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ABSTRACT 

The main o b j e c t i v e of t h i s paper was to present s k i n colour data from 

few populations r e s i d i n g i n che c o a s t a l province of Mazandaran, N. I r a n . 

S t a t i s t i c a l a n a l y s i s was used to examine se x u a l dimorphism i n the melanin 

c o n c e n t r a t i o n of the epidermis. The male and female samples were each c l a s ­

s i f i e d i n t o d i f f e r e n t age groups, to observe f o r any v a r i a t i o n i n r e f l e c t a n c e 

i n a s s o c i a t i o n w i t h p u b e r t a l hormonal changes; F i n a l l y the present data was 

compared w i t h seven other neighboring populations to examine the g e n e t i c homo 

and h e t e r o g e n e i t y w i t h i n these populations. 
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COLOUR BLINDNESS 

A t o t a l of 101 samples (68 males and 33 females) were t e s t e d for col o u r 

b l i n d n e s s , w i t h the Set of I s h i h a r a P l a t e s ( 1 9 6 4 ) , f o l l o w i n g the technique 

and i n s t r u c t i o n adopted by I s h i h a r a . Each p a r t i c i p a n t was t e s t e d i n d i v i d u a l l y 

P l a t e s (1-19) were used for the l i t e r a t e , and p l a t e s (20-24) f o r the i l l i t e r a t e s . 

S i x males were found to be colour b l i n d , w h i l e no females manifested such de­

f e c t i v e t r a i t , i n accordance with the g e n e t i c laws of x - l i n k e d t r a i t s . C l a s ­

s i f i c a t i o n of the d e f e c t i v e s i n t o Protan or Deutan type, whether mild or st r o n g , 

was not very c l e a r , and t h r e e of the p a r t i c i p a n t s were l a b e l l e d as u n c l a s s i f i e d . 

The most important f a c t o r to be considered was the u n s u f f i c i e n t number of samples, 

to check f o r t h i s pclymcrpmc t r a i t , t n e r e f o r e t h i s survey has been l e f t f o r 

f u r t h e r i n v e s t i g a t i o n , when s u f f i c i e n t samples have been examined, to o b t a i n 

the r e a l frequency of t h i s x - l i n k e d c h a r a c t e r i s t i c and a l s o f o r a b e t t e r i n ­

v e s t i g a t i o n of the type and degee of d e f e c t i o n . 

1 F r 

SECTION 
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THE LAND OF IRAN 
A) C l a s s i c a l and R a c i a l H i s t o r y 

I r a n i s a v a r i a t i o n of the word Aryan. The Aryans a r r i v e d on the 

I r a n i a n p l a t e a u about 3,500 y e a r s ago and g r a d u a l l y gave t h e i r name to 

the land. P e r s i a i s a l s o r e f e r r e d t o the country, the word being d e r i v e d 

from 'Pars', the name of one of t h e country's northern p r o v i n c e s , and 

P e r s i a n r e f e r s to t h e i r language and l i t e r a t u r e . The term P e r s i a t a k e s 

d e f i n i t e form, l a t e i n the h i s t o r y 0 1 t h e O r i e n t a l world, w i t h the 

e r r u p t i o n of Aryan people i n t o t h e I r a n i a n p l a t e a u from the v a s t nomadic 

r e s e r v o i r to the e a s t and north o f t r i e C a s p i a n Sea, e a r l y i n the f i r s t 

m illeniura B.C. I n modern times I r a n i s more commonly used, as a p a r t 

The s t o r y of P e r s i a before t h e time o f Cyrus i s a confused patch­

work of myth and legend. A r c h a e o l o g i c a l e x c a v a t i o n s during the past 

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

The evidence being of two kinds: pottery and i n s c r i b e d w r i t i n g s i n 

cuneiform s c r i p t on c l a y t a b l e t s . The former g i v i n g a glimpse of an 

e a r l y c i v i l i s a t i o n , as i n P e r s p o l i s , i t s e l f p r i o r t o 4,000 B^C*, a t 

f i r s t N e o l i t h i c i n c h a r a c t e r y l a t e r developing i n t o a f u l l Bronze Age 

type, homogeneous i n e s s e n t i a l , r e a c h i n g from the S y r i a n Coast to the 

Indus. From the l a t t e r i n f o r m a t i o n i s gained about the p o l i t i c a l and 

r a c i a l background of the c u l t u r a l a r e a , w i t h i t s h i g h l a n d b e l t i n the 

north s t r e t c h i n g from A n a t o l i a a c r o s s to the I r a n i a n p l a t e a u , and i t s 

a r e a of a l l u v i a l lowland and Steppe t o the south, i n the S y r i a n d e s e r t 

and Mesopotamia. I n these e a r l y days, the highlands had not y e t been 

occupied by t h e Aryan or Indo-European peoples. The people have been 

t e n t a t i v e l y c a l l e d C a u casian or Caspian i n the absence of i n s u f f i c i e n t 
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r e l i a b l e evidence on the e t h n i c o r i g i n and r e l a t i o n of the people. 

(Arberry, 1953). 

Knowledge of the e a r l i e s t i n h a b i t a n t s of I r a n i s ve r y fragmentary, 

and r e c e n t e x c a v a t i o n s i n one cave a t B e h i s t a n , and i n the caves of 

B e l t and Aota near Behshahr on the C a s p i a n c o a s t , i n d i c a t e an a c t i v e 

f l i n t i n d u s t r y , i n the middle P a l e o l i t h i c p eriod as w e l l a s s k e l e t o n s 

and s k u l l s of the Me&olithic period. T h i s l a t t e r m a t e r i a l has been 

dated to about 10,000B.C. by carbon-14 method of a n a l y z i n g p i e c e s of 

c h a r c o a l from v a r i o u s l e v e l of d i g g i n g , b e l i e v i n g that these people were 

Nordic and of the same ra c e of the Upper P a l e o l i t h i c hunters of Europe. 

(Wilber, 1963). 

Apparently i n p o s t - g l a c i a l times, the shores of the Ca s p i a n 

c o n s t i t u t e d an important passageway of e a s t west movement of people, w i t h 

c u l t u r a l connexions between northern Afghanistan' and the e a s t e r n shores 

of the Mediterranean. During Upper ELsistocene and Upper P a l e o l i t h i c -

times, upper p a l e o l i t h i c man and h i s c u l t u r e were very w i d e l y d i s t r i b u t e d 

throughout south-west A s i a . T h i s Aui'ignaucian man wandered e x t e n s i v e l y 

along the Mediterranean c o a s t a l a r e a s , the F e r t i l e C r e s c e n t and the shore 

of the Ca s p i a n (Sunderland, 1968). 

Toward the end of the l a s t g l a c i a l p e r iod, those l i v i n g on the 

f r i n g e s of the nort h e r n E u r a s i a n a r e a i n I r a q - I r a n - A f g h a n i s t a n and con­

tiguous a r e a s had a l r e a d y become M e s o l i t h i c h u n t e r s , and a r e a s l i k e the 

C a s p i a n shores of I r a n might have become important avenues f o r human 

movement and m i g r a t i o n (Sunderland, 1968). 

I n the I r a n i a n h i s c o r y s e v e r a l c i v i l i z a t i o n s have r i s e n i n v a r i o u s 

p a r t s of the country at d i f f e r e n t times, each l e a v i n g i t s own i m p r e s s i o n 

on the subsequent development of I r a n i a n h i s t o r y , both c u l t u r a l and 



r a c i a l . The b l d e s t known c i v i l i z a t i o n of I r a n i s t h a t of 'Elam', a 

small kingdom, which came i n t o being around 10th century B.C., i n the 

f e r t i l e p l a i n , i n what i s now the south-western province of Khupestan. 

T h i s kingdom was overthrown by the A s s y r i a n s i n the 8th century B.C., 

and i n the 7th century, the independent kingdom of 'Media' was e s t a b ­

l i s h e d . Another major I r a n i a n group s e t t l e d i n the south and gave 

t h e i r name to the province of 'Fars' or ' P e r s i a ' . The P e r s i a n s 

overthrew the Median kingdom under Cyrus the Great, and e s t a b l i s h e d 

t h e i r own kingdom over the e n t i r e p l a t e a u which s t r e t c h e d from the 

Indus to Egypt and from the Danube to the I n d i a n Oceaai. The Ach-

aemian Empire l a s t e d from 550-320 B.C., to be followed by the 

P a r t h i a n s , r u l i n g f o r 476 y e a r s , and l a t e r came the S a s s a n i d s * ( B a s i c 

f a c t s about I r a n , 1973). 

L a t e r r a c i a l i n c u r s i o n s c o n s i s t e d of the Greek i n f l u e n c e w i t h 

the conquest of P e r s i a by Alexander the Great i n 331 B.C. , but the 

Greek i n f l u e n c e was submerged under a renascence of Achaemian and purely 

I r a n i a n c u l t u r e . I n the 7th centui-y, the Arabs invaded most of the 

country, but they di d not c o l o n i z e the land; t h e r e seems to be l i t t l e 

Arab blood i n the modern I r a n i a n , but they took the h i g h l y developed 

P e r s i a n c u l t u r e , i t s a r t , a r c h i t e c t u r e and l i t e r a t u r e s and d i s p e r s e d 

i t throughout the I s l a m i c world. A number of n a t i o n a l d y n a s t i e s a r o s e 

during the Arab i n v a s i o n s , among these were the T a h a r i s . che S a f f a v i d s 

and the Deylajmites. 

From the 9th to the 14th century, I r a n s u f f e r e d from i n c u r s i o n s 

of v a r i o u s T u r a n i a n people from the e a s t , of whom the p r i n c i p l e were 

the S e l j u k T u r k s , the Mongols and the T a r t a r s . T h e i r a f f e c t and i n ­

v a s i o n s was d e v a s t a t i o n of lands, raging of c i t i e s and v a s t pyramids of 
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human s k u l l s e r e c t e d , and t h e i r o v e r l o r d s h i p was e s t a b l i s h e d i n v a r i o u s 

p a r t s of I r a n , and t h e i r f o l l o w e r s s e t t l e d i n I r a n . Today i n a b e l t 

a c r o s s N o r t h e r n - I r a n , the Turanian element can be observed i n r a c i a l 

types and i n the T u r k i - s p e a k i n g v i l l a g e and communities: T u r k i being 

l i n g u i s t i c a l l y u n r e l a t e d to F^a-si, belonging to the U r a l - A l t a i c 

group which i n c l u d e T u r k i s h , F i n n i s h and the Mongol tongue of C e n t r a l 

A s i a , ( C r o s s c l o s e , 1947). 

Other r a c i a l and c u l t u r a l s t r a i n s have c o n t r i b u t e d to the r a c i a l 

composition of modern I r a n . Among che people whom the P e r s i a n and 

the Medes brought i n t o s u b j e c t s were r a c e s now c l e a r l y c l a s s i f i e d 

e t h n i c a l l y , such as the a n c i e n t Summerians and E l a m i t e s , whose c i v i l ­

i z a t i o n f l o u r i s h e d i n the T i g r i s and Euphrates v a l l e y , a thousand y e a r s 

before the appearance of the Aryans. B e s i d e s t h e s e were the H i t t i t e s , 

the Hyksos and v a r i o u s S e m i t i c people of west, such as the A s s y r i a n s , 

the Chaldeans, the Akkadians and the P h o e n i c i a n s , whose c u l t u r e blended 

do form the Compound A s i a n c i v i l i z a t i o n . ( C r o s s c l o s e , 1947). 

Some v a r i o u s t r i b a l or r a c i a l grouping of a n c i e n t l i n e a g e s , 

forming an important n a t i o n a l c h a r a c t e r i s t i c s a r e the Kurds, d w e l l i n g on 

the boundaries of I r a n , Turkey, I r a ^ and S o v i e t Armenia, ranging from 

the s l o p e s of Mount A r a r a t i n the North, southwards as f a r as Hamadan 

and Kermanshah i n the range of the Zagros. B a s i c a l l y the Kurds are 

of the Aryan stock, and i n appearance d i s t i n c t from the t y p i c a l P e r s i a n . 

T h e L u r s and che B a k h t i a r s dwell to the south of the Kurds, i n the 

Zagros range, descended of a n c i e n t Aryan st o c k , w i t h migratory h a b i t s . 

Other m i s c e l l a n e o u s t r i b e s are the nomadic people of I r a n , the 

T u r a n i a n s comprising the Kashgais ( T u r k i s h o r i g i n ) , the Turkomans and 

B a l u c h i s of south-east I r a n . 

B a s i c a l l y t h r e e d i s t i n c t groups, a l l belonging to the Aryan 

branch of the f a m i l y of Indo-European peoples can be d i s t i n g u i s h e d 
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i n I r a n : The Mediterranean, the Cauca s i a n , and the A l p i n e . A l s o many 

other e t h n i c groups s t i l l l i v e i n I r a n ranging from the A l t a i c 

Turcomans i n the n o r t h - e a s t to the darker skinned B a l u c h i s i n the 

South-East. 

B) The Land 

I r a n i s i n the Middle E a s t , forming the we s t e r n p a r t of A s i a 

and t h e Easternmost part of t h e Mediterranean world. I t covers most 

of the great I r a n i a n p l a t e a u w h i c h l i e s between Mesopotamia to the 

west and China to the E a s t , t h e steppes of R u s s i a to the north, and 

the P e r s i a n G u l f and the Sea of Oman to the south. I t covers an 

a r e a of 623,000 s q - m i l e s , and i t s longest f r o n t i e r . 1.snn n w i a e ± ~ 

i n the north, w i t h the S o v i e t Union. 

I r a n i s bounded from the North, by the most s o u t h e r n l y c o a s t 

of the Ca s p i a n Sea. I n the south, i t i s enc l o s e d by the P e r s i a n G u l f 

and the I n d i a n Ocean: I n the North E a s t by R u s s i a n T u r k e s t a n , 

Afghanistan:, and i n the south-east by P a k i s t a n ; from the West I r a n 

has borders with Turkey i n the north and I r a q . 

Almost a l l of I r a n l i e s i n the north temperate zones, but the 

p l a t e a u as a whole o f f e r s a v a r i e t y of c l i m a t e . I t i s land of high 

mountains, deep v a l l e y s , g r eat f l a t l a n d s and v a s t air i d d e s e r t s . Two 

major ranges d i v i d e the country i n a w e s t - e a s t e r l y d i r e c t i o n : the 

Alborz Range, beginning i n the Caucasus, p a s s i n g through Northern I r a n 

and c o n t i n u i n g i n t o A f g h a n i s t a n , and the second range, the Zagros, 

begins i n A n a t o l i a and continues r i g h t down to B a l u c h i s t a n i n the South-

E a s t of I r a n . There a r e s e v e r a l major l a k e s i n I r a n , and the Caspian, 

the l a r g e s t l a k e i n the world, l y i n g to the North, i s a g r e a t i n l a n d sea. 

The C a s p i a n l i t t o r a l i s humid and s u b - t r o p i c a l , w h i l e the c e n t r a l 

d e s e r t s a r e almost completely dry. Annual r a i n f a l l v a r i e s from an 

average of 40 i n c h e s i n G i l a n and Mazandaran (most n o r t h e r n l y p r o v i n c e s ) 
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to an average of l e s s than two inches i n the d e s e r t r e g i o n s . Temp­

e r a t u r e a l s o v a r i e s g r e a t l y : i n the north-western p a r t s i t reaches 

18^F w h i l e i n d e s e r t s and areas of the P e r s i a n Gulf i t r i s e s to 130 

degrees F a h r e n h e i t . 

C) Mazandaran 

The province of Mazandaran i s l o c a t e d i n the c e n t r a l - n o r t h e r n 

c o a s t l i n e p l a t e a u of I r a n , and the most sou t h e r n l y c o a s t of the 

Caspian Sea, bounded i n the south, by the Alborz range, thus i s o l a t i n g 

t h i s narrow f e r t i l e land from the southern v a l l e y s and ar e a s of the 
o o 

Alborz mountains. G e o g r a p h i c a l l y i t i s l o c a t e d i n between 36 -39 

North and 51-31° E a s t . Temperature v a r i e s from 0°-32° c e n t i g r a d e , 

auu v e i y urnrequeuexy aoes i t r a n to - 1 0 <j, or r i s e t o 40"C. The 

humidity v a r i e s from 35% i n the w i n t e r to 90% i n the summer. R a i n f a l l 

i s up to 1000mm and o c c a s i o n a l l y i n c r e a s e s to 1800mm i n the year. A l t ­

i t u d e i s from 80-85 f e e t below sea l e v e l , and the winds a r e mostly 

w e s t e r n l y . The Cas p i a n Sea i t s e l f i s comparatively s h a l l o w and has 

co n s i d e r a b l e l e s s s a l t content than that of oceans, and the water con-, 

t a i n s much m i n e r a l s , e s p e c i a l l y i o d i n e . The t r e e s grow q u i t e c l o s e to 

the sea. Mazandaran continues i n the west to the province of C i l a n , 

and i n the e a s t to the province of (Kho r a s s a n ) . 

I n the I s l a m i c P e r i o d , Mazandaranwas r e f e r r e d to as 'Teypourestan' 

and i t c o n s t i t u t e d the c e n t r a l d w e l l i n g p l a c e of the 'Teypour' t r i b e , 
t here 

who are con s i d e r e d to have been/ before the Aryan m i g r a t i o n . Some 

suggestion as to the o r i g i n of the word 'Tabarestan', l a t e r d e r i v e d 

from 'Teypourestan 1 comes from the P e r s i a n 'Tabar', meaning (Axe) and 

th a t the people of th a t land used the axe f r e q u e n t l y f o r c u t t i n g the 

woods and g e t t i n g through the f o r e s t s . Another r e f e r e n c e made to 

'Tabar' i s 'mountain', i n the n a t i v e language, that the a r e a was q u i t e 
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mountaineous (Abdolfadae). 

Two important t r i b e s , the ' T i p o u r i s 1 and the 'Amards' i n h a b i t e d 

the n o r t h e r n mountains or Semnan. I n 171 B.C. Ashk the F i r s t (Farhad 

1 ) , pushed the Amards towards the E a s t to Khar, E a s t of Varamin, and the 

T i p o u r i s r e p l a c e d them, and consequently the whole a r e a came to be c a l l e d 

Teypourest and Tabarestan. 

No r e f e r e n c e to t h i s land i s made i n the time of Cyrus the Great, 

and n e i t h e r i n the Avesta's geographical i n d i c e s , i n the Vandidad. I t 

seems that the ignorance of t h i s area was due to the f a c t t h a t p r e - I s l a m i c 

k i n g s before the S a s s a n i d s had no c o n t r o l over t h i s area,.because of i t s 

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

p r o t e c t i o n from i n v a s i o n s from a l i e n t r i b e s , and i f any p e n e t r a t i o n was 

p o s s i b l e , i t would have been f o r sh o r t p e r i o d s . 

The Teypouris l i k e the Amards, being a pre-Aryan r a c e , i n h a b i t e d 

Teypourestan, and r e f e r e n c e to t h i s land i s made i n the Greek l i t e r a t u r e a s 

'Tapyroi'and Tapoyroi and the Chinese have r e f e r r e d to i t as 'Tho-pa-ssetan, 

or 1Tho-pa-sa-tan'. i n P a h l a v i s c r i p t as Teypourestan (Marquart, 1901). 

Teypourestan and T a b a r e s t a n was l a t e r changed to Mazandaran. There i s 

r e f e r e n c e made i n the book of Avesta i n the Abay Yes h t to 'Mazana' or 

'Mazainya Daeva'. The i n h a b i t a n t s , i t i s suggested were t a l l , b i g shoulders 

and l i v i n g i n caves. 'Mazana-Tara', a l s o means towards Mazana or i n Mazana 

i n P a h l a v i s c r i p t , c l a s s i f y i n g them as n o n - I r a n i a n and non-Arab. 

I t seems that the f e r t i l e l and of Mazandaran, has always a t t r a c t e d the 

migrants and i n v a d e r s , from v a r i o u s areas i n the no r t h e a s t of I r a n , l i k e 

Mongolia, Turkemanestan and Afghanistan. 
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Three t r i b e s i n h a b i t the province of Mazandaran: 

( 1 ) The Abdolmaleky:Turkish which have not mixed w i t h the Mazandarinis. 

( 2 ) The Kurdotork t r i b e , a mixed r a c e of T u r k i s h k u r d i s h and T u r k i s h . 

The Kurds from A z a r b a i j a n province i n the north-west of I r a n , and 

a l s o the Afghans from Khorassan and A f g h a n i s t a n . 

X ^ ) The K h a j e v a n d i s , which are p r i m a r i l y kurds, coming from Kurdestan 

i n the West of I r a n , who l i v e i n t h e mountainous a r e a s of the 

Zagros Range. 

From a review of the f o l l o w i n g h i s t o r i c a l , c u l t u r a l and r a c i a l 

h i s t o r y of I r a n , i t i s p l a u s i b l e to c o n s i d e r I r a n as a land i n which the con­

tinuous i n v a s i o n s , m i g r a t i o n s and s e t t l e m e n t s , has had i t s constant e f f e c t on 

the g e n e t i c and p h y s i c a l c h a r a c t e r i s t i c s of the remaining people of I r a n . 



SKIN COLOUR 1 0 

HUMAN DIVERSITY 

The human s p e c i e s demonstrates a d i v e r s i t y i n p h y s i o l o g i c a l , 

biochemical and anthropometric t r a i t s . These b i o l o g i c a l d i v e r s i t i e s 

a r e a s s o c i a t e d w i t h environmental s t r e s s e s and g e n e t i c components 

that i n t e r a c t to ensure the s p e c i e s s u r v i v a l . I t i s evident t h a t 

r e g i o n a l d i f f e r e n c e s have b i o l o g i c a l s i g n i f i c a n c e and the proper 

f u n c t i o n i n g of the physical, organism towards i t s environment a r e 

a u t h o r i t a t i v e i n the genes responses. The study of g e n e t i c s , 

immunology, paleontology, archaeology and chemical a n a l y s i s have had 

great advantage f o r the study of popula t i o n s , and of gr e a t use f o r 

p o t e n t i a l b i o l o g i c a l s t u d i e s i n d e f i n i n g the d i f f e r e n t phenotypes and 

genotypes, as means of comparing d i f f e r e n t populations. Many i n h e r i t e d 

t r a i t s have been q u a n t i t a t i v e l y measured by standard t e s t s , and anth­

ropometric measurements and pigmentary v a r i a t i o n s a r e c h a r a c t e r i s t i c 

of such c a t e g o r i 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 r e s e a r c h and s t u d i e s are devoted to the 

understanding of these d i v e r s i t i e s and t h e i r b i o l o g i c a l s i g n i f i c a n c e . 

Of the b i o l o g i c a l v a r i a t i o n s i n man, s k i n colour d i f f e r e n c e s a r e the 

most observable. E a r l y attempts to c l a s s i f y r a c e s were based on p i g ­

mentary d i f f e r e n c e s as an index of c l a s s i f i c a t i o n , and the human s p e c i e s 

were con t i n u o u s l y c l a s s i f i e d i n t o d i f f e r e n t major groups. Linnaeous 

was one of the f i r s t to c l a s s i f y r a c e based on s k i n colour and i n 1775 

Blumenbach d i s t i n g u i s h e d f i v e r a c e s of man by means of s k i n c o l o u r ; 

h i s c l a s s i f i c a t i o n s c o n s i s t e d of the y e l l o w r a c e (Mongolian), brown 

r a c e ( M a l a y s i a n ) , red r a c e (American), b l a c k r a c e ( E t h i o p i a n ) and the 

white r a c e ( C a u c a s i a n ) . With more s y s t e m a t i c approach to c o l o u r 

measurements, and the o b s e r v a t i o n of a strong c l i n a l component, such 

d i s t i n c t c l a s s i f i c a t i o n have been a l t e r e d . I t i s evident t h a t t h e r e 
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i s no l i m i t to the p r o c e s s of s u b d i v i s i o n and s u b c l a s s i f i c a t i o n , 
s i n c e v a r i o u s d i v e r s i t i e s are responses to environmental and e c o l o g i c a l 
f a c t o r s i n a d d i t i o n to the g e n e t i c f a c t o r s i n v o l v e d , and s k i n c o l o u r 
d i v e r s i t i e s a r e v a l u a b l e r e g i o n a l a d a p t a t i o n s . 

Race i s now d e f i n e d as a b i o l o g i c a l term, and i s the r e s u l t of 

the i n t e r a c t i o n of both the ^enes arid the environment, and i t i s 

through the mechanism of n a t u r a l s e l e c t i o n t h a t v a r i o u s a d a p t a t i o n and 

m o d i f i c a t i o n causes r a c i a l v a r i a t i o n s . 'Race' could r e f e r to any 

population or aggregate of people i s o l a t e d g e o g r a p h i c a l l y , l i n g u i s t ­

i c a l l y and s o c i o - c u l t u r a l l y . I t i s a l s o r e f e r r e d to a r e p r o d u c t i v e 

community s h a r i n g a common gene pool. Although there are few d i s t i n c t 

' u i . c e u i u g uui.us m case ox extreme ge o g r a p h i c a l and c u l t u r a l f a c t o r s , 

u s u a l l y boundaries of mating u n i t s d i f f u s e , by m i g r a t i o n , and hence 

no population i s one hundred per cent pure and homogeneons and gen­

e t i c a l l y uniform, and i t seems l o g i c a l to presume that r a c i a l d i f f ­

e rences o r i g i n a t e d by n a t u r a l mechanism, ge,ue flow and g e n e t i c d r i f t . 

S k i n colour and r a c e s do not n e c e s s a r i l y correspond, s i n c e i n a s i n g l e 

r a c e v a r i a t i o n s of a l l k i n d s , b i o c h e m i c a l and p h y s i c a l e x i s t , and the 

b e t t e r understanding of the genes s t r u c t u r e and f u n c t i o n a l l o w s f o r 

observing f u r t h e r complexity i n t h e i r i n f l u e n c e s upon one or many 

c h a r a c t e r s , even i n one i n d i v i d u a l . V a r i a t i o n i s the b a s i s upon which 

any organism or s p e c i e s can a l l o w f o r s u r v i v a l , due to the f a c t t h a t 

nature and the immediate environment of the organism i s so u n p r e d i c t ­

able that a p r o c e s s of a d a p t a t i o n i s n e c e s s a r y to ensure r e p r o d u c t i o n 

and propagation. T h e r e f o r e i t l e a v e s no q u e s t i o n to the s i g n i f i c a n c e 

and value of such d i v e r s i t i e s whether i n gene frequency, the d i f f e r e n t 

polymorphic t r a i t s and pigmentation. 

D i f f e r e n c e s between populations a r e c a l c u l a t e d by comparing 

averages through s t a t i s t i c a l procedures, and by p l o t t i n g such av-



erages of d i f f e r e n t t r a i t s on a graph a p a t t e r n of geographical 

d i s t r i b u t i o n becomes evide n t . Gradient of change on c l i n e s a r e 

very common than sharp boundaries, and these g r a d i e n t s are found i n 

both m e t r i c a l as w e l l as discontinuous t r a i t s . Pigmentation i s one 

v a r i a t i o n whose geographical d i s t r i b u t i o n i s e v i d e n t , but the t e c h ­

n i c a l d i f f i c u l t i e s have hindered the c o l l e c t i o n of exact data and 

a l s o the complexity of the i n h e r i t a n c e of pigraencary d i f f e r e n c e s 

and the pigments themselves have been d i f f i c u l t to a n a l y z e c h e m i c a l l y . 
EVOLUTION AND D I S T R I B U T I O N 

I t i s g e n e r a l l y assumed that most morphological and p h y s i o l o g i c a l 

c h a r a c t e r i s t i c e i t h e r have or have had s i g n i f i c a n t a daptive v a l u e s 

and have c o n t r i b u t e d to s u r v i v a l - T h i s a s s n m n f i on in/>iiirf»o Vir»»-Vi 

i n t e r n a l and e x t e r n a l t r a i t s and on t h i s b a s i s , i t has seemed l e g ­

i t i m a t e to assume that i n man as i n the m a j o r i t y of t e s s e s t i a l v e r ­

t e b r a t e s , the nature of body s u r f a c e , whether naked s k i n , pelage or 

plumage, r e p r e s e n t past or c u r r e n t a d a p t i v e a t t r i b u t e s . Because 

v a s c u l a r i z e d naked s k i n comes i n t o d i r e c t c ontact w i t h the environment, 

t h e r e f o r e d i f f e r e n c e s i n the dermal c o l o u r of naked animals i n c l u d i n g 

man have had v a l u e i n terms of p o s s i b l e p h y s i o l o g i c a l e f f e c t s . 

(Blume, 1961). 

Gloger's theory of c o l o u r i n g concealment, assumes t h a t the v a l u e 

of concealment f o r hominoids and httminids, when e v o l v i n g man was 

weaponless and f i r e l e s s i n the t r o p i c s and naked f o r an immensely 

long time, promoted e f f e c t i v e n e s s i n food g e t t i n g w i t h numerous i n c i ­

d e n t a l g a i n s , i n a d d i t i o n of reducing s u c c e p t i b i l i t y to v i s u a l l y cued 

pre d a t o r s , and because of man's c u r r e n t d i s t r i b u t i o n i n t o v a r i o u s 

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

advances must have enabled the p o s s e s s o r s of a negroid albedo (coe-



f f i c i e n t of r e f l e c t a n c e ) to d i s p e r s e w i t h the t r a i t and s u r v i v e i n 

other a r e a s , becoming emancipated from the f o r c e s of n a t u r a l s e l e c t i o n . 

Blume (1961) c r i t i c i s e s Gloger's h y p o t h e s i s on s t r e s s i n g the 

advantage of b l a c k or brown pigment i n reducing v i s i b i l i t y , and 

regards i t more as an ad a p t a t i o n to l o c a l environmental s i t u a t i o n , 

than to a g l o b a l s i t u a t i o n . 

I t i s suggested that the o r i g i n a l colour of the immediate a n c e s t o r s 

of man could have been as d i v e r s e as the s k i n pigment of the d i f f e r ­

ent anthropoid apes ( F l e u r e 1945) (Washburn 1964). I t i s p o s s i b l e 

t h a t a c e r t a i n s e c t i o n of mankind may have a r i s e n from l i g h t s k i n n e d } 

c t n u auuLimr irom d a m s K i n n e a people. T h e o r e t i c a l l y t h e r e i s no 

reason to b e l i e v e t h a t there was a s i n g l e p a i r of genes r e s p o n s i b l e 

f o r the colour of human pr o g e n i t o r s , and there might have been v a r i ­

a t i o n s i n the human s p e c i e s and p r i m i t i v e man. I f adopting the 

hypo t h e s i s t h a t the a n c e s t o r s of mankind were b l a c k , ( a p p a r e n t l y , dark 

s k i n was widespread even over Europe i n p r e - h i s t o r i c days, and a l s o 

for p h y s i o l o g i c a l r e a s o n s , t h a t i s f o r thermo-regulation the hominids 

of P l e i s t o c e n e had l o s t t h e i r h a i r , and consequently had to be pro­

t e c t e d a g a i n s t u l t r a - v i o l e t r a d i a t i o n i n a r e a s of A f r i c a ) , then the 

s e m i - a l b i n i c c o n d i t i o n s c h a r a c t e r i s t i c s of the Europeans and most of 

the i n h a b i t a n t s of A s i a must have a r i s e n through a mutation unfavour­

abl e to r.he production of bla c k pigment and much melanin. I t seems 

l o g i c a l to presume that hominids m i g r a t i o n to c o l d e r regions and 

higher l a t i t u d e s , might have rendered l i g h t e r s k i n , by n a t u r a l s e l ­

e c t i o n , i n ar e a s of l e s s u l t r a - v i o l e t r a d i a t i o n . C o n t r a r i w i s e , a s ­

suming that the a n c e s t o r s had a creamy or coloured s k i n , then the 

deep pigmentation found i n Negroes, Negroids and A u s t r a l o i d s , must 
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have a r i s e n by a s p e c i a l mutant i n d i r e c t i o n of m e l a n i z a t i o n 

I t seems a p r i o r i that, melanin i n man i s of the nature of a 

mutation occuring i n e q u a t o r i a l regions s e r v i n g as a p r o t e c t i o n 

of the und e r l y i n g t i s s u e s and v i s c e r a from strong s u n l i g h t , and 

tha t the i n h a b i t a n t s of di f f e r e n t : r e g i o n s or l a t i t u d e s must have 

gone through p h y s i o l o g i c a l a d a p t a t i o n s . (Davenport, 1926). F l e u r e ' s 

(1945) c o n c l u s i o n i s chat most ^ a r l y men of modern type i n the a r e a of 

hand-ax c u l t u r e were r a t h e r brown i n c o l o u r i n g and t h a t t h e r e were 

s p e c i a l i z a t i o n s i n two d i r e c t i o n s , towards i n t e n s i f i c a t i o n or dim­

i n u t i o n of melanin. P o i r i e z (1977) suggests t h a t o r i g i n a l l y s k i n was 

da r k l y pigmented i and l i g h t pigmentation may be a more re c e n t adap­

t a t i o n , to n o n - t r o p i c a l h a b i t a n t s . 

Man's e a r l y h a b i t a l i n the e a r l y P l e i s t o c e n e was i n t r o p i c a l 

surroundings, and migrations to nor t h e r n l a t i t u d e s during warm i n t e r -

g l a c i a l or i n c e r s t a d i a l p e r i o d s , e x i s t e d both p h y s i o l o g i c a l and be­

h a v i o r a l a d a p t a t i o n s , and the use of f i r e , c l o t h i n g and t o o l s made 

l i v i n g i n d i f f e r e n t c l i m a t i c zones p r a c t i c a l i n P a l e o l i t h i c p e r i o d , 

t h e r e f o r e such b i o l o g i c a l a c c l i m i t i z a t i o n a l s o played an important 

r o l e . I t may be that moving out toward lower l i g h t i n t e n s i t i e s , 

some populations experienced d i f f i c u l t y ( e s p e c i a l l y the d a r k l y p i g ­

mented), from r i c k e t s and c o l d damage. Dr. Post, p o s t u l a t e d t h a t 

darker s k i n s were more s u c c e p t i b l e to f r o s t b i t e and c o l d , and 

l i g h t e r i n d i v i d u a l s might have had advantage i n f a c i n g the c o l d and 

r e c e i v i n g enough u l t r a - v i o l e t r a d i a t i o n f o r i t s chemical s y n t h e s i s of 

v i t a m i n D, and t h e r e f o r e l e a v i n g more s u r v i v i n g o f f s p r i n g i n the more 

temperate a r e a s . 
I 

S k i n colour d i f f e r e n c e s between e t h n i c groups are on the 
i 

average l a r g e r than what can be ex p l a i n e d by environmental e f f e c t s . 



I t i s c l e a r t h a t t h e r e i s a l a r g e g e n e t i c component to the t r a i t , 

and s k i n colour v a r i e s i n response to environmental c o n d i t i o n s . 

Everyone i n c l u d i n g b l a c k s tan when exposed to the sun, and the 

tanning r e a c t i o n has s u r v i v a l v a l u e . A l b i n o and those who cannot 

tan f a c e s e r i o u s problems, and t h e r e f o r e n a t u r a l s e l e c t i o n i s i n v o l v e d 

i n determining the world wide d i s t r i b u t i o n of s k i n c o l o u r . 

S k i n pigmentation shows a r e g u l a r i t y i n i t s geographical 

d i s t r i b u t i o n , and th e r e appears to be a strong c l i n a l component to 

the v a r i a t i o n i n each of the four guadrants of l o n g t i t u d e , apparently 

independent of a strong c o n t i n e n t a l component. The s e l e c t i v e ad­

vantages of a p a r t i c u l a r s k i n colour i n a p a r t i c u l a r environment a re 

not f u l l y c l e a r , but heavy pigmentation i n r e g i o n s of i n t e n s e s o l a r 

r a d i a t i o n c e r t a i n l y provides a p r o t e c t i o n a g a i n s t the burning and 

c a r c i n o g e n i c e f f e c t of a c t i n i c r a y s , and the depigmentation i n 

Western Europe as Coon, Barn and B i r d s e l l (1950) suggest favours 

the manufacture of v i t a m i n D, i n cloudy environments. 

The absence of high i n t e n s i t y u l t r a - v i o l e t r a d i a t i o n of long 

d u r a t i o n and the r e l a t i v e l y c o l d c l i m a t e and low humidity might have 

provided a s u i t a b l e environment f o r the development of the blond 

Nordic r a c i a l type. Blond or near A i b i n o t i c i n d i v i d u a l s appear i n 

other r e gions of the globe as w e l l , but i n the t r o p i c s they are a l l 

at s e r i o u s disadvantage, developing cancer and dying before m a t u r i t y . 

The r a t e of melanogenesis adequate f o r the Nordic's s u r v i v a l i n i t s 

o r i g i n a l h a b i t a t i s d e l e t e r i o u s when exposed to a higher i n t e n s i t y of 

s o l a r r a d i a t i o n , and i n d i v i d u a l s w i t h a h i g h e r content of melanin 

present i n the s k i n , or a high r a t e of melanogenic a c t i v i t y woulJi 

not be s u b j e c t to such damages. 



There i s no s a t i s f a c t o r y evidence of pigmentary d i f f e r e n c e s due 

co the d i r e c t s u n l i g h t w h i l e the a b o r i g i n e s of C e n t r a l and Southern 

A f r i c a are deeply pigmented, as are the n a t i v e s of Ceylon, Papua 

and A u s t r a l i a , the southern A u s t r a l i a n s l i v e e n t i r e l y o u t s i d e 

the t r o p i c s , and che Tasmans who were v e r y dark l i v e d a t l a t i t u d e of 

4 2 co 4 3 ° , and o o f l t r a r i w i s e , the I n d i a n s of the e q u a t o r i a l B r a z i l 

and Ecuador seem to have never a t t a i n e d the dark colour of the 

Negroes. The heavy pigmentations of che f o r e s t r e g i o n i s not ex­

p l i c a b l e i n such terms e i t h e r , u n l e s s i t could be assumed th a t the 

i n h a b i t a n t s a r e of a recent migrant from other r e g i o n s , and have 

not yet a t t a i n e d such environmental a d a p t a t i o n s . I n t r o p i c a l zones 

ther« e*amo «; ? K_ - d i f f i i c u u c ueLween j u n g l e and shaded a r e a s , and 

non-shaded people; e.g. the A f r i c a n pygmies a re l i g h t e r coloured on 

the whole l i v i n g i n shaded a r e a s , than the surrounding Bantu. The 

ye l l o w of the Northern Mongoloids i n other f e a t u r e s i d e a l l y adapted 

to the c o l d i s a compromise between p r o t e c t i o n a g a i n s t a r c t i c i n ­

s o l a t i o n and c o n s e r v a t i o n of heat. The i n t e n s i t y of s o l a r r a d i a t i o n 

i s not n e c e s s a r i l y h i g h i n a l l t r o p i c a l a r e a s , e s g s t r o p i c a l r a i n 

f o r e s t s , and a t l e a s t i n c e r t a i n seasons, i t may be high i n the 

A r c t i c owing to r e f l e c t i o n from the snow. Th e r e f o r e , there a r e 

exceptions to the geographical r u l e i n s k i n colour throughout the 

globe, and on the whole there i s a l a c k of s a t i s f a c t o r y q u a l i t a t i v e 

comparison of u l t r a - v i o l e t r a d i a t i o n load i n v a r i o u s environments. 

A l s o i t must be noted t h a t s i m i l a r i t y i n s k i n c o l o u r between popul­

a t i o n s need not n e c e s s a r i l y mean a c l o s e p h y l e t i c r e l a t i o n s h i p , but 

merely s i m i l a r i t y i n c l i m a t i c environment and a p a r a l l e l a daptation; 

e.g. the A u s t r a l i a n aborigenes and the A f r i c a n ndgroes have no 

p h y l e t i c r e l a t i o n s h i p , and a i l a r e h e a v i l y pigmented. 



STRUCTURE AND PIGMENT 

S k i n i s the f i r s t l i n a of encounter w i t h the e x t e r n a l e n v i r o n ­
ment, and the integument i s co n t i n u o u s l y exposed to f l u c t u a t i o n s i n 
temperature, s o l a r r a d i a t i o n , f r i c t i o n and v a r i o u s b i o l o g i c a l and 
chemical agents, and i t a l s o p r e s e n t s a b a r r i e r towards the i n ­
t e r n a l milieu., so to maintain the f l u i d balance. I t i s now p o s s i b l e 
to v i s u a l i z e the colour complexion of the whole i n d i v i d u a l by ex­
amining the pigment granules of the epidermal c e l l s i n the e l e c t r o n 
microscope. 

S k i n c o n s i s t s of two types of t i s s u e s : the epidermis i s com­

p r i s e d of s e v e r a l l a y e r s of e p i t h e l i c a l c e l l s , and these l a y e r s a r e 

maintained by the underlying c o n n e c t i v e t i s s u e , the dermis. Although 

the s p e c i a l i z e d products of trie epidermis, k e r a t i n and melanin, play 

an important r o l e i n the p r o t e c t i o n of the organism, the dermis i s 

p r i m a r i l y r e s p o n s i b l e f o r trie d i f f e r e n t i a l and maintainance of the 

epidermis. The basal, epidermis, ( t h e Malphigian c e l l ) main f u n c t i o n 

i s to form a f i b r o u s p r o t e i n , k e r a t i n . These b a s a l epidermal c e l l s 

a r e a l s o able to form glands, the sebaceous and the sweat glands, 

r e g u l a t i n g the f l u i d balance. The Malphigian c e l l s a l s o form an 

integumentary system. 

The observed phenotypic d i f f e r e n c e s between human popul a t i o n s i n 

s k i n pigmentation, sweating and h a i r i n e s s a r e due to f u n c t i o n a l , and 

not to anatomical d i f f e r e n c e s . Szabo (1 9 7 0 ) , showed th a t the c o r r e s ­

ponding regions of Negroes and C a u c a s i a n s k i n c o n t a i n equal number of 

melonocytes; thus the observable c o l o u r d i f f e r e n c e s a r e due to d i f ­

f e r e n c e s i n the a c t i v i t y of the melanocytes, and the frequency and 

d i s t r i b u t i o n of sweat glands and ducts i s a l s o s i m i l a r i n a l l human 

populations s t u d i e d . An exce p t i o n to t h i s p a t t e r n of anatomical and 

numerical e q u a l i t y has been r e p o r t e d by M i t c h e l l (1968), i n the number 
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of epidermal melanocytes i n the forearm s k i n being s i g n i f i c a n t l y h igher i n 

A u s t r a l i a n a b o r i g i n e s than i n the A u s t r a l i a n C a u c a s i a n s . The i n c r e a s e i n 

a c t i v i t y and number of melanocytes i s due to m u l t i p l e exposure of s k i n to 

u l t r a - v i o l e t l i g h t . C o n s i d e r i n g the t h i c k n e s s of the s k i n , there a r e no 

obvious r a c i a l d i f f e r e n c e s of the stratum corneum, though i t i s t r u e t h a t 

c h r o n i c a l l y exposed s k i n shows a t h i c k e r k e r a t i n l a y e r . 

The melanocyte d e n s i t y does not d i f f e r s i g n i f i c a n t l y between c o r r ­

esponding a r e a s of the epidermis i n v a r i o u s r a c i a l types (Szabo 59, 67b). 

There i s a l s o i n h e r e n t g e n e t i c d i f f e r e n c e s a c t i n g on the pigmentary system 

to produce the observed d i f f e r e n c e s i n melanocyte numbers ( G a r c i a e t a l , 1968) 

The environmental component a l s o v a r i e s w i t h d i f f e r e n t p o s i t i o n s on the s k i n 

s i n c e not only a r e d i f f e r e n t p a r t s of the body d i f f e r e n t i a l l y exposed to s o l a r 

r a d i a t i o n , but a l s o i t has been shown that d i f f e r e n t a r e a s have v a r y i n g cap­

a c i t i e s to t an (Edwards and Duntley, 1939). Counts on negroes and l i g h t 

skinned people on the number of melanocytes per u n i t a r e a of s k i n r e v e a l e s s ­

e n t i a l l y the same means for a giv e n body r e g i o n , so that major p o p u l a t i o n d i f ­

f e r e n c e s i n s k i n colour do not appear to depend on v a r i a t i o n i n melanocyte 

number. I n Negroes the granules a r e more numerous and l a r g e r , w h i l e i n l i g h t e r 

s k i n only few brownish granu l e s can be seen--in the b a s a l l a y e r of the epidermis. 

I n a negro t h i s l a y e r i s densley b l a c k and gr a n u l e s a r e a l s o conspicuous i n the 

Malphigian l a y e r and i n the stratum corneum. 

Melanocyte s y n t h e s i z e an enzyme, t y r o s i n a s e , which c a t a l y s e s the o x i d a t i o n 

of t y r o s i n e (hydrophenylalanine, formed from the e s s e n t i a l amino-acid, pheny­

l a l a n i n e i n the l i v e r ) i n t o dihydroexphenylalanine or DOPA and f o l l o w i n g the 

o x i d a t i o n p r o c e s s DOPA i s polymerized i n t o melanin. T y r o s i n a s e c a t a l y s e s the r e ­

a c t i o n t h a t t a k e s p l a c e i n s i d e the melanocyte i n a s p e c i f i c c e l l o r g a n e l l e , 
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the melanosome, which shows a s p e c i e s - s p e c i f i c s i z e , shape, and the 

i n t e r n a l s t r u c t u r e being o v a l i n man, i t s long a x i s i s longer i n 

r a c i a l types such as Negroids and A u s t r a l i a n a b o r i g i n e s ( 0.8 -

1.0 um) and s h o r t e r i n Mongoloids ( 0.5um); Caucasoid have mel­

anosome t h a t vary i n l e n g t h . The diameter of the o r g a n e l l e i s 

about 0.25-0.5 um. Except f o r the d i f f e r e n c e s i n s i z e of the mel­

anosome, Homo Sapiens have a remarkably uniform melanosome s t r u c t u r e . 

Melanosome produced by the melanocytes, e n t e r s the Malphigian c e l l s 

by a uniform phenomenon of c e l l to c e l l propagation. The Melano­

some s are i n c o r p o r a t e d i n t o the k e r a t i n o c y t e s , and a r e e i t h e r kept 

i n complexes or a r e d i s p e r s e d i n d i v i d u a l l y . The k e r a t i n o c y t e s c o n t r o l 

t l i i J i o y e i s i u n or tne melanosome a f t e r t h e i r t r a n s f e r . (Szabo, 1975). 

The s k i n as a s e r i e s of d i f f e r e n t l a y e r s , e a c h r e f l e c t a p o r t i o n 

of the impinging l i g h t a f t e r absorbing a c e r t a i n amount a t a c e r t a i n 

wavelength, which are s u c c e p t i b l e to a b s o r p t i o n by the pigments which 

l i e i n the l a y e r . From experiments i t can be a f f i r m e d t h a t l i g h t 

s t r i k i n g the body pe n e t r a t e s the e n t i r e s k i n , i n c l u d i n g the subcut­

aneous f a t . 

F i v e pigments and an a d d i t i o n a l o p t i c a l e f f e c t d e s i g n a t e d as 

s c a t t e r i n g a re f a c t o r s i n s k i n c o l o u r . These pigments are melanin, 

melanoid (a d e r i v a t i v e of m e l a n i n ) , Oxyhemoglobin, reduced homoglobin 

and carotene. The t u r b i d i t y of the deeper l a y e r s of the epidermis 

f u r n i s h e s the added e f f e c t of s c a t t e r i n g , i n f l u e n c i n g the c o l o u r . 

Granules of melanin are seen i n m i c r o s c o p i c s e c t i o n s of s k i n 

l o c a t e d i n the b a s a l l a y e r of the epidermis. I t i s formed by s p e c i a l ­

i z e d d e n d r i t i c c e l l s , the melanocytes, which o r i g i n a t e i n the n e u r a l 

c r e s t , near the embryonic nervous system, where they r e t a i n t h e i r 

n e u r a l morphology, as shown by t h e i r d e n d r i t i c p r o c e s s e s which are 

f i r m l y i n s e r t e d between the Malphigian c e l l s . The melanocytes make 
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g r a n u l e s of pigment about 0.5um (um= 1/1000 mm) i n diameter, and 
pass them i n t o epidermal c e l l s by way of t h e i r p r o c e s s e s . Some 
melanin may a l s o be found i n the dermis where i t i s massed i n the 
melanophone (Szabo 1975). I t i s confirmed t h a t Melanin has a pro­
nounced abs o r p t i o n at the v i o l e t end of the spectrum, but very 
l i t t l e a b s o r p t i o n a t the red end. On h i s t o l o g i c a l o b s e r v a t i o n , 
the v a r i a t i o n i n the amount of melanin i n the epidermis, i s r e ­
sp o n s i b l e for d i f f e r e n c e s i n r a c i a l c o l o n i z a t i o n . I n l i g h t skinned 
people, w i t h l i t t l e melanin, the col o u r depends c h i e f l y on the 
blood and v a r i e s according to the amount i n the v e s s e l s and the 
s t a t e of oxygenation of the haemoglobin. I n dark s k i n , the con­
t r i b u t i o n of the blood supply to c o l o u r i s masKea to a g r e a t e r UJT 
l e s s e r extent by melanin. 

I n regard to melanin's amount and d i s t r i b u t i o n , the normal 

d e p o s i t i o n of melanin i s governed by two sep e r a t e mechanisms and the 

r e s u l t i n g pigmentation i s of two types: the primary or n a t i v e p i g ­

mentation, where i t s d e p o s i t i o n i s c o n t r o l l e d by c o n s t i t u t i o n a l and 

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

blond whites and the darkness of the negro, and a l s o f o r r e g i o n a l 

c h a r a c t e r i s t i c s , e x e m p l i f i e d i n the m e l a n i z a t i o n of the e y e l i d s , 

n i p p l e and the scrotum. The second type of d e p o s i t i o n i s c h a r a c t e r ­

i z e d as acq u i r e d , here the melanin forms i n response to exposure to 

l i g h t and then d i s s a p p e a r s a f t e r the stimulus i s removed, and the 

formation depends upon the ease w i t h which l i g h t could p e n e t r a t e the 

epidermis, and a l s o on the inh e r e n t a b i l i t y of the i n d i v i d u a l to 

r e a c t to the light; s t i m u l u s ; so t h a t i n dark r a c e s , the primary mel­

a n i n l a y e r i s so heavy that i t needs strong exposure to cause s t i m u l i 



21 

for r e a c t i o n . Secondary pigmentation i s minimal i n very blond 
whites i n whom l i g h t p e n e t r a t e s w i t h ease, but the body's a b i l i t y to 
r e a c t i s minimal, w h i l e the b r u n e t t e i n whom a g a i n l i g h t p e n e t r a t e s 
e a s i l y , the r e a c t i o n i s s u f f i c i e n t to form secondary pigmentation. 
T h i s r e a c t i o n i s c a l l e d ' t a n n i n g 1 , due to an i n c r e a s e i n melanin. 
M e l a n i z a t i o n a l s o occurs i n the spotty form known as f r e c k l e . 
Women's s k i n i s g e n e r a l l y poorer i n melanin than i n men, and melanin 
i s the most c h a r a c t e r i s t i c pigment of the s k i n . 

The d i s i n t e g r a t i o n of melanin p a r t i c l e s g i v e s r i s e to a d i f ­

f e r e n t pigment i n the epidermis c a l l e d 'melanoid'. I t s a b s o r p t i o n 

slope resembles melanin, but w i t h i t s maximum s h i f t e d from the u l t r a ­

v i o l e t to the v i s i b l e v i o l e t . Due to i t s a b s o r p t i o n c h a r a c t e r i s t i c 

i t tends to make the s k i n a y e l l o w of higher pairity. The amount of 

melanoid depends upon the amount formed and st o r e d : the formation 

being r e l a t e d to the c o n c e n t r a t i o n of melanin i n the p a r t i c u l a r l o c ­

a l i t y and the storage r e l a t e d to the t h i c k n e s s of the epidermis. 

S i n c e melanoid i s found i n c e l l s d e r i v e d from melanin-bearing c e l l s 

and resembles melanin s p e c t r o p h o t o m e t r i c a l l y , i t i s regarded as a 

degradation product of melanin (Szabo 1975). 

Another f a c t o r c o n t r i b u t i n g to s k i n c o l o u r i s blood's most im­

portant pigment, haemoglobin, present as a mixture of oxy - and r e ­

duced haemoglobin. Each form shows c h a r a c t e r i s t i c a b s o r p t i o n bands 

and t r a n s m i s s i o n peaks. Melanin because of the ab s o r p t i o n a c r o s s the 

spectrum depresses the e n t i r e curve and tends to bl u n t the bands of 

oxy-haemoglobin. Both forms absorb l i g h t s t r o n g l y i n the 400 to 

500 mu range. Haemoglobin i s found i n the v e s s e l s of the dermis 

and subcutaneons t i s s u e . Although d i f f e r e n c e s i n v a s c u l a r supply 

a l t e r the haemoglobin's c o n t r i b u t i o n i n d i f f e r e n t i n d i v i d u a l s , i n 
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d i f f e r e n t s k i n a r e a of the same i n d i v i d u a l , and i n the same anatomical 

p o s i t i o n under d i f f e r e n t p h y s i o l o g i c a l c o n d i t i o n s , t h e r e appears to be 

no s i g n i f i c a n t d i f f e r e n c e s between r a c e s i n t h i s component and under 

c o n d i t i o n s of constant temperature and a c t i v i t y , the v a s c u l a r supply to such 

a r e a s as the medial aspect of the unexposed upper arm i s very constant 

( H a r r i s o n , 1957). The presence of oxy-haemoglobin bands i n c e r t a i n r e g i o n s 

are i n d i c a t i o n of a r i c h a r t e r i a l supply and a f a s t r a t e of blood flow 

c o n t r a r i w i s e the presence of reduced haemoglobin bands i n other regions 

i n d i c a t e a preponderantly venous v a s c u l a r bed i n the s k i n and a s l u g g i s h 

blood flow. 

Carotene i s found i n the stratum corneum of the epidermis, as w e l l as 

i n the f a t of the deicmiis and subcutaneous t i s s u e . I t i s found to be 

r e s p o n s i b l e f o r an a b s o r p t i o n band i n the biue_ r e g i o n of the s k i n spectrum 

at 482 mu. I t occurs e s p e c i a l l y i n p a r t s of the body where t h i s l a y e r i s 

r e l a t i v e l y t h i c k l i k e the palms and s o l e s , where the epidermal and c a p p i l a r y 

blood l a y e r s are both heavy. B o d i l y carotene i s d e r i v e d from i n g e s t e d food 

and v a r i a t i o n s i n d i e t a r y h a b i t s amy account f o r f l u c t u a t i o n s i n the carotene 

content of the s k i n . The Japanese have a very r i c h d i e t of carotene, so t h a t 

carotenemia i s q u i t e common i n them, w h i l e dark s k i n s have not shown any 

i n c r e a s e i n carotene. (Szabo, 1975). 

Sweat and sebum c o n t r i b u t e v e r y l i t t l e to the colour of s k i n , i n d i r e c t l y 

by c o l l e c t i n g dust or other extraneous m a t e r i a l from the atmosphere and by 

d e p o s i t i o n on the s k i n , which may e f f e c t a t r a n s i e n t m o d i f i c a t i o n of s k i n 

c o l o u r . 

Both l a y e r s of the epidermis, e s p e c i a l l y the mucosum e x h i b i t s the 

phenomenon of s c a t t e r i n g ; t h i s s c a t t e r i n g tends to r a i s e the blue end of the 

r e f l e c t e d spectrum. S c a t t e r i n g c o n s i s t s of the rearrangement of l i g h t as 

i t p asses through a t u r b i d medium, and c o n t a i n s correspondingly of s h o r t e r 

wavelengths. Since the whole epidermis and e s p e c i a l l y the stratum mucosum 
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v a r i e s c o n s i d e r a b l y i n t h i c k n e s s i n d i f f e r e n t p a r t s of the body, the degree 

of s c a t t e r i n g l i k e w i s e v a r i e s . P r a c t i c a l l y , r e g i o n a l v a r i a t i o n s of s c a t t e r i n g 

a r e not w e l l - a p p r e c i a t e d by spectrophotometry, s i n c e the s i z e induced by 

s c a t t e r i n g i s o f f s e t by the a b s o r p t i o n of the melanoid, which i s always 

l a r g e r i n amount i n a t h i c k mucosum. (Szabo, 1975). The presence of 

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

the underlaying t i s s u e and when melanin i s reduced or absent, i t may play 

the r o l e of defence and p r o t e c t i o n . 

I t has been shown ( H a r r i s o n and Owen 1956) t h a t i n v i t r o , the melanin con­

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

v a l u e . At shofct wavelength and hign c o n c e n t r a t i o n of melanin, the r e l a t i o n ­

s h i p tends to be d i s t u r b e d , but a t long wavelengths, l i n e a r i t y i s evident 

over a c o n s i d e r a b l e range of c o n c e n t r a t i o n . I t has f u r t h e r been found t h a t 

the e f f e c t of s c a t t e r i n g of l i g h t by the s k i n does not profoundly e f f e c t t h i s 

r e l a t i o n s h i p . The measurement of the r e f l e c t a n c e of red l i g h t provides the 

most r e l i a b l e method for d e t e c t i n g the melanin c o n c e n t r a t i o n i n s k i n . 

( H a r r i s o n 1957). 

U n t i l r e c e n t l y melanin was c o n s i d e r e d a c h e m i c a l l y i n e r t pigment w i t h 

the s o l e f u n c t i o n of pigmentation. From s t u d i e s i t was demonstrated that 

the c i r c u l a t i o n of melanin i n normal hyperpigmented man, the s t a b l e f r e e 

r a d i c a l property of melanin a l l o w s to form charge t r a n s f e r complexes with 

c e r t a i n pharmacological agents, e.g. phenothiazine. Melanin a l s o i n f l u e n c e s 

b i o c h e m i c a l r e a c t i o n s which may be of s i g n i f i c a n c e i n the a e t i o p a t h o g e n e s i s 

of c e r t a i n d i s e a s e s and c l i n i c a l matters. (Wasserman, 1968). 

ENVIRONMENTAL CORRELATIONS 

Of p a r t i c u l a r importance to human l i f e i s the environmental s o l a r 

r a d i a t i o n , i n the u l t r a - v i o l e t range, the r a d i o a c t i v i t y i n the form of 

cosmic r a y s and the emission of r a d i o a c t i v e elements i n the e a r t h ' s outer 

l a y e r and i n the a i r to which man has had a long g e o l o g i c a l p e r i o d i n which 
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to develop adequate adjustments. The world d i s t r i b u t i o n of u l t r a - v i o l e t 

r a d i a t i o n i s not known e x a c t l y , but a strong l a t i t u d i n a l e f f e c t can be 

assumed. Absorption by ozone which excludes n e a r l y a l l wavelengths 

s h o r t e r than 0.285 um, e x p l a i n s most of the v a r i a t i o n of u l t r a - v i o l e t 

l i g h t w i t h season, time of the day, and l a t i t u d e . Although a b s o r p t i o n 

by ozone w i l l mean t h a t l i t t l e u l t r a - v i o l e t l i g h t i s r e c e i v e d d i r e c t l y 

f r om t h e s u a , when i t i s more t h a n 4 5 ° from z e n i t h , t h e r e i s s t i l l a high 

p r o p o r t i o n of erychemal r a d i a t i o n coming by r e f l e c t i o n from the sky. 

Shorter wavelengths a r e s c a t t e r e d much more by gas molecules of the 

atmosphere than a r e the longer o n e s , so sky r a d i a t i o n i s r i c h e r i n u l t r a ­

v i o l e t than i n che v i s i b l e r a d i a L . . o n , ( H a r r i s o n e t a l . , 1977). 

S o l a r r a d i a t i o n has always c o n s t i t u t e d a ubiquitous and e s s e n t i a l 

component, o f man's environment, a c t i n g d i r e c t l y on man and a l t e r i n g h i s 

chemical composition. The d i r e c t e f f e c t of l i g h t can be d e f i n e d as chemical 

changes i n the t i s s u e c o n s t i t u e n t s , r e s u l t i n g from the a b s o r p t i o n of l i g h t 

energy i n the t i s s u e . The molecule t h a t absorbs the photons may or may not 

be photo-chemically transformed i n the process and more commonly i t i s not 

and the p h o t i c energy i s d i s s i p a t e d as heat. Moreover l i g h t can cause 

chemical changes through the process of p h o t o s e n t i z a t i o n i n molecules 

other than those a c t u a l l y absorbing p h o t i c energy ( C a r d i n a l ! and Wartman, 

1975). Much of the r a d i a t i o n r e a c h i n g the s u r f a c e of the body does not 

pe n e t r a t e t o the deeper melanin c o n t a i n i n g l a y e r s . I t i s s c a t t e r e d , r e f l e c ­

ted and absorbed i n the horny l a y e r s of the s k i n ; however, some r a d i a t i o n 

reaches the deeper l a y e r s . Sheets of the stratum corneum from A f r i c a n 

and Europeans i n N i g e r i a having s i m i l a r t h i c k n e s s and exposed to u l t r a ­

v i o l e t r a d i a t i o n , r e s u l t e d i n the European specimen showing probounced 

p e n e t r a t i o n and much l e s s i n the A f r i c a n s k i n . Comparing darker Europeans 

w i t h f a i r e r ones, i t was found (Thomson, 1955) t h a t the l a t t e r absorbed 

more r a d i a n t energy i n the dermis, w h i l e the former absorbed the g r e a t e r 

part i n the b a s a l l a y e r . On s t u d i e s w i t h u l t r a - v i o l e t therapy shows that 
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a c t i v e r a y s do penetrate so deep to a f f e c t a t l e a s t the s u p e r f i c i a l 

c a p i l l a r y c i r c u l a t i o n or 1.0 s t i m u l a t e the nerve ending. (Roberts, 1977). 

S o l a r r a d i a t i o n v a r i e s enormously according to the r e g i o n and time 

and atmospheric c o n d i t i o n . The e f f e c t i v e load of s o l a r r a d i a t i o n i s 

determined by d i r e c t u l t r a - v i o l e t , v i s i b l e and i n f r a - r e d r a d i a t i o n , 

from the sun, and by the amount of energy d i f f u s e d and r e f l e c t e d from 

c l o u d s , c r e e s e t c . Other environmental v a r i a b l e s are a l s o c o r r e l a t e d 

w i t h s k i n colour. Recent s t u d i e s by Roberts and Kahlon (1976) using 

r e f l e c t a n c e data have shown that among a number of environmental v a r i a b l e s 

t h e r e i s a dominating a s s o c i a t i o n of pigmentation w i t h l a t i t u d e , and on 

a world-wide b a s i s the r e l a t i o n s h i p of mean pigmentation w i t h e n v i r o n -

uid.iLo.1 v a i i a ' u l c i s i G L I I & J . fi&u x y c i u a e . i n e i r r e g r e s s i o n equation or i n n e r 

upper arm. r e f l e c t a n c e on the main environmental v a r i a b l e s , which demon­

s t r a t e s the dominating i n f l u e n c e of l a t i t u d e and the combination of 

temperature, humidity and a l t i t u d e , can be used to p r e d i c t s k i n r e f l e c t a n c e s 

f o r populations i n regions where the v a l u e of the a p p r o p r i a t e environmental 

v a r i a b l e s are known. Such a s s o c i a t i o n e x i s t s f o r both long and s h o r t 

wavelengths. A s s o c i a t i o n with l a t i t u d e predominates a t a l l wavelengths, 

which accounts for a very great p roportion of the t o t a l v a r i a n c e observed 

i n the r e f l e c t a n c e means observed i n the human populations. Of the 

environmental v a r i a b l e a s s o c i a t e d w i t h l a t i t u d e , the amount of u l t r a ­

v i o l e t r a d i a t i o n r e c e i v e d at the e a r t h ' s s u r f a c e v a r i e s i n v e r s e l y w i t h 

l a t i t u d e j t h e e f f e e t of both at a g i v e n l o c a l i t y i s modified by other 

v a r i a b l e s . 

These f i n d i n g s support the theory that g e o g r a p h i c a l v a r i a t i o n s i n the 

i n t e n s i t y of melanin i s c l o s e l y r e l a t e d to the i n t e n s i t y of u l t r a - v i o l e t 

although s k i n colour should be regarded as a complex of e n t i t i e s of 

d i f f e r e n t s e l e c t i v e v a l u e r a t h e r than a s i n g l e e n t i t y . The Sudanese 

r e g i o n of A f r i c a are exposed to the most i n t e n s e s o l a r r a d i a t i o n and 

have the h e a v i e s t pigmentation and the i n h a b i t a n t s of the hot d e s e r t s of 
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the New World are recent immigrants who have not y e t been a d j u s t e d . The 
clouded western seaboards of the c o n t i n e n t i n temperate l a t i t u d e have the 
l e a s t s u n l i g h t ; i n the A r c t i c , the open d u s t - f r e e s k i e s of summer and 
r e f l e c t i o n from the snow and i c e expose the i n d i v i d u a l to strong u l t r a ­
v i o l e t r a d i a t i o n and the A r c t i c p e o p l e tend to be darker than temperate 
ones. 

IMiERl.TA.is." . AI'vi, GEN7IVICS 

Genes with a cumulative s f ' f e c r a r i v e r y important i n understanding 

the determination of c h a r a c t e r s I - A C s k i n c o l o u r , which vary both i n 

f a m i l i e s and i n populations, where ..it>._rete c l a s s e s of i n d i v i d u a l s can be 

recognised. S k i n colour i s a continuous, graaea ana m t e r m e a i a t e t r a i t , 

and i t s q u a n t i t a t i v e measurement confirms more or l e s s to the 'Caussian' 

curve. I n such t r a i t s some, kind of blending i n h e r i t a n c e i s i n v o l v e d . 

I t caii be shown that i f a c h a r a c t e r i s determined by a l a r g e number of genes 

a c t i n g together, i t would d i s p l a y the continuous v a r i a t i o n that i s observed 

and the d i s t r i b u t i o n of the v a r i a t i o n of the measurement would be symmetrical 

w i t h the i n t e r m e d i a t e phen.o-types more common that the extremes pheno-types. 

I t i s apparent that as the number oi geres r e s p o n s i b l e f o r a p a r t i c u l a r 

v a r i a t i o n i n c r e a s e s , i t becomes correspondingly d i f f i c u l t to r e c o g n i s e 

d i s t i n c t c l a s s e s , and when l a r g e numbers of genes a r e i n v o l v e d , the frequency 

d i s t r i b u t i o n would be continuous. S k i n colour i s c o n t r o l l e d by polygenes 

whose i n d i v i d u a l e f f e c t s are s m a l l , but a c t c u m u l a t i v e l y i n the determination 

of a s i n g l e c h a r a c t e r , and the i n h e r i t a n c e of such c h a r a c t e r s are p o l y g e n i c 

and m u l t i f a c t o r i a l . 

C o n sidering the polygenic c h a r a c t e r of pigmentary v a r i a t i o n w i t h i n a 

population, a polygenic hypothesis appears reasonable. S k i n c o l o u r being 

a continuously v a r y i n g c h a r a c t e r w i t h no c l e a r l y defined phenotype c l a s s e s , 

n e c e s s i t a t e s the theory t h a t more than one gene p a i r must be i n v o l v e d , and 

for the g e n e t i c b a s i s of d i f f e r e n c e s between popul a t i o n s , s t u d i e s of h y b r i d 

http://IMiERl.TA.is
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populations a r e n e c e s s a r y . R e f l e c t o m e t r i c s t u d i e s on matings between 

A f r i c a n and Europeans confirm che im p r e s s i o n t h a t c l e a r s e g r e g a t i o n does 

not g e n e r a l l y occur. 

The average measurements of melanin pigmentation i n the h y b r i d s 

( m u l a t t o e s ) , between A f r i c a n and European p a r e n t s , are c l o s e no the mid 

v a l u e between the p a r e n t a l means, i n d i c a t i n g no dominance of the gene 

in v o l v e d , and the same i s true of s a c k - c r o s s e s between mulattoes and the 

members of the p a r e n t a l populations. I t has been claimed ( H a r r i s o n 

et a l . , 1977) that s k i n colour d i i n'ercaices i n the progeny of matings 

between A u s t r a l i a n A b o r i g i n e s avu". Europeans can be a t t r i b u t e d to s e g r e g a t i o n 

fo r a few genes only. There i s r.c evidence for r e c e s s i v e genes w i t h a 

major darkening e f f e c t on pigmentation, and i f the normal range i s due to 

a number of genes w i t h simple a d d i t i v e e f f e c t s , c a s e s would be expected 

i n which a c h i l d was somewhat darker than e i t h e r parent, but the d i f f e r e n c e s 

would be s l i g h t . 

The g e n e r a l opinion of g e n e t i c i s t s and a n t h r o p o l o g i s t s i s t h a t pigmen­

t a t i o n i s due to a number of genes that have an a d d i t i v e e f f e c t . R e s p o n s i b l e 

genes a r e a d d i t i v e on average i n t h e i r e f f e c t s i n h y b r i d s , when p a r e n t a l 

populations are not t r u e breeding and have heterogeneous o r i g i n . (Edwards 

and Duntley, 1939). Davenport and D a n i e l s o n ( 1 9 1 3 ) , who made a s y s t e m a t i c 

study on the West I n d i e s coloured population, using the Bradley Colour Top, 

p o s t u l a t e d from t h e i r o b s e r v a t i o n s on h y b r i d f a m i l i e s , a two gene p a i r -

system, i n which the whites were s s t u and Negroes were SSTT, and the genes 

r e s p o n s i b l e tor i n c r e a s e d pigmentation had equal and a d d i t i v e e f f e c t s . 

Barnes (1929) r e a n a l y s e d Davenport and Danielson's data and concluded that 

although there was l i t t l e evidence for a s l i g h t degree of dominance, no 

simple g e n e t i c model could be f i t t e d to the data. 

Opinions d i f f e r as to the most probable number of gene p a i r s i n v o l v e d . 

The r e s u l t s of the h y b r i d s agree w i t h the h y p o t h e s i s that there might be 

four genes r e s p o n s i b l e i n determining s k i n c o l o u r , and each of these four 



genes may be r e s p o n s i b l e for about % of the s k i n c o l o u r d i f f e r e n c e s between 

b l a c k and white and the f i n a l d i f f e r e n c e i s the outcome of the cumulative 

a c t i o n . ( P o i r i e r J.977). 

S t e r n (1953) has attempted to d i s c o v e r the number of l o c i i n v o l v e d 

i n pigmentation i n h y b r i d populations (Negroes and Europeans) by comparing 

the observed frequency d i s t r i b u t i o n of s k i n c o l o u r i n American negroes w i t h 

model d i s t r i b u t i o n s c a l c u l a t e d for d i f f e r e n t numbers of gene p a i r s , and has 

c a l c u l a t e d about three or four gene p a i r s i n v o l v e d i n determining most of 

the d i f f e r e n c e s i n s k i n colour. 

The f a c t that q u a n t i t a t i v e l y v a r y i n g c h a r a c t e r s depend upon many l o c i , 

n e c e s s a r i l y i n t r o d u c e s the complicacion than a t some l o c i , t here may be 

dominance, at othe r s p a r t i a l dominance, and yet a t othe r s no dominance a t a l l . 

I t i s i n terms of o v e r a l l dominance e f f e c t and a l s o that there would be 

l i n k a g e between the polygenes and p o s s i b l y n o n-additiveness of e f f e c t due 

to l o c u s i n t e r a c t i o n which cannot be s e a l e d away. (Gardner, 1968), 

K a l l a ' s work (1969) supports the view t h a t f i v e gene p a i r s are most 

probably r e s p o n s i b l e f o r che i n h e r i t a n c e and the v a r i a t i o n of human s k i n 

c o l o u r and t h e s e f i v e genes and t h e i r r e s p e c t i v e a l l e l e s are capable, of 

independent assortment, and a l s o that the genes are cumulative i n nature, 

thereby c a u s i n g an a d d i t i v e phenotypic e f f e c t which accounts f o r the 

r e s p e c t i v e r e f l e c t a n c e v a l u e of 685 mu of the d i f f e r e n t phenotypes. 

H a r r i s o n and Owen (1956) have found t h a t the v a r i a t i o n i n s k i n colour i n 

the whites i s very much s m a l l e r than i n the negroes, due to the f a c t t h a t 

the white might have come from a very r e s t r i c t e d l o c a l i t y , w h i l e the negroe 

sample i n c l u d e r e p r e s e n t a t i v e s from a l l over West A f r i c a . The high v a r i a ­

b i l i t y of the t o t a l f i r s t g e n e r a t i o n h y b r i d sample suggests such an explana­

t i o n . 

Chi-square v a l u e s have been c a l c u l a t e d between expected and observed 

f r e q u e n c i e s of phenotypes i n d i f f e r e n t mating types from each of the thr e e 

assumed h y p o t h e s i s , assuming three, four or f i v e gene p a i r s r e s p e c t i v e l y . 
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From these Chi-square t e s t s i t i s evident t h a t a g e n e r a l agreement between 
the expected and the observed f r e q u e n c i e s of the d i f f e r e n t phenotypes i n 
r e s p e c t i v e matings have been reached only when f i v e gene p a i r s are h e l d 
r e s p o n s i b l e f o r the i n h e r i t a n c e of s k i n colour ( K a l l a , 1969). 

I t has been shown that s c a l e s can be c o n s t r u c t e d f o r E.E.L. r e f l e c t a n c e 

spectrophotometer measurements on which the genes fo r a t l e a s t the d i f f e r e n c e 

between A f r i c a n s and Europeans are a d d i t i v e and on which there i s l i t t l e or no 

i n t e r a c t i o n between the component and che marked e f f e c t t h a t the environment 

may produce ( H a r r i s o n and Owen, 1964). T h i s means that s k i n colour can now 

not only be used as a measure of the a f f i n i t y between popula t i o n s , but can only 

be s u b j e c t e d to the formal a n a l y s e s of q u a n t i t a t i v e v a r i a t i o n and used f o r 

measuring problems i n population g e n e t i c s , such as the r e l a t i v e c o n t r i b u t i o n 

of p a r e n t a l r a c e s to a h y b r i d population ( H a r r i s o n et a l , 1963). 

There i s a fundamental g e n e t i c b a s i s of s k i n colour d i f f e r e n c e , both 

w i t h i n and between r a c e s . There are some i n d i v i d u a l major genes which seg­

r e g a t e i n Mendelian f a s h i o n , a f f e c t i n g s k i n c o l o u r . F o r example, Phenylke­

t o n u r i a , show l i g h t e r pigmentation, being a r e c e s s i v e c o n d i t i o n ( R o b e r t s , 

1977). The study of melanin s y n t h e s i s from p h e n y l a l a n i n e and T y r o s i n e has 

provided a biochemical b a s i s for g e n e t i c a b n o r m a l i t i e s such as a l b i n i s m , 

phenylketonuria and a l k a p t o n u r i a , but has not e l u c i d a t e d the g e n e t i c s of 

normal s k i n pigmentation; 

I n t e r e s t i n g i n d i r e c t supporting evidence as the number of genes i n v o l v e d 

i n population d i f f e r e n c e s comes from s t u d i e s by L i v i n g s t o n e (1969, 1972). 

He f i n d s t h a t w i t h four l o c i , the e v o l u t i o n of the range of human s k i n 

colour d i f f e r e n c e s would take about 800 g e n e r a t i o n s w i t h no dominance, even 

w i t h s l i g h t d i f f e r e n c e s i n f i t n e s s (67» maximum) and m i g r a t i o n between pop­

u l a t i o n s . I n h i s subsequent model he a l s o took i n t o account the e f f e c t s of 

p o p u l a t i o n s i z e , g e n e t i c d r i f t and a l l e l e f i x a t i o n . T h i s work shows t h a t 

observed d i f f e r e n c e s are not incompatible w i t h reasonable e s t i m a t e s of s e l -
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e c t i o n i n man and d u r a t i o n of modern human e v o l u t i o n . 

PHYSIOLOGICAL ADAPTATIONS 

Many hypotheses have been put forward as causes for pigmentary 

v a r i a t i o n s and d i s t r i b u t i o n , U l t r a - v i o l e t r a d i a t i o n depending i n the 

L o c a l i t y has i t s own b e n e f i c i a l and disadvantageous e f f e c t s . N a t u r a l sun­

l i g h t a c t i n g d i r e c t l y on the c e l l s of the s k i n of the subcutaneous t i s s u e s 

produces both p r o t e c t i v e and p a t h o l o g i c a l responses. Of i t s p r o t e c t i v e r e ­

sponses i s i n c r e a s e i n the s y n t h e s i s of malanin-pigments by epidermal mel-

onocytes and an a c c e l e r a t i o n of c e l l - d i v i s i o n l e a d i n g to t h i c k e n i n g of the 

u l t r a - v i o l e t absorbing l a y e r s , i t a l s o i n i t i a t e s photo-chemical and photo-

s e n s i t i z a t i v e r e a c t i o n s a f f e c t i n g components i n the e x t r a - c e i i u i a r l i u i a , 

i n c l u d i n g the c i r c u l a t i n g blood, and the photo a c t i v a t i o n of v i t a m i n D. 

One h y p o t h e s i s proposed by Loomis (1967,8) as a p h y s i o l o g i c a l p r o t e c t i v e 

response to the u l t r a - v i o l e t r a d i a t i o n i s the v i t a m i n D h y p o t h e s i s . Mammals 

r e q u i r e v i t a m i n D f o r c a l c i f i c a t i o n and bone growth, and v i t a m i n D3 or c h o l e -

c a l c i f e r o l i s formed and s y n t h e s i z e d from c e r t a i n s t e r o i d s i n the deeper 

l a y e r s of the s k i n and the subcutaneous t i s s u e s , when u l t r a - v i o l e t l i g h t i s 

absorbed by i t s provatimin, 7 d e h y d r o c h o l e s t r o l . Recent s t u d i e s by De L u c a and 

o t h e r s have shown t h a t v i t a m i n D components are f u r t h e r transformed by the 

l i v e r and kidneys to the more a c t i v e m e t a b o l i t e s , a c t i n g on the i n t e s t i n a l 

mucosa to f a c i l i t a t e c a l c i u m absorption, and on the bone to f a c i l i t a t e c a l ­

cium exchange. 

L i g h t s k i n r e p r e s e n t s an a d a p t a t i o n to low l e v e l of u l t r a - v i o l e t r a d ­

i a t i o n , where decreased melanin i s n e c e s s a r y for maximal usage of u l t r a ­

v i o l e t r a d i a t i o n i n s y n t h e s i z i n g v i t a m i n D. Such s k i n i s adaptive i n n orth­

e r n l a t i t u d e s where s u n l i g h t i s minimal. Vitamin D d e f i c i e n c y can r e s u l t 

i n r i c k e t s and s c o l i o s i s (abnormal s p i n a l c u r v a t u r e ) , among other d e f e c t s , 
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which could i n t e r f e r e with the b i r t h p r o c e s s . C h i l d r e n who have been 

c h r o n i c a l l y exposed to inadequate amount of s u n l i g h t develop r i c k e t s , a 

deforming d i s e a s e c h a r a c t e r i z e d by u n d e r m i n e r a l i z a t i o n of the bones. The 

d i s e a s e can be cured by i r r a d i a t i n g the s k i n w i t h u l t r a l i g h t and by feed­

ing the a f f l i c t e d w i t h v i t a m i n D d a i l y . L i g h t l y pigmented i n d i v i d u a l s a r e 

at an advantage i n low l i g h t regions and l i t t l e melanin a l l o w s i n c r e a s e d 

a b i l i t y to absorb s u f f i c i e n t l i g h t . I n high l a t i t u d e , the amount of u l t r a ­

v i o l e t l i g h t that p e n e t r a t e s to the app r o p r i a t e s k i n l a y e r s i s not s u f f ­

i c i e n t to produce enough v i t a m i n D, i f the s k i n i s too h i g h l y pigmented, 

t h i s i s because the u l t r a - v i o l e t l i g h t i s absorbed by the pigment i n the 

s k i n before i t could promote the s y n t h e s i s of the v i t a m i n . T h e r e f o r e n a t u r a l 

s e l e c t i o n has a c t e d i n favour of l i g h t pigmentation i n high l a t i t u d e s and 

c o n t r a r i w i s e , darker pigmentation i n the t r o p i c a l and low l a t i t u d e . I t 

seems l o g i c a l t h a t such p h y s i o l o g i c a l metabolism a r e adaptive and s e l e c t e d 

for i n the v a r i o u s environments. 

I n g e n e r a l w h i l e a v i t a m i n D d e f i c i e n c y i s harmful, too much of i t 

( h y p e r v i t a m i n o s i s D) would a l s o r e s u l t i n f a i l u r e of bone c a l c i f i c a t i o n and 

p a t h o l o g i c a l c a l c i f i c a t i o n , and w h i l e the dark s k i n r e f l e c t s some of the 

r a d i a t i o n , the l i g h t s k i n would s u f f e r from d e r m a t o l o g i c a l d i s e a s e . 

There a r e indeed exceptions to such a h y p o t h e s i s . The Eskimos and the 

Lapps have r e l a t i v e l y dark s k i n , although they l i v e a t extremely high l a t = 

i t u d e s , but they have d i e t s very r i c h i n n a t u r a l v i t a m i n D, and consequently 

have much l e s s need to produce the v i t a m i n w i t h the help of the sun. 

(Bodmer, C a v a l l i and S f o r z a , 1 9 7 6 ) . 

There i s i m p l i c a t i o n t h a t s e l e c t i o n for depigmentation has been strong 

from recent g e n e t i c s t u d i e s of o v e r a l l dominance of the genes from the white 

parent over those from the b l a c k parent. T h e r e f o r e , i n c r e a s e i n a r e a s of 

minimal sunshine where d i e t a r y v i t a m i n D i s low, and i n c r e a s e a c c e s s of 
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these r a y s to the deeper Layers would be s e l e c t i v e l y advantageous ( R o b e r t s , 

77). 

Another h y p o t h e s i s i s proposed by F l e u r e (1945) t h a t when concerning the 

brown g r a n u l e s , the kidneys seem to be l e s s e f f i c i e n t i n hot c l i m a t e s and 

more of the work of the e x c r e t i o n may be done by the s k i n though d e p o s i t i o n 

of brown gr a n u l e s . That e x c r e t i o n may a l s o be helped by e x t r u s i o n of sweat, 

s i n c e i n c r e a s e i n the s i z e and f u n c t i o n i n g of the sweat glands and expansion 

of the blood c a p i l l a r i e s of the s k i n may be v a l u a b l e i n reducing s u r p l u s 

i n t e r n a l heat of the body r a d i a t i o n and evap o r a t i o n . D i s p e r s i o n of i n t e r n a l 

heat i s a f u n c t i o n needing every a s s i s t a n c e i n environments i n which temp-

c L ' i i u U i ' w f r e q u e n t l y cbeve the ?8.6^F . Ir. ths 0"jir-°2 °. ? t o f if-ri^a 

brown pigment hel p s to reduce p e n e t r a t i o n of the heat and the people have 

c o n s i d e r a b l e development of c a p i l l a r y blood v e s s e l s of s k i n as w e l l as l a r g e 

sweat glands, both v a l u a b l e c o o l i n g agencies i n the moist hot c l i m a t e . 

Thermoregulation i s a l s o proposed as a p o s s i b l e p h y s i o l o g i c a l adapt­

a t i o n . Dark s k i n r e f l e c t s c o n s i d e r a b l y l e s s l i g h t energy and absorbs more 

the s o l a r energy. Almost h a l f of the energy of the sunlight; that reaches the 

s u r f a c e of the e a r t h l i e s i n the v i s i b l e wavelength and i t i s t h i s part of 

the s o l a r r a d i a t i o n t h a t i s absorbed i n g r e a t e r amounts by dark s k i n . 

( P o i r i e r 1977). B l a c k s k i n absorbs 80% or more of i n c i d e n t v i s i b l e l i g h t 

w h i l e l i g h t s k i n only about 60% or l e s s . About 95% of the i n f r a r e d p a r t of 

the r a d i a t i o n r e s p o n s i b l e f o r thermal e f f e c t i s absorbed by a depth of 2mm 

of s k i n s u r f a c e , and 997c of i t by a depth of 3mm, thus suggesting t h a t the 

d i f f e r e n t i a t e d response of heat load from s o l a r energy r e s i d e s i n the p i g ­

mented par t of the epidermis, (Hardy and Muschenheim, 1936). I t becomes 

evident that dark s k i n must experience an i n c r e a s e heat i n t a k e for t h i s 

reason. The e x t r a load on the tem p e r a t u r e - r e g u l a t i n g mechanism even i n 

strong s u n l i g h t i s probably s m a l l , but i t might be a s i g n i f i c a n t disadvantage, 

when the s u b j e c t i s near to l i m i t s of t o l e r a n c e , but i t i s suggested t h a t the 
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h e a t - l o a d problem does not seem to be the main s e l e c t i v e f o r c e i n v o l v e d i n 
the emphasis on pigmentary d i s t r i b u t i o n . ( P o i t i e r 1977) 

I t has been suggested that the melanin of the Negro, because i t b r i n g s 

about g r e a t e r l o c a l h e a t i n g of the s k i n , l e a d s to a more profuse sweating 

and t h a t t h i s i s of advantage i n the t r o p i c s . Thomson (1951) has shown 

tha t sunburn tends to reduce sweating i n white s k i n to a g r e a t e r degree 

than i n negro s k i n , and t h i s mighc co n c e i v a b l y g i v e the Negroes a c e r t a i n 

advantage i n t h i s regard. Blume (1961) argues t h a t w h i l e profuse sweating 

may confer a somewhat g r e a t e r degree of comfort under c o n d i t i o n s where 

water i s r a p i d l y evaporated, i t could only i n c r e a s e the water l o s s and t h a t 

t h i s i s q u i t e disadvantageous wirr.' regard to s u r v i v a l s On the s e l e c t i v e 

advantage of deeper pigmentation i n a s s o c i a t i o n w i t h thermo-regulation i s 

i t s l e s s s u c c e p t i b i l i t y to sunburn damage, which could damage the sweat 

glands and d i s t u r b them f u n c t i o n i n g and hence heat r e g u l a t i o n , t h e r e f o r e 

e f f i c i e n t sweating i s a c r i t i c a l f a c t o r f o r dark s k i n . Dr Roberts (1977) 

a l s o suggests t h a t a c c i i m i t i z a t i o n to heat as a component of adaptive r o l e of 

melanin a g a i n s t s o l a r r a d i a t i o n appears reasonable and that deeper pigment­

a t i o n t r i g g e r s e a r l i e r a c t i v a t i o n of heat l o s s mechanisms, such as sweating, 

or perhaps the heat load i s i n s u f f i c i e n t f o r the disadvantages to operate. 

Another p o s s i b i l i t y i s t h a t pigmented s k i n may a c t as a more e f f i c i e n t d i s s -

i p a t o r of the s o l a r heat load by r a d i a t i o n ( H a r r i s o n 1961). 

I t seems, t h e r e f o r e , that melanin not only bestows on deeply p i g ­

mented s k i n the p o t e n t i a l s e l e c t i v e advantage of p r o t e c t i o n a g a i n s t c a r ­

c i n o g e n i c e f f e c t of u l t r a - v i o l e t r a y s , i t a l s o safeguards a g a i n s t i n t e r -

thermo r e g u l a t i v e a c t i v i t e s . The evidence f o r such a hypotheses i s con­

f l i c t i n g , and s e v e r a l s t u d i e s suggest small d i f f e r e n c e s of about 2 to 3%, 

i n the e m i s s i v i t y c o e f f i c i e n t s of b l a c k and white s k i n between 5000nm and 

8000nm; but even a s m a l l p h y s i c a l e f f e c t of t h i s magnitude may be s i g n i f ­

i c a n t from the point of view of a d a p t a t i o n or s u r v i v a l (Roberts 1977). 
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Wasserman (1965) argues that the main s e l e c t i v e f a c t o r i n the e v o l u t i o n 

of darker pigmentation i n the t r o p i c s i s d i s e a s e and not c l i m a t i c f a c t o r s . 

H i s argument i s based on the primary need f o r s u r v i v a l f o r t r o p i c a l people, 

being p r o t e c t i o n a g a i n s t many i n f e c t i o u s and p a r a s i t i c d i s e a s e s , and t h a t 

the dark s k i n i s a by-product of s u c c e s s f u l a d a p t a t i o n of a more e f f i c i e n t 

r e t i c u l e o n d o t h e l i a l system. Dr. Roberts c o n s i d e r s t h i s hypotheses i n ­

adequate i n e x p l a i n i n g the l i g h t e r pigmentation of the w h i t e r s k i n a p a r t 

from i t i g n o r i n g other adaptive v a l u e s of raalanin. 

The u l t r a - v i o l e t part of the spectrum i n g r e a t e r doses promotes i n j u r y 

i n the form of sunburn and c a r c i n o g e n e s i s . The c a r c i n o g e n i c wavelength 

l i c o L c w w c i . : 2527 ar.d 33-; 1 A, _*_ = Ar_2-trcrr., (™=™<=i^noi-hs a r s p.mnmonlv 

expressed i n e i t h e r Angstrom u n i t s , (A U or A ) ; m i l l i - m i c r o n s (mu); or 

microns ( u ) . 

4Q00 A.U = 400mu = 0.4u = 4 x 10 - 5cm> 

w h i l e erythema (redenning) i s induced i n c r e a s i n g l y r a p i d l y a t wavelength 

l e s s t h a t 3200, reaching a maximum of 2800 A. M i d - u l t r a v i o l e t erythermal 

r a d i a t i o n (290 - 320nm) causes sunburn to appear w i t h i n s e v e r a l hours of 

exposure. The inflammatory r e a c t i o n r e s u l t s from the r e l e a s e of v a s o c a t i v e 

substances from damaged epidermal c e l l s . These substances presumably d i f ­

f u s e i n t o the dermis where they damage the c a p i l l a r i e s ( d i l a t i n g the sm a l l 

blood v e s s e l s ) , c a u s i n g erythema, heat and s w e l l i n g (Robert 1977). Chronic 

exposure to the sun f o r long d u r a t i o n can cause permanent changes i n s k i n 

s t r u c t u r e i n the epidermis. These changes i n c l u d e s k i n atrophy, the form­

a t i o n of k e r a t i n plaques and the appearance of squamous . c e l l carcinoma, i n 

s u c c e p t i b l e i n d i v i d u a l s ; Dermal changes i n c l u d e the d i s i n t e r g r a t i o n of 

c o l l a g e n and e l a t i s f i b r e s . ( C a r d i n a l ! and W-irtman, 1975). 

From such damages, adaptations occur i n t h a t as the erythermal t h r e s h -

h o l d i s r a i s e d , sunburn subsides and suntan develops. The p r o t e c t i v e e f f e c t 

which develops i n v o l v e s two p r o c e s s e s , the t h i c k e n i n g of the stratum corneum, 
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and m e l a n i z a t i o n . The decrease i n epidermal p e n e t r a t i o n to s o l a r r a d ­

i a t i o n brought about by c o r n e a l t h i c k e n i n g i s demonstrable i n u t i l i g i n -

ous and i n a l b i n o s k i n , who do not tan, but i n c r e a s e t h e i r erythermal 

t h r e s h h o l d . Damage to the s k i n a l s o i n v o l v e s the sweat glands and during 

the erythematic p e r i o d an i n d i v i d u a l ' s heat r e g u l a t i n g a b i l i t y i s d i s ­

turbed. 

I n g eneral pigmented s k i n i s iramune to such dermal and c e l l u l a r dam­

ages. I n many regions such as A f r i c a , A u s t r a l i a and p a r t s of the Southern 

U.S„A., the i n c i d e n c e of cancer or the s k i n ( e p i t h e l o m i a ) of p a r t s of the 

body h a b i t u a l l y exposed, i s c o n s i d e r a b l y higher i n l i g h t - s k i n n e d people, 

than the pigmented i n h a b i t a n t s of the r e g i o n s , providing s e l e c t i v e v a l u e s 

f o r pigmented i n d i v i d u a l s . 

I n the white population, cutaneous cancer ( b a s a l c e l l and squan-

omous c e l l c a n c e r ) pre-dominates on the face and p r i n c i p l e exposed 

s i t e s , and the i n c i d e n c e i s g r e a t e s t i n regions of high i n t e n s i t y sun­

l i g h t , and i t s i n c i d e n c e decreases w i t h i n c r e a s i n g l a t i t u d e . Melanoma a l s o 

becomes more common among white skinned people as the t r o p i c s are approached 

The r a r i t y of cutaneous cancer i n dark-skinned as compared to white s k i n i s 

notable. The s e l e c t i v e e f f e c t of p r o t e c t i o n a g a i n s t these tumours i s s m a l l 

being r e l a t i v e l y i n f r e q u e n t and o c c u r i n g mainly i n the l a t e r y e a r s of l i f e 

a f t e r r e p r o d u c t i o n has ceased, but melonoma. a l s o r a r e , i s s e l e c t i v e l y more 

severe s i n c e i t could occur i n young a d u l t s ; i t i s a pigmented tumour which 

i n Europeans a r i s e s from pigmented spots i n the epidermis and i n the Negroes 

from r e l a t i v e l y unpigmented regions of the body. Melonoma a r e r a r e i n 

negroes, yet malignant melonoma next to Squanomous-cell cancer i s the 

commonest form of malignant d i s e a s a s e e n i n the E a s t and C e n t r a l A f r i c a 

( R o b e r t s , 1977). 

U l t r a - v i o l e t r a d i a t i o n can a l s o produce mutation i n l i v i n g human c e l l s , 

modifying the DNA s t r u c t u r e by r a d i a t i o n of wavelengths between 300 and 320 

mu. Although 280mu i s the optimum wavelength f o r producing mutations and 
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r a d i a t i o n under 290 mu i s p r a c t i c a l l y f i l t e r e d out by the atmospheric 

ozone, but t h e r e are c e r t a i n chemicals and n a t u r a l substances which i n 

the presence or absence of oxygen, can enable wavelengths up to 300 mu 

to produce mutation. (Dyer, 1969). 

T h e r e f o r e , i t i s evident that the p r o t e c t i v e r o l e of melanin i n dark 

coloured r a c e s , i n h a b i t i n g the t r o p i c s a g a i n s t c a r c i n o g e n i c s r a d i a t i o n 

i s s e l e c t i v e and of great adaptive b i o l o g i c a l v a l u e , and i t does mask 

from a b i o l o g i c a l point of view the unadaptive heat i n t a k e a b i l i t y , a l ­

though the l a t t e r i s yet i n a s t a t e of primary i n v e s t i g a t i o n and i t must 

be s e r i o u s l y considered t h a t every c h a r a c t e r i s t i c has i t s own s i g n i f i c a n c e . 

Blum (1961) i n g e n e r a l questions the adaptive v a l u e of the melanin 

pigment of the human s k i n . He c o n s i d e r s the r e l a t i o n s h i p between the 

phenotype and the environment and suggest that s e l e c t i o n depends upon 

the c l o s e n e s s of f i t between the tx*o; complete f L t t i n g should not be ex­

pected i n complicated s i t u a t i o n s p r e v a i l i n g i n nature, but a t o t a l of pos­

i t i v e and negative v a l u e s r e p r e s e n t i n g advantageous and disadvantageous 

f a c e t s of the phenotype w i t h r e s p e c t to corresponding f a c e t s of the en­

vironment. On the i n t e r a c t i o n between c e r t a i n p h y s i o l o g i c a l responses 

of man and a p a r t i c u l a r f a c e t of h i s environment, i n t h i s c a s e , s u n l i g h t , 

the f a c t o r s a r e q u i t e complex, and that the p a r t i c u l a r environmental 

f a c t o r has many p h y s i o l o g i c a l e f f e c t s , w h i l e other environmental f a c t o r s 

are a l s o a c t i n g upon the organism. From Blum's t a b l e , i t i s e v i d e n t 

P h y s i o l o g i c a l e f f e c t Negro s k i n White S k i n 

1. S o l a r heat load at high e n v i r o n - - + 
mental temperature 

2. Sunburn + 

3. Cancer of s k i n + 

4. P r e v e n t i o n of . r i c k e t s + + 

t h a t he c o n s i d e r s both the adaptive and non-adaptive a t t r i b u t e of each 

of t h e s e f a c t o r s , and q u e s t i o n s i t s a b s o l u t e s u r v i v a l v a l u e , and r a c i a l 
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d i s t r i b u t i o n . I t appears t h a t more b i o l o g i c a l and p h y s i o l o g i c a l 

s p e c u l a t i o n s i s necessary to consider w i t h a b s o l u t e c e r t a i n t y the 

a d a p t i v e v a l u e of each f a c t o r i n v o l v e d i n r a c i a l , g e ographical and 

b i o l o g i c a l v a r i a b i l i t y . 

PIGMENTARY VARIATION WITH SEX AND AGE 

Melanin c o n c e n t r a t i o n i n the s k i n i s r e l a t e d to the amount of 

the enzyme t y r o s i n a s e and dopase, and these i n t u r n are under g e n e t i c 

c o n t r o l . Melogenesis i s a c c e l e r a t e d by o e s t r o g e n i c hormone, which en­

hances the a c t i v i t y of the enzyme t y r o s i n a s e ( H a l l , 1969), and l a r g e 

doses of oestrogen g i v e s a more pronounced melanogenic e f f e c t ( S n e l l 

and B i s c h i t z . 1960). Edwards and Duntley (1939) i n t h e i r study have 

e s t a b l i s h e d not only the pigment: s r e s p o n s i b l e for s k i n c o l o u r , but have 

a l s o shown the i n f l u e n c e s of v a r i o u s s t e r o i d hormones on melanogenesis 

and have s t i m u l a t e d more re c e n t work on the pigmentogenic p r o p e r t i e s of 

a d r e n o c o r t i c a l hormones. I n v e s t i g a t i o n and data on the pigmentary p a t ­

t e r n of the s k i n and i t s respond to a l t e r e d hormonal s t a t u s were c a r r i e d 

out by H a l l et a l , 53. T h e i r s t u d i e s were based on two a r e a s where mel­

a n i n d e p o s i t i o n i s markedly r e s p o n s i v e jto sex hormone s t i m u l a t i o n , the 

a r e o l a of the b r e a s t and the scrotum. 

Adolescence i s a p e r i o d of c o n s i d e r a b l e hormonal d i s t u r b a n c e i n 

l i f e and c r e a t e s changes i n human s k i n pigmentation, and hormones a r e 

w e l l known to e l e v a t e and a l s o to suppress the melanic metabolic a c t i v i t y 

of the s k i n (Hamilton et Hubert, 1938; T a l b o t e t a l , 19;.23). I t has been 

suggested by K a i l a and T i w a r i ( 1 9 7 6 ) t h a t the phenomenon of ageing may be 

an important f a c t o r i n i n f l u e n c i n g the sex d i f f e r e n c e s i n human s k i n p i g ­

mentation. Ageing p a r t i c u l a r l y during adolescence i n f l u e n c e s made of 

sex d i f f e r e n c e s i n c o l o u r . 



Colour changes i n childhood and adolescence among Caucasians a r e 

noted by s e v e r a l s t u d i e s . Kahlon (1973), observed t h a t i n both sexes a 

darkening occurs a f t e r the f i r s t few y e a r s of l i f e t o reach a maximum a t 

about puberty, and that a f t e r puberty a l i g h t e n i n g of the s k i n occurs which 

appears to continue i n t o e a r l y a d u l t l i f e . These e f f e c t s a r e a l s o more 

marked i n females than i n males. U n t i l e a r l y adulthood the female t r e n d i s 

towards i n t e n s i f i c a t i o n of pigmentary p a t t e r n , t h e r e a f t e r t h e - d i s t i n c t i o n of 

the p a t t e r n l e s s e n s , except during pregnancy where i t i s at the g r e a t e s t extreme. 

T i w a r i and K a l i a i n t h e i r s t u d i e s on two populations of Mediterranean 

and T i b e t a n o r i g i n , observed a d e c l i n e i n both sexes, i n the melanin content 

of the s k i n when pass i n g through adolescence, y e t the d e c l i n e being more pro­

nounced i n females. They a l s o observed i n c r e a s e i n the pigment at the age 

of e l e v e n y e a r s i n both sexes, which wight have been due to p r e - p u b e r t a l i n ­

c r e a s e i n the melanocyte s t i m u l a t i n g hormones. ( M a r s h a l l 1960).* A s i m i l a r 

p r e - p u b e r t a l i n c r e a s e i n the pigmentation i s observed among the Quecha I n d i a n s 

(Conway and Baker, 1972) I t i s l i k e l y t h a t a f t e r puberty t h e r e occurs a f a l l 

i n the riielanocyte s t i m u l a t i n g hormones, which may account for the decrease i n 

the melanin pigment during l a t e adolescent period. P r e - p u b e r t a l and p o s t - p u b e r t a l 

changes i n both: sexes a r e d i f f e r e n t and may be due to the degree of d i f f e r e n t i a l 

l e v e l s of melanocyte s t i m u l a t i n g hormones, s i n c e i t has been observed t h a t the 

boys a r e l i g h t e r i n colour than the g i r l s at younger ages, and there i s a r e ­

v e r s a l i n that the boys become darker than the g i r l s a t advanced ages, a t 

l e a s t up to 16 y e a r s ; a l s o that the p o s t - p u b e r t a l decrease i n the pigment i s 

more than the p r e - p u b e r t a l i n c r e a s e , i n p a r t i c u l a r l y the females, and 

the age curves suggest a longer d u r a t i o n of the p r e - p u b e r t a l i n c r e a s e i n f e ­

males than i n males. ( K a l l a 1973). 



These o b s e r v a t i o n s suggest a dimorphism i n the penultimate e f f e c t s 

of adolescence on s k i n pigmentation. Age changes i n human s k i n p i g ­

mentation have been observed by Garn et a l ( 1 9 5 6 ) ; Walsch (1964); 

Huzinga ( 1 9 6 5 ) ; Omoto (1965); Tiwariand K a l l a (1968j, 9 ) ; K a l l a (1969) 

and Conway and Baker ( 1 9 7 2 ) . 

T i w a r i a n d K a l l a ( 1 9 6 8 / 9 ) concluded from t h e i r r e s e a r c h t h a t some 

inner environmental f a c t o r must be operating to cause such e f f e c t s , a l s o 

b e h a v i o u r a l f a c t o r s l i k e the degree of indoor/outdoor a c t i v i t i e s , costume 

and occupation, might a l l have t h e i r r e s p e c t i v e e f f e c t s i n pigmentary 

dimorphism. The s e x u a l d i s c r e p a n c y i s e x p l a i n e d on a female hormonal 

b a s i s . A study by Robins (1972) has shown th a t females under prolonged 

therapy w i t h drugs p o s s e s s i n g melonocyte - scimulaui. &«Iiib.itc.d - prop­

o r t i o n a t e l y g r e a t e r s k i n melanin i n c r e a s e over their non-treated c o n t r o l s , 

than d i d the corresponding male group. Females a r e l i g h t e r coloured than 

men i n g e n e r a l , due to the female s k i n c o n t a i n i n g l e s s blood and melanin 

and having d i f f e r e n t v a s c u l a r i t y j a r e a s of strong primary melanin, l i k e 

the nape of the necks, the l i n e a r n i g r a and the a x i l l a show a correspond­

i n g l y higher melanin ratio than the e q u i v a l e n t s t r u c t u r e i n man; Carotene 

i s a l s o much g r e a t e r i n females (Edwards and Duntly, 1939). 

TECHNIQUES OF CALIBRATION 

The o l d e r methods of comparing s k i n c o l o u r w i t h p r i n t e d c o l o u r 

standards l i k e the 1 B r o c a S c a l e 1 , and Ridgeway 1s 'Colour Standards', 

s u f f e r from the i n c o n s t a n c y of the human eye, as w e l l as from d i f f i c u l t i e s 

i n h e r e n t i n the standards i n the i l l u n i n a t i o n , a l s o the standards change 

during the process of repeated exposure i n l i g h t , and f i n a l l y from r e ­

peated p r i n t i n g of the' s c a l e , and the colour a r e not the same always. 

Another technique f o r c l a s s i f y i n g s k i n colour was d e v i s e d by P r o f e s s o r 

Von Luschon, c o n s i s t i n g of 36 r e c t a n g u l a r masses of opaque g l a s s , tin-ted 

i n a graduated s e r i e s to match d i f f e r e n t s k i n c o l o u r s , but i t s s u r f a c e 
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being too shiny makes the matching of the s k i n very d i f f i c u l t . 

S i n c e s k i n colour i s a continuously v a r y i n g c h a r a c t e r , e s p e c i a l l y 

i n a h y b r i d population, between d i f f e r e n t pigmented people. The use of 

d i s c r e t e standards, i n v o l v i n g v i s u a l matching of s k i n colour a g a i n s t 

colour standards, i n t r o d u c e s an unnatural d i s c o n t i n u i t y i n the v a r i a t i o n . 

Colour matching has been r e p l a c e d by colour measurement and i n c r e a s e d 

knowledge of the o p t i c a l p r o p e r t i e s of the s k i n has broadened the 

t h e o r e t i c a l i m p l i c a t i o n of s k i n c o l o u r s t u d i e s . I n 1952, Weiner, r e a l ­

i z e d the s u i t a b i l i t y of p o r t a b l e spectrophotometer which provided an 

a c c u r a t e and o b j e c t i v e method of measuring s k i n colour on a continuous 

s c a l e , which l a r g e l y supplanted other methods. I n 1953, Edwards and 

Duntley used the Hardy Spectrophotometer, r e g a r d i n g the nature and band 

of a b s o r p t i o n of the d i f f e r e n t pigments and substances i n s k i n . The 

e f f e c t i v e n e s s of p o r t a b l e r e f l e c t o m e t e r s o f f e r s a more o b j e c t i v e quant­

i t a t i v e study of pigmentation and has opened up the p o s s i b i l i t y of pop­

u l a t i o n surveys f o r a n t h r o p o l o g i c a l purposes, and a l s o f o r a c c u r a t e work 

on the g e n e t i c and i n h e r i t a n c e of pigmentary d i f f e r e n c e s . 

The E.E.L. (EVANS ELETROSELIUM LTD) Spectrophotometer i s an i n ­

strument which measures the i n t e n s i t y of l i g h t i n an extremely narrow 

band of the spectrum at a known wavelength, and i t i s designed to measure 

the r e f l e c t a n c e of a sample i n nine regions of the spectrum, The machine 

i s designed i n the form of two main u n i t s , namely a galvonometer ( p r o ­

v i d e d w i t h two s c a l e s , the lower i s uniformly d i v i d e d i n 0-100 d i v i s i o n s , 

w h i l s t the upper i s an i n v e r s e l o g o r i t h m i c s c a l e marked ^ > - 100), and 

an a p p l i c a t o r head which i s f r e e l y movable and can be a p p l i e d to the 

r e g i o n s of .the s k i n s u r f a c e . By examing the s p e c t r a l curve one may i d ­

e n t i f y the pigment g i v i n g r i s e to c o l o u r , and e v a l u a t e t h e i r approximate 

q u a n t i t y . T h i s i s p o s s i b l e s i n c e every substance has a s p e c i f i c absorp­

t i o n i n some p a r t of the spectrum. A pure white standard l i k e Magnesium 
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Carbonate has a b s o r p t i o n e n t i r e l y o u t s i d e the v i s i b l e spectrum, w h i l e 
pure grays o? b l a c k s a r e caused by a uniform a b s o r p t i o n w i t h i n the 
v i s i b l e spectrum. 

Before connecting the r e f l e c t o m e t e r ( a p p l i c a t o r ) head, the z e r o -

s e t t i n g i s a d j u s t e d and f o r each f i l t e r the s e n s i t i v i t y i s a d j u s t e d to 

g i v e a reading of 100% a g a i n s t the standard. The s k i n r e f l e c t a n c e i s 

measured i n the s e l e c t e d wavelength by reading the percentage r e f l e c t ­

ance i n the l i n e a r 0-100 s c a l e . The a p p l i c a t o r head d i r e c t s l i g h t from 

a 6 v o l t , 6-watt tungsten lamp at an angle of 45°, and focus i t on the 

s k i n s u r f a c e ; p a r t of the l i g h t i s absorbed, w h i l e the remainder of the 

l i g h t which i s r e f l e c t e d a c t i v a t e s a photo c e l l , and the c u r r e n t gen­

e r a t e d i s passed onto and measured and recorded by the galvonometer. 

Throughout t h i s p rocess the l i g h t beam emitted from the standard source 

(an e l e c t r i c bulb) p a s s e s through i n t e r c h a n g e a b l e f i l t e r s w i t h a known 

dominant wavelength and w i t h c h a r a c t e r i s t i c t r a n s m i s s i o n c u r v e s , b e f o r e 

s t r i k i n g the s k i n s u r f a c e . The amount of l i g h t r e f l e c t e d from the 

s u r f a c e i s compared w i t h the amount r e f l e c t e d from a pure white standard. 

The EEL Spectrophotometer i s equipped w i t h n i n e f i l t e r s of v a r y i n g c o l o u r 

spaced throughout the v i s i b l e spectrum, from the blue to the r e d end. 

These f i l t e r s a r e r e f e r r e d to as I l f o r d F i l t e r s ; they a r e narrow waveband 

f i l t e r s which t r a n s m i t the f o l l o w i n g dominant wavelengths: 601 - 425 iun, 

602 - 4S5nm, 603 - 485 run, 604 - 515 nm, 605 -545 nm, 606 - 575 nm, 607 -

665 nm, 608 - 63 5 nm, 609 - 685 nm. 

R e f l e c t a n c e s a r e i n v e r s e l y p r o p o r t i o n a l to the melanin content at 

a l l wavelengths, however v a l u e s a t 635 and 685 nm are v a l i d over a v e r y 

wide range of melanin c o n c e n t r a t i o n ( H a r r i s o n and Owen, 1956), and a r e 

l i t t l e a f f e c t e d by the s k i n blood supply. None of the f i l t e r s have ex­

a c t l y the same dominant wavelengths, and even when t h e r e i s c l o s e s i m i l ­

a r i t y , the s p e c t r a l t r a n s m i s s i o n curves a r e q u i t e d i f f e r e n t , ( G a r r a r d , 

H a r r i s o n and Owen, 1967). The mean v a l u e s of r e f l e c t a n c e a t each wave-



length c o n s t i t u t e the b a s i c data from which i n d i c e s of o v e r a l l l i g h t n e s s 

and darkness can be d e r i v e d . The means of the r e a d i n g s at nine wavelengths 

may be taken as an approximate measurement of o v e r a l l l i g h t n e s s and dark­

ness i r r e s p e c t i v e of the p a r t i c u l a r pigment or o p t i c a l e f f e c t s examined. 

( B a r n i c o t , 1958). The amount of oxygenated blood i n the s k i n a f f e c t s the 

readings very l i t t l e i n the r e d r e g i o n , t h e r e f o r e the readings a t 685 mu 

( f i l t e r 609) i s the most s u i t a b l e , as a measurement due to melanin (Edwards 

and Duntley, 1939). I n g e n e r a l the amount of l i g h t r e f l e c t a n c e becomes 

l e s s and l e s s as wavelength becomes sho r t e r and s h o r t e r , except a t wave­

le n g t h 605, i n which f o r the w h i t e s , the curve r i s e s s t e e p l y from the blue 

to the red end of the spectrum, and shows a pronounced trough i n the green 

r e a i o n during the a b s o r o t i o n of l i g h t by haemoglobin. I n the darker people 

the f a l l i s h a r d l y d e t e c t a b l e and the curve i s smooth and much more n e a r l y 

h o r i z o n t a l r i s i n g l e s s s t e e p l y towards the r e d end. 

I t has been shown from the EEL instrument t h a t transformations a r e 

n e c e s s a r y such as the means of the l o g s of the 'blue' f i l t e r r e f l e c t a n c e , 

and of a n t i l o g s of the 'red* f i l t e r r e f l e c t a n c e are c a l c u l a t e d . These 

t r a n s f o r m a t i o n s are n e c e s s a r y and r e q u i r e d a t 425 mu and 685 r e s p e c t i v e l y , 

f o r comparing populations which d i f f e r markedly i n s k i n colour ( H a r r i s o n 

and Owen 1964; Weiner et a l . , 1964). 

T h i s instrument has been used to measure s k i n r e f l e c t a n c e on 

d i f f e r e n t c o u n t r i e s and populations by many a n t h o r p o l o g i s t s : Weiner (1951); 

L a s k e r (1954); B a r n i c o t ( 1 9 5 8 ) ; Das and Mukherjee { 1 9 6 3 ) ; Sunderland 

(1967) ( 1 9 7 3 ) ; H a r r i s o n and Owen (1964) ( 1 9 6 7 ) ; K a l l a (1969) (1973) 

and C a r t w r i g h t ( 1 9 7 5 ) . 
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SAMPLES 

During the months August and September 1979, a t o t a l of 101 boys and 

g i r l s were measured f o r r e f l e c t a n c e of s k i n c o l o u r The p a r t i c i p a n t s com­

p r i s i n g 68 males and 33 females, were drawn from the i n h a b i t a n t s of t h r e e 

a d j a c e n t a r e a s i n the province of Mazandaran: Two of the a r e a s Chalous and 

Nowshahr ( s m a l l towns) are seperated by a d i s t a n c e of seven k i l o m e t e r s , w i t h 

the t h i r d a r e a Kourkoursar ( a v i l l a g e ) midway between them. The samples were 

a l l born i n e i t h e r of these regions or a d j a c e n t v i l l a g e s , t h a t extends f u r t h e r 

towards the mountains (maximum d i s t a n c e four k i l o m e t e r s ) and t h e i r p a r e n t a l 

o r i g i n , although not e x a c t l y c l e a r does not go f a r beyond the neighboring 

Considering the s m a l l d i s t a n c e s e x i s t i n g between the many v i l l a g e s and 

towns, and a l s o s i m i l a r i t y i n c l i m a t i c c o n d i t i o n s ( t h e degree of humidity and 

r a i n f a l l ) and occupation (mostly f i s h i n g and r i c e a g r i c u l t u r e ) constant mig­

r a t i o n and i n t e r - m a r r i a g e i s expected. The only f a c t o r to be considered i n 

the approximate v i c i n i t y of these t h r e e a r e a s to the sea and to the mountains. 

The c l o s e n e s s to the mountains, has allowed r e c u r r e n t m i g r a t i o n ( w i n t e r and 

summer m i g r a t i o n s ) and admixture of the c o a s t a l i n h a b i t a n t s w i t h the mountain-

eous peoples, thus a l l o w i n g for i n c r e a s e h e t e r o g e n e i t y and v a r i a b i l i t y w i t h i n 

the samples. 

The s o c i o - c u l t u r a l and r e l i g i o u s r e g u l a t i o n s a r e important f a c t o r s , when 

c o n s i d e r i n g d i f f e r e n c e s i n the r e f l e c t a n c e measurements of the two sexes. I s ­

lamic c o n d i t i o n s p r e v a i l q u i t e s t r i n g e n t l y , although Mazandaran was one of the 

l a s t a r e a s to be invaded by the Arabs, and t h i s f a c t o r could be an i n h e r e n t 

b a s i s to the r e s u l t s obtained, which d i f f e r e n t i a t e s between the sexes a c t i v i t i e s . 

Males i n g e n e r a l are more l i a b l e to outdoor a c t i v i t i e s and frequent m i g r a t i o n s . 

Although females work i n the r i c e f i e l d s l i k e the males, but they a r e f u l l y cov­

ered from head to a n k l e , w h i l e males use v e r y scanty c l o t h i n g a r e c o n t i n u o u s l y 

exposed to s o l a r r a d i a t i o n . I t must a l s o be noted t h a t younger females a r e 
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l e s s r e s t r i c t e d a g a i n s t c u l t u r a l and r e l i g i o u s r e g u l a t i o n s , and do o c c a s i o n ­
a l l y avoid head garments and wear s l e e v e l e s s s h i r t s , w h i l e o l d e r g i r l s a r e 
more conscious of t h e i r s o c i a l and r e l i g i o u s d u t i e s . 

R e f l e c t a n c e from two a r e a s of the s k i n have been obtained: ( 1 ) The 

middle of the forehead, i n between the h a i r l i n e and the base of the nose, 

r e p r e s e n t i n g a r e g i o n most f r e q u e n t l y exposed to i n s o l a t i o n , and a l l o w i n g an 

estimate of the tanning c a p a c i t y ; ( 2 ) the i n n e r s u r f a c e of upper r i g h t arm, 

a r e g i o n l e a s t or v e r y r a r e l y exposed. T h i s l a t t e r r e g i o n i s mostly measured 

as r e p r e s e n t i n g an i n d i v i d u a l ' s i n i t i a l pigmentation, w i t h the c h a r a c t e r i s t i c 

of poor tanning c a p a c i t y and a l s o showing the l e a s t v a r i a t i o n i n a l l r a c e s , . i n 

comparison with other s i t e s of measurement:. 

METHOD OF EXPERIMENT 

A p o r t a b l e r e f l e c t a n c e spectrophotometer ( E E L ) , f i t t e d w i t h nine f i l t e r s 

was used f o r t h i s f i e l d w o r k obtained by p e r m i s s i o n from the Department of An­

thropology, U n i v e r s i t y of Durham. 

R e f l e c t a n c e v a l u e s were obtained f o r each i n d i v i d u a l throughout the whole 

v i s i b l e spectrum, (from the b l u e to the red end of the Spectrum). The n i n e 

f i l t e r s corresponded w i t h the f o l l o w i n g dominant wavelengths: 601-425mu, 

602-455mu, 603-485mu, 604-515mu, 605-545 mu, 606-575mu, 607-605mu, 608-635mu, 

and 609-685 mu. A l l wavelengths have been used, s i n c e the use of one wave­

leng t h i n s k i n colour measurements would not be s u f f i c i e n t , s i n c e r e f l e c t a n c e 

of c e r t a i n wavelengths would not have the same ac c u r a c y over the t o t a l range of 

r e f l e c t a n c e , because of the curved r e l a t i o n s h i p between the wavelengths concerned, 

and c a l c u l a t i o n of the tanning c a p a c i t y would not be allowed. ( R i t g e r - A t i s , 1973) 

A block of magnesium carbonate (Mg CO2), the s u r f a c e of which was p e r ­

i o d i c a l l y scraped o f f to keep a l l extraneous elements o f f , served as a white 

standard r e f l e c t i n g 100%, a g a i n s t which the amount of l i g h t r e f l e c t e d from 

the s k i n a t v a r i o u s s p e c t r a l r e g i o n s could be measured. 

The performance of the instrument was p e r i o d i c a l l y checked during the 
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course of the work, by d i s c o n n e c t i n g the a p p l i c a t o r head from the galvono-

meter and checking the z e r o i n g . For every i n d i v i d u a l measurement, the r e ­

f l e c t a n c e was s t a n d a r d i z e d to 100% a g a i n s t the Mg CO2. 

The time of the i n v e s t i g a t i o n u n f o r t u n a t e l y , masked the r e a l r e f l e c t ­

ance v a l u e s , e s p e c i a l l y i n the males, because of i n t e n s e r a d i a t i o n p r e v a l e n t 

i n these summer months. The i n c r e a s e i n outdoor a c t i v i t i e s , the frequent use 

of the sea and r i v e r f o r swimming and the accumulation of s a l t , have been 

considered f a c t o r s a l l o w i n g f o r f l u c t u a t i o n s and masking of the i n i t i a l p i g ­

mentation. Due to r e l i g i o u s r e g u l a t i o n s , s i t e s of measurements could not be 

cl e a n e d , to c l e a n o f f sweat and s a l t . 

H a r r i s o n and Owen (1964) have suggested t h a t s k i n r e f l e c t a n c e s a t 425mu, 

545mu and 685mu wavelengths a r e mutually more comparable i f R425mu, i s t r a n s ­

formed to i t s logarithm, and R685mu transformed to i t s ' a n t i l o g 1 . T h i s pro­

cedure has not been c a r r i e d on f o r the c o m p a r i t i v e methods adopted i n t h i s 

study, s i n c e i t has been suggested that i n d i v i d u a l r e f l e c t a n c e s percentage 

are needed f o r such t r a n s f o r m a t i o n , and t r a n s f o r m a t i o n of the means would 

not be s u i t a b l e , although L o u r i e (1971) suggests t h a t the d i f f e r e n c e between 

the two methods a r e n e g l i g i b l e . 

Before proceeding to the s y s t e m a t i c a n a l y z a t i o n of the data a v a i l a b l e , some 

important c o n s i d e r a t i o n s must be taken i n t o account: 

( a ) I n i n t e r - p o p u l a t i o n comparisons, average y e a r s of the samples 

must be considered, as has been observed t h a t pigmentation and 

age a r e c l o s e l y a s s o c i a t e d , e s p e c i a l l y during p u b e r t a l p e r i o d , 

when p h y s i o l o g i c a l and hormonal changes, could cause f l u c t u a t ­

i o n s i n the percentages r e f l e c t a n c e v a l u e s ( K a l l a , 1973). 

(b) The Geography ( C l i m a t e and l a t i t u d e ) . The c u l t u r a l and r e l i g i o u s 

a s p e c t s of the popula t i o n s , and the h i s t o r i c a l i n v a s i o n s and mi­

g r a t i o n s under c o m p a r i t i v e study must be recognized, a l l o w i n g 

f o r d i f f e r e n t i a l degrees of indoor/outdoor a c t i v i t i e s , occupation, 
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type of costume, and s e x u a l dimorphism i n regards to 
s o c i a l behaviour. 

( c ) I n d i v i d u a l s and populations have v a r y i n g g e n e t i c p o t e n t i a l 

of tanning f o r each s i t e Lee and L a s k e r (1959) and a r e a l s o 

d i f f e r e n t i a l l y exposed zo s o l a r r a d i a t i o n , t h e r e f o r e both the 

genenics and environmental f a c t o r s must be consid e r e d . 

( d ) I n g e n e r a l f a c t o r s l i k e m i g r a t i o n , r a c i a l admixture, g e n e t i c 

d r i f t and h y b r i d i z a t i o n can a l l be a source i n the observed 

d i f f e r e n c e s when a n a l y z i n g the data, s p e c i f i c a l l y when the 

popula t i o n s under comparison e i t h e r belong to a s i m i l a r 

r a c e or i n h a b i t somehow s i m i l a r g e o g r a p h i c a l and e c o l o g i c a l 

The data obtained from the present study and those obtained by other 

r e s e a r c h e s have been analyzed i n two d i f f e r e n t p a r t s : 

( 1 ) I n t r a - p o p u l a t i o n d i f f e r e n c e s 

a. W i t h i n sex d i f f e r e n c e s 

. b. Between sex d i f f e r e n c e s 

c. W i t h i n and between s e x ( e s ) d i f f e r e n c e s i n a s s o c i a t i o n 

w i t h age. 

( 2 ) I n t e r - p o p u l a t i o n comparisons. 
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INTER-POPULATION DIFFERENCES 

The mean percentage v a l u e s , the standard e r r o r , the standard d e v i a t i o n 

and the c o e f f i c i e n t of r e l a t i v e v a r i a t i o n , of the i n n e r s u r f a c e of the upper 

arm and the forehead, for each sex at nine f i l t e r s (425mu to 685mu) hav« 

been c a l c u l a t e d , and a r e presented i n t a b l e 1. F i g u r e 1 a l s o demonstrates 

the curves obtained, when p l o t t i n g the v a l u e s on the graph. F i g u r e 2 shows 

the observable d i f f e r e n c e s i n s k i n pigmentation, between the sexes f o r each 

s i t e s e p e r a t e i y . 

The ' t 1 t e s t has been used for s t a t i s t i c a l a n a l y s i s and comparison of 

w i t h i n and between s e x ( e s ) d i f f e r e n c e s at each s i t e of measurement, and the 

I t i s e v i d e n t by observing the data on t a b l e 1 t h a t the female samples 

e x h i b i t higher r e f l e c t a n c e s , and are l i g h t e r coloured on both s i t e s , a t a l l 

wavelengths, than a r e the males. On s t a t i s t i c a l a n a l y s i s the d i f f e r e n c e s 

between the males and females, f o r each s i t e s e p e r a t e i y , shows s i g n i f i c a n t 

d i f f e r e n c e s as w e l l , throughout the spectrum w i t h p < .001. 

The d i f f e r e n c e s between the two s i t e s ( t h e upper in n e r arm and the f o r e ­

head, a l s o show both observed and s t a t i s t i c a l d i f f e r e n c e s . The e f f e c t of t a n ­

ning i s observable, where the arm shows higher r e f l e c t a n c e than the forehead 

These d i f f e r e n c e s a re v i s i b l e a t a l l 9 f i l t e r s as w e l l , w i t h p ^ .001. Such 

s i g n i f i c a n t d i f f e r e n c e s between the two s i t e s v a l i d a t e s the theory t h a t i f a s ­

suming the r e f l e c t a n c e , from the upper i n n e r arm as the i n i t i a l pigmentary l e v ­

e l and those of the forehead as induced pigmentation by u l t r a - v i o l e t r a d i a t i o n , 

then the degree of tanning c a p a c i t y of each i n d i v i d u a l or any population can be 

computed. 

From observing F i g u r e 1, i t i s seen t h a t the d i f f e r e n c e s between the two 

s i t e s i n each sex i s d i f f e r e n t . The females show higher d i f f e r e n c e i n compar­

i s o n w i t h the males. I t i s not very c l e a r whether these d i f f e r e n c e s can be 
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a t t r i b u t e d to the d i f f e r e n t i a l degree of tanning, whether g e n e t i c a l or en­

vironmental t h a t i s i f assuming t h a t s l i g h t l y darker pigmentation might 

tend to show a lower d i f f e r e n c e between i n i t i a l and induced pigmentation, 

or whether i t could be a t t r i b u t e d to the s o c i o - c u l t u r a l f a c o r s , which a l l o w s 

the males to indulge i n more outdoor a c t i v i t i e s , and exposing the upper-

inn e r arm very f r e q u e n t l y to i n s o l a t i o n , and consequently minimizing the 

d i f f e r e n c e s at the two s i t e s . Although i n d i v i d u a l s w i t h v e r y s i m i l a r i n i t i a l 

pigmentation manifest v a r i o u s degrees of tanning (Lee and L a s k e r , 1959) or 

even i n a homogeneous population, i t seems more p l a u s i b l e to a s s o c i a t e these 

degrees of d i f f e r e n c e s to the overexposure of the males, i n c o n t r a s t to the 

i n v a r i a b l y unexposure of the females at both s i t e s . 

F i g u r e 2 a l s o demonstrates t h a t both sexes show l e s s d i f f e r e n c e i n the 

mean r e f l e c t a n c e v a l u e s on the forehead than t h a t on the arm. T h i s c o u l d be 

exp l a i n e d on the d i f f e r e n t i a l or extreme d i f f e r e n c e s observed i n the costume 

worn by the two sexes, a l l o w i n g f o r g r e a t e r d i f f e r e n c e s i n the arm, and a l s o 

assume t h a t females a l s o do expose t h e i r forehead, not i n f r e q u e n t l y to a l l o w 

for such d i f f e r e n c e s a t the two s i t e s . The e f f e c t of tanning becomes q u i t e 

c l e a r when computing the d i f f e r e n c e s between the sexes a t each s i t e . The d i f f ­

e rences a t the arm i s from two to thr e e times higher than the d i f f e r e n c e s be­

tween the forehead: a t 425mu, the arm shows a d i f f e r e n c e of ( 9 . 8 7 % ) , w h i l e the 

forehead mean d i f f e r e n c e i s ( 3 . 7 7 ) , and 685mu (9.68) and (4*6) r e s p e c t i v e l y , 

but the mean d i f f e r e n c e s do not appear to decrease a t each wavelength or 

towards the longer wavelengths. 

On observing the standard d e v i a t i o n s , the d i f f e r e n c e s i n the v a r i a b i l i t y 

cannot be c l e a r l y d i s t i n g u i s h e d - a t each wavelength, but on observing the co­

e f f i c i e n t o£ r e l a t i v e v a r i a t i o n (S.D x 100/SP) some p o i n t s become c l e a r : 

(The percentage c o e f f i c i e n t s are l i s t e d on t a b l e 3. 
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A g e n e r a l t r e n d of d e c r e a s i n g v a r i a b i l i t y , towards the longer 
wavelengths i s observed at both s i t e s , f o r both sexes. T h i s 
i s i n c o n f i r m a t i o n w i t h other s t u d i e s , i n which decrease t o ­
wards the red end of the spectrum has been observed i n f a i r e r 
pigmented s k i n ( B a r n i c o t , 1958; Huizinga, 1968; H a r r i s o n and 
Owen, 1964). I t has a l s o been suggested by the above authors, 
t h a t v a r i a t i o n i s c o n s i d e r a b l y g r e a t e r at the blue and green 
r e g i o n of the spectrum that a t the red end of the spectrum, due 
to the f a c t t h a t v a r i a t i o n s i n the blood supply and v a s c u l a r 
components e x e r t t h e i r main e f f e c t s at the s h o r t e r wavelengths, 
whose e f f e c t s a r e masked i n darker s k i n s . The low v a r i a b i l i t y 
at the longer wavelengths i s due to the low melanin 
i n f a i r e r s k i n s , and accounts f o r more homogeniety i n the melanin 
content of the s k i n . 

While the decrease i n the v a r i a b i l i t y i s approximately constant 

throughout the spectrum on the upper inner arm, the forehead ex­

h i b i t s an i r r e g u l a r d e c r e a s e , which might be caused by d i f f e r e n ­

t i a l degree of exposure to u l t r a - v i o l e t r a d i a t i o n . As observ­

a b l e from the t a b l e the males do show higher c o e f f i c i e n t s of 

v a r i a b i l i t y on the forehead as would be expected except at 425mu, 

but the females m a n i f e s t t h i s i n c r e a s e on the forehead a t c e r t a i n 

wavelengths only, e x c e p t i o n s are at 425mu, 455mu, and 545mu. Thus 

i t could be concluded that the v a r i a b i l i t y a t the s h o r t e r wave­

lengths on the upper i n n e r arm i s h i g h e r , because of the d i f f e r ­

ences i n the haemoglobin c o n c e n t r a t i o n e x e r t i n g g r e a t e f f e c t s . 

I n g e n e r a l , the males tend t o show higher c o e f f i c i e n t percentages 

than the females at both s i t e s w i t h very few e x c e p t i o n s . Such an 

o b s e r v a t i o n might be e x p l a i n e d e i t h e r to the f a c t t h a t the male 
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samples might be more heterogeneous i n o r i g i n , or because 
th a t they are more f r e q u e n t l y exposed to s o l a r r a d i a t i o n , 
s i n c e tanning of the s k i n can i n c r e a s e the v a r i a b i l i t y . (Lee 
and L a s k e r > : 1959). T h e r e f o r e the i n c r e a s e observed i n the 
males can more p r e c i s e l y be a t t r i b u t e d to b e h a v i o u r a l and c u l t ­
u r a l f a c t o r s , a l l o w i n g f o r the females to demonstrate more hom­
ogeneity. 

To examine v a r i a t i o n i n melanin content of the s k i n w i t h age, w i t h i n 

each sex and between sexes, the samples have been d i v i d e d and c l a s s i f i e d 

i n t o three age groups, namely: p r e - p u b e r t a l , p u b e r t a l and p o s t - p u b e r t a l , 

Females: (8-11 y e a r s ) , (12-15 y e a r s ) , ( 1 6 and o l d e r ) r e s p e c t i v e l y and 

I-Ialcs; (8-15 y e a r s ) , .C J - * +—i v y e a r s ) , ( i y ana older J r e s p e c t i v e l y . 

The mean r e f l e c t a n c e v a l u e s , of the two s i t e s , plus t h e i r standard e r r o r s 

and standard d e v i a t i o n s , on a l l wavelengths, f o r each sex, a t each c l a s s i f i e d 

age group has been computed, and i s presented on t a b l e 4. 

From o b s e r v a t i o n s of these raw data, i t i s seen that females e x h i b i t 

h i g h e r r e f l e c t a n c e s a t a l l wavelengths a t both s i t e s , and at each r e s p e c t i v e 

age groups,. I t i s a l s o observed t h a t both sexes show an i n c r e a s e i n r e f l e c t a n c e 

on the arm, from p r e - p u b e r t a l v i a p u b e r t a l to p o s t - p u b e r t a l period. On the 

forehead the t r e n d i s d i f f e r e n t . For both sexes the p r e - p u b e r t a l p e r i o d 

shows lower r e f l e c t a n c e s , and an i n c r e a s e i n observed at p u b e r t a l p e r i o d , but 

a t the post p u b e r t a l p e r i o d the females show a darkening of the pigment of the 

s k i n a t a l l wavelengths i n r e l a t i o n to p u b e r t a l period, and the males only ex­

h i b i t an i n c r e a s e i n r e f l e c t a n c e a t the longer wavelengths. 

On s t a t i s t i c a l a n a l y s i s , almost no s i g n i f i c a n t d i f f e r e n c e s a r e observed 

when comparing the r e s p e c t i v e age groups, of each sex on the forehead, n e i t h e r 

a r e t h e i r any d i f f e r e n c e s observed on the arm when comparing the p r e - p u b e r t a l 

and p u b e r t a l p e r i o d . Only s i g n i f i c a n t d i f f e r e n c e s a r e found for the females 



when comparing p u b e r t a l and p o s t - p u b e r t a l period, w i t h few exceptions (635rau 

and 685mu no s i g n i f i c a n t d i f f e r e n c e ) , and f o r the male when comparing the pre ­

p u b e r t a l and post p u b e r t a l period ( w i t h the ex c e p t i o n of 635mu). I t could be 

d i s c u s s e d t h a t t h a t these d i f f e r e n c e s between the sexes, i n a s s o c i a t i o n w i t h 

age, are caused by che d i f f e r e n t i a l e f f e c t s of p h y s i o l o g i c a l and hormonal 

changes, t h a t females might be a f f e c t e d by hormonal chages more pronouncedly 
i 

a t puberty w h i l e males show a change, that i s a l i g h t e n i n g of the s k i n grad­

u a l l y , that i s such changes observed only when the p r e - p u b e r t a l period i s 

compared w i t h the po s t - p u b e r t a l period. Not f i n d i n g any s i g n i f i c a n t d i f f ­

e r e nces on the forehead might be ex p l a i n e d on the b a s i s t h a t continuous or 

not i n f r e q u e n t exposure to s o l a r r a d i a t i o n would p o s s i b l y maske the e f f e c t 

nf such hormonal metabolic changes i n Digmentation.. although l i a h e r pigmentation 

i s expected f o r both sexes r e a c h i n g p u b e r t a l period. 1 £' v a l a a s a r e presented 

on t a b l e 5. 

Table 6 pr e s e n t s ' t ' v a l u e s computed f o r a s t a t i s t i c a l comparison of the 

d i f f e r e n t age groups i n a s s o c i a t i o n w i t h the period of puberty, between the 

sexes. No s i g n i f i c a n t d i f f e r e n c e s are observed on both s i t e s , at p r e - p u b e r t a l 

p e r i o d . T h i s could be caused by a d i f f e r e n t i a l degree of pr e - p u b e r t a l i n c r e a s e 

i n pigmentation i n both sexes ( M a r s h a l l 1960; T i w a r i and K a l l a 1969; Conway 

and Baker, 1972, and Kahlon 1973). I t i s a l s o suggested t h a t females t r e n d 

towards i n t e n s i f i c a t i o n of pigmentary p a t t e r n i s more pronounced than f o r 

males, and these could consequently minimize the d i f f e r e n c e s between the sex e s . 

A l s o i t might be i n t e r e s t i n g to point out th a t both sexes a t younger ages, seem 

t o have s i m i l a r b e h a v i o u r a l a t t r i b u t e s , i n regards of outdoor a c t i v i t i e s and use 

of v e r y l i t t l e c l o t h i n g , and exposing both s i t e s e q u a l l y . 

S t a t i s t i c a l d i f f e r e n c e s a r e observed between the sexes a t both p u b e r t a l 

and p o s t - p u b e r t a l period at both s i t e s . T h i s could be due to the very d i f f ­

e r e n t mean r e f l e c t a n c e s observable between the sexes, a l l o w i n g f o r such d i f -
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f e r e n c e s as to the f a c t t h a t females are more a f f e c t e d by the hormonal met­
abolism, and thus melanogenic a c t i v i t i e s would be d i f f e r e n t f o r each sex. 

F i g u r e 4 p r e s e n t s curves of r e f l e c t a n c e s for each sex at d i f f e r e n t 

age groups at each s i t e . These curves show t h a t the c l a s s i f i e d age groups 

i n each sex e x h i b i t more mean d i f f e r e n c e s on the forehead than on the arm. 

They a l s o show that the d i f f e r e n c e s between the age groups on each s i t e 

appear to be higher f o r the females than for the males. F i n a l l y i t i s seen 

t h a t on the arm both sexes show a decrease of mean d i f f e r e n c e s towards the 

re d end of the spectrum, w h i l e on the forehead t h i s i s not c l e a r l y d i s t i n g ­

u i s h a b l e . 

Computing the mean d i f f e r e n c e s between the sexes a t each s i t e s , a t both 

age groups, i t i s observed t h a t on the forehead, the d i f f e r e n c e s a r e much l e s s 

t h an cn the arm: e.g. a t 685mu, mean d i f f e r e n c e of the forehead a t pre ­

p u b e r t a l period i s ( 3 . 7 3 ) , on the arm i t i s ( 6 . 2 1 ) , a t p u b e r t a l p e r i o d i t 

f o l l o w s r e s p e c t i v e l y (6.65) and (7.42) and at post p u b e r t a l p e r i o d , forehead 

mean d i f f e r e n c e s i s 3.22 and the arm i s ( 9 . 7 6 ) . From these o b s e r v a t i o n s i t 

becomes evident t h a t an i n c r e a s e i n mean d i f f e r e n c e s between the 6exes i n a s s ­

o c i a t i o n w i t h i n c r e a s e i n age, e s p e c i a l l y on the arm, i s a l s o observable, w h i l e 

on the forehead the trend i s r e v e r s e d when approaching p o s t - p u b e r t a l p e r i o d . 

The high mean d i f f e r e n c e s at the arm between the sexes a t each age group, i s 

caused by the c h a r a c t e r i s t i c nature of t h i s r e g i o n being i n v a r i a b l y unexposed 

e s p e c i a l l y i n the females, and the i n c r e a s e i n the mean d i f f e r e n c e s i n r e l a t i o n 

to i n c r e a s e i n age might be w e l l e x p l a i n e d on the b a s i s of d i f f e r e n t i a l e f f e c t s 

of melanocyte s t i m u l a t i n g hormones. 

The standard d e v i a t i o n (the c o e f f i c i e n t of v a r i a t i o n ) as presented on 

t a b l e 7, shows q u i t e high percentages, f o r the females a t p r e - p u b e r t a l p e r i o d 

on the arm i n c o n t r a s t to the other age groups. T h i s could be caused by the 
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v e r y few number of samples, whose i n d i v i d u a l r e f l e c t a n c e s are q u i t e v a r i a b l e , 
w h i l e on t h e forehead the v a r i a b i l i t y l e s s e n s to one h a l f . I n general lower 
percentage c o e f f i c i e n t s a r e observed towards t h e longer wavelengths, as would 
be expected, w i t h few exceptions. The males show higher v a r i a b i l i t y than the 
females, and i t seems that the v a r i a b i l i t y appears t o be higher on the f o r e ­
head f o r both sexes at a i l age groups, e x c e p t f o r the one exc e p t i o n d i s c u s s e d 
above. The v a r i a b i l i t i e s a t the d i f f e r e n t age g r o u p s , as observed, may be 
exp l a i n e d on t h e b a s i s o f t h e d i f f e r e n c i a l degrees of hormonal changes and a l s o 
t h a t the e f f e c t s of tanning, n o t o n l y i s d i f f e r e n t a t v a r i o u s r e g i o n s i n the body, 
but c o u l d a l s o be d i f f e r e n t a t v a r i o u s age groups. 

TWTKK -POPTTT.A.TT0MS COMPARISONS 

The present data has been compared w i t h some neighboring c o u n t r i e s . 

Samples f r o m Turkey, West P a k i s t a n , A f g h a n i s t a n / I r a n and I r a q / S y r i a a re r e s ­

i d e n t s of Lebanon, and t h e i r exact geographical o r i g i n i s not known. The 

Chechen have o r i g i n a t e d from the Caucasus and r e s i d e i n the o a s i s of Azaq, i n 

E a s t e r n Jordan. The Sikh s are from the North western p a r t of I n d i a and the 

Kurds, are e t h n i c a l l y from Kurdestan, and r e s i d e i n s i m i l a r c l i m a t i c and geo­

g r a p h i c a l c o n d i t i o n s as the Chechen. 

R a c i a l and l i n g u i s t i c a f f i n i t i e s i s expected between the T u r k i s h and the 

I r a n i a n samples, e s p e c i a l l y i n the province of A z a r b a i j a n i n the most n o r t h e r n l y 

w e s t e r n p a r t o f I r a n . T u r k i s h i n f l u x i s a l s o a n t i c i p a t e d i n the northern 

c o a s t a l p r o v i n c e s o f I r a n , namely G i i a n and Mazandaran. 

I r a n and West P a k i s t a n share a v a s t t e r r i t o r y i n the s o u t h - e a s t e r n p a r t 

of I r a n i n B a l u c h i s t a n . T h i s g e o g r a p h i c a l a r e a i n I r a n i s q u i t e d i f f e r e n t to 

the c l i m a t i c c o n d i t i o n o f Northern I r a n . The former i s dry and d e s e r t l i k e 

being near t o the ' K a v i r ' o f I r a n , w h i l e the l a t t e r i s somehow s u b - t r o p i c a l 

and humid. Although s i m i l a r g e n e t i c c o n s t i t u t i o n i s expected between the two 
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populations, such environmental d i f f e r e n c e s plus the ge o g r a p h i c a l c h a r a c t e r ­
i s t i c of South east of I r a n which has very c l o s e r e l a t i o n s h i p with the P e r s i a n 
G u l f i n h a b i t a n t s , would a l l o w f o r v a r i a t i o n s i n the s e l e c t i v e p r e s s u r e s f o r 
c e r t a i n c h a r a c t e r i s t i c s , namely s k i n c o l o u r . 

Khorassan, a province i n the nor t h - e a s t of I r a n s h a r e s a common border 

w i t h Afghanistan, and has always provided easy m i g r a t i o n and admixture, but 

i t does not seem t h a t such gene-pool admixture would have reached the c o a s t a l 

p r o v i n c e s i n the North of I r a n , because of d i f f e r e n t c l i m a t i c c o n d i t i o n s . 

But i t must be con s i d e r e d that i n h i s t o r i c a l times, I r a n , A f g h a n i s t a n and 

P a k i s t a n c o n s t i t u t e d one b i g empire, t h e r e f o r e r a c i a l a f f i n i t i e s and e t h n i c 

o r i g i n i s a n t i c i p a t e d , and l i n g u i s t i c a f f i n i t i e s a r e s t i l l widespread. 

I r a q has borders w i t h I r a n i n the extreme west, and two of the I r a n i a n 

p r o v i n c e s , K u r d i s t a n and Kermanshah share constant i n f l u x and migr a t i o n , and 

s i m i l a r c l i m a t i c c o n d i t i o n s . The combined samples of I r a q / S y r i a , and the Kurds 

( J e w i s h Kurds) who are e t h n i c a l l y from Kurdestan, a t e r r i t o r y spreading i n t o 

I r a q , I r a n and S o v i e t Armenia, a r e a l l expected to share s i m i l a r gene pool. 

Although a l l t h e s e c o u n t r i e s share somehow common gene pool and admixture 

w i t h d i f f e r e n t p a r t s of I r a n , but the f a c t t h a t Mazandaran i n the north of 

I r a n not only has d i f f e r e n t c l i m a t i c c o n d i t i o n s , but has a l s o been somehow 

g e o g r a p h i c a l l y i s o l a t e d from such i n f l u x , s i n c e i t i s only bordered i n the 

North by the Caspian Sea, and has not been so much under the i n f l u e n c e of 

m i g r a t i o n of d i f f e r e n t p o p u l a t i o n s . But i n g e n e r a l s i m i l a r i t i e s i n both geno­

type and phenotype a t t r i b u t e s i s expected, when c o n s i d e r i n g the Aryan r a c e and 

h i s t o r i c a l movements and s e t t l e m e n t s . 

Although I r a n and I n d i a share no border, but i t must not be ne g l e c t e d 

t h a t , P a k i s t a n was once a part of I n d i a , and has only r e c e n t l y a t t a i n e d i n ­

dependence, t h e r e f o r e I n d i a d i d have borders w i t h I r a n i n the pa s t . 

T a b l e 8 p r e s e n t s data, obtained from other r e s e a r c h e r s , on s k i n c o l o u r . 

The mean r e f l e c t a n c e v a l u e s , and the standard d e v i a t i o n s a r e presented a t thr e e 
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wavelengths: 425mu, 545mu and 685mu, f o r two s i t e s , the upper inner arm 
and the forehead. 

Table 9 p r e s e n t s r e f l e c t a n c e percentage v a l u e s a t 685mu, i n d e c r e a s i n g 

order f o r each population. T h i s wavelength has been chosen, s i n c e according 

to many a n t h r o p o l o g i s t s ( H a r r i s o n and Owen,1964), i t i s a t t h i s wavelength 

th a t the amount of melanin c o n c e n t r a t i o n i s observable, showing the l e a s t 

amount, e l i m i n a t i n g any e f f e c t of v a s c u l a r i z a t i o n and blood supply. At the 

s h o r t e r wavelengths, from 400 to 500 mu, the i n d i v i d u a l and r a c i a l d i f f e r e n c e s 

i n v a s c u l a r components and haemoglobin c o n c e n t r a t i o n i s v i s i b l e , because i t i s 

i n t h i s r e g i o n of the spectrum, where melanin i s absorbed most by the blood 

components. Th e r e f o r e r e f l e c t a n c e v a l u e s a t 42Smu, has a l s o been pre s e n t e d , 

•rc a l l " . : f o i l a v i a i d i f f e r e n c e s or s i m i l a r i t i e s i n t h i s r e g i o n of the spectrum. 

F i g u r e 5 p r e s e n t s histograms, a l l o w i n g f o r f u r t h e r demonstration of the 

g r a d a t i o n observed i n the s k i n colour and pigmentary v a r i a t i o n s of the pop­

u l a t i o n s under study. 

F i g u r e 6 shows the r e f l e c t a n c e v a l u e s of these populations a g a i n s t two 

wavelengths, 425mu and 685mu. 

Table 10 p r e s e n t s ' t ' v a l u e s computed f o r a s t a t i s t i c a l comparison of 

thes e populations a t t h r e e wavelengths, c o v e r i n g the whole spectrum. 

Table 11 pr e s e n t s the percentage c o e f f i c i e n t s of v a r i a b i l i t y f o r each 

p o p u l a t i o n a l l o w i n g f o r an e s t i m a t e of the homo and h e t e r o g e n e i t y of each pop-

u l a t i o n i ; 

From t a b l e 9 i t i s observed t h a t the male p o p u l a t i o n from Northern 

I r a n , show the l e a s t r e f l e c t a n c e v a l u e s f o r both r e g i o n s , i n comparison to the 

other samples. The e f f e c t of tanning must be co n s i d e r e d , i n which the I r a n i a n 

males spent many hours exposed to s o l a r r a d i a t i o n , w i t h very scanty c l o t h i n g , 

a l l o w i n g f o r both r e g i o n s to become h i g h l y pigmented. C o n s i d e r i n g the f a c t 

t h a t the p a s t - i n h a b i t a n t s of these a r e a s were f a i r - s k i n n e d people coming from 
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f u r t h e r north, the obtained r e s u l t s does not seem to be very r e a l i s t i c . 
I n general due to t h e i r lower mean r e f l e c t a n c e , they show c l o s e r a f f i n i t i e s 
to the W. P a k i s t a n and S i k h samples, a t both ends of the spectrum, and at 
both s i t e s . The s i m i l a r i t i e s a r e more pronounced at the forehead. The 
Kurds, Chechen and the combined A f g h a n i s t a n / I r a n samples have i n t e r m e d i a t e 
mean v a l u e s on t h e arm a t 685mu, followed by the samples from I r a q / S y r i a 
and Turkey w i t h the h i g h e s t r e f l e c t a n c e . On the forehead, which cannot be 
a measure of i n i t i a l pigmentation of these p o p u l a t i o n s , due to d i f f e r e n t i a l 
degree of exposure and outdoor a c t i v i t i e s and the g e n e t i c s tanning c a p a c i t y 
of each population, show somehow s i m i l a r order to the arm. 

On s t a t i s t i c a l a n a l y s i s , W. P a k i s t a n and N. I r a n show s i g n i f i c a n t d i f -

FsroT.?«s cr_ t h - err. at bc^h iimo uZ Lhc syeccrum, w n n e on the torehead the 

d i f f e r e n c e s a r e only s i g n i f i c a n t a t 425mu. Such d i f f e r e n c e s could be e x p l a i n e d 

on the b a s i s of c o n t r a s t i n g v a r i a b i l i t i e s i n the two samples: N. I r a n has a 

c o e f f i c i e n t of v a r i a t i o n of 685mu on the arm of (9.58) and (11.08) on the 

forehead, w h i l e the W. P a k i s t a n shows almost h a l f the v a r i a b i l i t y of (4.46) 

and ( 7 . 3 6 ) , r e s p e c t i v e l y . A l s o i t i s observed t h a t the v a r i a b i l i t y i s higher 

on the forehead f o r both sexes. C o n s i d e r i n g 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 ­

ing i n the summer months i n N. I r a n , w i t h i n t e n s e s o l a r r a d i a t i o i * would a l l o w 

fo r s i m i l a r r e f l e c t a n c e s on the forehead 

I n g e n e r a l s i g n i f i c a n t d i f f e r e n c e s a r e observed when comparing the 

present data w i t h the other populations on the upper i n n e r arm and the f o r e ­

head, except f o r the S i k h s , who do not show such s t a t i s t i c a l d i f f e r e n c e s on 

the forehead. 

The h i g h e s t r e f l e c t a n c e means are observed i n the samples i n h a b i t i n g 

the most a c c i d e n t a l part of the middle E a s t , e s p e c i a l l y those a t higher l a t ­

i t u d e s l i k e Turkey and I r a q / S y r i a . Although these p o p u l a t i o n s , a l l somehow 

o r i g i n a t i n g from the Aryan r a c e , and i n h a b i t i n g the v a s t a r e a i n the north 



of the temperate zone, thus s h a r i n g r a c i a l o r i g i n , but the s e l e c t i v e p r e s s u r e s 

of c l i m a t i c and geographical v a r i a t i o n s , and e c o l o g i c a l c o n d i t i o n s does a l l o w 

an e x p l a n a t i o n f o r such d i f f e r e n c e s . 

Comparing the N. I r a n i a n females w i t h the other populations, d i f f e r e n t 

r e l a t i o n s h i p s a r e observed. I t seems more p l a u s i b l e to c o n s i d e r r a c i a l and 

g e n e t i c a f f i n i t i e s of these populations on the b a s i s of the r e f l e c t a n c e v a l u e s 

obtained for the females. The reason i s because females a r e i n ge n e r a l i n v a r ­

i a b l y p r o t e c t e d a g a i n s t i n s o l a t i o n , s p e c i f i c a l l y on the arm regi o n , due to 

r e l i g i o u s and s o c i o - c u l t u r a l f a c t o r s . T h e r e f o r e the r e s u l t s obtained, might 

ve r y w e l l r e p r e s e n t the i n i t i a l pigmentation of these p o p u l a t i o n s , and a more 

v a l i d c o n c l u s i o n might be drawn i n regards of s i m i l a r i t i e s and d i s s i m i l a r i t i e s 

i n the dermal melanin c o n c e n t r a t i o n . 

From the observed data i t i s seen t h a t i n c o n t r a s t to the males, the 

females (N. I r a n ) samples a t t a i n a q u i t e high l e v e l i n the r e f l e c t a n c e v a l u e s , 

e s p e c i a l l y on the upper i n n e r arm. They show nearer r e f l e c t a n c e s to the 

l i g h t e r pigmented populations namely Turkey and I r a q / S y r i a , a t a l l three wave­

l e n g t h s . S i m i l a r i t i e s w i t h the Kurds a r e more observable a t 685mu, the S i k h s , 

Chechen and W. P a k i s t a n , r e s p e c t i v e l y show lower moon r e f l e c t a n c e s . The very 

c l o s e r e f l e c t a n c e means at 685mu, as observed from t a b l e 9 e.g. I r a q / S y r i a 

( 6 0 . 2 0 ) , Kurds ( 6 0 . 0 2 ) , N. I r a n (59.68) and Turkey ( 5 9 ) , shows only a mean 

d i f f e r e n c e of ( 1 . 2 0 % ) , between these populations. 

On the forehead, the r e l a t i o n s h i p i s d i f f e r e n t . The N. I r a n i a n samples 

show lower r e f l e c t a n c e s , and present an i n t e r m e d i a t e l e v e l . Such d i f f e r e n c e s 

between forehead and upper i n n e r arm i n p o p u l a t i o n comparison might be caused 

by the d i f f e r e n t i a l degree of exposure, d i f f e r e n t costumes or head garments, 

or caused by the occupation i n v o l v i n g outdoor a c t i v i t i e s . 

On s t a t i s t i c a l a n a l y s i s , no s i g n i f i c a n t d i f f e r e n c e s a r e observed on the 

arm pigmentation, between N. I r a n , Turkey and I r a q / S y r i a , except a t 425mu f o r 
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the L a t t e r , which could be caused by d i f f e r e n c e s i n the v a s c u l a r i z a t i o n of 
the dermis. The Kurds and N. I r a n i a n females show s i g n i f i c a n t d i f f e r e n c e s 
only at the blue and green r e g i o n of the spectrum, but not at 685mu. These 
s t a t i s t i c a l computation e x p l a i n s s i m i l a r i t y i n the melanin content of the 
s k i n of these populations. 

N. I r a n and Chechen show s i g n i f i c a n t d i f f e r e n c e s at both ends of the 

spectrum, as has been observed i n the raw data, on the arm. The Chechen 

being of a Caucasus o r i g i n , have mostly migrated to the south, towards the 

middle e a s t e r n c o u n t r i e s , and d i f f e r e n t c l i m a t e and environmental components 

might a l l o w f o r such v a r i a t i o n , i n a d d i t i o n to the f a c t t h a t admixture of 

the Chechen w i t h other middle e a s t e r n populations could a l s o be a b a s i s f o r such 

d i f f e r e n c e s , as observed from t h e i r c o e f f i c i e n t s of v a r i a b i l i t y , they do show 

high v a r i a b i l i t y . 

I r a n and W. P a k i s t a n a l s o show s i g n i f i c a n t d i f f e r e n c e s on the arm, 

which i s expected when c o n s i d e r i n g the d i f f e r e n t c l i m a t e , and the neighboring 

populations of W. P a k i s t a n , a l l o w i n g for g e n e t i c admixture,thus the former 

being more pigmented. 

The S i k h s show s i g n i f i c a n t d i f f e r e n c e s on the arm as w e l l compared to 

the I r a n i a n females who are much l i g h t e r . C o n s i d e r i n g the costume of the 

S i k h women who expose t h e i r arm almost c o n t i n u o u s l y to the s o l a r r a d i a t i o n 

ever present throughout the y e a r , i n c o n t r a s t to the moslem females who have 

t h i s a r e a covered a l l the time g i v e s allowance f o r such s t a t i s t i c a l d i f f e r e n c e s . 

On the forehead, the N. I r a n i a n females show s t a t i s t i c a l d i f f e r e n c e s 

w i t h Turkey and I r a q / S y r i a samples, confirming to the raw data. T h i s c o u l d 

be caused by the amount of time spent outdoor on the use of head garments 

The Chechen and N. I r a n i a n females show no d i f f e r e n c e s on the forehead, 

which might be the e f f e c t of s i m i l a r degrees of exposure to s o l a r r a d i a t i o n . 
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No s i g n i f i c a n t d i f f e r e n c e s are observed at 685mu, between the Sikhs 

and the N. I r a n i a n samples, and compared w i t h W. Pakistan, the reverse 

i s t r u e , i n where s i g n i f i c a n t d i f f e r e n c e s are only observed towards the 

longer wavelengths. 

Observing f i g u r e 6, an i n s i g h t i n t o the a f f i n i t i e s and d i s s i m i l a r i t i e s 

of these populations, e i t h e r i n the melanin content or the vascular component, 

becomes a v a i l a b l e . Two p o p u l a t i o n data from the Beige and The Bushmen are also 

p l o t t e d against the two wavelengths, t o demonstrate the s i m i l a r i t y i n the 

Middle Eastern populations i n c o n t r a s t t o the two extreme populations 

i n regards of pigmentation. 

I ' - i g c r ^ i u l a l l i . i i c i'liudle eastern populations, do show closeness 

i n melanin content of the s k i n , as w e l l as i n the blood's c o n t r i b u t i o n t o the 

s k i n , when compared t o the other p o p u l a t i o n s , i n h a b i t i n g regions of d i f f e r e n t 

l a t i t u d e s and geography and c l i m a t e , and a l s o because of d i f f e r e n c e s i n the 

genetics c o n s t i t u t i o n of each p o p u l a t i o n . Both g e n e t i c a l and environmental 

f a c t o r s seem t o account very i m p o r t a n t l y f o r such c o n t r a s t . The sim­

i l a r i t i e s o f r e f l e c t a n c e percentage values of the populations under study, 

a l l o w f o r a closer gene pool and c l a s s i c a l and r a c i a l h i s t o r y i n a d d i t i o n 

t o the l a t i t u d i n a l e f f e c t of the vast area i n h a b i t e d by these Middle Eastern 

populations. 

Figure 7 shows curves obtained on a l l wavelengths f o r a broad comparison 

of the present data w i t h the two populations e x h i b i t i n g extreme r e f l e c t a n c e 

values. Data f o r these two po p u l a t i o n s , the Beige and the Bushmen, i s pre­

sented i n Table 12. 

On the upper inner arm the females show clo s e r a f f i n i t i e s i n r e f l e c t a n c e 

w i t h the Beige females. The curves do not resemble one another, owing t o the 
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depression at 545mu, i n the Belgian curve, which i s c h a r a c t e r i s t i c of 
f a i r s k i n , and i t i s at t h i s wavelength where the e f f e c t of oxy and r e ­
duced haemoglobin has i t s highest absorption. This e f f e c t i s decreased, 
and not observed at a l l when o b t a i n i n g curves f o r darker pigmented i n ­
d i v i d u a l s i n whom the presence of increased melanin granules, masks such 
an e f f e c t . The increase towards the longer wavelengths i s gradual f o r the 
Bushmen, wh i l e i t i s sharp f o r the Beiges. The N. I r a n i a n samples demon­
s t r a t e an intermediate l e v e l , e s p e c i a l l y towards the red end o f the spectrum. 
The Bushmen show a more sharp r i s e i n co n t r a s t t o the Beiges and the I r a n i a n s 
On the forehead, the N. Ir a n i a n s show much lower r e f l e c t a n c e means, due t o 
the r a d i a t i o n present i n N. I r a n , which could be absent i n B r u x e l l e s . 

The males show closer r e f l e c t a n c e mean t o the darker pigmented pop­

ulation,, the Bushmen, and the curve obtained also resembles t h a t of the 

Bushmen. I t does not seem t o be i n t e r m e d i a t e , and i t i s s u r p r i s i n g l y very 

close t o the Bushmen and f a r from the Beiges. This could be the r e s u l t of 

overexposure. On the forehead the d i f f e r e n c e s i n the mean r e f l e c t a n c e values 

between the N. I r a n i a n and the Bushmen sample decreases e s p e c i a l l y at the 

shorter wavelengths. I t might be possible t o suggest t h a t the samples from 

N. I r a n might have h i g h tanning c a p a c i t y , so much as t o al l o w closeness t o 

a p o p u l a t i o n which has d i f f e r e n t genetics c o n s t i t u t i o n and i n h a b i t s a d i f f ­

e rent geographical and c l i m a t i c and l a t i t u d i n a l c o n d i t i o n . 

One important f a c t o r causing v a r i a t i o n s i n both i n i t i a l and induced p i g ­

mentation, when comparing populations who are expected t o have closer and sim­

i l a r pigmentary l e v e l , i s the tanning capacity. P r i m a r i l y the genetics poten­

t i a l of tanning, and secondly the d i f f e r e n t i a l degree of exposure t o u l t r a ­

v i o l e t r a d i a t i o n may account f o r such v a r i a t i o n s whcih provokes more spec­

u l a t i o n i n the r e s u l t s obtained. That the r e l a t i v e e f f e c t of sun tanning and 

exposure i s not the same at a l l l e v e l s of i n i t i a l pigmentation has been suggested. 
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( B a r n i c o t , 1958; Weiner et a l , 1964; H a r r i s o n and Salzano, 196P; K a l l a , 
(1971). 

K a l l a (1969) suggests t h a t because of the h i g h v a r i a b i l i t y i n the 

maximum melanin e x c i t a t i o n percentage (M.E.P) among i n d i v i d u a l s even at 

s i m i l a r pigmentary l e v e l s , the d i f f e r e n c e s between most of the populations 

or groups are found t o be n o n - s i g n i f i c a n t , but d i f f e r e n c e s are a n t i c i p a t e d 

i n induced pigmentation i n response t o u l t r a - v i o l e t i r r a d i a t i o n , c h i e f l y 

due t o the i n d i v i d u a l or p o p u l a t i o n v a r i a t i o n i n the thickness of the corn-

eum a f f e c t i n g the p e n e t r a t i o n of the d i f f e r e n t u l t r a - v i o l e t wavelengths t o 

a d i f f e r e n t e x t e n t . 

The e f f e c t of solar r a d i a t i o n v a r i e s w i t h the area of h a b i t a t i o n , and 

the i n t e n s i t y of exposure t o u l t r a - v i o l e t i s modified by the f u n c t i o n o f occ­

upation, costume and d i f f e r e n t i a l a c t i v i t i e s , and the g e n e t i c a l a b i l i t y of an 

i n d i v i d u a l or a pop u l a t i o n t o s u s t a i n the tan. 

Skin tanning tends t o increase w i t h increase i n i n i t i a l pigmentation up 

t o a c e r t a i n l e v e l and a f u r t h e r increase i n the i n i t i a l melanin c o n c e n t r a t i o n 

of the s k i n causes a s l i g h t but gradual lowering of tanning ( K a l l a , 1971). 

Skin tanning i s r e l a t e d t o the easiness of l i g h t t o penetrate the s k i n and 

the inherent a b i l i t y o f the i n d i v i d u a l or. group t o be st i m u l a t e d t o melanin 

production. 

These considerations allows f o r such d i f f e r e n c e s i n the c o e f f i c i e n t of 

v a r i a t i o n between populations. These d i v e r s i t i e s i n t r o d u c e a source of con­

comitt a n t v a r i a t i o n i n the r e f l e c t a n c e value, e s p e c i a l l y at the upper inner 

arm, causing an enhancement of the variance and hence the standard d e v i a t i o n . 

I t has been suggested t h a t tanning of the s k i n increases the v a r i a b i l i t y , 

(Jansen, 1953, Lee and Lasker 1959; Omoto 1968; K a l l a , 1968). 

The h i g h v a r i a b i l i t y observed i n the N. I r a n i a n samples i s q u i t e ex­

pected i n view of the f a c t t h a t the r e g i o n under study has had great r a c i a l 
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admixtures i n h i s t o r i c a l times. Racial mixture has been greatest i n p a r t s 

of Persia which have had the h i s t o r i c a l zones of passage f o r invading armies 

and t r i b e s , namely areas l i k e Azarbaijan, Khorassan and Baluchistan. 

Mazandaran because of i t s geographical l o c a t i o n and i t s c h a r a c t e r i s t i c impas-

s a b i l i t y has been a r e l a t i v e l y homogeneous area, but invasions by t r i b e s such 

as the Kurds, Turks and Arabs have caused r a c i a l m i x t u r e , e s p e c i a l l y t h a t I r a n 

i s l i m i t e d by water from two d i r e c t i o n s , and an east and west passage way has 

only been possible. The h i g h v a r i a b i l i t y might also be caused by the e f f e c t 

of sun-tanning, but since the females who are r a r e l y exposed t o r a d i a t i o n 

do also show high v a r i a b i l i t y , i t might be argued f o r a genetic heterogeneity. 

I n general the h i g h v a r i a b i l i t y observed i n these populations decrease 

towards the longer wavelengths, t h e r e f o r e a l l o w i n g f o r more genetic homogen­

e i t y i n the melanin content of the s k i n . At 685mu, on the upper inner arm, 

i n the males the Kurds show the highest (10.71), N. I r a n (9.58) and Western 

Pakistan the l e a s t (4.46); on the forehead the Chechen (11.12) have the 

h i g h e s t , N. I r a n (11.08), and Turkey the l e a s t (7.26). For the females on 

the arm and the forehead, the Chechen show the highest v a r i a b i l i t y (19.24) 

and (14.46) r e s p e c t i v e l y ; N. I r a n (7.44) and (11.30) and Turkey the l e a s t 

(3.63) and (7.47). 
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CONCLUSION 

S t a t i s t i c a l a n a l y s i s of the N. I r a n i a n data obtained f o r s k i n c o l o u r , 

revealed s i g n i f i c a n t d i f f e r e n c e s between the males and females, which might 

have been the e f f e c t of overexposure of the males t o s o l a r r a d i a t i o n . Further 

a n a l y s i s f o r i n v e s t i g a t i n g whether pigmentation and age showed any close ass­

o c i a t i o n demonstrated 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 were observed at p u b e r t a l 

p e r i o d f o r the females and the p o s t - p u b e r t a l peridod f o r the males due t o 

d i f f e r e n t i a l e f f e c t s of hormonal changes. Only at p r e - p u b e r t a l p e r i o d , the 

sexes showed no s i g n i f i c a n t d i f f e r e n c e s between them. 

Comparing the present data w i t h some neighboring and Middle Eastern 
•» _ r c J . .. j . _ • - -t . - i- J _ 1_ _ j fnU _ H7 

L U U U U l l C O j JLM £ C 1 M = L C I J > C4 J. ̂  <k HA. U A. i3 -I- 1.1 ^ ^ g W V l L b a b J . U U Wl*U W fa* w vw*-.. ^ » » w • 

I r a n i a n males showed the l e a s t r e f l e c t a n c e and the highest pigmentation on both 

s i t e s , while the females showed q u i t e high r e f l e c t a n c e , resembling the pigment­

a t i o n of Turkey and I r a q / S y r i a . The r e l a t i o n s h i p of these populations v a r i e d 

according t o the wavelength at which i t was measured. On s t a t i s t i c a l a n a l y s i s 

s i g n i f i c a n t d i f f e r e n c e s were observed between the males from N. I r a n and a l l 

other populations except f o r W. Pakistan and the Sikhs, at the forehead. The 

females i n c o n t r a s t , showed closeness i n s k i n colour w i t h Turkey, I r a q / S y r i a 

on the arm w h i l e on the forehead i t demonstrated d i f f e r e n c e s w i t h these two 

c o u n t r i e s plus the Kurds. The c o u n t r i e s t h a t r e f l e c t e d lower values, having 

darker pigmentation show q u i t e d i f f e r e n c e s on both s i t e s l i k e the Sikhs and 

the samples from W. Pakistan. The Chechen only showed s i g n i f i c a n t d i f f e r e n c e 

on the upper inner arm. 

Closeness i n s k i n pigmentation i s a n t i c i p a t e d i n between these popul­

a t i o n s , who i n h a b i t the vast t e r r i t o r y i n the noth temperate zone, and who are 

also expected t o show clo s e r genetic homogeneity when compared t o European or 

A f r i c a n p o p u l a t i o n s , but v a r i a t i o n s w i t h i n these populations has also been 

a n t i c i p a t e d when regarding the phenotypes of these p o p u l a t i o n s . To a r r i v e 

on a t h e o r e t i c a l estimate of the number of f a c t o r s i n v o l v e d i n the determin-



a t i o n of the phenotypes, many f a c t o r s must be considered. 

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

s o c i o - c u l t u r a l and r e l i g i o u s f a c t o r s dominating the behaviour, occupation 

and d i f f e r e n t i a l degree of outdoor a c t i v i t i e s , and costume of each sex i n 

the p o p u l a t i o n are some f a c t o r s a l l o w i n g f o r f l u c t u a t i o n s i n the percentage 

r e f l e c t a n c e . R a c i a l admixture of each p o p u l a t i o n , according t o i t s geograph­

i c a l zone, and neighboring c o u n t r i e s , and h i s t o r i c a l and r a c i a l admixture 

due t o invasions and settlements, might have a l l introduced an element of 

heterogeneity w i t h i n the populations. Some other important f a c t o r s a l l o w i n g 

f o r such v a r i a t i o n s could be h y b r i d i z a t i o n , genetic d r i f t , gene flow. A l l 

these f a c t o r s would have t h e i r own s e l e c t i v e pressures t o account f o r such 

v a r i a t i o n s . 



APPENDIX 65 

SOME CONSIDERATIONS WHEN OPERATING THE SPECTROPHOTOMETER 

Two (E.E.L.) spectrophotometers were used t o examine v a r i a t i o n i n 

the r e f l e c t a n c e readings. Five coloured t i l e s and t h i r t e e n human samples 

were measured w i t h each spectrophotometer a t each wavelength and s l i g h t 

f l u c t u a t i o n s i n the percentage r e f l e c t a n c e s were observed. The experiment 

was c a r r i e d on by p r i m a r i l y examining the samples w i t h one spectrophoto­

meter many times on each wavelength, and the r e s u l t showed v a r i e d r e f l e c t ­

ance reading at each measurement. Therefore, the f i n a l value was obtained 

by c a l l i b r a t i n g the average of a l l readings f o r each wavelength. The same 

procedure was used f o r the other spectrophotometer. Therefore, by 

experiment i t was shown t h a t not only d i f f e r e n t spectrophotometers showed 

s l i g h t d i f f e r e n c e s i n the values, but a l s o t n a t the same was observed 

w i t h i n a spectrophotometer. This experiment r e s u l t e d i n questioning the 

extent o f v a l i d i t y o f c a l i b r a t i o n s obtained by experimenters when using 

the spectrophotometer, and whether i t was necessary t o measure samples 

many times before o b t a i n i n g a f i n a l measurement. 

Some i n p o r t a n t f a c t o r s considered as the cause of these v a r i a t i o n s 

i n the measurements are as f o l l o w s ; 

1) The i n t e r i o r o f the instrument sometimes tends t o accumulate dust, 

and as a r e s u l t there could be a constant r e f l e c t a n c e i n t e r n a l l y , 

as opposed t o the normal matt b l a c k , which should minimize t h i s 

r e f l e c t a n c e . The e f f e c t o f t h i s i s t o give a f a l s e '0' reading, 

i . e . i f the instrument i s placed on a black c a v i t y , i t should read 

zero, however, i t i s possible t h a t i t w i l l read +1 or 2%. This e f f e c t 

can be minimized by cleaning the o p t i c s compartment and i f necessary 

spraying i t matt black. 

2) F i l t e r s themselves w i l l vary s l i g h t l y i n t h e i r t ransmission character­

i s t i c s and dominant wavelengths and t h a t the g e l a t i n f i l t e r w i l l a l t e r 

as a f u n c t i o n of time, which could be overcome by s u b s t i t u t i n g dye 

i n the main glass f i l t e r . 
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I t i s important t h a t the image of the lamp should h i t the sample 

aperture c e n t r a l l y . 

The e f f e c t of zero o f f s e t i s going to be most s i g n i f i c a n t when one 

i s monitoring low l e v e l s of r e f l e c t a n c e s , and w i l l increase t o a 

maximum r e l a t i o n e f f e c t at zero. 

The l i n e a r i t y of the p h o t o c e l l i s not u s u a l l y a problem unless f o r 

some reason the c i r c u i t develops a high r e s i s t a n c e . This sometimes 

happens i f the contacts on the p h o t o c e l l becomes o x i d i z e d , and the 

p h o t o c e l l w i l l then g i v e a l o g a r i t h m i c output. 

To v e r i f y whether the instrument i s performing l i n e a r l y o v e r a l l , the 

most s a t i s f a c t o r y way i s t o u t i l i z e grey c a l l i b r a t i o n standards and 

w i t h a c o r r e c t set up instrument one could achieve conformity t o 

w i t h i n + 1%. 

The adjustment of the l i g h t source i s of primary importance since the 

response of the instrument i s completely a l t e r e d by i n c o r r e c t 

adjustments, and i t i s advisable t o check the adjustment o c c a s i o n a l l y . 

P e r i o d i c a l t e s t i n g of the galvanometer zeroing a t i n t e r v a l s i s 

necessary. 

Bulb output of the spectrophotometer could vary from machine t o machine. 

The s t a t e of the surface on which the machine i s i n s t a l l e d does a f f e c t 

the zeroing of the galvanometer. 

S l i g h t movement of the galvanometer when i n an undamped s t a t e . 

The s t a t e of the standard, on which dust, g r i t and grease and other 

extraneous m a t e r i a l would d i f f e r e n t i a t e the s t a n d a r d i z a t i o n . 

On h o l d i n g the a p p l i c a t o r head at odd angles, e s p e c i a l l y on an 

unsmooth surface ( t h e forehead) e x t e r n a l l i g h t i s allowed t o 

penetrate. 

The use of v a r y i n g a p p l i c a t o r heads when using one machine, might 

a l l o w f l u c t u a t i o n s . 



15) The time v a r i a t i o n i s of important c o n s i d e r a t i o n , e.g. the time 

allowed between the s t a n d a r d i z a t i o n t o 100% r e f l e c t a n c e and 

measuring the sample. 

16) Standardizing on the M g CÔ  or any other standard surface, must 

be done f o r every measurement. 

17) The high degree of s e n s i t i v i t y of these machines t o l i g h t i s 

susceptible t o s l i g h t f l u c t u a t i o n s , w i t h p e n e t r a t i o n of e x t e r n a l 

l i g h t . 
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TABLE (3) 

COEFFICIEMT OP RELATIVE VARIATION FOR FEMALES AND MALKS 

Wavelengilas U.I.A POREHilAD 
MALE FEMALE MALE FEMALE 

4 2 5 2 5 . 4 3 2 1 . 1 1 2 4 . 9 0 2 0 . 3 7 

4 5 5 2 2 . 0 8 1 8 . 9 8 2 5 . 0 9 1 7 . 3 4 

4 6 5 2 0 . 8 7 1 7 . 5 5 2 4 . 3 2 1 8 . 9 0 

5 1 5 1 3 . 4 7 1 7 . 3 5 2 1 . 6 0 1 8 . 5 6 

5 4 5 1 6 . 5 8 1 6 . 3 2 1 7 . 3 6 1 5 . 7 0 

5 7 5 1 5.01 1 4 . 5 4 1 7 . 4 7 1 5 . 4 4 

605 1 3 . 9 2 1 2 . 1 3 1 5 . 7 4 1 4 . 6 0 

5 3 5 1 3 . 3 3 1 3 . 1 * 

6 8 5 9 . 5 8 7 . 4 4 1 1 . 0 8 1 1 . 3 0 
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TABLE (7) COI-:FP:K; ;.I>:NT OF VAH.LAT ION 

Waveleng/ths 
i n mu PRE-PUBI2RTAL PUBERTAL POST-PUBERTAL 

U : I ; A M F M P F 

425 19.05 40.09 21.29 10.19 21.35 18.32 

455 19.5 33.97 21.29 12.91 22.19 14.03 

485 18.74 36.73 18.8 11.70 21.54 12.69 

515 17.34 23.03 20.21 9.55 19.09 13.11 

545 14.66 30.35 14.3 5.99 16.43 12.75 

575 13.71 25 14.05 8.94 15.32 10.90 

605 14.35 21.85 12.99 11.22 13.44 8.84 

635 10.22 11.42 11,97 10.72 13.24 6.23 

y.3b 11.09 8.62 7.50 3.44 5.96 

FOREHEAD 

425 29.54 17.46 23.95 12.61 39.36 21.59 

455 27.54 34-4 22.35 13.11 23.72 13.10 

435 26.6 23.37 24.01 14.10 21,20 19.4 
515 23.O8 19.10 21.54 14.71 19.36 20.03 

1 c 15.44 21.46 18.52 10.74 15.19 16.02 

575 16.2 13.18 16.27 11.10 18.39 16.57 

605 17.02 9-60 14.97 7.64 15.30 17 

635 14.03 9.74 13.22 8.96 12.36 14.55 

685 7.08 5.46 10.45 8.36 10.85 11*9 

M= 
P= 

L1ALS 
FEMALE 
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TABLE (9) -
MEAN REFLECTANCE* VALUES OF THE MIDDLE EASTERN POPULATION IN DECREASING 
ORDER AT 1Y;0 WAVE LENGHTS: MALES 

POPUIATION V/AVELEN&IEr 425mu POFJLATION WAVELENGTH 685mu 

U . I . A 

TURKEY 23.80 TURKEY 59.30 

IRAQ/SYRIA 27.40 IRAOySYRIA 57.40 

CHECHEN 27.40 AFGHAN!/IRAN 55.70 

AFGHAN/IRAN 24.20 CHECHEN 55.00 

SIKHS 23.18 KURDS 54.39 

KURDS 21.11 SIKHS 53.96 

V/. PAKISTAN 20.50 W.PAKISTAN 52,00 

N.IRAN 18.17 N.IRAN ^n.nn 

FOREHEAD 

TURKEY 21.40 TURKEY 55.90 

LRAOySYRIA 20.90 IRAQ/SYRIA 55.00 

AFGHAN/ IRAN 17.90 CHECHEN 52.50 

CHECHEN 17.50 AFGHAN/IRAN 51.20 

Yi A riUu . ) J JLj.-ii.ii 
* i- r-r-- W.PAKISTAN 46.60 

SIKHS 14.42 N.IRAN 45.41 

N.IRAN 14.00 SIKHS 45.04 

http://JLj.-ii.ii


TABLE (5) CCNT-lIUiED 
MEAN REFLECTANCE VALUES OF THE MIDDLE EASTERN POPULATION IN DECREASING 
ORDER AT TWO WAVELENG-HTS: FEMALES 

POPULATION WAVELENGTH 425mu _ POPULATION WAVELENGTH '685 mu . 

U . I . A 

IRAQ/SYRIA 3L20 IRAQ/SYRIA 60.20 

TURKEY 30.00 KURDS 60.02 

N.IRAN 28.04 N.IRAN 59.68 

KURDS 24.19 TURKEY 59.00 

SIKHS 23.34 SIKHS 54.94 

W.PAKISTAN 21.90 CHECHEN 51.90 

CHECHEN 21.20 W.PAKISTAN 5L30 

FOREHEAD 

IRAQ/SYRIA 24.60 TURKEY 57.40 

TURKEY 24.20 IRAQ/SYRIA 57.00 

W.PAKISTAN 1-7.80 CHECHEN 50.90 

N.IRAN 17.77 N.IRAN 50.01 

CHECHEN 17.10 SIKHS 48.11 

SIKHS 16.43 W.PAKISTAN 46.60 
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PIGURE(5) HISTOGRAMS DEMONSTRATING GRADATION IN REFLECTANCE VAIiU.ES 
IN THE MIDDLE EASTERN POPULATIONS 
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