstrate a p o s i t i v e c l i n e up to the 3rd zone, followed by a 

decrease i n the 4th. F i n a l l y LBC i s the weakest trend, 

d i f f e r e n t i a t i n g e f f e c t i v e l y only zone 2, which has a much lower mean 

than the other zones. 
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Palmar a t t r i b u t e s i n females show th a t only TDL4 e x h i b i t s 
a strong c l i n a l l i n e a r trend ( n e g a t i v e ) with r a i n f a l l , TDL5, 
TEFL and P4L show weaker c l i n e s , a f f e c t e d by homogeneity between 
contigous zones and i n the c a s e of TEFL, by a decrease i n the 
4th zone running c o n t r a r y to the c l i n e . LBC, RBC, P4R and CHL 
are very weak c l i n e s , showing a marked i n c r e a s e from zone 1 to the 
remaining 3 zones t h a t are r e l a t i v e l y homogeneous. F i n a l l y P3TR 
only d i f f e r e n t i a t e s zone 2 e f f e c t i v e l y from the other t h r e e . 

I n summary the a n a l y s i s has shown th a t a notable number of 

dermatoglyphic taxonomic a t t r i b u t e s c o r r e l a t e s i g n i f i c a n t l y w i t h 

a l t i t u d e and/or r a i n f a l l . Nineteen out of 26 summary a t t r i b u t e s 

c o r r e l a t e s i g n i f i c a n t l y at l e a s t once with r a i n f a l l , a l t i t u d e i n 

the male or female s e r i e s , and i n the case of non summary a t t r i b u t e s 

the e q u i v a l e n t r a t i o i s 77 out of 112. 

9.4 Summary and d i s c u s s i o n 

The a n a l y s e s i n s e c t i o n s 9.3 and 9.4 have demonstrated 

th a t t h e r e appears to be a moderate, but s i g n i f i c a n t r e l a t i o n s h i p 

between many dermatoglyphic taxonomic a t t r i b u t e s , and a l t i t u d e 

and r a i n f a l l . The nature of the r e l a t i o n s h i p s f moreover f are 

c l i n a l i n nature f o r a s u r p r i s i n g number of summary and non summary 

a t t r i b u t e s - The s t r o n g e s t r e l a t i o n s h i p s and c l i n e s tend to be 

fo r some d i g i t a l a t t r i b u t e s , p a r t i c u l a r l y those on d i g i t 1 and 

d i g i t 4. On the whole d i g i t a l r i d g e counts, c o n c e n t r i c whorls 

and double loops tend to show a decrease i n mean as a l t i t u d e or 

r a i n f a l l i n c r e a s e s , and ulnar loops an i n c r e a s e i n mean, The 

l e a s t s y s t e m a t i c r e l a t i o n s h i p s are w i t h arches (only one a t t r i b u t e , 

ARCHL1 shows any s i g n i f i c a n t r e l a t i o n s h i p see Table 9.4); and 



with r a d i a l loops and double loops, which show l e s s c o n s i s t e n t 

c l i n e s when they are s i g n i f i c a n t . 

Palmar a t t r i b u t e s a l s o show s i g n i f i c a n t c o r r e l a t i o n s 

with a l t i t u d e and r a i n f a l l , the s t r o n g e s t c o r r e l a t i o n s being with 

r a i n f a l l non summary a t t r i b u t e s . The nature of the v a r i a t i o n i s 

o f t e n c l i n a l too. The s t r o n g e s t c l i n e s are with r a i n f a l l (see 

Tables 9.9 and 9.10). G e n e r a l l y i t i s measures of i n t e r d i g i t a l 

t r i r a d i a l i n t e n s i t y , second and f o u r t h i n t e r d i g i t a l p e r i p h e r a l 

loops, thenar t r i r a d i i and hypothenar c e n t r a l loops which show 

the s t r o n g e s t r a l t i o n s h i p s . Palmar r i d g e counts a l s o f i g u r e 

as s i g n i f i c a n t (be with r a i n f a l l and ab with a l t i t u d e ) . The 

higher zones, however, tend to be r e l a t i v e l y homogeneous, s h a r p l y 

d i f f e r e n t i a t e d from the lowest and most a r i d zones which have 

markedly the lowest mean. 

A theme f a m i l i a r a l l through t h i s i n v e s t i g a t i o n has 

a l s o c o n s i s t e n t l y manifested i t s e l f here. P a t t e r n s of v a r i a t i o n 

by sex, though c o n s i s t e n t i n major t r e n d s , d i f f e r a p p r e c i a b l y 

i n d e t a i l . T h i s i s p a r t i c u l a r l y i n evidence i n the number of 

non summary a t t r i b u t e s t h a t show s i g n i f i c a n c e w i t h a l t i t u d e , where 

f a r more d i g i t a l a t t r i b u t e s are s i g n i f i c a n t i n females than i n 

males, w h i l s t only 3 female palmar a t t r i b u t e s are s i g n i f i c a n t 

with a l t i t u d e compared to 12 i n males. One p o s s i b l e e x p l a n a t i o n 

f o r t h i s apparent discordance i s the f a c t t h a t the males i n c l u d e 

four populations t h a t have no female samples. E x c l u d i n g these 

e x t r a male samples, however, did not succeed i n r a i s i n g i n t e r - s e x 

concordance to any a p p r e c i a b l e degree i n an a n a l y s i s (unreported 

here) to c l a r i f y t h i s point. 



I n the a n a l y s e s of v a r i a n c e , t h e r e are many a t t r i b u t e s 

t h a t appear as non s i g n i f i c a n t . The reader, t h e r e f o r e , might be 

f o r g i v e n f or deducing t h a t the r e s u l t s are tenuous. I t should 

be noted, however, t h a t the a n a l y s e s of v a r i a n c e here are a l l 

based on taxonomic a t t r i b u t e s w i t h population samples forming 

the c a s e s . I n r e a l i t y the zone sample s i z e s (see Table 9.1) 

i n terms of i n d i v i d u a l s are l a r g e . I n a f u r t h e r stage of 

a n a l y s i s ( u n f o r t u n a t e l y not complete), i n which i n d i v i d u a l s rathe 

than populations were pooled according to a l t i t u d e and r a i n f a l l 

zones, a l l but a few d i g i t a l a t t r i b u t e s were shown to d i f f e r 

h i g h l y s i g n i f i c a n t l y i n zone means. The r e s u l t s here, t h e r e f o r e , 

should be r a t h e r regarded as being on the s i d e of c a u t i o n . 

Holt (1975), d i s c u s s i n g the p o s s i b i l i t i e s of n a t u r a l 

s e l e c t i o n a f f e c t i n g t o t a l r i d g e count, s t a t e s t h a t : 

"There i s no d i r e c t evidence of any a c t i o n of 
n a t u r a l s e l e c t i o n , although i t i s suggested by 
the observed r a c i a l v a r i a t i o n . " 

(Holt 1975b:176) 

I f the r e s u l t s reported i n t h i s chapter r e a l l y do r e f l e c t t r u e 

trends of v a r i a t i o n i n Kenya, then they can be regard3d as the 

f i r s t i n d i c a t i o n s t h a t some form of c l i m a t i c or environmental 

s e l e c t i o n i s operating on dermatoglyphic a t t r i b u t e s of the people 

of t h a t country, and opens up the p o s s i b i l i t y t h a t s i m i l a r trends 

might be found i n other p a r t s of the world. 

The r e s u l t s , however, do not give any r e a l c l u e as to 

the nature of the s e l e c t i o n o p e r a t i n g , We could s p e c u l a t e , 

n o n e t h e l e s s , that a l t i t u d e and r a i n f a l l are not l i k e l y to be, i n 

themselves, d i r e c t s e l e c t i v e agents. I t i s more p l a u s i b l e that 



the a s s o c i a t i o n with these v a r i a b l e s i s due to the f a c t that 

a l t i t u d e and r a i n f a l l are so prominant i n determining the nature 

of ecology and environment i n Kenya, which i n turn determines 

the d i s t r i b u t i o n of the r e a l s e l e c t i v e agent (some s o r t of d i s e a s e ? ) . 

I f t h i s should be t r u e , then i t might e x p l a i n why Hiernaux (1968a) 

f a i l e d to f i n d any s i g n i f i c a n t c o r r e l a t i o n s between d i g i t a l 

p a t t e r n s and c l i m a t e at a c o n t i n e n t a l s c a l e of i n v e s t i g a t i o n , as 

the d i s t r i b u t i o n of the true s e l e c t i v e agent or agents might be 

determined by other f a c t o r s i n other p a r t s of the A f r i c a n 

c o n t i n e n t . 



CONCLUSION 

The o b j e c t of f i e l d w o r k i n 1973 and 1975 was to c o l l e c t 

dermatoglyphlc data from a range of e t h n i c populations i n Kenya, 

with the u l t i m a t e aim of u s i n g the f i n d i n g s from the a n a l y s i s of 

t h i s d a t a to f u r t h e r the cause of r e c o n s t r u c t i n g the p r e - c o l o n i a l 

h i s t o r y of the peoples of Kenya. I n a l l 6,235 school c h i l d r e n 

of both sexes from 61 e t h n i c populations were sampled f o r hand and 

f i n g e r p r i n t s . The present t h e s i s has been concerned with the 

f i r s t stage of the o v e r a l l p r o j e c t , t h a t i s r e p o r t i n g the f i n d i n g s 

of the survey, d e s c r i b i n g the extent and nature of dermatoglyphic 

v a r i a t i o n of the sampled popul a t i o n s , and see k i n g to account f o r 

t h i s v a r i a t i o n as f a r as the a v a i l a b l e evidence permits. 

I n t h i s c o n c l u s i o n I s h a l l c o n c e n t r a t e on problems and 

i s s u e s encountered during the study, and the extent to which I 

have succeeded i n r e s o l v i n g them. Major problems are a s s o c i a t e d 

w i t h four a s p e c t s of the study. These a r e : (1) the nature of 

populations i n Kenya and sampling; (2) the methodology of 

dermatoglyphic a t t r i b u t e measurement and of minimising e r r o r s ; 

(3) the a n a l y s i s and d e s c r i p t i o n of the v a r i a t i o n ; and (4) 

explanation a r i s i n g from t h i s d e s c r i p t i o n . I s h a l l proceed, 

t h e r e f o r e , by d i s c u s s i n g these s e t s of problems i n turn. 

C I : Problems and i s s u e s a s s o c i a t e d w i t h the nature of 
populations i n Kenya, and sampling. 

The i s s u e s and problems i n t h i s a r e a were d i s c u s s e d 

i n d e t a i l i n Chapter 2. When I embarked on f i e l d w o r k i n 1973, 

the common p r a c t i c e of p h y s i c a l a n t h r o p o l o g i s t s i n the f i e l d i n 
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A f r i c a was to obtain a s i n g l e sample from a s e l f - d e f i n e d e t h n i c 

u n i t (e.g. a sample from the Dogon, Kikuyu, Dinka, Ibo, e t c . ) . 

The j u s t i f i c a t i o n f o r t h i s method of sampling i s o u t l i n e d by 

Hiernaux (1972:97; 1974:50) who argues t h a t sub-Saharan A f r i c a n 

e t h n i c u n i t s form n a t u r a l b i o l o g i c a l populations owing to (a) the 

high r a t e of endogamy they d i s p l a y , and (b) t h e i r b i o l o g i c a l 

homogeneity, which we can assume, u n l e s s t h e r e are co n t r a r y 

i n d i c a t i o n s (Hiernaux 1972:97). 

My Kenyan experience, however, made me doubt the contention 

t h a t A f r i c a n e t h n i c populations are " n a t u r a l b i o l o g i c a l u n i t s " . 

I n Chapter 2, I presented a d e t a i l e d c r i t i q u e of t h i s t r a d i t i o n a l 

view of A f r i a n p opulations. I n p a r t i c u l a r I questioned the 

f o l l o w i n g p o i n t s : (a) tha t c u l t u r a l l y maintained endogamy i s a 

c e n t r a l c h a r a c t e r i s t i c of A f r i c a n e t h n i c u n i t s ; (b) tha t we should 

assume b i o l o g i c a l homogeneity f o r such u n i t s ; and (c ) t h a t 

A f r i c a n e t h n i c populations were c l e a r l y demarcated and cohe s i v e 

s o c i a l and demographic groups i n p r e - c o l o n i a l times. 

An important f a c t to emerge from the d i s c u s s i o n i n 

Chapter 2 i s t h a t t r a d i t i o n a l A f r i c a n s o c i a l systems were based 

on semi-autonomous primary groups (Benedict 1966) , which were 

l o o s e l y l i n k e d by common i d e n t i t y and purpose to form wider s o c i a l 

u n i t s . The t o t a l f i e l d of common i d e n t i t y could vary from very 

s m a l l i n the case of hunting peoples, to r e l a t i v e l y l a r g e i n the 

case of c e n t r a l i s e d kingdoms. The p r e - c o l o n i a l s i t u a t i o n , t h e r e f o r e , 

was one of aggregations of f l e x i b l e primary groups, which were 

l i a b l e to r a p i d d i s p e r s i o n and r e - i n t e g r a t i o n i n time of d i s a s t e r 

such as war, drought and famine, r a t h e r than one of s t a b l e cohesion. 
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P a r a d o x i c a l l y , the i m p o s i t i o n of c o l o n i a l r u l e has r e s u l t e d i n 
the s t a b i l i s a t i o n of A f r i c a n s o c i e t i e s , of widening s c a l e s of 
i d e n t i t y , and of i n c r e a s i n g cohesiveness and common purpose amongst 
peoples which were p r e v i o u s l y autonomous. 

I n a d d i t i o n , there has been c o n s i d e r a b l e movement of 

people from t r a d i t i o n a l areas to urban c e n t r e s and areas of l a r g e 

s c a l e farming. I n such a r e a s , e t h n i c i d e n t i t y has been 

i n s t r u m e n t a l i n pr o v i d i n g a framework f o r group formation amongst 

migrants. The types of groups and s o c i e t i e s that have a r i s e n i n 

such areas bear only s u p e r f i c i a l resemblance to p r e - c o l o n i a l s o c i a l 

s t r u c t u r e s . Moreover, c o l o n i a l times saw the spread of C h r i s t i a n i t y , 

the i n t r o d u c t i o n of Western-type education, i n c r e a s i n g o c c u p a t i o n a l 

s p e c i a l i s a t i o n and the b i r t h of i n c i p i e n t s o c i a l c l a s s e s , trends 

which have a c c e l e r a t e d i n the p o s t - c o l o n i a l e r a . Such f a c t o r s 

are s i g n i f i c a n t l y i n f l u e n c i n g i n d i v i d u a l behaviour, e s p e c i a l l y 

c h o i c e of marriage p a r t n e r i n " p r o g r e s s i v e " urban and r u r a l 

l o c a l i t i e s , and c r o s s - c u t t r a d i t i o n a l e t h n i c i d e n t i t y i n 

determining group formation and i d e n t i t y . 

The A f r i c a n s i t u a t i o n , t h e r e f o r e , i s h i g h l y complex, as 

complex as t h a t of European and other l a r g e s c a l e western and 

e a s t e r n s o c i e t i e s . There i s c l e a r l y a great d e a l of r e s e a r c h 

to be done before p h y s i c a l a n t h r o p o l o g i s t s i n A f r i c a can know to 

any degree of c e r t a i n t y (a) the nature of the peoples they are 

sampling and (b) what t h e i r samples r e p r e s e n t i n d e t a i l . 

The s t u d i e s of Gomila (1972), Salzano (1964; 1972) and 

Chagnon (1972) , have done much to r e v e a l the nature of s m a l l - s c a l e 

populations i n the t r o p i c s . These s t u d i e s , however, are micro 



s t u d i e s , c o n c e n t r a t i n g on v i l l a g e s and l o c a l demographic d e s c r i p t i o n . 

In c o n t r a s t , medium r e s o l u t i o n demographic s t u d i e s i n t r o p i c a l 

regions by p h y s i c a l a n t h r o p o l o g i s t s have been very much neglected, 

and p r e s e n t a c h a l l e n g e f o r the f u t u r e . Of p a r t i c u l a r i n t e r e s t 

i n A f r i c a are (a) the nature of apparently t r a d i t i o n a l r u r a l 

populations where change has been slow i n r e c e n t decades; (b) 

the nature of populations i n t r a d i t i o n a l areas where change has 

been s u b s t a n t i a l ; ( c ) the nature of r u r a l populations i n non-

t r a d i t i o n a l areas where migrants have had the opportunity to form 

new alignments and groups; and (d) the nature of populations i n 

urban c e n t r e s of d i f f e r e n t s i z e s . Also of importance are the 

p a t t e r n s of movement of people between these four types of a r e a s , 

and f a c t o r s determining c h o i c e of marriage p a r t n e r i n s o c i e t i e s 

c h a r a c t e r i s t i c of each a r e a s . 

Any sampling design i n A f r i c a must take these c o m p l e x i t i e s 

i n t o account, as f a r as i s p r a c t i c a l . U n f o r t u n a t e l y , i n the 

absence of d e t a i l e d demographic information, i t i s seldom p o s s i b l e 

to adopt a s o p h i s t i c a t e d sampling scheme, e s p e c i a l l y i f the range 

of populations being sampled i s l a r g e . One important p o i n t that 

should be considered c a r e f u l l y , however, i s how to sample populations 

at a s c a l e of d e f i n i t i o n compatible w i t h the range of the survey. 

As I pointed out i n Chapter 2, A f r i c a n populations can be defined 

on a number of s c a l e s , according to e t h n i c or r e g i o n a l i d e n t i t y . 

Thus a man could, f o r i n s t a n c e , according to the d e f i n i t i o n , 

be an Aulihan, an Ogaden, Somali; or an i n h a b i t a n t of Garba 

T u l a , I s i o l o D i s t r i c t , E a s t e r n Province, Kenya, E a s t A f r i c a , A f r i c a . 

I t i s e t h n i c d e f i n i t i o n , however, which has posed problems i n the 

p a s t . I t i s not uncommon f o r l a r g e s c a l e e t h n i c c a t e g o r i e s such 



44 

as "the Somali", to be sampled as a u n i t alongside s m a l l s c a l e 

minimal e t h n i c u n i t s as "The E l Molo". 

In the present study, the range of the survey was a 

s i n g l e A f r i c a n country, Kenya, and as such i t would have been 

s i m p l i s t i c to adopt e t h n i c groups such as " L u y i a " , "Meru" or 

" K a l e n j i n " as the primary u n i t s to sample. I argued i n Chapter 2 

t h a t the n a t u r a l u n i t to sample i s what I termed "the minimal 

e t h n i c population u n i t " , being the maximal u n i t of common i d e n t i t y 

i n the p r e - c o l o n i a l s i t u a t i o n , before s c a l e s of i d e n t i t y broadened. 

The "minimal e t h n i c population u n i t " corresponds to what o r a l 

h i s t o r i a n s (e.g. Were (1967), Ogot (1967) c a l l a " s u b - t r i b e " , or to 

what E v a n s - P r i t c h a r d (1940) d e f i n e s t e c h n i c a l l y as a " t r i b e " . 

At t h i s s c a l e of d e f i n i t i o n , over 140 such u n i t s can be d i f f e r e n t i a t e d 

i n Kenya. 

The d i f f i c u l t y of conforming i n a standard f a s h i o n to 

t h i s s c a l e of d e f i n i t i o n i s w e l l i l l u s t r a t e d by t h i s study. I n 

s p i t e of an awareness of the need to s t a n d a r d i s e , I s t i l l f a i l e d 

to o b t a i n samples of Luo and Somali minimal e t h n i c u n i t s , and was 

forced to t r e a t g e n e r a l samples of these peoples as corresponding 

to minimal u n i t s i n o p p o s i t i o n to the bulk of the remaining samples 

which were at the minimal s c a l e of d e f i n i t i o n . S t r i c t l y speaking, 

t h i s i s bad p r a c t i c e . There i s a c l e a r need f o r p h y s i c a l 

a n t h r o p o l o g i s t s to be f u l l y aware of the problem of sampling e t h n i c 

u n i t s which are not of a standard compatible s c a l e of d e f i n i t i o n . 

U l t i m a t e l y , s t a n d a r d i s a t i o n can only be f u l l y achieved when f u l l 

knowledge i s a v a i l a b l e of the i d e n t i f i a b l e s u b - d i v i s i o n s of e t h n i c 

peoples as defined today. 
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I n a s s e s s i n g the u s e f u l n e s s of the sampling approach I 
adopted, i t i s important to take i n t o account the f a c t t h a t sampling 
was geared to the requirements of the h i s t o r i c a l o b j e c t i v e s which 
underlay the survey. The c r u c i a l d i f f e r e n c e between the 
h i s t o r i c a l sampling requirements and those of a more con v e n t i o n a l 
human b i o l o g i c a l survey, i s that i n the h i s t o r i c a l approach i t i s 
e s s e n t i a l to o b t a i n samples i n areas where the nucleus population 
has not moved r e s i d e n t i a l l y to any s i g n i f i c a n t extent s i n c e the 
advent of c o l o n i s a t i o n , whereas i n a normal human b i o l o g i c a l survey 
i t would have been b e t t e r to have sampled geographical p o i n t s i n a 
s y s t e m a t i c manner i r r e s p e c t i v e of h i s t o r i a l p a t t e r n s of r e s i d e n t i a l 
s t a b i l i t y . Thus i n the present study, the h i s t o r i c a l requirements 
d i c t a t e d t h a t the best sampling l o c a l i t i e s l ay i n r u r a l areas which 
were removed from the main c e n t r e s of r e c e n t immigration, the urban 
and ex-white farming a r e a s . A n o n - h i s t o r i c a l human b i o l o g i c a l 
survey, however, should have sampled these non t r a d i t i o n a l areas 
as a matter of course, to o b t a i n a comprehensive p i c t u r e of r e g i o n a l 
v a r i a t i o n . 

The nature of populations from urban and non t r a d i t i o n a l 

r u r a l areas i s such a complex i s s u e t h a t the common p r a c t i c e of 

sampling e t h n i c u n i t s from such a r e a s , as a "s h o r t c u t " to v i s i t i n g 

the t r a d i t i o n a l areas of o r i g i n , should be discouraged. R e s e a r c h e r s 

should r a t h e r t r e a t such samples as t y p i c a l only of the non-

t r a d i t i o n a l areas they were drawn from. The dangers of not f u l l y 

complying w i t h t h i s recommendation are w e l l i l l u s t r a t e d i n t h i s study. 

The r e p r e s e n t a t i v e n e s s of the Luo who were mostly sampled i n N a i r o b i , 

and the Turkana who were sampled i n K i t a l e , a white farming area, 

has been a problem throughout the a n a l y s i s . 



Another important i s s u e concerning sampling i s the 

problem of g e t t i n g the r i g h t balance between sample s i z e and 

numbers of t r a i t s to be measured. Before t h i s study was undertaken, 

the i n d i c a t i o n s seemed to be t h a t meaningful and s i g n i f i c a n t 

v a r i a t i o n could be detected even with samples of w e l l under 30 of 

each sex, judging from the south Midlands dermatoglyphic survey of 

Roberts and Coope (1972), S i n c e then, however, Dennis (1977a), 

considered t h a t sample s i z e s of under 150 of each sex were inadequate 

(Dennis 1977a:^36). Even a l l o w i n g f o r the f a c t t h a t the Y o r k s h i r e 

Dale populations are l a r g e l y very homogeneous d e r m a t o g l y p h i c a l l y , 

thus r e q u i r i n g l a r g e r samples to d e t e c t any s m a l l d i f f e r e n c e s , the 

adequacy of sample s i z e s of l e s s than 50 of each sex must be 

considered s u s p e c t , except f o r comparison of c o n t i n e n t a l populations 

where d i f f e r e n c e s are l a r g e . 

At the time of f i e l d w o r k I considered,having been 

i n f l u e n c e d by the south Midlands study, t h a t a sample s i z e of 25 

of each sex was l i k e l y to be adequate, and t h a t 50 of each sex, the 

norm I adopted i n 1973, was more than adequate. Faced with the 

choice of c u t t i n g down f o r p r a c t i c a l reasons on one of three a r e a s , 

(a) number of populations to be sampled, (b) sample s i z e , and ( c ) 

number of t r a i t s to be measured, I decided to cut down on sample 

s i z e . I n r e t r o s p e c t i t would have been b e t t e r to have doubled 

sample s i z e and to have cut downon the number of a t t r i b u t e s 

measured. The reasons f o r i n c r e a s i n g sample s i z e are i l l u s t r a t e d 

i n Table 8.6, where i t i s apparent t h a t Ag d i s t a n c e s do not 

s t a b i l i s e u n t i l a sample s i z e of 50 i s reached. The j u s t i f i c a t i o n s 

f o r c u t t i n g down on t r a i t s measured are twofold. F i r s t l y , there 



i s the length of time needed to read a l l t r a i t s from a s e t of 

hand and f i n g e r p r i n t s . In t h i s study i t took over t h r e e y e a r s , 

even a f t e r m a i n l i n e s had been excluded. Secondly, there i s the 

f a c t t h a t some t r a i t s are redundant or p a r t i a l l y redundant, as the 

c o r r e l a t i o n s i n Chapter 5 show. With c a r e f u l thought i t should be 

p o s s i b l e f o r f u t u r e r e s e a r c h e r s engaged i n l a r g e dermatoglyphic 

r e g i o n a l s t u d i e s , to s u b s t a n t i a l l y c ut down the number of t r a i t s 

measured, without s i g n i f i c a n t l y l o s i n g major areas of v a r i a t i o n , 

thus p e r m i t t i n g more time to i n c r e a s e sample s i z e . 

C2: Problems and i s s u e s a s s o c i a t e d with the methodology of 
dermatoglyphic a t t r i b u t e measurement and of minimising 
e r r o r s . 

These problems and i s s u e s were d i s c u s s e d i n d e t a i l i n 

Chapter 4. The main problem encountered before reading the p r i n t s 

was whether to adopt the t r a d i t i o n a l t o p o g r a p h i c a l methodology of 

Cummins and Midlo (1943) f o r palmar and d i g i t a l p a t t e r n s and 

t r i r a d i i , or whether to employ the re c e n t t o p o l o g i c a l methodology 

of Penrose and Loesch (1970). The t o p o l o g i c a l methodology i s 

t h e o r e t i c a l l y sounder i n that through t o p o l o g i c a l p r i n c i p l e s we 

can p r e d i c t e x t r a l i m i t a l p a t t e r n s and t r i r a d i i , which are e a s i l y 

missed i n the topographical methodology. T h i s p r e d i c t i v e property 
b 

i s e s p e c i a l l y r e l e v a n t f o r t r i r a d i u s t on the hypothenar ar e a , 

which i s o f t e n not p r i n t e d when i t l i e s at the extreme u l n a r 

p eriphery. 

Because of these advantages i t became the p o l i c y of 

dermatoglyphic r e s e a r c h e r s i n the Durham Anthropology Department 

to adopt the t o p o l o g i c a l methodology. I t became c l e a r , however, 
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t h a t the methodology possessed s e v e r a l i n a d e q u a c i e s . P a r t i c u l a r l y 

s e r i o u s was (a) the c l a i m of Penrose and Loesch (1970) t h a t a l l 

m a i n l i n e s except f o r the A mainline were redundant i n the t o p o l o g i c a l 

methodology; (b) the i m p r e c i s e d e f i n i t i o n of some palmar t r i r a d i i 
u 

( i . e . e / f ; t , t ' , t ' ' ; t ) ; and ( c ) the im p r e c i s e s t a t u s of 

zygodactylous t r i r a d i i , and the f a i l u r e to d i s t i n g u i s h between 

mis s i n g and zygodactylous t r i r a d i i . Amendments were made which are 

f u l l y d e s c r i b e d i n Chapter 4, and i n Dennis (1977a). 

D i g i t a l p a t t e r n s can a l s o be t r e a t e d t o p o l o g i c a l l y , by 

measuring the mean occurrence of t r i r a d i i on each f i n g e r , and by 

c a l c u l a t i n g u l n a r i t y / r a d i a l i t y i n d i c e s ( s e e Dennis 1977a). Dennis 

and I could see no reason, however, why the t o p o l o g i c a l methodology 

should supplant the t r a d i t i o n a l c l a s s i f i c a t i o n of d i g i t a l p a t t e r n s . 

F i r s t l y , most dermatoglyphic s t u d i e s have reported f r e q u e n c i e s of 

t r a d i t i o n a l d i g i t a l p a t t e r n s , and to not to re p o r t them would have 

rendered r e s u l t s u s e l e s s f o r c o l l a t i o n w i t h those of other s t u d i e s . 

Secondly, we f e l t t h a t the topographical d i s t i n c t i o n between c e r t a i n 

p a t t e r n types might be g e n e t i c a l l y important, and consequently not 

to r e p o r t d e t a i l e d p a t t e r n types might r e s u l t i n a s e r i o u s l o s s of 

v a r i a t i o n . I n t h i s study, t h e r e f o r e , I employed both a top o g r a p h i c a l 

and a l i m i t e d t o p o l o g i c a l treatment of d i g i t a l p a t t e r n s . T h i s 

approach has been v i n d i c a t e d i n Chapter 5, where an important aspect 

of the v a r i a t i o n found i s t h a t p a t t e r n s of v a r i a t i o n f o r c o n c e n t r i c 

whorls do not fo l l o w c l o s e l y those f o r double loops. 

The r u l e s f o r d e f i n i n g t o p o g r a p h i c a l d i g i t a l p a t t e r n s , 

however, were not f r e e from a m b i g u i t i e s . There i s d i f f i c u l t y , 

f o r i n s t a n c e , d e c i d i n g i n marginal p a t t e r n s whether a whorl i s a 

c o n c e n t r i c whorl or a double loop, or e x a c t l y when a c e n t r a l pocket 
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loop becomes a c o n c e n t r i c whorl. The methodology was made more 
p r e c i s e as o u t l i n e d i n Chapter 4. 

The d e t a i l e d r u l e s regarding r i d g e counts were standard, 

as o u t l i n e d by Cummins and Midlo (1943) and Penrose (1968). 

C o n s i d e r a b l e problems, however, were encountered with the p r e c i s e 

d e f i n i t i o n of a x i a l t r i r a d i i . I n s p i t e of the more p r e c i s e r u l e s 

given by Penrose (1968), the d i s t i n c t i o n between t and t r i s s t i l l 

u n s a t i s f a c t o r y , as the main r e f e r e n c e p o i n t s , the d i s t a l w r i s t 

c r e a s e and proximal f i n g e r c r e a s e on d i g i t 4, are i m p r e c i s e , and 

are l i a b l e to s u b j e c t i v e i n t e r p r e t a t i o n . The v a l u e of d i s t i n g u i s h i n g 

a x i a l t r i r a d i i i n t h i s study, t h e r e f o r e , i s q u e s t i o n a b l e . 

The minimal atd angle, with i t s v a r i a t i o n w i t h age, i s 

a l s o an u n s a t i s f a c t o r y measure, and has been s e v e r e l y c r i t i c i s e d 

by Brehme (1970). Although I have reported the summary r e s u l t s 

f o r the minimal atd angle i n t h i s study, my d e c i s i o n not to use i t 

i n the a n a l y s i s i s j u s t i f i e d . The use of the atd angle i n f u t u r e 

dermatoglyphic population s t u d i e s i s c l e a r l y i n a d v i s a b l e . 

The methods and d e t a i l e d r u l e s of dermatoglyphic 

methodology used i n t h i s study are c o n s i s t e n t , and r e l a t i v e l y f r e e 

of s e r i o u s a m b i g u i t i e s . Unfortunately the achievement of 

c o n s i s t e n c y has been at the expense of easy comparison of many of 

the present r e s u l t s w i t h those of surveys o u t s i d e the Durham 

Department. F i r s t l y , the use of the t o p o l o g i c a l methodology 

makes comparison d i f f i c u l t with tbse s t u d i e s that have employed 

the Cummins and Midlo methodology. Secondly, even w i t h i n the 

t o p o l o g i c a l methodology, the amendments i n the case of palmar 

t r i r a d i i and zygodactylous t r i r a d i i , mean that the r e s u l t s f o r these 
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f e a t u r e s here w i l l not be compatible w i t h those of r e s e a r c h e r s 
who have s t r i c t l y followed the Penrose and Loesch recommendations 
(Penrose and Loesch 1970). T h i r d l y , the unambiguous r u l e s o u t l i n e d 
here f or d e t a i l e d d i g i t a l p a t t e r n s ( c o n c e n t r i c whorls, double loops 
and c e n t r a l pocket l o o p s ) , a l s o p a r t i a l l y hinder c o m p a r a b i l i t y with 
other s t u d i e s . A m a j o r i t y of the most important t r a i t s , however, 
p a r t i c u l a r l y r i d g e counts, t o t a l d i g i t a l p a t t e r n s , have no amendments 
which w i l l a d v e r s l y a f f e c t c o m p a r a b i l i t y . 

I n most dermatoglyphic r e p o r t s , d e t a i l e d procedures 

regarding the chores of a c t u a l l y reading the p r i n t s , are not 

u s u a l l y d e s c r i b e d , i n s p i t e of the f a c t that such p r a c t i c a l 

i nformation could be v a l u a b l e to n o v i c e s . Of the lengthy d e t a i l s 

o u t l i n e d i n Chapter 4, I would s t r e s s the importance of not 

reading a l l a t t r i b u t e s from each s e t of p r i n t s i n one go. The 

p r a c t i c e of reading l i m i t e d groups of a t t r i b u t e s f i r s t throughout 

the sample, before t a c k l i n g the next group of a t t r i b u t e s , a c t s as 

a n a t u r a l c r o s s - c h e c k , and e l i m i n a t e s many e r r o r s . 

Of much g r e a t e r importance, however, i s the problem of 

what to do when faced with p a r t i a l l y obscured or i n d i s t i n c t 

f e a t u r e s , e s p e c i a l l y i n d i s t i n c t f i n g e r p r i n t s when r i d g e counting. 

I would emphasise t h a t the apparently c o r r e c t procedure, of t r e a t i n g 

f i n g e r r i d g e counts as mi s s i n g when a t o t a l l y a c c u r a t e count cannot 

be made, i s l i a b l e to s e r i o u s b i a s . T h i s i s because p a t t e r n s with 

l a r g e r i d g e counts are much more l i k e l y to be p a r t i a l l y obscured 

than those with s m a l l r i d g e counts. Ridge counting only very 

c l e a r p r i n t s can r e s u l t i n a s e r i o u s underestimation of r i d g e count 

means. The same type of b i a s a l s o a p p l i e s to palmar r i d g e counts. 
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Unless r i d g e counts are i m p o s s i b l y obscured, t h e r e f o r e , i t i s 

p r e f e r a b l e to estimate them. 

The l a s t stage of the p r e l i m i n a r y p r o c e s s i n g of the data 

was to s e t up the data m a t r i c e s f o r computer a n a l y s i s . A f t e r the 

p r i n t s had been read, t h e r e were two f u r t h e r sources of e r r o r s . 

The f i r s t was i n t r a n s c r i b i n g the data from the p r i n t s to coding 

s h e e t s , and the second was i n punching the data from coding s h e e t s 

onto computer c a r d s . The o v e r a l l r a t e of detected e r r o r s , 

d e s c r i b e d at the end of Chapter 4, was s i g n i f i c a n t , emphasising the 

importance of r i g o r o u s data c l e a n i n g . I t i s i n t e r e s t i n g t h a t a l l 

but a s m a l l proportion of e r r o r s arose from copying data onto 

coding s h e e t s . The card punchers were almost p e r f e c t . A l l but 

a very few of "punching e r r o r s " were accountable by the f a c t t h a t 

numerals on the coding sheet had been w r i t t e n ambiguously. 

C3: Problems and i s s u e s of a n a l y s i n g and d e s c r i b i n g the 
v a r i a t i o n . 

Any comprehensive dermatoglyphic survey i n v o l v e s the 

c o n s i d e r a t i o n of a l a r g e number of a t t r i b u t e s , w e l l over two hundred 

i f we count common d i g i t a l p a t t e r n types on each d i g i t as i n d i v i d u a l 

a t t r i b u t e s . Compounding t h i s wealth of a t t r i b u t e s i s the 

methodological n e c e s s i t y of t r e a t i n g the sexes as independent 

s e r i e s , owing to the marked sex d i f f e r e n c e s i n a m a j o r i t y of a t t r i b u t e s . 

Any study of dermatoglyphic v a r i a t i o n , t h e r e f o r e , must face the 

problem of e f f i c i e n t l y d e s c r i b i n g and p r e s e n t i n g summary r e s u l t s 

f o r a l a r g e number of a t t r i b u t e , sex and population permutations. 

I n the present study, t h i s problem was acute i n t h a t 

(a) the number of i n d i v i d u a l s i n the t o t a l sample i s l a r g e r than 



u s u a l (6,200+), and (b) the number of population samples exceeds 

50. Moreover, i t i s not s u f f i c i e n t to present summary s t a t i s t i c a l 

r e s u l t s f o r population samples at the s m a l l e s t s c a l e of d e f i n i t i o n . 

To be compatible with other A f r i c a n s t u d i e s , e.g. those of Hiernaux 

(1968, 1972), i t i s a l s o d e s i r a b l e to examine the type of v a r i a t i o n 

manifested by l a r g e r s c a l e e t h n i c p o pulations. Each d i f f e r e n t 

s c a l e of population d e f i n i t i o n n e c e s s i t a t e s a d i f f e r e n t phase of 

d e s c r i p t i o n , with r e s u l t s doubled f o r each sex. 

Owing to the mul t i t u d e of b a s i c d e s c r i p t i v e s t a t i s t i c a l 

r e s u l t s that a r i s e s from the examination of these a t t r i b u t e / s e x / 

population permutations, I f e l t that i t was i m p r a c t i c a l to r e p o r t 

i n t h i s study the d e t a i l e d w r i t t e n u n i v a r i a t e d e s c r i p t i o n t h a t 

u s u a l l y forms a major p a r t of r e p o r t s on dermatoglyphic r e g i o n a l 

v a r i a t i o n (e.g. Williams 1978; Smith 1979). Moreover, I had 

fundamental doubts concerning the u s e f u l n e s s of d e t a i l e d u n i v a r i a t e 

and m u l t i v a r i a t e d e s c r i p t i v e approaches i n the f i r s t p a r t of 

Chapter 3. I argued t h a t the b e s t way of coping w i t h d e s c r i p t i v e 

r e s u l t s i s to focus the aims of a study i n such a way th a t the 

r e s u l t s are d i r e c t e d towards some p o s i t i v e purpose, without the 

aims being so r i g i d as to s t i f l e the r o l e of open d i s c o v e r y t h a t i s 

the essence of survey a n a l y s i s . 

In the major p a r t of Chapter 3, I proposed an approach 

i n which d e s c r i p t i o n i s o r i e n t a t e d towards the i n v e s t i g a t i o n of 

s p e c i f i c types of v a r i a t i o n , which the experience of human biology 

t e l l s us might p o s s i b l y be a f e a t u r e of the are a being examined, 

and which might provide a c l e a r e r i n s i g h t i n t o the types of 

ev o l u t i o n a r y p rocesses t h a t might account f or the observed 



d i f f e r e n t i a t i o n . Underlying t h i s approach i s the r e c o g n i t i o n that 

v a r i a t i o n has a " s t r u c t u r e " , which can be analysed by examining 

the way a t t r i b t e s r e l a t e to each other i n i n d i v i d u a l s ( p h e n e t i c 

r e l a t i o n s h i p s ) and i n populations (taxonomic r e l a t i o n s h i p s ) . 

S t a t i s t i c a l l y , these r e l a t i o n s h i p s can be analysed through 

c o r r e l a t i n g a t t r i b u t e s i n i n d i v i d u a l s ( s t a t i s t i c a l c o r r e l a t i o n s ) 

or i n populations (taxonomic c o r r e l a t i o n s ) ( J a r d i n e and Sibson 1971). 

I f taxonomic r e l a t i o n s h i p s are d i s c o r d a n t , then we can t h e o r e t i c a l l y 

p r e d i c t t h a t o v e r a l l p a t t e r n s of r e l a t i o n s h i p between populations 

( o v e r a l l s t r u c t u r e ) , w i l l be complex, resembling a "network" 

(Hiernaux 1972), r a t h e r than a s e r i e s of c l u s t e r s or c l i n e s . 

Conversely, i f taxonomic r e l a t i o n s h i p s between a t t r i b u t e s are 

concordant, then we might expect s i g n i f i c a n t c l u s t e r i n g or 

m u l t i v a r i a t e c l i n e s to be e. f e a t u r e of the o v e r a l l s t r u c t u r e . 

The i n v e s t i g a t i o n of the way a t t r i b u t e r e l a t i o n s h i p s r e l a t e 

to the nature of o v e r a l l s t r u c t u r e i s the b a s i c springboard from 

which more p r e c i s e a n a l y s i s f o l l o w s . Thus the a s s o c i a t i o n of 

concordant taxonomic r e l a t i o n s h i p s between a t t r i b u t e s and the 

presence of m u l t i v a r i a t e c l u s t e r s i n t h e o v e r a l l s t r u c t u r e could 

i n d i c a t e that major types of v a r i a t i o n such as e c o t y p i c , ethnotypic 

or topotypic are i n f l u e n c i n g the t o t a l measured gene pool of the 

populations sampled. Discordant v a r i a t i o n , however, a s s o c i a t e d 

with an absence of c l u s t e r s , could i n d i c a t e t h a t d i f f e r e n t types 

of v a r i a t i o n are i n f l u e n c i n g s p e c f i c a t t r i b u t e s , independently. 

From these i n d i c a t i o n s a r i s i n g from the b a s i c s t r u c t u r a l d e s c r i p t i o n , 

the r e s e a r c h e r has a b e t t e r i d e a as to where to c o n c e n t r a t e h i s 

attempts at e x p l a n a t i o n . 
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The a n a l y s i s of the b a s i c s t r u c t u r e of dermatoglyphic 

d i f f e r e n t i a t i o n of the minimal e t h n i c population samples i n 
Chapter 5, e s t a b l i s h e d that most a t t r i b u t e s v a r i e d s i g n i f i c a n t l y , 
and t h a t consequently any d i s p l a y e d taxonomic discordance was not 
due to random f l u c t u a t i o n a s s o c i a t e d with a s i t u a t i o n of s t r o n g 
s t a t i s t i c a l homogeneity. The examination of taxonomic c o r r e l a t i o n s 
through p r i n c i p a l components a n a l y s i s showed t h a t there was 
c o n s i d e r a b l e concordance between some a t t r i b u t e s , e s p e c i a l l y between 
those i n the same area of the hand (e.g. between d i g i t a l a t t r i b u t e s ) 
but an absence of concordance between many other a t t r i b u t e s , 
e s p e c i a l l y between those drawn from d i f f e r e n t areas of the hand. 
At the end of Chapter 5, I examined the extent of " t r u e " taxonomic 
concordance, by c o n t r o l l i n g f o r u n d e r l y i n g phenetic concordance. 
The r e s u l t s showed th a t though t h e r e was some s i g n i f i c a n t taxonomic 
concordance i n evidence, i t was n e v e r t h e l e s s low f o r a l l a t t r i b u t e s 
except palmar r i d g e counts, which d i s p l a y e d higher concordance 
(though s t i l l moderate). I concluded, t h e r e f o r e , t h a t the o v e r a l l 
s i t u a t i o n was one of strong taxonomic discordance. 

I n Chapter 6, I demonstrated through the a n a l y s i s of Ag 

d i s t a n c e s through p r i n c i p a l c o o r d i n a t e s a n a l y s i s , t h a t the o v e r a l l 

s t r u c t u r e resembled a network, with c l u s t e r s t o t a l l y absent. These 

r e s u l t s were very s i m i l a r to those found by Hiernaux (1972) f o r 

major sub-Saharan A f r i c a n p o pulations. The o v e r a l l p a t t e r n s of 

r e l a t i o n s h i p s here, moreover, showed a strong r e l a t i v e l y homogeneous 

c e n t r a l tendency, with only a few populations r a d i c a l l y d i f f e r e n t i a t e d j 

though only on one or two components or v e c t o r s of v a r i a t i o n , 

when d e t a i l e d graphs were examined. For a m a j o r i t y of components of 

v a r i a t i o n , these o u t l y i n g populations were not d i s t i n g u i s h a b l e from 

the main c o n c e n t r a t i o n of populations. 



The s i t u a t i o n i n Kenya, t h e r e f o r e , i s one of c o n s i d e r a b l e 

complexity, as we might expect when the b a s i c s t r u c t u r e i s 

taxonomically d i s c o r d a n t . In Chapters 5 and 6, the r e s u l t s f o l l o w 

t h e o r e t i c a l e x p e c t a t i o n s , with taxonomic discordance a s s o c i a t e d 

with an absence of m u l t i v a r i a t e c l u s t e r s and c l i n e s . I t i s 

premature, however, to regard these f i n d i n g s as confirming t h i s 

a s s o c i a t i o n . We need to c o n t r a s t e m p i r i c a l s i t u a t i o n s of both 

concordant and d i s c o r d a n t v a r i a t i o n before any l i n k with 

c h a r a c t e r i s t i c p a t t e r n s of o v e r a l l s t r u c t u r e can be r e l i a b l y 

e s t a b l i s h e d . 

Nonetheless, though the o v e r a l l s i t u a t i o n i s one of 

discordance, there i s some low but s i g n i f i c a n t taxonomic 

concordance demonstrated at the end of Chapter 5. I n view of 

t h i s , the f i n d i n g s of Chapter 8, i n which moderate but s i g n i f i c a n t 

e t hnotypic e f f e c t s were found, and of Chapter 9, where e c o t y p i c 

e f f e c t s were shown, are e s p e c i a l l y i n t e r e s t i n g . Although these 

e f f e c t s are only moderate, the f a c t t h a t they appear i n a 

s i t u a t i o n of low but s i g n i f i c a n t concordance t e n t a t i v e l y r e i n f o r c e s 

the t h e o r e t i c a l r e l a t i o n s h i p between the extent of taxonomic 

concordance and the s t r e n g t h of the o p e r a t i o n of major types of 

v a r i a t i o n . 

C4: Problems and explanatory i s s u e s f o l l o w i n g on from the 
d e s c r i p t i v e a n a l y s i s . 

An outstanding i s s u e throughout the a n a l y s i s has been the 

comparison of trends of v a r i a t i o n between the male and female s e r i e s 

of samples. I n the d e s c r i p t i v e i n v e s t i g a t i o n s i n Chapters 5 and 6, 

i t became apparent t h a t w h i l e broad s t r u c t u r a l trends of v a r i a t i o n 
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are at best only moderately concordant between the sexes. The 

f a c t t h a t d e t a i l e d trends are not s t r o n g l y r e p l i c a t e d makes any 

attempt to account for the v a r i a t i o n between samples d i f f i c u l t , 

as evidence provided by samples of one sex i s l i k e l y to be 

c o n t r a d i c t e d by t h a t provided by the other. 

In Chapter 5 f o r i n s t a n c e , p a t t e r n s of r e l a t i o n s h i p 

between taxonomic a t t r i b u t e s w i t h i n sexes were very s i m i l a r i n 

both males and females, as were trends of " a d j u s t e d " taxonomic 

concordance. I n c o n t r a s t , there was marked disco r d a n c e i n the 

ranking of population samples i n e q u i v a l e n t taxonomic a t t r i b u t e s 

between the sexes, as i s shown by the i n t e r - s e x c o r r e l a t i o n s 

i n Table 5.4. 

S i m i l a r l y , i n Chapter 6 both sex s e r i e s of samples 

e x h i b i t e d a c h a r a c t e r i s t i c absence of c l u s t e r s , and a "network" 

p a t t e r n of o v e r a l l s t r u c t u r e w i t h a marked c e n t r a l c o n c e n t r a t i o n 

of a m a j o r i t y of population sample p o i n t s , and a few s h a r p l y 

separated o u t l y i n g sample p o i n t s . I n s p i t e of t h i s s i m i l a r i t y , 

however, the d e t a i l e d o v e r a l l v a r i a t i o n i s d i s c o r d a n t between the 

sexes. For example, the o u t l y i n g populations i n F i g u r e s 6.4 to 6.7 

are mostly d i f f e r e n t ones i n each sex. Moreover the o r d i n a t i o n 

PCO scattergrams ( F i g u r e s 6.11 to 6.28) show q u i t e d i f f e r e n t p a t t e r n s 

of population sample p o i n t s from one sex to another f o r e q u i v a l e n t 

combinations of v e c t o r s . 

One p o s s i b l e e x p l a n a t i o n f o r the moderate to low concordance 

i n taxonomic rankings between the s e x e s , i s that sample s i z e s are 

inadequate, and t h a t such d i s c o r d a n c e r e f l e c t s random f l u c t u a t i o n 

i n means or f r e q u e n c i e s . Although t h i s i s l i k e l y to be so to a 



c e r t a i n e x t e n t , the a n a l y s i s i n Chapter 7 demonstrates t h a t non-

random f a c t o r s are a l s o important. P a r t i c u l a r l y r e l e v a n t i s the 

d i s c o v e r y t h a t the magnitude of sex d i f f e r e n c e s i n mean or frequency 

can d i f f e r a p p r e c i a b l y from one population to another. I showed 

that t h i s was not only the case when the t o t a l summary r e s u l t s 

from Kenya were compared with those from the Y o r k s h i r e Dales 

(Dennis 1977), but a l s o when r e s u l t s f o r major e t h n i c populations 

are compared w i t h i n Kenya. Thus the C u s h i t i c e t h n i c category, 

f o r example, e x h i b i t e d n e a r l y twice the magnitude of sex d i f f e r e n c e s 

f o r d i g i t a l r i d g e counts than t h a t of the N i l o t i c and Bantu e t h n i c 

c a t e g o r i e s . The sample s i z e s f o r these populations were l a r g e , 

thus e f f e c t i v e l y removing random v a r i a t i o n as a s e r i o u s explanatory 

p o s s i b i l i t y f o r these d i f f e r e n c e s . 

Another i n t e r e s t i n g o b s e r v a t i o n i s that the a t t r i b u t e s 

t h a t demonstrated the h i g h e s t i n t e r - s e x concordance i n Table 5.4, 

(double loops and t o t a l palmar r i d g e c o u n t ) , showed l i t t l e 

v a r i a t i o n i n sex d i f f e r e n c e s between the e t h n i c c a t e g o r i e s r e l a t i v e 

to other a t t r i b u t e s . There i s thus a suggestion of some 

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

po p u l a t i o n s , and the extent of i n t e r - s e x concordance. 

I f sex d i f f e r e n c e s were more or l e s s uniform from one 

population to another, then i t would be p o s s i b l e to combine the 

sexes to produce l a r g e r sample s i z e s by e i t h e r (a) c o l l e c t i n g 

equal numbers of each sex for each sample, or (b) by weighting the 

s c o r e s of one sex to e q u a l i s e the d i f f e r e n c e s . The f a c t t h a t 

t h i s study has demonstrated t h a t sex d i f f e r e n c e s are not uniform 

between populations means t h a t the combining of the sexes cannot 

be j u s t i f i e d under any circumstance. 
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Furthermore, thus'study Shows t h a t the a n a l y s i s of 
d i f f e r e n t p a t t e r n s of v a r i a t i o n between male and female s e r i e s of 
samples must be a c e n t r a l aspect of dermatoglyphic r e g i o n a l 
i n v e s t i g a t i o n . I n p a r t i c u l a r , we have seen t h a t dermatoglyphic 
taxonomic r e l a t i o n s h i p s between the sexes are complex, and there 
i s s t i l l a g reat d e a l to be l e a r n t before any comprehensive 
e x p l a n a t i o n can be put forward. In r e s e a r c h i n g t h i s i s s u e , I 
suggest t h a t s y s t e m a t i c comparison of dermatoglyphic sex d i f f e r e n c e s 
between major world populations would be an e s p e c i a l l y important 
f i e l d of i n v e s t i g a t i o n i n the f u t u r e . 

I n Chapter 8, I turned to c o n s i d e r i n g the extent to which 

p a t t e r n s of e t h n i c a f f i n i t y corresponded to p a t t e r n s of dermatoglyphic 

a f f i n i t y f o r e t h n i c population samples. One i s s u e under s c r u t i n y 

was the p o s s i b i l i t y that i f sub-Saharan A f r i c a n populations are 

h i g h l y endogamous as Hiernaux (1972:97) implied, and t h a t endogamy 

i s p r i m a r i l y maintained by s o c i o - c u l t u r a l b a r r i e r s to i n t e r m a r r i a g e , 

then A f r i c a n e t h n i c populatAns should i n time ( a ) develop d i s t i n c t i v e 

b i o l o g i c a l c h a r a c t e r i s t i c s , and (b) become r e l a t i v e l y homogeneous, 

presuming t h a t t h e r e are no s i g n i f i c a n t b a r r i e r s to i n t e r m a r r i a g e 

between l o c a l t e r r i t o r i a l groups w i t h i n e t h n i c u n i t s . 

The a n a l y s i s i n Chapter 8 showed, however, t h a t t h e r e 

was some s i g n i f i c a n t h eterogeneity w i t h i n Kenyan e t h n i c groups, 

and that even where a t t r i b u t e s d i d not d i f f e r s i g n i f i c a n t l y 

w i t h i n e t h n i c groups, heterogeneous trends were n e v e r t h e l e s s o f t e n 

c o n s i s t e n t between the s e x e s . (For example the Kony i n both sexes 

c o n s i s t e n t l y e x h i b i t much lower d i g i t a l r i d g e counts than other 

K a l e n j i n p o p u l a t i o n s , though s t a t i s t i c a l s i g n i f i c a n c e i s not achieved 

f o r a m a j o r i t y of a t t r i b u t e s i n each s e x ) . 
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Moreover, i t was a l s o apparent i n Chapter 8.2.1.2 th a t 
even though c o r r e l a t i o n s between e t h n i c dummy v a r i a b l e s and 
taxonomic a t t r i b u t e s were sometimes s i g n i f i c a n t i n most e t h n i c groups, 
even these s i g n i f i c a n t c o r r e l a t i o n s were at best moderate, and 
t y p i c a l l y low, i n d i c a t i n g an o v e r a l l l a c k of d i s t i n c t i v e n e s s f o r 
any e t h n i c group. These r e s u l t s , together with those of Chapter 6 
tha t f a i l e d to f i n d any d i s c e r n a b l e taxonomic c l u s t e r s , p o i n t to 
the f a c t t h a t the "high endogamy" model i s i n a p p l i c a b l e to the 
Kenyan s i t u a t i o n . 

Although heterogeneity w i t h i n major e t h n i c groups i s 

incompatible with the "endogamy" model, I pointed out i n Chapter 8.3 

that the e x i s t e n c e of heterogeneity does not n e c e s s a r i l y d i s p r o v e 

any u n d e r l y i n g r e l a t i o n s h i p between culture/language and genepool 

over time. I t i s p o s s i b l e t h a t , i n the absence of w i d e s c a l e 

migration and h y b r i d i s a t i o n with a l i e n populations, p a t t e r n s of 

d i f f e r e n t i a t i o n i n language i n p a r t i c u l a r and genepool w i l l p r e s e r v e 

some correspondence over time. Thus although the d i f f e r e n t i a t i o n 

i n genepool may have been c o n s i d e r a b l e a f t e r many generations of 

s p a t i a l s e p a r a t i o n of popula t i o n s , nonetheless some s i m i l a r i t y 

might s t i l l be d e t e c t a b l e between populations of a present e t h n i c 

group when c o n t r a s t e d to populations o u t s i d e the group. Any 

s i m i l a r i t y , moreover, would be l i k e l y to be manifested s t r u c t u r a l l y , 

r a t h e r than i n i n d i v i d u a l a t t r i b u t e elements. Hence the f i n d i n g 

of s t r u c t u r a l s i m i l a r i t y w i t h i n an e t h n i c group i m p l i e s common 

anc e s t r y and a correspondence between language and genepool over 

time, w h i l e an absence of such s i m i l a r i t y i m p l i e s d i f f e r e n t 

o r i g i n s f o r the c o n s t i t u e n t populations of the e t h n i c group, and 

a more complex h i s t o r y . 



The main problem with t e s t i n g such a model i s the 

que s t i o n of how we can rn.ea.sure and d e t e c t " s t r u c t u r a l s i m i l a r i t y " , 

The d i f f i c u l t y of t h i s problem i s i l l u s t r a t e d at the end of 

Chapter 6, where I questioned the u s e f u l n e s s of conventional 

o r d i n a t i o n and g r a p h i c a l techniques as i n d i c a t o r s of o v e r a l l 

s i m i l a r i t y i n a s i t u a t i o n of d i s c o r d a n t v a r i a t i o n . In Chapter 

8.3, I t a c k l e d the problem e x p e r i m e n t a l l y , by adopting an unorthodox 

g r a p h i c a l technique, i n which o v e r a l l s t r u c t u r a l s i m i l a r i t y 

between samples i s depicted by the "shape" of l i n e s when PCO ve c t o r 

s c o r e s are l i n k e d , and homogeneity i s depi c t e d by " d i s t a n c e " 

between l i n e s of s i m i l a r shape. 

When the Kenyan minimal e t h n i c population samples were 

examined usi n g t h i s technique, the r e s u l t s were mixed. The 

C u s h i t i c samples were very s i m i l a r i n shape, though not always i n 

d i s t a n c e , the r e s u l t s c o n s i s t e n t i n both s e x e s . T h i s i m p l i e s a 

s i t u a t i o n of common o r i g i n s f o r the C u s h i t i c samples, with 

heterogeneity i n d i s t a n c e implying a p p r e c i a b l e s e p a r a t i o n over time 

between some po p u l a t i o n s . The Mji Kenda show very s i m i l a r trends 

to the C u s h i t e s , w i t h population samples c l e a r l y r e l a t e d i n 

shape i n both s e x e s . Moreover the Ngwesi and Mukogodo Dorobo 

samples are not only very s i m i l a r to each other i n both d i s t a n c e 

and shape, but a l s o very s i m i l a r to neighbouring C u s h i t i c populations 

T h i s i m p l i e s a C u s h i t i c o r i g i n f o r these peoples, r a t h e r than a 

Maasai or a b o r i g i n a l o r i g i n . 

I n the remaining e t h n i c groups, however, d i f f i c u l t i e s 

arose i n t h a t p a t t e r n s of s i m i l a r i t y from one sex to another were 

c o n t r a d i c t o r y . N e v e r t h e l e s s , some o v e r a l l trends could be di s c e r n e d 

http://rn.ea.sure


46 

F i r s t l y , the L u y i a and non-M_ji Kenda C o a s t a l Bantu were very 
heterogeneous. Secondly, the C e n t r a l Bantu samples showed a 
range of d i f f e r i n g c h a r a c t e r i s t i c shapes i n the males, and a s m a l l e r 
more homogeneous range i n the females, implying perhaps t h a t some 
eth n o t y p i c d i f f u s i o n had taken p l a c e among three or four major 
groups Of incomers i n the p a s t . F i n a l l y , the N i l o t i c e t h n i c 
groups tended to demonstrate a m a j o r i t y of samples with s i m i l a r 
shapes w i t h i n each group, and the presence of one or more po p u l a t i o n 
t h a t d i f f e r e d s u b s t a n t i a l l y from the r e s t i n the group. T h i s type 
of s i t u a t i o n perhaps i m p l i e s t h a t a c e n t r a l b l o c of populations 
w i t h i n an e t h n i c group share common o r i g i n s , w h i l e one or two 

per Lpheral populations e i t h e r o r i g i n a l l y migrated i n t o the are a 

and adopted the language and c u l t u r e of the dominant e t h n i c group, 

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

The i n v e s t i g a t i o n of s t r u c t u r a l s i m i l a r i t y has been a 

u s e f u l approach i n t h i s study. The explanatory u s e f u l n e s s of the 

approach, however, has been l i m i t e d by the f a m i l i a r c o m p l i c a t i o n s 

of i n t e r - s e x discordance i n p a t t e r n s of v a r i a t i o n , and the inadequacy 

of some of the sample s i z e s i n some e t h n i c groups. I t can h a r d l y 

be a c o i n c i d e n c e , f o r i n s t a n c e , t h a t the most heterogeneous e t h n i c 

group, the L u y i a , c o n t a i n the s m a l l e s t sample s i z e s . 

I n Chapter 9 I moved on to examine the p o s s i b i l i t y t h a t 

dermatoglyphic a t t r i b u t e s vary s y s t e m a t i c a l l y between environmental 

and c l i m a t i c zones. T h i s a r e a of i n v e s t i g a t i o n i s e s p e c i a l l y 

important, given t h a t very l i t t l e i s known about the r o l e of n a t u r a l 

s e l e c t i o n i n determining dermatoglyphic v a r i a t i o n . Indeed Holt 

s t a t e s t h a t : 
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"dermal r i d g e p a t t e r n s are presumably not markedly 
a f f e c t e d by n a t u r a l s e l e c t i o n to any marked e x t e n t . " 

(Holt 1975:176) 

I n view of t h i s comment, and the f a i l u r e of Hiernaux 

(1977:193) to f i n d any s y s t e m a t i c c l i m a t i c v a r i a t i o n f o r d i g i t a l 

p a t t e r n s i n A f r i c a , i t i s remarkable t h a t i n t h i s study I succeeded 

i n demonstrating s i g n i f i c a n t v a r i a t i o n between a l t i t u d e and r a i n f a l l 

zones i n Kenya, f o r many d i g i t a l and palmar a t t r i b u t e s (see Chapter 9 ) . 

Not only did a m i n o r i t y of a t t r i b u t e s c o r r e l a t e as high as ,4 to ,5, 

with e i t h e r a l t i t u d e or r a i n f a l l , but the a n a l y s i s of the nature 

of the s i g n i f i c a n t r e l a t i o n s h i p s showed th a t c l i n a l v a r i a t i o n was 

common. On the whole, d i g i t a l r i d g e counts, c o n c e n t r i c whorls 

and double loops tended to r e l a t e n e g a t i v e l y to r a i n f a l l and a l t i t u d e , 

with means and f r e q u e n c i e s often c l i n a l l y d e c r e a s i n g as r a i n f a l l 

or a l t i t u d e i n c r e a s e d ; and palmar r i d g e counts and u l n a r loops 

tended to show a p o s i t i v e i n c r e a s e i n means and fr e q u e n c i e s as 

a l t i t u d e and r a i n f a l l i n c r e a s e d . 

These r e s u l t s imply t h a t some kind of c l i m a t i c a l l y and 

environmentally l i n k e d n a t u r a l s e l e c t i o n i s operating on 

dermatoglyphic t r a i t s i n Kenya. In Chapter 9.4, however, I 

suggested that i t was u n l i k e l y t h a t r a i n f a l l and a l t i t u d e had any 

d i r e c t s e l e c t i v e i n f l u e n c e . I t i s more probable that r a i n f a l l 

and a l t i t u d e i n Kenya have only an i n d i r e c t e f f e c t , i n th a t they 

a f f e c t the d i s t r i b u t i o n of the r e a l but unknown s e l e c t i v e f o r c e . 

In a d d i t i o n to f i n d i n g t h a t many dermatoglyphic a t t r i b u t e s 

vary s y s t e m a t i c a l l y with r a i n f a l l and a l t i t u d e , I a l s o d i s c o v e r e d 

i n a p a r a l l e l i n v e s t i g a t i o n t h a t the d i s t r i b u t i o n of deuteranopia 

a l s o shows a s y s t e m a t i c r e l a t i o n s h i p with these v a r i a b l e s (Rosa 1981). 



As none of these a t t r i b u t e s have been l i n k e d with c l i m a t i c and 

environmental v a r i a t i o n i n previous s t u d i e s , two p o s s i b i l i t i e s are 

suggested. F i r s t l y , i t i s p o s s i b l e t h a t s i m i l a r a s s o c i a t i o n s 

w i l l be found i n other p a r t s of A f r i c a , or even o u t s i d e A f r i c a . 

I n t h i s case the f a i l u r e to f i n d a s s o c i a t i o n s i n the p a s t could be 

due to the f a c t t h a t p h y s i c a l a n t h r o p o l o g i s t s have not s e r i o u s l y 

searched f o r them. Secondly, and a l t e r n a t i v e l y , i t i s p o s s i b l e 

t h a t the a s s o c i a t i o n s found i n t h i s study are merely l o c a l phenomena, 

confined to Kenya or maybe E a s t A f r i c a . I f t h i s i s t r u e , then 

the nature of n a t u r a l s e l e c t i o n a c t i n g on dermatoglyphic t r a i t s 

i n Kenya i s l i k e l y to be complex, and l o c a l i s e d i n i t s e f f e c t s . 

I t i s i m p o s s i b l e , however, i n the l i g h t of p r e s e n t evidence, to 

judge which of these p o s s i b i l i t i e s i s more l i k e l y . 

C5: Concluding remarks 

The survey reported i n t h i s study i s the l a r g e s t and 

most comprehensive undertaken i n A f r i c a i n the f i e l d of 

dermatoglyphics. Perhaps i t s most v a l u a b l e long term c o n t r i b u t i o n 

l i e s i n the d e t a i l e d u n i v a r i a t e r e s u l t s i n Appendix 1, which can 

be accessed by r e s e a r c h e r s from many f i e l d s of human b i o l o g i c a l 

i n t e r e s t i n the f u t u r e . 

I t i s c l e a r from the present i n v e s t i g a t i o n t h a t the 

p o t e n t i a l provided by t h i s data has only been p a r t i a l l y r e a l i s e d . 

F i r s t l y the f i e l d of dennatoglyphic v a r i a b i l i t y i n i n d i v i d u a l s 

has only been s u p e r f i c i a l l y touched upon here at the end of 

Chapter 5. I t would be e s p e c i a l l y i n t e r e s t i n g to see how f a r 

p a t t e r n s of dermatoglyphic v a r i a b i l i t y i n Kenya are s i m i l a r to 
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p a t t e r n s i n populations elsewhere, A comparison with the 
compatible B r i t i s h s e r i e s i n Durham i s an obvious a r e a of f u t u r e 
i n q u i r y . Secondly the t e s t i n g f o r major types of v a r i a t i o n i s 
s t i l l to be f u l l y explored. A notable omission i n t h i s study has 
been the examination of geographical or topotypic v a r i a t i o n . 
T h i r d l y even i n the areas examined, there i s s t i l l much more th a t 
can be done. I n Chapter 9, f o r i n s t a n c e , i t would be p r o f i t a b l e 
(a) to i n v e s t i g a t e dermatoglyphic v a r i a t i o n between a l t i t u d e and 
r a i n f a l l zones from the point of view of pooled i n d i v i d u a l s , r a t h e r 
than from pooled population sample means and f r e q u e n c i e s ; (b) to 
re-examine the r e l a t i o n s h i p s w i t h a l t i t u d e and r a i n f a l l u s i n g 
d i f f e r e n t c r i t e r i a f o r d e f i n i n g zones (e.g. i n the case of a l t i t u d e 
zones could be defined i n 1000 f t . u n i t s r a t h e r than the more gene r a l 
d i v i s i o n s adopted i n Chapter 9 ) ; ( c ) to explore r e l a t i o n s h i p s with 
other c l i m a t i c v a r i a b l e s such as humidity, s o l a r r a d i a t i o n and 
temperature. Moreover r a i n f a l l zones could be redefined according 
to c r i t e r i a based on marginal r a t h e r than mean annual r a i n f a l l . 
F i n a l l y , t h e r e i s the e x p l o i t a t i o n of the f i n d i n g s f o r h i s t o r i c a l 
and e t h n o l o g i c a l i n q u i r y . Something of the p o t e n t i a l u s e f u l n e s s 
of the p r e s e n t r e s u l t s to t h i s f i e l d i s i l l u s t r a t e d at the end of 
Chapter 8, p a r t i c u l a r l y i n the a n a l y s i s of s t r u c t u r a l s i m i l a r i t y 
i n the Dorobo and Mji Kenda samples. I n many r e s p e c t s , t h e r e f o r e , 
t h i s p r esent work i s j u s t a beginning. 


