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ABSTRACT

The main objective of this paper was to present skin colour data from
few populations residing in che coastal province of Mazandaran, N, Iran.
Statistical analysis was used to examine sexual dimorphism in the melanin
concentration of the epidermis., The male and female samples were each clas-
sified into different age groups, to observe for any variation in reflectance
in association with pubertal hormonal changes. Finally the present data was
compared with seven other neighboring populations to examine the genetic homo

and heterogeneity within these populationus,




COLOUR BLINDNESS

A total of 101 sampies (68 males and 33 femaleé) were tested for colour
blindness, with the Set of Ishihara Plates (1964), folloﬁing the technique
and instruction adopted by Ishihara., Each participant was tested individually
Plates (1-19) were used for the literate, and plates (20-24) for the illiterates.
Six males were found to be colour blind, while no females manifested such de-
fective trait, in accordance with the genetic laws of x-linked traits. Clas-
sification of the defectives into Protan or Deutan type, whether mild or stromng,
was not very clear, and three of the parricipants were labelled as unclassified.
The most important factor to be considered was the unsufficient number of samples,

~—— Tt~ o - ~ ~ = - 1. £
fore this survey has been left for

toc check for this polymorphic trait, there
further investigation, when sufficient samples have been examined, to obtain
the real frequency of this x-linked characteristic and also for a better in-

vestigation of the type and degee of defection.
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THE LAND OF IRAN

A) Classical and Racial History

Iran is a variation of the word Aryan. The Aryans arrived on the
Iranian plateau ébout 3,500 years ago and gradually gave their name to
the land. Persia is also referred to the country, the word being derived
from 'Pars', the name of one of tne country's northern provinces, and
Persian refers to their language and literature. The term Persia takes
definite form, late in the history oi the Oriental world, with the
erruption of Aryan people inio the Iranian plateau from the vast nomadic
reservoir to the east and north of tne Caspian Sea, early in the first
millenium B;C; In modern times Iran is more commonly used, as a part

nf a nnliev exalrine rhe wider ArhzsamaniAd Ay Avuvan Fwxadiesan
- - - : oI AnyIan TT2CLT

The story of Persia before the time of Cyrus is a confused patch-
work of myth and legend. Archaeological excavations during the past
generations have revealed significant outlines of its cultural history,
The evidence being of two kinds: pottery and inscribed writings in
cuneiform script on clay tablets. The former giving a glimpse of an
early civilisation, as in Perspolis, itself prior to 4,000 B.C,, at
first Neolithic in character, later developing inte a full Bronze Age
type, homogeneous in essential, reaching from the Syrian Coast to the
Indus, From the latter information is gained about the political and
racial background of the cultural area, with its highland belt in the
north stretching from Anatolia across to the Iranian plateau, and its
area of alluvial lowland and Steppe to the south, in the Syrian desert
and Mesopotamia, In these early days, the highlands had not yet been
occupied by the Aryan or Indo-European peoples. The people have been

tentatively called Caucasian or Caspian in the absence of insufficient



reliable evidence on the ethnic origin and relation of the people,
(Arberry, 1953).

Knowledge of the earliest inhabitants of Iran is very fragmentary,
and recent excavations in one cave at Behistan, and in the caves of
Belt and Aota near Behshahr on the Caspian coast, indicate an active
flint industry, in the middle Palgclithic period as well as skeletons
and skulls of the Mescolithic period. This latter material has been
dated to about 10,000B.C. by carbon-14 method of analyzing pieces of
charcoal from various level of digging, believing that these people were
Nordic and of the same race of the Upper Paleolithic hunters of Europe.

(Wilber, 1963).

Apparently in post-glacial times, the shores of the Caspian
constituted an important passageway of east west movement of people, with
cultural comnexions between northern Afghanistan- and the eastern shores
of the Mediterranean. During Upper Elzistocene and Upper Paléolithic
times, upper paleolithic man and his culture were very widely distributed
throughout south-west Asia . This Aurignaucian man wandered extensively
along the Mediterranean coastal areas, the Fertile Crescent and the shore

of the Caspian (Sunderland, 1968).

Toward the end of the last glacial period, those living on the
fringesof the northern Burasian area in Iraq-Iran-Afghanistan and con-
tiguous areas had already become Mesolithic hunters, and areas like the
Caspian shores of Iran might have become important avenues for human

movement and migration (Sunderland, 1968).

In the Iranian hiscory several civilizations have risen in various
parts of the country at different times, each leaving its own impression

on the subsequent development of Iranian history, both cultural and
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racial, The bldest known civilization of Iran is that of ‘Elam’, a
small kingdom, which came into being around iOth century B.C., in the
fertile plain, in what is now the south-western province of Khugzestan.
This kingdom was overthrown by the Assyrians in the 8th century'B.C.,
and in the 7th century, the independent kingdom of 'Media' was estab-
lished., Another major Iranian group settled in the south and gave
their name to the province of 'Fars' or 'Persia'. The Persians
overthrew the Median kingdom under Cyrus the Great, and established
their own kingdom over the entire plateau which stretched from the
Indus to Egypt aﬁd from the Danube to the Indian Oceam. The Ach-
aemian Empire lasted from 550-320 R,C,, to be followed by the
Parthians, ruling for 476 years, and later came the Sassanids*® (Basic

facts about Iran, 1973).

Later racial incursions consisted of the Greek influence with
the conquest of Persia by Alexander the Great in 331 B,C,, but the
Greek influence was submerged under a remnascence of Achaemian and purely
Iranian culture. In the 7th century, the Arabs invaded most of the
country, but they did not colonize the land; there seems to be little
Arab blood in the modern Iranian, but they took the highly developed
Persian culture, its art, architecture and literatures and dispersed
it throughout the Islamic world. A number of national dynasties arose
during the Arab invasions, among these were the Taharis the Saffawvids

and the Deylamites.

From the 9th to the i4th century, Iran suffered from incursions
of various Turanian people from the east, of whom the principle were
the Seljuk Turks, the Mongols and the Tartars. Their affect aad in-

vasions was devastation of lands, raging of cities and vast pyramids of



human skalls erected, and their overlordship was established in various
parts of Iran, and their followers settled in Iran. Today in a belt
across Northern-Iran, the Turanian element can be observed in racial
types and in the Turki-speaking village and communities: Turki being
linguistically unrelated to Fursi, belonging to the Ural-Altaic

group which include Turkish, Fiannish and the Mongol tongue of Central

Asia, (Crossclose, 1947).

Other racial and cultural strains have contributed to the racial
composition of modern Iranm. Among che people whom the Persian and
the Medes brought into subjects were races now clearly classified
ethnically, such as the ancient Summerians and Elamites, whose civil-
ization flourished in the Tigris and Euphrates valley, a thousand years
before the appearance of the Aryans. Besides these were the Hittites,
the Hyksos and various Semitic people of west, such as the Assyrians,
the Chaldeans, the Akkadians and the Phoenicians, whose culture blended

to form the Compound Asian civilization. (Crossclose, 1947).

Some various tribal or racial grouping of ancient lineages,
forming an important national characteristics are the Kurds, dwelling on
the boundaries of Iran, Turkey, Irag and Soviet Armenia, ranging from
the slopes of Mount Ararat in the North, southwards as far as Hamadan
and Kermanshah in the range of the Zagros. Basically the Kurds are
of the Aryan stock, and in appearance distinct from the typical Persian.
The Lurs and che Bakhtiars dwell to the south of the Kurds, in the
Zagres' range, descended of ancient Aryan stock, with migratory habits.
Other miscellaneous tribes are the nomadic people of Iran, the
Turanians comprising the Kashgais (Turkish origin), the Turkomans and

Baluchis of south-east Iran,

Basically three distinct groups, all belonmging to the Aryan

branch of the family of Indo-European peoples can be distinguished



in Iran: The Mediterranean, the Caucasian, and the Alpine. Also many’
other ethnic groups still live in Iran ranging from the Altaic
Turcomans in the north-east to the darker skinned Baluchis in the

South-East.
B) The Land

Iran is in the Middle East, forﬁing the western part of Asia
and the Eastermmost part of the Mediterranean world. It covers most
of the great Iranian plateau which lies between Mesopotamia to the
west and China to the East, the steppes of Russia to the north, and

the Persian Gulf and the Sea of Oman to the south.. It covers an

in the north, with the Soviet Union.

Iran is bounded from the North, by the most southernly coast
of the Caspian Sea., 1In the south, it is enclosed by the Persian Gulf
and the Indian Ocean: In the North East by Russian Turkestan,
Afghanistan:. and in the south-east by Pakistan; from the West Iran

has borders with Turkey in the north and Iraq.

Almost all of Iram lies in the north temperate zones, but the
plateau as a whole offers a variety of climate. It is land of high
mountains, deep valleys, great flatlands and vast arid deserts. Two
major ranges divide the country in a west-easterly direction: the
Alborz Range, beginning in the Caucasus, passing through Northern Iran
and continuing into Afghanistan, and the second range, the Zagros,
begins in Anatolia and continues right down to Baluchistan in the South-
East of Iran., There are several major lakes in Iran, and the Caspian,
the largest lake in the world, lying to the North, is a great inland sea.
The Caspian littoral is humid and sub-tropical, while the central
deserts are almost completely dry. Annual rainfall varies from an

average of 40 inches in Gilan and Mazandaran (most northernly provinces)

|



to an average of less than two inches in the desert regions. Temp-
erature also varies greatly: in the north-western parts it reaches
180F while in d;serts and areas of the Persian Gulf it rises to 130
degrees Fahrenheit.
C) Mazandaran

The province of Mazandaran is located in the central-northern
coastline plateau of Iran, and the most southernly coast of the
Caspian Sea, bounded in the south, by the Alborz range, thus isolating
this narrow fertile land from the southern valleys and areas of the
Alborz mountains. Geographically it is located in between 360'390,.
North and 51-31° East. Temperature varies from 0°-32° centigrade,
aud very unlirequencly aoes 1L raiti to -LUnU, or rise to 40°C, The
humidity varies from 35% in the winter to 90% in the summer. Rainfall
is up to lO0O0Omm and occasionally increases to 1800mm in the year. Alt-
itude is from 80-85 feet below sea level, and the winds are mostly
westernly. The Caspian Sea itself is comparatively shallow and has
considerable less salt content than that of oceans, and the water con-.
tains much minerals, especially iodine, The trees grow quite close-to
the sea. Mazandaran continues in the west to the province of Cilan,
and in the east to the province of (Khorassan).

In the Islamic Period, Mazandaranwas referred to as 'Teypourestan'
and it constituted the central dwelling place of the 'Teypour' tribe,

here

who are considered to have been/ before the Aryan migration. Some
suggestion as to the origin of the word 'Tabarestan', later derived
from 'Teypourestan' comes from the Persian 'Tabar', meaning (Axe) and
that the people of that land used the axe frequently for cutting tﬁe

woods and getting through the forests. Another reference made to

'Tabar' is 'mountain', in the native language, that the area was quite




mountaineous (Abdolfadae).

Two important tribes, the 'Tipouris' and the 'Amards' inhabited
the northern mountains or Semnan, In 171 B.C., Ashk the First (Farhad
1), pushed the Amards towards the East to Khar, East of Varamin, and the
Tipouris replaced them, and consequently the whole area came to be called

Teypourest and Tabarestan.

No reference to this land is made in the time of Cyrus the Great,
and neither in the Avesta's geographical indices, in the Vandidad. It
seems that the ignorance of this area was due to the fact that pre-Iélamic
kings before the Sassanids had no control over this area, because of its
geographical location and characteristics, and its impassibility, providing
protection from invasions from alien tribes, and if any penetration was

possible, it would have been for short periods.

The Teypouris like the Amards, being a pre-Aryan race, inhabited
Teypourestan, and reference to this land is made in the Greek literature as
'Tapyroi' and Tapoyroi and the Chinese have referred to it as 'Tho-pa-ssetan,

or 'Tho-pa-sa-tan', in Pahlavi script as Teypourestan (Marquart, 1901).

Teypourestan and Tabarestan was later changed to Mazandaran. There is
reference made in the book of Avesta in the Abay Yesht to 'Mazana' or
"Mazainya Daeva'. The inhabitants, it is suggested were tall, big shoulders
and living in caves, 'Mazana-Tara', also means towards Mazana or in Mazana

in Pahlavi script, classifying them as non-Iranian and non-Arab,

It seems that the fertile land of Mazandaran, has always attracted the
migrants and invaders, from various areas in the north east of Iran, like

Mongolia, Turkemanestan and Afghanistan.




Three tribes inhabit the province of Mazandaran:

(1) The Abdolmaleky:Turkish which have not mixed with the Mazandarinis.

(2) The Kurdotork tribe, a mixed race of Turkish kurdish and Turkish,
The Kurds from Azarbaijan province in the north-west of Iran, and
also the Afghans from Khorassan and Afghanistan.

[{3) The Khajevandis, which are primarily kurds, coming from Kurdestan

in the West of Iran, who live in the mountainous areas of the

Zagros Range,

From a review of the foliowing historical, cultural and racial
history of Iran, ir is plausible to comnsider Iran as a land in which the con-
tinuous invasions, migrations and settlements, has had its constant effect on

the genetic and physical characteristics of the remaining people of Iran,



SKIN COLOUR 10

HUMAN DIVERSITY

The human species demonstrates a diversity in physiological,
biochemical and anthropometric traits. These biological diversities
are associated with environmental stresses and genetic components
that interact to ensure the species survival. It is evident that

regional differences have biological significance and the proper

e e v - .

functioniﬁg of the physical orgznism towards its environment are
authoritative in the genes responses. The study of genetics,
immunology, paleontology, archaeology and chemical analysis have had
great advantage for the study of populations, and of great use for
potential biological studies in defining the different phenotypes and
genotypes, as means of comparing different populations. Many inherited
traits have been quantitatively measured by standard tests, and anth-
ropometric measurements and pigmentary variations are characteristic

of such categories.

Physical anthropologists research and studies are devoted to the
understanding of these diversities and their biological significance.
Of the biological variations in man, skin colourdifference; are the
most observable, Early attempts to classify races were based on pig-
mentary differences as an index of classification, and the human species
were continuously classified into different major groups. Linnaeous
was one of the first to classify race based on skin colour and in 1775
Blumenbach distinguished five races of man by means of skin colour;
his classifications consisted of the yellow race (Mongolian), brown
race (Malaysian), red race (American), black race (Ethiopiaﬁ) and the
white race (Cauéasian). With more éystematié approach to c6lour
measurements, and the-observation of a strong clinal component, such

distinct classification have been altered. It is evident that there
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is no limit to the process o6f subdivision and subclassification,
since various diversities are responses to environmental and ecological
factors in addition to the genetic factors involved, and skin colour

diversities are valuable regional adaptations.

Race is now defined as a biological term, and is the result of
the interaction of both the zenes and the enviromment, and it is
through the mechanism of naturai selection that various adaptation and
modification causes racial variations, ‘Race' could refer to any
population or aggregate of people isolated geographically, linguist-
ically and socio-culturally. It is also referred to a reproductive
community sharing a common gene pool., Although there are few distinct
Licedliug UILES 1N case Or extreme geographical and cultural factors,
usually boundaries of mating units diffuse, by migration, and hence
no population is one hundred per cent pure and homogeneons and gen-
etically uniform, and it seems logical to presume that racial diff-
erences originated by natural mechanism, geue flow and genetic drift.
Skin colour and races do not necessarily correspond, since in a single
race variations of all kinds, biochemical and physical exist, and the
better understanding of the genes structure and function allows for
observing further complexity in their influences upon one or many
characters, even in one individual. Variation is-the basis upon which
any orgaaism or species can allow for survival, due to the fact that
nature and the immediate environment of the organism is so unpredict-
able that a process of adaptation is necessary to ensure reproduction
and propagation. Therefore it leaves no question to the significance
and value of such diversities whether in gene frequency, the different

polymorphic traits and pigmentation.

Differences between populations are calculated by comparing

averages through statistical procedures, and by plotting such av-



erages of different traits on a graph a pattern of geographical
distribution becomes evidenc. Gradient of change on clines are
very common than sharp boundaries, and these gradients are found in
both metrical as well as discontinuous traits, Pigmentation is one
variation whose geographical distribution is evident, but the tech-
nical difficulties have hindered the collection of exact data and
also the complexity of the :nheritance of pigmencary differences

and the pigments themselves have been difficult to analyze chemically.
EVOLUTION AND DISTRIBUTION
It is generally assumed that most morphological and physiological

characteristic either have or have had significant adaptive values

and have contributed to survival. This assimntinn inclndae hath
internal and extermnal traits and on this basis, it has seemed leg-
itimate to assume that in man as in the majority of tessestial ver-
tebrates, the natte of body surface, whether naked skin, pelage or
plumage, represent past or current adaptive attribuies. Because
vascularized naked skin comes into direct contact with the environmment,
therefore differences in the dermal colour of naked animals including
man have had value in terms of possible physiological effects.

(Blume, 1961).

Gloger's theory of colouring concealment, assumes that the value
of concealment for hominoids and heminids, when evolving man was
weaponless and fireless in the tropics and naked for an immensely
long time, promoted effectiveness in food getting with numerous inci-
dental gains, in addition of reducing succeptibility to visually cued
predators, and because of man's current distribution into various
ecological settings the accumulation of social, technical and cultural

advances must have enabled the possessors of a negroid albedo (coe-
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fficient of reflectance) to disperse with the trait and survive in

other areas, becoming emancipated from the forces of natural selection.

Blume (1961) criticises Gloger's hypothesis on stressing the
advantage of black or brown pigment in reducing visibility, and
regards it more as an adaptation to local environmental situation,

than to a global situation.

t is suggested that the original colour of the immediate ancestors
of man could have been as diverse as the skin pigment of the differ-
ent anthropoid apes (Fleure 1945) (Washburn 1964). It is possible
that a certain section of maunkind may have ariseﬁ from light skinned,
aud auvLiler LCOmM Qark skinnec people. Theoretically there is no
reason to believe that there was a single pair of genes responsible
for the colour of human progenitors, and there might have been vari-
ations in the human species and primitive man., If adopting the
hypotbesis that the ancestors of mankind were black, (apparently, dark
skin was widespread even over Europe in pre-historic days, and also
for physiological reasons, that is for thermo-regulation the hominids
of Pleistocene had lost their hair, and consequently had to be pro-
tected against ultra-violet radiation in areas of Africa), then the
semi-albinic conditions characteristics of the Europeans‘and most of
the inhabitants of Asia must have arisen through a mutation unfavour-
able to the production of black pigment and much melanin. It seems
logical to presume that hominids migration to colder regions and
higher latitudes, might have rendered lighter skin, by natural sel-
ection, in areas of iess ultra-violet radiation. Contrariwise, as-
suming that the ancestors had a creamy or coloured skin, then the

deep pigmentation found in Negroes, Negroids and Australoids, must



have arisen by a special mutant in direction of melanization

It seems a priori that melanin in man is of the nature of a
mutation occuring in equatorial regions serving as a protection
of the underlying tissues and viscera from strong sunlight, and
that the inhabitants of different regions or latitudes must have
gone through physiological adaptations. (Davenport, 1926). Fleuré's
(1943) conclusion is trhat most e2arly men of modern type iﬁ the area of
hand-ax culture were rather brown in colouring and that there were
specializations in two directions, towards intensification or dim-

inution of melanin, Poiriez (1977) suggests that originally skin was

-t

darkly pigmented, and ligh

aigmentation may be a more recent adap-

tation, to non-tropical habitants.

Man's early habital in the early Pleistocene was in tropical
surroundings, and migrations to northern latitudes during warm inter-
glacial or interstadial periods, exested both physiological and be-
havioral adaptations, and the use of fire, clothing and tools made
living in different climatic zones practical in Paleolichic period,
therefore such biological acclimitization also played an important
role. It may be that moving out toward lower light intensities,
some populations experienced difficulty (especially the darkly pig-
mented), from rickets and cold damage. Dr. Post, postulated that
darker skins were more succeptible to frost bite and cold, and
lighter individuals might have had advantage in facing the cold and
receiving enough ultra-violet radiation for its chemical synthesis of
vitamin D, and therefore leaving more surviving offspring in the more

temperate areas.

Skin tolour differences between ethnic groups are on the

1

average larger than what can be explained by environmental effects.
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It is clear that there is a large genetic component to the trait,

and skin colour varies in response to environmental conditions.
Everyone including blacks tan when exposed to the sun, and the

tanning reaction has survival value., Albino and those who cannot

tan face serious problems, and therefore natural selection is involved

in determining the world wide distribution of skin colour.

Skin pigmentation shows a regularity in its geographical
distribution, and there appears to be a strong c¢linal component to
the variation in each of the four gquadrants of longtitude, apparently.
independent of a strong continental component., The selective ad-
vantages of a particular skin colour in a particular environment are
not fully clear, but heavy pigmentation in regions of intense solar
radiation certainly provides a protection against the burning and
carcinogenic effect of actinic rays, and the depigmentation in
Western Europe as Coon, Barn and Birdsell (1950) suggest favours

the manufacture of vitamin D, in cloudy environments,

The absence of high intensity ultra-violet radiation of long
duration and the relatively cold climate and low humidity might have
provided a suitable enviromment for the development of the blond
Nordic racial type. Blond or near Albinotic individuals appear in
other regions of the globe as well, but in the tropics they are all
at serious disadvantage, developing cancer and dying before maturity.
The rate of melanogenesis adequate for the Nordic's survival in its
original habitat is deleterious when exposed to a higher intensity of
solar radiation, and individuals with a higher content of melanin
present in the skin, or a high rate of melanogenic activity woulil

not be subject to such damages.
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There is no satisfactory eviaence of pigmentary differences due
to thé direct sunlight while the aborigines of Central and Southern
Africa are deeply pigmented, as are the natives of Ceylon, Papua
and Australig, the southern Australians live entirely outside
the tropics, and the Tasmans who were very dark lived at latitude of

~0 ; P N . . .
42 to 437, and comtrariwise, the Indians of the equatorial Brazil

“and Ecuador seem to have never atcained the dark colour of the

Negroes. The heavy pigmentations of the forest region is not ex-
plicable in such terms either, unless it could be assumed that the
inhabitants are of a recent migrant from other regions, and have
not yet attained such eavironmental adaptations. In tropical zones
thare eaeme +to he o 2iI0C, cuve veLween jungle and shaded areas, and
non-shaded people; e.g. the African pygmies are lighter coloured on
the whole living in shaded areas, than the surrounding Bantu. The
yellow of the Northern Mongoloids in other features ideally adapted
to the cold is a compromise between protection against arctic in-
solation and conservation of heat, The intensity of solar radiation
is not necessarily high in all tropical areas, e.g. tropical rain
forests, and at least in certain seasomns, it may be high in the
Arctic owing to reflection from the snow, Therefore, there are
exceptions to the geographical rule in skin colour throughout the
globe, and on the whole there is a lack of satisfactory qualitative
comparison of ultra-violet radiation load in various environments.
Also it must be noted that similarity in skin colour between popul-
ations need not necessarily mean a close phyletic relationship, but
merely similarity in climatic environment and a parallel adaptation;
e.g. the Australian aborigenes and the African ndgroes have no

phyletic relationship, and all are heavily pigmented.
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STRUCTURE AND PIGMENT

Skin is the first linz of encounter with the externgl environ-
ment, and the integument is continuously exposed to fluctuations in
temperature, solar radiation, friction and various biological and
chemical agents, and it also presents a barrier towards the in-
ternal miliew, so to maintain the fluid balance. It is now possible
to visualize the colour complexion of the whole individual by ex-
amining the pigment granules of the epidermal cells in the electron

microscope.

Skin consists of two types of tissues: the epidermis is com-
prised of several layers of epithelical cells, and these layers are
maintained by the underlying comnective tissue, the dermis. Although
the specialized products of tne epidermis, keratin and melanin, play
an important role in the protection of the organism, the dermis is
primarily responsible for the differential and maintainance of the
epidermis. The basal epidermis, (the Malphigian cell) main function
is to form a fibrous protein, keratin., These basal epidermal cells
are also able to form glands, the sebaceous and the sweat glands, .
regulating the fluid balance. The Malphigian cells also forw an

integumentary system,

The cobserved phenotypic differences between human populations in
skin pigmentation, sweating and hairiness are due to functional, and
not to anatomical differences. Szabo (1970), showed that the corres-
ponding regions of Negroes and Caucasian skin contain equal number of
melonocytes; thus the observable colour differences are due to dif-
ferences in the activity of the melanocytes, and the frequency and
distribution of sweat glands and ducts is also similar in all human

populations studied. An exception to this pattern of anatomical and

numerical equality has been reported by Mitchell (1968), in the number
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of epidermalmelanocytes in the forearm skin being significantly higher in
Australian aborigines than in the Australian Caucasians, The increase in
activity and number of melanocytes is due to multiple exposure of skin to
ulpra-violet light., Considering the thickness of the skin, there are no

obvious racial differences of the stratum corneum, though it is true that

chronically exposed skin shows a thicker keratin layer.

The melanocyte density dces not difier significantly between corr-
esponding areas of the epidermis in various racial types (Szabo 59, 67b).
Thefé is also inherent genetic differences acting on the pigmentary system
to produce the observed differences in melanocyte numbers (Garcia et al, 1968)

The environmental compenent also varies with different positlons on the skin

(0]

since not only are different parts of the body differentially exposed to solar
radiation, but also it has been shown that different areas have varying cap~
acities to tan (Edwards and Duntley, 1939). Counts on negroes and light

skinned people on the number of melanocytes per unit area of skin reveal ess-
entially the same means for a given body region, so that major population dif-
ferences in skin colour do not appear to depend on variation in melanocyte
number, In Negroes the granules are more numerous and larger, while in lighter
skin only few brownish granules can be seer:in the basal layer of the epidermi§;
In a negro this layer is densley black and granules are also conspicuous in the

Malphigian layer and in the stratum corneum,

Melanocyte synthesize an enzyme, tyrosinase, which catalyses the oxidation
of tyrosine (hydrophenylalanine, formed from the essential amino-acid, pheny-
lalanine in the liver) into dihydroexphenylalanine or DOPA and following the
oxidation process DOPA is polymerized into melanin, Tyrosinase catalyses the re-

action that takes place inside the melanocyte in a specific cell organelle,
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the melanosome, which shows a species - specific size, shape, and thé
internal structure being oval in man, its long axis is longer in
racial types such as Negroids and Australian aborigines ( 0.8 -

1.0 um) and shorter in Mongoloids ( 0.5um); Caucasold have mel-
anosomé that vary in length. The diameter of the orggnelle is

about 0,.25-0.5 um, Except for the differences in size of the mel-
anosome, Homo Sapiens have a remarkably uniform melanosome structure.
Melanosome produced by the melanocytes, enters the Malphigian cells
by a uniform phenomenon of cell to cell propagation. The Melano-
somes are incorporated into the keratinocytes, and are either kept.
in complexes or are dispersed individuslly, The keratinocytes control

the Giepersiun or cthe melanosome after their transfer. (Szabo, 1975).

The skin as a series of different layers,eack reflect a portion
of the impinging light after absorbing a certain amount at a certain
wavelength, which are succeptible to absorption by the pigments which
lie in the layer. From experiments it can be affirmed that light
striking the body penetrates the entire skin, including the subcut=-

sa £
anesus rat.

Five pigments and an additional optical effect designated as
scattering are factors in skin colour. These pigments are melanin,
melanoid (a derivative of melanin), Oxyhemoglobin, reduced homoglobin
and caroctene, The turbidity of the deeper layers of the epidermis

furnishes the added effect of scattering, influencing the colour.

Granules of melanin are seen in microscopic sections of skin
located in the basal layer of the epidermis, It is formed by special-
ized dendritic cells, the melanocytes, which originate in the neural
crest, near the embryonic nervous system, where they retain their
neural morphology, as shown by their dendritic processes which are

firmly inserted between the Malphigian cells. The melanocytes make
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granules of pigment about 0.5um (um= 1/1000 mm) in diameter, and
pass them into epidermal cells by way of their processes. Some
melanin may also be found in the dermis where it is massed in the
melanophone (Szabo 1975). It is confirmed that Melanin has a pro-
nounced absorption at tﬁe violet end of the spectrum, but very
little absorption at the red end. On histological observationm,
the variation in the amount of melanin in the epidermis, is re-
sponsible for differences in racial cologization, In light skiﬁned
people, with little melanin, the colour depends chiefly on the
blood and varies according to the amount in the vessels and the
state of oxygenation of the haemoglobin. In dark skin, thé con-
tribution of the blood supply to colour 1s maskea TO a greater ur

lesser extent by melanin.

In regard to melanin's amount and distribution, the normal
deposition of melanin is governed by two seperate mechanisms and the
resulting pigmentation is of two types: the primary or native pig-
mentation, where its deposition is controlled by constitutional and
f3cial factors, is responsible for differences between brunettes and
blond whites and the darkness of the negro, and also for regional
characteristics, exemplified in the melanization of the eyelids,
nipple and the scrotum., The second type of deposition is character-
ized as acquired, here the melanin forms in response to exposure to
light and then dissappears after the stimulus is removed, and the
formation depends upon the ease with which light could penetrate the
epidermis, and also on the inherent ability of the individual to
react to the light stimulus; so that in dark races, the primary mel-

anin layer is so heavy that it needs strong exposure to cause stimuli
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for reaction. Secondary pigmentation is minimal in very blond
whites in whom light penetrates with ease, but the body's ability to
react is minimal, while the brunette in whom again light penetrates
easily, the reaction is sufficient to form secondary pigmentation,
This reaction is called 'tanning' , due to an increase in melanin.
Melanization also occurs in the spotty form known as freckle,
Women's skin is generally poorer in melanin than in men, and melanin

is the most characteristic pigment of the skin.

The disintegration of melanin particles gives rise to a dif-
ferent pigment in the epidermis called 'melancid'., 1Its absorption
slope resembles melanin, but with its maximum shifted from the ultra-
violet to the visible violet. Due to its absorption characteristic
it tends to make the skin a yellow of higher purity. The améunt of
melanoid depends upon the amount formed and sfored: the formation
being related to the concentration of melanin in the particular loc-
ality and the storage related to the thickness of the epidermis.,
Since melancid is found in cells derived from melanin-bearing cells
and resembles melanin spectrophotometrically, it is regarded as a

degradation product of melanin (Szabo 1975).

Another factor contributing to skin colour is blood's most im-
portant pigment, haemoglobin, present as a mixture of oxy - and re-
duced haemoglobin. Each form shows characteristic absorption bands
and transmission peaks, Melanin because of the absorption across the
spectrum depresses the entire curve and tends to blunt the bands of
oxy-haemoglobin. Both forms absorb light strongly in the 400 to
500 mu range. Haemoglobin is found in the vessels of the dermis
and subcutaneons tissue. Although differences in vascular supply

alter the haemoglobin's contribution in different individuals, in
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different skin area of the same individual, and in the same anatomical
position under different physiological conditions, there appears to be

no significant differences between races in this component and under
conditions of constant temperature and activity, the vascular supply to such
areas as the medial aspect of the unexposed upper arm is very constant
(Harrison, 1957). The presence of oxy-haemoglobin bands in certain regionms
are indication of a rich arterial supply and a fast rate of blodd flow
contrariwise the presence of reduced haemoglobin bands in other regions
indicate a preponderantly venous vascular bed in the skin and a sluggish
blood flow.

Carotene is found in the stratum corneum of the epidermis, as well as
in the fat of the deymis and subcutaneous tissue. It is found to be
responsible for an absorption band in the blue_- region of the skin spectrum
at 482 mu, It occurs especially in parts of the body where this layer is
relatively thick like the palms and soles, where the epidermal and cappilary
blood layers are both heavy. Bodily carotene is derived from ingested food
and variations in dietary habits amy account for fluctuations in the carotene
content of the skin, The Japanese have a very rich diet of carotene, so that
carotenemia is quite common in them, while dark skins have not shown any
increase in caroten;. (Szabo, 1975),

Sweat and sebum contribute very little to the colour of skin, indirectly
by collecting dust or other extraneous material from the atmosphere and by
deposition on the skin, which may effect a transient modification of skin
colour.

Both layers of the epidermis, especially the mucosum exhibits the

phenomenon of scattering; this scattering tends to raise the blue end of the

reflected spectrum. Scattering consists of the rearrangement of light as
it passes through a turbid medium, and contains correspondingly of shorter

wavelengths, Since the whole epidermis and especially the stratum mucosum
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varies considerably in thickness in different parts of the body, the degree

of scattering likewise varies. Practically, regional variations of scattering
are not well-appreciated by spectrophotometry, since the size induced by
scattering is offset by the absorption of the melanoid, which is always

larger in amount in a thick mucosum. (Szabo, 1975). The presence of

keratin is also of importance in the role of scattéring light, protecting

the underlaying tissue and when melanin is reduced or absent, it may play

the role of defence and protection.

It has been shown (Harrison and Owen 1956) that in vitro, the melanin con-
centration is linearly proportioral to the reciprocal of the reflectance
value., At shoat waveliength and higa concentration of melanin, the relation-
ship tends to be disturbed, but ac long wavelengths, linearity is évident
over a considerable range of concentration. It has further been found that
the effect of scattering of light by the skin does not profoundly effect this
relationship. The measurement of the reflectance of red light provides the
most reliable method for detecting the melanin concentration in skin.
(Harrison 1957).

Until recently melanin was considered a chemically inert nigment with
the sole function of pigmentation. From studies it was demonstrated that
the circulation of melanin in normal hyperpigmented man, the stable free
radical property of melanin allows to form charge transfer complexes with
ceftain pharmacological agents, e.g. phenothiazine, Melanin also influences
biochemical reactions which may be of significance in the aetiopathogenesis

of certain diseases and clinical matters. (Wasserman, 1968).

ENVIRONMENTAL CORRELATIONS
Of particular importance to human life is the environmental solar
radiation, in the ultra-violet ramge, the radioactivity in the form of

cosmic rays and the emission of radioactive elements in the earth's outer

layer and in the air to which man has had a long geological period in which
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to develop adequate adjustments. The world distribution of ultra-violet
radiation is not known exactly, but a strong latitudinal effect can be
assumed. Absorption by ozone which excludes nearly all wavelengths
shorter than 0.285 um, explains most of the variation of ultra-violet
light with season, time of the day, and latitude, Although absorption

by oczone will mean that little ultra-violet light is received directly
fro;.che sul, when it is more than 45° from zenith, there is still a high
proportion of ery:ih.emal vadiation coming by reflection from the sky.
Shorter wavelengths are scattered much more by gas molecules of the
atmosphere than are the longer ones, so sky radiation is richer in ultra-
violet than in the visible radiai.on, {(Harrisom et al., 1977).

Solar radiation has always constituted a ubiquitous and essential
component of man's environment, a.ting directly on man and altering his
chemical composition. The direct effect of light can be defined as chemical
changes in the tissue constituernts, resulting from the absorption of light
energy in the tissue, The molecule that absorbs the photqns may or may not
be photo-chemically transformed in the process and more commonly it is not
and the photic energy is dissipated as heat. Moreover light can cause
chemical changes through the process of photosentization in molecules
other than those actually absorbing photic energy (Cardinali and Wartman,
1975). Much of the radiation reaching the surface of the body does not
penetrate to the deeper melanin containing layers. It is scattered, reflec-
ted ana absorbed in the horny layers of the skin; however, some radiation
reaches the deeper layers. Sheets of the stratum corneum from African
and Europeans in Nigeria having similar thickness and exposed to ultra-
violet radiation, resulted in the European specimen showing probounced
penetration and much less in the African skin., Comparing darker Europeans
with fairer omes, it was found (Thomson, 1955) that the latter absorbed

more radiant energy in the dermis, while the former absorbed the greater

part in the basal layer. Om studies with ultra-violet therapy shows that
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active rays do penetrate so deep to affect at least the superficial
capillary circulation or to stiwmulate the nerve ending. (Roberts, 1977).

Solar radiation varies enormously according to the region and time
and atmospneric condition, The efrective load of solar radiation is
determined by direct ultrs-violer, visible and infra-red radiation,
from the sun, and by the amount of energy diffused and reflected from
clouds, trees etc. Other envirommental variables are also correlated
with gkin colour. Recent sctudies by Robercs and Kahlon (1976) using
refiectance data have shown that among a number of environmental variables
there is a dominating associatioa of pigmentation with latitude, and on
a worid-wide basis the relationsiip of mean pigmentation with environ-
wcuLal valiabic id Lowdlhaviy CLUus€. 10ELT regressSlon equation OI lnner
Jupper aruw. reflectance on the main eavironmental variables, which demon-
strates the dominating influence of latitude and the combination of
temperature, humidity and altitude, can be used to predict skin reflectances
for populations in regions where the value of the appropriate environmental
variables are known. Such association exists for both long and short
waveleagihs., Association with latitude predominates at all wavelengths,
which accounts for a very great proportion of the total variance observed
in the reflectance means observed in the human populations. Of the
environmental variable associated with latitude, the amount of ultra-
violet radiation received at the earth's surface varies inversely with
latitude;theeffect of both at a given locality is modified by other
variables.

These findings support the theory that geographical variations in the
intensity of melanin is closely related tec the intensity of ultra-violet
although skin colour should be regarded as a complex of entities of
different selective value rather than a single entity. The Sudanese
region of Africa are exposed to the most intense solar radiation and

have the heaviest pigmentation and the inhabitants of the hot deserts of
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the New World are recent immigrants who have not yet been adjusted, The
clouded western seaboards of the coacinent in temperate latitude have the
least sunlight; in the Arctic, the open dust-free skies of summer and
reflection from the snow and ice expose the individual to strong ultra-
violet radiacion and the Arccic peuvple tend to be darker than temperate

ones,

el Sanlal
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canhlTAND . AN. GENETICS

Genes with a cumulative =frecr ar. very important in understanding
the determination of characcers:s S..c swin colour, which vary both in .
families and in populaticns, where .is.rete classes of individuals can be
recognised, Skin colour is a cont:uuous, gradea ana intermeaiace Craitc,
and its guantitative measurement co.firms more or less to the 'Caussian’
curve, In such traits some kind of blending inheritance is involved,
It can be shown that if a character i1s determined by a large number of genes
acting together, it would display the continuous variation that is observed
and the distribuiion of the variation of the measurement would be symmetrical
with the intermediate pheno-types more common that the extremes pheno=-types.

It is apparent that as the number of zaresresponsibl
PP )

vl

for a particular
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variation increases, it becomes correspondingly difficult to recognise
distinct classes, and when large numbers of genes are involved, the frequency
distribution would be continuous. Skin colour is controlled by polygenes
whose individua: erfects are small, but act cumulatively in the determination
of a single character, and the inheritance of such characters are polygenic
and multifactorial,

Considering the polygenic character of pigmentary variation within a
population, a polygenic hypothesis appears reascmable. Skin colour being
a continuously varying character with no clearly defined phenctype classes,
necessitates the theory that more than one gene pair must be involved, and

for the genetic basis of differences between populations, studies of hybrid
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populations are necessary. Reflectometric studies on matings between
African and Europeans confirm the impression that clear segregation does
not generally occur.

The average measurements of melanin pigmentation in the F. hybrids

1
(mulattoes), between African and European parents, are close to the mid
value between the parental means,; indicating no dominance of the gene
invoived, and the same is true of sack-crosses between mulattoes and the
members of the parental jopulations. It has been claimed (Harrison

et al., 1977) that skin colour diirerznces in the progeny of matings

between Australian Aborigines awm. Zuropeans can be attributed to segregation
for & few genes only. There 13 1. evidence for recessive genes with a

major darkening effect on pigmentation, and if the normal range is due to

a number of genes with simple addicive effects, cases would be expected

in which a child was somewhat darxer than either parent, but the differences
would be slight.

The general cpinion of geneticists and anthropologists is that pigmen-
tation is due to a number of genes that have an additive effect, Responsible
genes are additive on average in their effects in hybrids, when parental
populations are not true breeding and have heterogeneous origin. (Edwards
and Duntley, 1939). Davenport and Danielson (1913), who made a systematic
study on the West Indies coloured population, using the Bradley Colour Top,
postulated from their observations on hybrid families, a two gene pair-
system, in which the whites were sstt and Negroes were SSTT, and the genes
responsible for increased pigmentation had equal and additive effects,
Barnes (1929) reanalysed Davenport ancd Danielson's data and concluded that
aithough there was little evidence for a slight degree of dominance, no
simple genetic model could be fitted to the data,

Opinions differ as to the most probable number of gene pairs involved.

The results of the hybrids agree with the hypothesis that there might be

four genes responsible in determining skin colour, and each of these four




28

genes may be responsible for about % of the skin colour differences between.
black and white and the final difference is the outcome of the cumulative
action, (‘Poirier]977).

Stern (1953) has attempted to discover the number of loci involved
in pigmentation in hybrid populations (Negroes and Europeans) by comparing
the observed frequency distribution of skin colour in Americén negroes with
model distributions calculated for different numbers of gene pairs, and has
calculated about three or four gene pairs involved in determining most of
the differences in skin colour.

The fact that quantitatively varying characters depend upon many loci,
necessarily imtroduces the complicacion that at some loci, there may be
dminance, at others partial dominance, and yet at others no deminance at all,
It is in terms of overall dominance szifect and also that there would be
linkage between the polygenes and possibly non-additiveness of effect due
to locus interaction which cannot be sealed away. (Gardmer, 1968).

Kalla's work (1969) supports the view that five gene pairs are most
probably responsible for the inheritance and the variation of human skin
colour and these five genes and their respective alleles are capable of
independent assortment, and also that the genes are cumulative in nature,
thereby causing an additive phenotypic effect which accounts for the
respective reflectance value of 685 mu of the different phenotypes,

Harrison and Owen (1956) have found that the variation in skin colour in
the whites is very much smaller than in the negroes, due to the fact that
the white might have come from a very restricted locality, while the negroe
sample include representatives from all over West Africa., The high varia-
bility of the total first generation hybrid sample suggests such an explana-
tion.

Chi-square values have been calculated between expected and observed

frequencies of phenotypes in different mating types from each of the three

assumed hypothesis, assuming three, four or five gene pairs respectively.
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From these Chi-square tests it is evident that a general agreement between
the expected and the observed fraquencies of the different phenotypes in
respective matings have been reached only when five gene pairs are held

responsible for the inheritance of skin colour (Kalla, 1969).

It has been shown that scales can be constructed for E.E.L. reflectance
spechrophotometer measurements on which the genes for at least the difference
between Africans and Europeans are addicive and on which there is little or no
interaction between the component and the marked effect that the environment
may produce (Harrison and Owen, 1964). This means that skin colour can now
not only be used as a measure of the z2ffinity between populations, but can only
be subjected to the formal amalyses oi quantitative variation and used for
measuring problems in population genetics, such as the relative contribution

of parental races to a hybrid population (Harrison et al, 1963).

There is a fundamental genetic basis of skin colour difference, both
within and beitween races, There are some individual major genes which seg-
regate in Mendelian fashion, affecting skin colour. For example, Phenylke-
wonuria, show lighter pigmentation, being a recessive condition (Roberts,
1977). The study of melanin synthesis from phenylalanine and Tyrosine has
provided a biochemical basis for genetic abnormalities such as albinism,
phenylketonuria and alkaptonuria, but has not elucidated the genetics of

nermal skin pigmentarion.

Interesting indirect supporting evidence as the number of genes involved
in population differences comes from studies by Livingstome (1969, 1972).
He finds that with four loci, the evolution of the range of human skin
colour differences would take about 800 generations with no dominance, even
with slight differences in fitness (6% maximum) and migration between pop-
ulations. In his subsequent model he also took into account the effects of

population size, genetic drift and allele fixation. This work shows that

observed differences are not incompatible with reasonable estimates of sel-
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ection in man and duration of modern human evolution,

PHYSIOLOGICAL ADAPTATIONS

Many hypotheses have been put forward as causes for pigmentary
variations and distribution. Ultra-violet radiation depending in the
locality has its own beneficial and disadvantageous effects, Natural sun-
light acting directly on the celis of the skin of the subcutaneous tissues
produces both protective and pathological responses. Of its protective re-
sponses is increase in the synthesis cf malanin-pigments by epidermal mel-
onocytes and an acceleration of cell-division leading to thickening of the
ultra-violet absorbing layers, it alsoc initiates photo-chemical and photo-
sensitizative reactions affecting components in the extra-celjular riuia,

including the circulating blood, and the photo activation of vitamin D.

One hypothesis proposed by Loomis (1967,8) as a physiological protective

response to the ultra-violet radiation is the vitamin D hypothesis, Mammals

require vitamin D for calcification and bone growth, and vitamin D3 or chole-

calciferol is formed and synthesized from certain steroids in the deeper
layers of the skin and the subcutaneous tissues, when ultra-violet light is
absorbed by its provatimin, 7 dehydrocholestrol, Recent studies by De Luca
others have shown that vitamin D components are further transformed by the
liver and kidneys to the more active metabolites, acting on the intestinal
mucosa to facilitate calcium absorption, and on the bone to facilitate cal-

cium exchange.

Light skin represents an adaptation to low level of ultra-violet rad-

iation, where decreased melanin is necessary for maximal usage of ultra-

violet radiation in synthesizing vitamin D. Such skin is adaptive in north-

ern latitudes where sunlight is minimal, Vitamin D deficiency can result

in rickets and scoliosis (abnormal spinal curvature), among other defects,

and
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which could interfere with the birth process, Children who have been
chronically exposed to inadequate amount of sunlight develop rickets, a
deforming disease characterized by undermineralization of the bones., The
disease can be cured by irradiating the skin with ultra ligﬁt and by feed-
ing the aiflicted with vitamin D daily, Lightly pigmented individuals are
at an advantage in low light regions and little melanin allows increased
ability to absorb sufficient light. In high latitude, the amount of ultra-
violet light that penetrates to the appropriate skin layers is not suff-
icient to produce enough vitamin U, if the skin is too highly pigmented,
this is because the ultra-violet light is absorbed by the pigment in the
skin before it could promote the synthesis of the vitamin, Therefore natural
selection has acted in favour of light pigmentation in high latitudes and
contrariwise, darker pigmentation in the tropical and low latitude. It
seems logical that such physiological metabolism are adaptive and selected

for in the various environments,

In general while a vitamin D deficiency is harmful, too much of it
(hypervitaminosis D) would also result in failure of bone calcification and
pathological calcification, and while the dark skin reflects some of the

radiation, the light skin would suffer from dermatological disease.

There are indeed exceptions to such ahypothesis. The Eskimos and the
Lapps have relatively dark skin, 2lthough they live at extremely high lat-
itudes, but they have diets very rich in natural vitamin D, and consequently
have much less need to produce the vitamin with the help of the sun,

(Bodmer, Cavalli and Sforza,1976).

There is implication that selection for depigmentation has been strong
from recent genetic studies of overall dominance of the genes from the white
parent over those from the black parent. Therefore, increase in areas of

minimal sunshine where dietary vitamin D is low, and increase access of



32

these rays to the deeper layers would be selectively advantageous (Roberts,

77).

Another hypothesis is proposed by Fleure (1945) that when concerning the
brown granules, the kidneys seem to be less efficient in hot climates and
more of the work of the excretion may be done by the skin though deposition
of brown granules, That excretion may also be helped by extrusion of sweat,
since increase in the size and functioning of the sweat glands and expansion
of the blood capillaries of the skin may be valuable in reducing surplus
internal heat of the body radiation and evaporation, Dispegsion of internal

heat is a function needing every assistance in enviromments in which temp-

Lee i Tve mman kA +Taa OO0 Co'l'.‘
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brown pigment helps to reduce penetration of the heat and the people have

considerable development of capillary blood vessels of skin as well as large

sweat glands, both valuable cooling agencies in the moist hot climate.

Thermoregulation is also proposed as a possible physiological adapt-
ation, Dark skin reflects considerably less light energy and absorbs more
the solar energy. Almost half of the energy of the sunlight that reaches the
surface of the earth lies in the visible wavelength and it is this part of
the solar radiation that is absorbed in greater amounts by dark skin.
(Poirier 1977). Black skin absorbs 80% or more of incident visible light
while light skin only about 60% or less. About 95% of the infrared part of
the radiation responsible for thermal effect is absorbed by a depth of 2Zmm
of skin surface, and 99% of it by a depth of 3mm, thus suggesting that the
differentiated response of heat load from solar energy resides in the pig-
mented part of the epidermis, (Hardy and Muschenheim, 1936). It becomes
evident that dark skin must experience an increase heat intake for this
reason. The extra load on the temperature-regulating mechanism even in
sgrong sunlight is probably small, but it might be a significant disadvantage,

when the subject is near to limits of tolerance, but it is suggested that the
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heat-load problem does not seem to be the main selective force involved in

the emphasis on pigmentary distribution. (Poitier 1977)

It has been suggested that the melaniﬁ of the Negro, because it brings
about greater local heating of the skin, leads to a more profuse sweating
and that this is of advantage in the tropics. Thomson (1951) has shown
that sunburn tends to reduce sweating in white skin to a greater degree
than in negro skin, and this might conceivably give the Negroes a certain
advantage in this regard. Blume (1961) argues that while profuse sweating
may confer a somewhat greater degree of comfort under conditions where
water is rapidly evaporated, it could only increase the water loss and that
this is quite disadvantageous wir: regard to survival. On the selective
advantage of deeper pigmentation in association with thermo-regulation is
its less succeptibility to sunburn damage, which could damage the sweat
glands and disturb them functioning and hence heat regulation, therefore
efficient sweating is a critical factor for dark skin, Dr Roberts (1977)
also suggests that acclimitization to heat as a component of adaptive role of
melanin against solar radiation appears reasonable and that deeper pigment~-
ation triggers earlier activation of heat loss mechanisms, such as sweating,
or perhaps the heat load is insufficient for the disadvantages to operate.
Another possibility is that pigmented skin may act as a more efficient diss-

ipator of the solar heat load by radiation (Harrisonm 1961).

It seems, therefore, that melanin not only bestows on deeply pig-
mented skin the potential selective advantage of protection against car-
cinogenic effect of ultra-violet rays, it also safeguards against inter-
thermo regulative activites., The evidence for such a hypotheses is con-
flicting, and several studies suggest small differences of about 2 to 3%,
in the emissivity coefficients of black and white skin between 5000nm and
8000nm; but even a small physical effect of this magnitude may be signif-

icant from the point of view of adaptation or survival (Roberts 1977).
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Wasserman (1965) argues that the main selective factor in the evolution
of darker pigmentation in the tropics is disease and not climatic factors.
His argument is based on the primary need for survival for tropical people,
being protection against many infectious and parasitic diseases, and that
the dark skin is a by-product of successful adaptation of a more efficient
reticuleondothelial system. Dr. Roberts considers this hypotheses in-
adequate in explaining the lighter pigmentation of the whiter skin apart

from it ignoring other adaptive values of malanin.

The ultra-violet part of the spectrum in greater doses promotes injurf
in the form of sunburn and carzinogenesis, The carciﬂogenic wavelength*
lics beiwsen 2527 and 2241 A, A = Ancctvom  (wmavalanothe ara commonly
expressed in either Angstrom units, (A U or A); milli-microns (mu); or
microns (u).

4000 AU = 400mu = 0,4u = 4 x 10 - 5cm!
while erythema (redenning) is induced increasingly rapidly at wavelength
less that 3200, reaching a maximum of 2800 A, Mid-ultra viclet erythermal
radiation (290 - 320nm) causes sunburn to appear within several hours of
exposure, The inflammatory reaction results from the release of vasocative
substances from damaged epidermal cells, These substances presumably dif-
fuse into the dermis where they damage the capillaries (dilating the small
blood vessels), causing erythema, heat and swelling (Robert 1977). Chronic
exposure to the sun for long duration can cause permanent changes in skin
structure in the epidermis, These changes include skin atrophy, the form-
ation of keratin plaques and the appearance of squamous.cell carcinoma, in
succeptible individuals; Dermal changes include the disintergration of

collagen and elatis fibres. (Cardinaii and Wartman, 1975).

From such damages, adaptations occur in that as the erythermal thresh~

hold is raised, sunburn subsides and suntan develops. The protective effect

which develops involves two processes, the thickening of the stratum cormeum,
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and melanization., The decrease in epidermal penetration to solar rad-
iation brought about by corneal thickening is demonstrable in utiligin-
ous and in albino skin, who do not tam, but increase their erythermal
threshhold, Damage to the skin also involves the sweat glands and during
the erythematic period an individual's heat regulating ability is dis-

turbed,

In general pigmented skin is immune to such dermal and cellular dam-
ages. In many regions such as Africa, Australia and parts of the Southern
U;S;A;; the incidence of cancer of the skin (epithelomia) of parts of the
body habitually exposed, is considerably higher in light-skinned people,

than the pigmented inhabitants o cthe regions, providing selective wvalues

for pigmented individuals,

In the white population, cutaneous cancer (basal cell and squan-
omous cell cancer) pre-dominates on the face and principle exposed
sites, and the incidence is greatest in regions of high intensity sun-
light, and its incidence decreases with increasing latitude, Melanoma also
becomes more common among white skinned people as the tropics are approached
The rarity of cutaneous cancer in dark-skinned as compared to white skin is
notable. The selective effect of protection against these tumours is small
being relatively infrequent and occuring mainly in the later years of life
after reproducticn has ceased, but melonoma, also rare, is selectively more
severe since it could occur in young adults; it is a pigmented tumour which
in Europeans arises from pigmented spots in the epidermis and in the Negroes
from relatively unpigmented regions of the body. Melonoma are rare in
negroes, yet malignant melonoma next to Squanomous-cell cancer is the
commonest form of malignant diseassseen in the East and Central Africa

(Roberts, 1977).

Ultra-violet radiation can also produce mutation in living human cells,

modifying the DNA structure by radiation of wavelengths between 300 and 320

mu. Although 280mu is the optimum wavelength for producing mutations and
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radiation under 290 mu is practically filtered out by the atmospheric
ozone, but there are certain chemicals and natural substances which in
the presence or absence of oxygen, can enable wavelengths up to 300 mu

to produce mutation. (Dyer, 1969).

Therefore, it is evident that the protective role of melanin in dark
coloured races, inhabiting the tropics against carcinogenics radiation
is selective and of great adaptive biological value, and it does mask
from a biological point of view the unadaptive heat intake ability, al-
though the latter is yet in a state of primary investigation and it must

be seriously considered that every characteristic has its own significance.

Blum (1961) in general questions the adaptive value of the melanin
pigment of the human skin., He considers the relationship between the
phenotype and the environmment and suggest that selection depends upon
the closeness of fit between the two; complete fitting should not be ex-
pected in complicated situations prevailing in nature, but a total of pos-
itive and negative values representing advantageous and disadvantageous
facets of the phenotype with respect to corresponding facets of the en-
vironment, On the interaction between certain physiological responses
of man and a particular facet of his enviromment, in this case, sunlight,
the factors are quite complex, and that the particular envirommental
factor has many physiological effects, while other envirommental factors

are also acting upon the organism., From Blum's table, it is evident

Physioiogical effect Negro skin White Skin
1. Solar heat load at high environ- - +

mental temperature
2. Sunburn + -

3. Cancer of skin + -

+

4. Prevention of .rickets +

that he considers both the adaptive and non-adaptive attribute of each

of these factors, and questions its absolute survival value, and racial
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distribution. It appears that more biological and physiological
speculations is necessary to consider with absolute certainty the
adaptive value of each factor involved in racial, geographical and

biological variability.

PIGMENTARY VARIATION WITH SEX AND AGE

Melanin concentration in the skin is related to the amount of
the enzyme tyrosinase and dopase, and these in turn are under genetic
control., Melogenesis is accelerated by oestrogenic hormone, which en-
hances the activity of the enzyme tyrosinase (Hall, 1969), and large
doses of oestrogen gives a more pronounced melanogeﬁic effect (Snell
and Bischitz. 1960), Edwards and Duntley (1939) in their study have
established not only the pigments responsible for skin colour, but have
also shown the influences of varicus steroid hormones on melanogenesis
and have stimulated more recent work on the pigmentogenic properties of
adrenocortical hormenes. Investigation and data on the pigmentary pat-
tern of the skin and its respond to altered hormonal status were carried
out by Hall et al, 53. Their studies were based on two areas where mel-
anin deposition is markedly responsive to sex hormone stimulation, the

areola of the breast and the scrotum,

Adolescence is a period of considerable hormonal disturbance in
life and creates changes in human skin pigmentation, and hormones are
well known to elevate and also to suppress the melanic metabolic activity
of the skin (Hamilton et Hubert, 1938; Talbot et al, 1923). It has been

suggested by Kalla and Tiwari (1976) that the phenomenon of ageing may be

an important factor in influencing the sex differences in human skin pig-
mentation. Ageing particularly during adolescence influences made of

sex differences in colour,




Colour changes in childhood aﬁd adolescence among Caucasians are
noted by several studies. Kahlon (1973), observed that in both sexes a
darkening occurs after the first few years of life to reach a maximum at
about puberty, and that after puberty a lightenipg of the skin occurs which
appears to continue into early adult life. These effects are also more
marked in females than in males. Until early adulthood the female trend is
towards intensification of pigmentary pattern, thereafter the:ﬂistinction of

the pattern lessens, except during pregnancy where it is at the greatest extreme,

Tiwari and Kalla in their studies on two populations of Mediterranean

and Tibetan origin, observed a decline in both sexes, in the melanin content

Hh

of the skin when passing through adolescence, vet the decline being more.pro-
nounced in females, They also observed increase in the pigment at the age

of eleven years in both sexes, which wight have been due to prefpubertal in-
crease in the melanocyte stimulating hormones, (Marshall 1960). A similar
pré-pubertal increése in the pigmentation is obsefved among the Quecha Indians
(Conway and Baker, 1972) It is likely that after puberty there occurs a fall
in the welanocyte stimulating hormones, which may account for the decrease in
the melanin pigment during late adolescent pericd, Pre-pubertal and post-pubertal
changes in both. sexes are different and may be due to the degree of differential
levels of melanocyte stimulating hormones, since it has been observed thaﬁ the
boys are lighter in colour than the girls at youngér ages, and there is a re-
versal in that the boys become darker than the girls at advanced agés, at

least up to 16 years; also that the post-pubertal dgcrease in the pigment is
more than the pre-pubertal increase, in particularly the females, and

the age curves suggest a longer duration of the pre-pubertal increase in fe-

males than in males. (Kalla 1973).



These observations suggest a dimorphism in the penultimate efféﬁfs
of adolescence on skin pigmentation. Age changes in human skin pig-
mentation have been observed by Garn et al (1956); Walsch (1964);
Huzinga (1965); Omoto (1965); Tiwariand Kalla (1968, 9); Kalla (1969)

and Conway and Baker (1972),

Tiwari and Kalla(1968/9) concluded from their research that some
inner environmental factor must be operating to cause such effects, also
behavioural factors like the degree of indoor/outdoor activities, costume
and occﬁpation, might all have their respective effects in pigmentary
dimorphism, The sexual discrepancy is explained on a female hormonal
tudy by Robins (1972) has shown that females under prolonged
therapy with drugs possessing melonocyte - SCimuiaui caniviiil 2 FTop-—
ortionately greater skin melanin increase over their non-treated controls,
than did the corresponding male group, Females are lighter coloured than
men in general, due to the female skin containing less blood and melanin
and having different vascularity;areas of strong primary melanin, like
the nape of the necks, the linear nigra and the axilla show a correspond-
ingly higher melaninratic than the equivalent structure in man; Carotene

is also much greater in females (Edwards and Duntly, 1939).

TECHNIQUES OF CALLIBRATION

fhe ovider methodz cf comparing skin colour with printed colour
standards like the 'Broca Scale', and Ridgeway's 'Colour Standards',
suffer from the inconstancy of the human eye, as well as from difficulties
inherent in the standards in the illuninatiom, also the standards change
during the process of repeated exposure in light, and finally from re-
peated printing of the scale, and the colour are not the same always,
Another technique for classifying skin colour was devised by Professor
Von Luaschon, consisting of 36 rectangular masses of opaque glass, tinted

in a graduated series to match different skin colours, but its surface



being too shiny makes the matching of the skin very difficult.

Since skin colour is a continQOusly varying character, especially
in a hybrid population, between different pigmented people. The use of
discrete standards, involving visual matching of skin colour against
colour standards, introduces an unnatural discontinuity in the variation,
Colour matching has been replaced by colour measurement and increased
knowledge of the optical properties of the skin has broadened the
theoretical implication of skin colour studies. In 1952, Weiner, real-
ized the suitability of portable spectrophotometer which provided an
accurate and objective methqd‘pf measuring skin colour on a continuous
scale, which largely supplanted other methods. In 1953, Edwards and
Duntley used the Hardy Spectrophotometer, regarding the nature and band
of absorption of the different pigments and substances in skin. The
effectiveness of portable reflectometers offers a more objective quant-
itative study of pigmentation and has opened up the possibility of pop-
ulation surveys for anthropological purposes, and also for accurate work

on the genetic and inheritance of pigmentary differences.

The E.E.L., (EVANS ELETROSELIUM LTD) Spectrophotometer isan in-
strument which measures the intensity of light in an extremely narrow
band of the spectrum at a known wavelength, and it is designed to measure
the reflectance of a sample in nine regions of the spectrum, The machine
is designed in the form of two main units, namely a galvonometer (pro-
vided with two scales, the lower is uniformly divided in 0-100 divisions,
whilst the upper is an inverse logorithmic scale marked %5 - 100), and
an applicator head which is freely movable and can be applied to the
regions of 'the skin surface. By examing the spectral curve one may id-
entify the pigment giving rise to colour, and evaluate thelr approximate
quantity. This is possible since every substance has a specific absorp-

tion in some part of the spectrum, A pure white standard like Magnesium
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Carbonate has absorption entirely outside the visible spectrum, while
pure grays of blacks are caused by a uniform absorption within the

visible spectrum.

Before connecting the reflectometer (applicator) head, the zero-
setting is adjusted and for each filter the sensitivity is adjusted to
give a reading of 100% against the standard. The skin reflectance is
measured in the selecfed wavelength by reading the percentage reflect-
ance in the linear 0-100 scale. The applicator head directs light from
a 6 volt, 6-watt tungsten .lamp at an angle of 450, and focus it on the
skin surface; part of the light is absorbed, while the remainder of the
light which is reflected activates a photo cell, and the current gen-
erated is passed onto and measured and recorded by the galvonometer.
Throughout this process the light beam emitted from the standard source
(an electric bulb) passes through interchangeable filters with a known
dominant wavelength and with characteristic transmission curves, before
striking the skin surface. The amount of light reflected from the
surface is compared with the amount reflected from a pure white standard.
The EEL Spectrophoctometer is equipped with nine filters of varying colours
spaced throughout the visible spectrum, from the blue to the red end.
These filters are referred to as Ilford Filters; they are narrow waveband
filters which transmit the following dominant wavelengths: 601 -~ 425 nm,
602 - 45mnm, 603 - 485 nm, 604 - 515 nm, 605 -545 nm, 606 - 575 mm, 607 -
605 nm, 608 ~ 635 mm, 609 - 685 nm,

Reflectances are inversely proportional to the melanin content at
all wavelengths, however values at 635 and 685 nm are valid over a very
wide range of melanin concentration (Harrison and Owen, 19565, and are
little affected by the skin blood supply. None of the filters have ex-
actly the same dominant wavelengths, and even when there is close simil-

arity, the spectral transmission curves are quite different, (Garrard,

Harrison and Owen, 1967). The mean values of reflectance at each wave-
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length constitute the basic data from which indices of overall lightness
and darkness can be derived. The means of the readings at nine wavelengths
may be taken as anlapproximate me:asurement of overall lightness and dark-
ness irrespective of the particular pigment or optical effects examined.
(Barnicot, 1958). The amount of oxygenated blood in the skin affects the
readings very little in the red region, therefore the readings at 685 mu
(filter 609) is the most suitable, as a measurement due to melanin (Edwards
and Duntley, 1939). 1In general the zmount of light reflectance becomes
less and less as wavelength becomes shorter and shorter, except at wave-
length 605, in which for the whites, the curve rises steeply from the blue
to the red end of the spectrum, and shows a pronounce& trough in the g:;en
region durineg the absorption of light by haemoglobin., 1In the darker people

the fall is hardly detectable and the curve is smooth and much more nearly

horizontal rising less steeply towards the red end.

It has been shown from the EEL instrument that transformations are
necessary such as the means of the logs of the 'blue' filter reflectance,
and of antilogs of the ‘red' filter reflectance are calculated. These
transformations are necessary and required at 42; mu and 685 respectively,
for comparing populations which differ markedly in skin colour (Harrison

and Owen 1964; Weiner et al., 1964).

This instrument has been used to measure skin reflectance on
different countries and populations by many anthorpologists: Weiner (1951);
Lasker (1954); Barnicot (1958); Das and Mukherjee (1963); Sunderland
(1967) {1973); Harrison and Owen (1964) (1967); Kalla (1969) (1973)

and Cartwright (1975).
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SAMPLES

During the months August and September 1979, a total of 101 boys and
girls were measured for reflectance of skin colour The participants com-
prising 68 males and 33 females, were drawn from the inhabitants of three
adjacent areas in the province of Mazandaran: Two of the areas Chalous and
Nowshah: (small towns) are seperated by a distance of seven kilometers, with
the third area Kourkoursar (a village) midway between them, The samples were
all Qorn in either of these regions or adjacent villages, that extends further
towards the mountains (maximum distance four kilometers) and their parental

origin, although not exactly clear does not go far beyond the neighboring

willacee and t+towme.

Considering the small distances existing between the many villages and
towns, and also similarity in climatic conditions (the degree of humidity and
rainfall) and occupation (mostly fishing and rice agriculture) constant mig-
ration and inter-marriage is expected, The only factor to be considered in
the approximate vicinity of these three areas to the sea and to the mountains.
The closeness to the mountains, has allowed recurrent migration (winter and
summer migrations) and admixture of the coastal inhabitants with the mountain-
eous peoples, thus allowing for increase heterogemneity and variability within

the samples.

The socio-cultural and religious regulations are important factors, when
considering differences in the reflectanpe measurements of the two sexes. Is-
lamic conditions prevail quite stringently, although Mazandaran was one of the
last areas to be invaded by the Arabs, and this factor could be an inherent
basis to the results obtained, which differentiates between the sexes activities.
Males in general are more liable to outdoor activities and frequent migrationms,
Although females work in the rice fields like the males, but they are fully cov-
ered from head to anklé, while males use very scanty clothing are continuously

exposed to solar radiation, It must also be noted that younger females are
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less restricted against cultural and religious regulations, and do occasion-
ally avoid head garments and wear sleeveless shirts, while older girls are

more conscious of their social and reiigious duties,

Reflectance from two areas of the skin have been obtained: (1) The

- middle of the forehezd, in between the hair line and the base of the nose,
representing a region most frequently exposed to inselation, and allowing an
estimate of the tanning capacity; (2) che inmner surface of upper right arm,
a region least or very rarely exposed. This latter region is mostly measured
as representing an individual's initial pigmentation, with the characteristic

of poor tanning capacity and also showing the least variation in all races,.in

METHOD OF EXPERIMENT

A portable reflectance spectrophotometer (EEL), fitted with nine fillers
was used for this fieldwork obtained by permission from the Department of An-

thropology, University of Durham,

Reflectance values were obtained for each individual throughout the whole
visible spectrum, {from the blue Lo the red end of the Spectrum). The nine
filters corresponded with the following dominant wavelengths: 601-425mu,
602-455mu, 603-485mu, 604-515mu, 605-545 mu, 606-575mu, 607-605mu, 608-635mu,
and 609-685 mu, All wavelengths have been used, since the use of one wave-
length in skin colour measurements would not be sufficient, since reflectance
of certain wavelengihs would not have the same accuracy over the total range of
reflectance, because of the curved relationship between the wavelengths concerned,

and calculation of the tanning capacity would not be allowed. (Ritger-A¥is, 1973)

A block of magnesium carbonate (Mg C02), the surface of which was per-~
iodically scraped off to keep all extraneous elements off, served as a white
standard reflecting 100%, against which the amount of light reflected from

the skin at various spectral regions could be measured.

The performance of the instrumenct was periodically checked during the
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course of the work, by disconnecting the applicator head from the galvono-
meter and checking the zeroing. For every individual measurement, the re-

flectance was standardized to 100% against the Mg CO,.

The time of the investigation unfortunately,-masked the real reflect-
ance values, especially in the males, because of intense radiation prevalent
in these summer months, The increase in outdoor activities, the frequent use
of the sea and river for swimming and cthe accumulation of salt, have been
considered factors allowing for fluctuations and masking of the initial pig-
mentation., Due to religious regulations, sites of measurements could not be

cleaned, to clean off sweat and salt.

Harrison and Owen (1964) have suggested that skin reflectances at 425mu,
545mu and 685mu wavelengths are mutually more comparable if R425mu, is trans-
formed to its logarithm, and R685mu transformed to its 'antilog'. This pro-
cedure has not been carried on for the comparitive methods adopted in this
study, since it has been suggested that individual reflectances percentage
are needed for such transformation, and transformation of the means would
not be suitable, although Lourie (1971) suggests that the difference between

the two methods are negligible.

Before proceeding to the systematic analyzation of the data available, some

important considerations must be taken into account:

(a) In inter-population comparisons, average years of the samples
must be considered, as has been observed that pigmentation and
age are closely associated, especially during pubertal period,
when physiological and hormonal changes, could cause fluctuat-

ions in the percentages reflectance values (Kalla, 1973).

(b) The Geography (Climate and latitude). The cultural and religious
aspects of the populations, and the historical invasions and mi~
grations under comparitive study must be recognized, allowing

for differential degrees of indoor/outdoor activities, occupation,



(c)
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type of costume, and sexual dimorphism in regards to

social behaviour,

Individuals and populations have varying genetic potential
of tanning for each site Lee and Lasker (1959) and are also
differentially exposed to solar radiation, therefore both the
genetics and envirommental factors must be considered.
In general factors like migration, racial admixture, genetic
drift and hybridization can all be a source in the observed
differences when analyzing the data, specifically when the
populations under comparison either belong to a similar

race or inhabit somehow similar geographical and ecological

araac

The data obtained from the present study and those obtained by other

resaarches have been analyzed in two different parts:

(1)

(2)

Intra-population differences

a, Within sex differences
-b. Between sex differences

¢. Within and between sex(es) differences in assoclation

with age.

Inter-population comparisons.
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INTER-POPULATION DIFFERENCES

The mean percentage values, the standard error, the standard deviation

and the coefficient of relative variation, of the inner surface of the upper
arm and the forehead, for each sex at nine filters (425mu to 685mu) have
been calculated, and are presented in table 1, Figure 1 also demonstrates
.the curves obtained, when plotting the values on the graph. Figure 2 shows
the observable differences in skin pizgmentation, between the sexes for each

site seperately.

The 't' test has been used for statistical analysis and comparison of
within and between sex(es) differences at each site of measurement, and the

vwaniilirn avws Anracantad An +aohla 2
ST D premZeTmoCT Mt e -

It is evident by observing the data on.table 1 that the female samples

exhibit higher reflectances, and are lighter coloured on both sites, at all
wavelengiiis, than are the males. On statistical analysis the differences
between the males and females, for each site seperately, shows significant

differences as well, throughout the spectrum with p < .001.

The differences between the twc sites (the upper inner arm and the fore-
head, also show both observed and statistical differences. The effect of tan-
ning is observable, where the arm shows higher reflectance than the forehead
These differences are visible at all 9 filters as well, with p  .00l. Such
significant differences between the two sites validates the theory that if as-
suming the reflectance from the upper inner arm as the initial pigmentary lev-
el and those of the forehead as induced pigmentation by ultra-violet radiationm,
then the degree of tanning capacity of each individual or any population can be

computed.

From observing Figure 1, it is seen that the differences between the two

sites in each sex is different. The females show higher difference in compar-

ison with the males. It is not very clear whether these differences can be
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attributed to the differential degree of tanning, whether genetical or en-

vironmental that is if assuming that slightly darker pigmentation might

tend to show a lower difference between initial and induced pigmentation,

or whether it could be attributed to the socio-cultural facors, which allows
the males to indulge in more outdoor activities, and exposing the upper-
inner arm very frequently to insolation, and consequently minimizing the
differences at the two sites., Although individuals with very similar initial
pigmentation manifest various degrees of tanning (Lee and Lasker, 1959) or
even in a homogeneous population, it seems more plausible to associate these
degrees of differences to the overexposure of the males, in contrast to the

invariably unexposure of the females at both sites.

Figure 2 also demonstrates that both sexes show less difference in the

mean reflectance values on the forehead than that on the arm. This could be
explained on the differential or extreme differences observed in the costume
worn by the two sexes, allowing for greater differences in the arm, and also
assume that females also do expose their forehead, not infrequently to allow
for such differences at the two sites, The effect of tanning becomes quite
clear when computing the differences between the sexes at each site. The diff-
erences at the arm is from two to three times higher than the differences be-
tween the forehead: at 425mu, the arm shows a difference of (9.87%), while the
forehead mean difference is (3.77), and 685mu (9.68) and (4.6) respectively,
but the mean differences do not appear to decrease at each wavelength or

towards the longer wavelengths,

On observing the standard deviations, the differences in the variability
cannot be clearly distinguished.at each wavelength, but on observing the co-
efficient of relative variation (S.D x 100/%X) some points become clear:

{The percentage coefficients are listed on table 3.
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(a) A general trend of decreasing variability, towards the longer
wavelengths is obéerved at both sites, for both sexes. This
is in confirmation with other studies, in which decrease to-
wards the red end of the spectrum has been observed in fairer
pigmented skin (Barnicot, 1958; Huizinga, 1968; Harrison and
Owen, 1964). It has also been suggested by the above authors,
that variatiom is considerably greater at the blue and green
region of the spectrum that at the red end of the spectrum, due
to the fact that variations in the blood supply and vascular
components exert their main effects at the shorter wavelengths,
whose effects are masked in darker skins. The low variability
at the longer wavelengths is due to the low melanin concentratdan

in fairer skins, and accounts for more homogeniety in the melanin

content of the skin.

(b) While the decrease in the variability is approximately constant
throughout the spectrum on the upper inner arm, the forehead ex-
hibits an irregular decrease, which might be caused by diiferen-
tial degree of exposure to ultra-violet radiation. As observ-
able from the table the males do show higher coefficients of
variability on the forehead as would be expected except at 425mu,
but the females manifest this increase on the forehead at certain
wavelengths only, exceptions are at 425mu, 455mu, and 545mu. Thus
it could be concluded that the variability at the shorter wave-
lengths on the upper inner arm is higher, because of the differ-
ences in the haemoglobin concentration exerting great effects.

(c) 1In general, the males tend to show higher coefficient percentages
than the females at both sites with very few exceptions. Such an

observation might be explained either to the fact that the male
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samples might be more heterogeneous in origin, or because

that they are more frequently exposed to soiar radiation,

since tanning of the skin can increase the variability, (Lee
and Lasker,, 1959). Therefore the increase observed in the
males can more precisely be attributed to behavioural and cult-

ural factors, allowing for the females to demonstrate more hom-

ogeneity,

To examine variation in melanin content of the skin with age, within
each sex and between sexes, the samples have been divided and classified
into three age groups, namely: pre-pubertal, pubertal and post-pubertal,
Females: (8-1l years), (12-15 years),(1l6 and older) respectively and

Males: (o0-1> years), Ll4~1Y years), (LY and older) respectively,

The mean reflectance values, of the two sites, plus their standard errors
and standard deviations, on all wavelengths, for each sex, at each classified

age group has been computed, and is presented on table 4.

From observations of these raw data, it is seen that females exhibit
higher reflectances at all wavelengths at both sites, and at each respective
age groups. It is also observed that both sexes show an increase in reflectance
on the arm, from pre-pubertal via pubertal to post-pubertal period. On the
forehead the trend is different, For both sexes the pre-pubertal period
shows lower reflectances, and an increase in observed at pubertal period, but
at the post pubertal period the females show a darkening of the pigment of the
skin at all wavelengths in relation to pubertal period and the males only ex-

hibit an incresase in reflectance at the longer wavelengths.

On statistical analysis, almost no significant differences are observed
when comparing the respective age groups, of each sex on the forehead, neither
are their any differences observed on the arm when comparing the pre-pubertal

and pubertal period. Only significant differences are found for the females
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when comparing pubertal and post-pubertal period, with few exceptions (635mu
and 685mu no significant difference), and for the male when comparing the pre-
pubertal and post pubertal period (with the exception of 635mu). It could be
discussed that that these differences between the sexes, in association with
age, are caused by cthe differential effects of physiological and hormonal
chahg?s, that females might be affected by hormonal chages more pronouncedly
at puﬁerty while males show a change, that is a lightening of the skin grad-
ually, that is such changes observed only when the pre-pubertal period is
compared with the post-pubertal period. Not finding any significant diff-
erences on the forehead might be explained on the basis that continuous or
not infrequent exposure to solar radiation would possibly maske the effect
nf such hormonal metabolic changes in pigmentation. although ligher pigmentation
is expected for both sexes reaching pubertal period, '¢' valamas are presented

on tabie 5,

Table 6 presents 't' values computed for a statistical comparison of the
different age groups in assoclation with the period of puberty, between the
sexes., No sigunificant differences are observed on both sites, at pre-pubertal
period. This could be caused by a differential degree of pre-pubertal increase
in pigmentation in both sexes (Marshall 1960; Tiwari and Kalla 1969; Conway
and Baker, 1972, and Kahlon 1973). It is also suggested that females trend
towards intensification of pigmentary pattern is more pronounced than for
males, and these could consequently minimize the differences between the sexes,

Also it might be interesting to point out that both sexes at younger ages, seem

to have similar behavioural attributes, in regards of outdoor activities and use

of very little clothing, and exposing both sites equally.

Statistical differencas are observed between the sexes at both pubertal
and post-pubertal period at both sites. This could be due to the very diff-

erent mean reflectances observable between the sexes, allowing for such dif-
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ferences as to the fact that females are more affected by the hormonal met-

abolism, and thus melanogenic activities would be different for each sex.

Figure 4 presents curves of reflectances for 2ach sex at different
age groups at each site. These curves show that the classified age groups
in each sex exhibit more mean differences on the forehead than on the arm,
They also show that the differences between the age groups on each site
appear to be higher for the females than for the males. Finally it is seen
that on the arm both sexes show a decrease of mean differences towards the
red end of the spectrum, while on the forehead this is not clearly disting-

uishabile,

Computing the mean differences vetween the sexes at each sites, at both
age groups, it is observed that on the forehead, the differences are much less
than cn the arm: e.g. at 685mu, mean difference of the forehead at pre-
pubertal period is (3.73), on the arm it is (6,21), at pubertal period it
follows respectively (6.65) and (7.42) and at post pubertal period, forehead
mean differences is 3.22 and the arm is (9.76}). From these observations it
becomes evident that an increase in mean differences between the sexes in ass-
ociation with increase in age, especially on the arm, is also observabie, while
on the forenead the trend is reversed when approaching post-pubertal period.
The high mean differences at the arm betweenthe sexes at each age group, is
caused by the characteristic nature of this region bein
espécially in the females, and the increase in the mean differences in relation
to increase in age might be well explained on the basis of differential effects

of melanocyte stimulating hormones.

The standard deviation (the coefficient of variation) as presented on
table 7, shows quite high percentages, for the females at pre-pubertal period

on the arm in contrast to the other age groups. This could be caused by the
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very few number of samples, whose individual reflectances are quite variable,
while on the forehead the variability iessens to one half, 1In general lower
percentage coefficients are observed towards the longer wavelengths, as would

be expected, with few exceptions. The males show higher variability than the
females, and it seems that the variability appears to be higher on the fore-

head for both sexes at all age groups, except for the one exception discussed
above, The variabilities at the different age groups, as observed, may be
explained on the-basis of the differential degrees of hormonal changes and also
that the effects of tanning, not only is aifferent at various regions in the body,

but cculd also be different at varicus age groups.

TNTER-POPIT.ATTONS COMPARISONS

The present data has been compared with some neighboring countries.
Samples from Turkey, West Pakistan, Afghanistan/Iran and Iraq/Syria are res-
idents of Lebanon, and their exact geographical origin is not knowm., The
Chechen have originated from the Caucas ;g and reside in the oasis of Azaq, in
Eastern Jordan. The Sikhs are from the North western part of India and the
Kurds, ara ethnicaily from Kurdestan, and reside in similar climatic and geo-

graphical conditions as the Chechen.

Racial and linguistic affinities is expected between the Turkish and the
Iranian samples, especially in the province of Azarbaijan in the most northernly
western part of Iran., Turkish influx is also anticipated in the northern

coastal provinces of Iran, mamely Gilan and Mazandaran.

Iran and West Pakistan share a vast territory in the south-eastern part
of Iran in Baluchistan. This geographical area in Iran is quite different to
the climatic condition of Northern Iran, The former is dry and desert like
being near to the 'Kavir' of iran, while the latter is somehow sub-tropical

and humid. Although similar genetic constitution is expected between the two
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populations, such environmental differences plus the geographical character-
istic of South east of Iran which has very close relationship with the Persian
Gulf inhabitants, would allow for variations in the selective pressures for

certain characteristics, namely skin colour.

Khorassan, a province in the north-east of Iran shares a common border
with Afghanistan, and has always provided easy migration and admixture, but
it does not seem that such gene-pool admixture would have reached the coastal
provinces in the North of Iran, because of different climatic conditions.

But it must be considered that in historical times, Iran, Afghanistan and
Pakistan constituted one big empire, therefore racial affinities and ethnic

origin is anticipated, and linguistic affinities are still widespread.

Iraq has borders with Iram in the extreme west, and two of the Iranian
provinces, Kurdistan and Kermanshah share constant influx and migration, and
similar climatic conditions. The combined samples of Iraq/Syria, and the Kurds
(Jewish Kurds) who are ethnically from Kurdestan, a territory spreading into

Iraq, Iran and Soviet Armenia, are all expected to share similar gene pool,

. Although all these countries share somehow common gene pool and admixture
with different parts of Iranm, but the fact that Mazandaran in the north of
ran not only has different climatic conditions, but has also been somehow
geographically isolated from such influx, since it is only bordered in the
North by the Caspian Sea, and has not been so much under the influence of
migration of different populations. But in general similarities in both geno-
type and phenotype attributes is expected, when considering the Aryan race and

historical movements and settlements.

Although Iran and India share no border, but it must not be neglected
that, Pakistan was once a part of India, and has only recently attained in-

dependence, therefore India did have borders with Iran in the past,

Table 8 presents data, obtained from other researchers, on skin colour,

The mean reflectance values, and the standard deviations are presented at three
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wavelengths: 425mu, 545mu and 685mu, for two sites, the upper inner arm

and the forehead,

Table 9 presents reflectance percentage values at 685mu, in decreasing
order for each population. This wavelength has been chosen, since according
to many anthropologists (Harrison and Owen,1964), it is at this wavelength
that the amount of melanin concentration is observable, showing the least
amount, eliminating any effect of vascularization and blood supply. At the
shorter wavelengths,; from 400 to 500 mu, the individual and racial differences
in vascular components and haemoglobin concentration is visible, because it is
in this region of the spectrum, where melanin is absorbed most by the blood
components. Therefore reflectance values at 425mu, has also been presented,

to 2112v Z07 iavial uirrerences or similarities in this region of the spectrum.

Figure 5 presents histograms, allowing for further demonstration of the
gradation observed in the skin colour and pigmentary variatioms of the pop-

ulations under study,

Figure 6 shows the reflectance values of these populations against twe

wavelengths, 425mu and 685mu.,

Table 10 presents 't' values computed for a statistical comparison of
P p p

these populations at three wavelengths, covering the whole spectrum.

Table 11 presents the percentage coefficients of variabiliry for each
population allowing for an estimate of the homo and heterogeneity of each pop-

ulation.,

From table 9 it is observed that the male population from Northern
Iran, show the least reflectance values for both regions, in comparison to the

other samples, The effect of tanning must be considered, in which the Iranian

males spent many hours exposed to solar radiation, with very scanty clothing,
allowing for both regions tc become highly pigmented. Considering the fact

that the past-inhabitants of these areas were fair-skinned people coming from
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further north, the obtained results does not seem to be very realistic.

In general due to their lower mean reflectance, they show closer affinities
to the W. Pakistan and Sikh samples, at both ends of the spectrum, and at
both sites. The similarities are more pronounced at the forehead. The
Kurds, Chechen and the combined Afghanistan/Iran samples have intermediate
mean values on the arm at 685mu, followed by the samples from Iraq/Syria
and Tuckey with the highest reflectance. On the forehead, which cannot be
a measure of initial pigmentation of these populations, due to differential
degree of exposure and outdoor activities and the genetics tanning capacity

of each population, show somehow similar order to the arm.

On statistical analysis, W, Pakistan and N. Iran show significant dif-
Foranceae on tho zrm gf LoDh &ddo wi Lue spectrum, wnile on the torehead the
differences are only'gignificant at 425mu, Such differences could be explained
on the basis of contrasting variabilities in the two samples: N, Iran has a
coefficient of variation of 685mu on the arm of (9.58) and (11.08) on the
forehead, while the W, Pakistan shows almost half the variability of (4.46)
and (7.36), respectively, Also it is observed that the variability ie higher
on the forehead for both sexes. Considering the climatic conditions prevail-
ing in the summer months in N, Iran, with intense solar radiation would allow

for similar reflectances on the forehead

In general significant differences are observed when comparing the
present data with the other populations on the upper inner arm and the fore-
head, except for the Sikhs, who do not show such statistical differences on

> P s

the forehead.

The highest reflectance means are observed in the samples inhabiting
the most accidental part of the middle East, especially those at higher lat-
itvedes like Turkey and Iraq/Syria. Although these populations, all somehow

originating from the Aryan race, and inhabiting the vast area in the north
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of the temperate zome, thus sharing racial origin, but the selective pressures
of climatic and geographical variations, and ecological conditions does allow

an explanation for such differences,

Comparing the N, Iranian females with the other populations, different

relationships are observed., It seems more plausible to consider racial and
genetic affinities of these populaticns on the basis of the reflectance values
obtained for the females. The reason is because females are in general invar-
iably protected against insolation, specifically on the arm region, due to
religious and socio-cultural factors. Therefore the results obtained, might

very well represent the initial pigmentation of these populations, and a more

Cu

valid conclusion might be drawn in vegards of similarities and dissimilarities

in the dermal melanin concentration.

From che observed data it is seen that in contrast to the males, the
females (N. Iran) samples attain a quite high level in the reflectance values,
especially on the upper inmer arm, They show nearer reflectances tc the
lighter pigmented populations namely Turkey and Iraq/Syria, at all three wave-
lengths, Similaricies with the Kurds are more obsgrvable at 685mu, the Sikhs,
Chechen and W, Pakistan, respectively show lower moon reflectances., The very
close refiectance means at 685mu, as observed from table 9 e.g. Iraq/Syria
(60.20), Kurds (60,02), N. Iran (59.68) and Turkey (59), shows only a mean

difference of (1.20%), between these populations.

On the forenead, the relationship is different. The N. Iranian samples
show lower reflectances, and present an intermediate level, Such differences
between forehead and upper inner arm in population comparison might be caused
by the differential degree of exposure, different costumes or head garments,

or caused by the occupation involving outdoor activities,

On statistical analysis, no significant differences are observed on the

arm pigmentation, between N, Iran, Turkey and Iraq/Syria, except at 425mu for
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the latter, which could be caused by differences in the vascularization of
the dermis. The Kurds and N, Iranian females show significant differences
only at the blue and green region of the spectrum, but not at 685mu, These
statistical computation explains similarity in the melanin content of the

skin of these populations,

N. Iran and Chechen show significant differences at both ends of the
spectrum, as has been observed in the raw data, on the arm. The Chechen
being of a Caucasus origin, have mostly migrated to the south, towards the
middle eastern countries, and different climate 4nd environmental components
might allow for such variation, in addition to the fact that admixture of
the Chechen with other middle eastern populations could also be a basis for such
differences, as observed from their coefficients of variability, they do show

high variability. |

Iran and W, Pakistan also show significant differences on the arm,
which is expected when considering the different climate, and the neighboring
populations of W. Pakistan, allowing for genetic admixture,thus the former

being more pigmented,

The Sikhs show significant differences on the arm as well compared to
the Iranian females who are much lighter. Considering the costume of the
Sikh women who expose their arm almost continuously to the solar radiation
ever present throughout the year, in contrast to the moslem females who have

this area covered all the time gives allowance for such statistical differences.
On the forehead, the N, Iranian females show statistical differences

with Turkey and Iraq/Syria samples, confirming to the raw data. This could

be caused by the amount of time spent outdoor on the use of head garments

The Chechen and N, Iranian females show no differences on the forehead,

which might be the effect of similar degrees of exposure to solar radiation,



No significant differences are observed at 685mu, between the Sikhs
and the N, Iranian samples, and compared with W, Pakistan, the reverse
is true, in where significant differences are only observed towards the

longer wavelengths.

Observing figure 6, an insight into the affinities and dissimilarities

of these populations, either in the melanin content or the vascular component,
becomes available, Twc population data from the Belge and The Bushmen are also
plotted against the two wavelengths, to demonstrate the similarity in the
Middle Eastern populatioms in contrast to the two extreme populations

in regards of pigmentation.

LN

In gimdiiar ail tite miuale cascern populations, do show closeness

in melanin content of the skin, as well as in the blood's contribution to the
skin, when compared to the other populations, inhabiting regions of different
latitudes and geography and climate, and also because of differences in the
genetics constitution of each population. Both genetical and environmental
factors seem to account very importantly for such contrast,  ° The sim-
ilarities of reflectance percentage values of the popularions under study,
allow for a closer gene pool and classical and racial history in addition

to the latitudinal effect of the vast area inhabited by these Middle Eastern

populations.

Figure 7 shows curves obtained om all wavelengths for a broad comparison
of the present data with the two populations exhibiting extreme reflectance
values, Data for these two populations, the Belge and the Bushmen, is pre-

sented in Table 12,

On the upper immer arm the females show aloser affinities in reflectance

with the Belge females. The curves do not resemble one another, owing to the
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depression at 545mu, in the Belgian curve, which is characteristic of

fair skin, and it is at this wavelength where the effect of oxy and re-

duced haemoglobin has its highest absorption. This effect is decreased,

and not observed at all when obtaining curves for darker pigmented in-
dividuals in whom the presence of increased melanin granules, masks such

an effect. The.increase towards the longer wavelengths is gradual for the
Bushmen, while it is sharp for the Belges. The N, Iranian samples demon-
strate an intermediate level, especially towards the red end of the spectruma.
The Bushmen show a more §harp rise in contrast to the Belges and the Iranians
On the forehead, the N, Iranians show much lower reflectance means, due to

the radiation present in N, Iran, which could be absent in Bruxelles.

The males show closer reflectance mean to the darker pigmented pop-
ulation, the Bushmen, and the curve obtained also resembles that of the
Bushmen, It does not seem to be intermediate, and it is surprisingly very
close to the Bushmen and far from the Belges. This could Be tﬁe result of
overexposure, On the forehead the differences in the mean reflectance values
between the N. Iranian and the Bushmen sample decreases especially at the
shorter wavelengths. It might be possiblé to suggest that the samples from
N. Iran might have high tanning:capacity, so much as to allow closeness to
‘a population which has different genetics constitution and inhabits a diff-

erent geographical and climatic and latitudinal condition,

One important factor causing variations in both initial and induced pig-
mentation, when comparing populations who are expected to have closer and sim-
ilar pigmentary level, is the tanning capacity. Primarily the genetics poten-
tial of tanning, and secondly the differential degree of exposure to ultra-
violet radiation may account for such variations whecih provokes more spec-
ulation in the results obtained. That the relative effect of sun tanning and

exposure is not the same at all levels of initial pigmentation has been suggested.
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(Barnicot, 1958; Weiner et al, 1964; Harrison and Salzano, 1960; Kalla,

(1971).

Kalla (1969) suggests that because of the high variability in the
maximum melanin excitation percentage (M,E.P) among individuais even at
similar pigmentary levels, the differences between most of the populations
or groups are found to be non-significant, but differences are anticipated
in induced pigmentation in response to ultra-violet irradiation, chiefly
due to the individual or population variation in the thickness of the corn-
eum affecting the penetration of the different ultra-violet wavelengths to

a different extent,

The effect of solar radiation varies with the area of habitation, and
the intensity of exposure to ultra-violet is modified by the function of occ-
upation, costume and differential activities, and the genetical ability of an

individual or a population to sustain the tan.

Skin tanning tends to increase with increase in initial pigmentation up
to a certain level and a further increase in the initial melanin concentration
of the skin causes a slight but gradual lowering of tanning (Kalla, 1971).
Skin tanning is related to the easiness of light to penetrate the skin and
the inherent ability of the individual or. group to be stimulated to melanin

production.

These considerations allows for such differences in the coefficient of
variation between populations., These diversities introduce a source of con-
comittant variation in the reflectance value, especially at the upper inmer
arm, causing an enhancement of the variance and hence the standard deviation.
It has been suggested that tanning of the skin increases the variability,

(Jansen, 1953, Lee and Lasker 1959; Omoto 1968; Kalla, 1968),

The high variability observed in the N, Iranian samples is quite ex-

pected in view of the fact that the region under study has had great racial



admixtures in historical times, Racial mixture has been greatest in parts

of Persia which have had the historical zomes of passage for invading armies
and tribes, namely areas like Azarbaijan, Khorassan and Baluchistan.
Mazandaran because of its geographical location and its characteristic impas-
sability has been a relatively homogeneous area, but invasions by tribes such
as the Kurds, Turks and Arabs have caused racial mixture, especially that Iran
is limited by water from two directions, and an east and west passage way has
only been possible, The high variability might also be caused by the effect
of sun-tanning, but since the females who are rarely exposed to radiation

do also show high variability, it might be argued for a genetic heterogeneity.

In general the high variability observed in these populations decrease
towards the longer wavelengths, therefore allowing for more genetic homogen-
eity in the melanin content of the skin. At 685mu, on the upper inmer arm,
in the males the Kurds show the highest (10.71), N. Iran (9.58) and Western
Pakistan the least (4.46); on the forehead the Chechen (11,12) have the
highest, N, Iran (11.08), and Turkey the least (7.26). For the females on
the arm and the forehead, the Chechen show the highest variability (19.24)
and (14.46) respectively; N, Iran (7.44) and (11.30) and Turkey the least

(3.63) and (7.47).
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CONCLUSION

Statistical analysis of the N, Iranian data obtained for skin colour,
revealed significant differences between the males and females, which might
have been 'the effect of overexposure of the males to solar radiation., Further
analysis for investigating whether pigmentation and age showed any close ass-
ociation demomstrated that significant differences were observed at pubertal
period for the females and the post-pubertal peridod for the males due to
differential effects of hormonal changes, Only at pre-pubertal period, the

sexes showed no significant differences between them,

Comparing the present data with some neighboring and Middle Eastern
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Iranian males showed the least reflectance and the highest pigmentation on both
sites, while the females showed quite high reflectance, resembling the pigment-
ation of Turkey and Iraq/Syria. The relationship of these populations varied
according to the wavelength at which it was measured, On statistical analysis
significant differences were observed between the males from N. Iran and all
other populations except for W. Pakistan and the Sikhs, at the forehead. The
females in contrast, showed closeness in skin colour with Turkey, Iraq/Syria
on the arm while on the forehead it demonstrated differences with these two
countries plus the Kurds. The countries that reflected lower values, having
darker pigmentation show quite differences on both sites like the Sikhs and
the samples from W. Pakistan. The Chechen only showed significant difference

on the upper inner arm,

Closeness in skin pigmentation is anticipated in between these popul-
ations, who inhabit the vast territory in the noth temperate zone, and who are
also expected to show closer genetic homogeneity when compared to European or
African populations, but variations within these populations has also been
anticipated when regarding the phenotypes of these populations. To arrive

on a theoretical estimate of the number of factors involved in the determin~
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ation of the phenotypes, many factors must be considered.

The latitudinal effect of solar radiation, ecological variations and
socio-cultural and religious factors dominating the behaviour, occupation
and differential degree of outdoor activities, and costume of each sex in
the population are some factors allowing for fluctuations in the percentage
reflectance.- Racial admixture of each population, according to its geograph-
ical zone, and neighboring countries, and historical and racial admixture
due to invasions and settlements, might have all introduced an element of
heterogeneity within the populations. Some other important factors allowing
for such variations could be hybridization, genetic drift, geme flow. All
these factors would have their own selective pressures to account for such

variations.




APPENDIX 65

SOME CONSIDERATIONS WHEN OPERATING THE SPECTROPHOTOMETER

Two (E.E.L.) spectrophotometers were used to examine variation in
the reflectance readings. Five coloured tiles and thirteen human samples
were measured with each spectrophotometer at each wavelength and slight
fluctuations in the percentage reflectances were observed. The experiment
was carried on by primarily examining the samples with one spectrophoto-
meter many times on each wavelength, and the result showed varied reflect-
ance reading at each measurement., Therefore, the final value was obtained
by callibrating the average orf all readings for each wavelength. The same
procedure was used for the other spectrophotometer., Therefore, by
experiment it was shown that not only different spectrophotometers shdégd
slight differences in the values, but also rthat Che same was OUSELved i
within a spectrophotometer, This experiment resulted in questioning the
extent of validity of callibrations obtained by experimenters when using
the spectrophotometer, and whether it was necessary to measure samples
many times before obtaining a final measurement.
Some inportant factors considered as the cause of these variations
in the measurements are as follows:
1) The interior of the instrument sometimes tends to accumulate dust,
and as a result there could be a constant reflectance internally,
as opposed to the normal matt black, which should m;nimize this
reflectance. The effect of this is to give a false '0' reading,
i.e., if the instrument is placed on a black cavity, it should read
zero, however, it is possible that it will read +1 or 2%. This effect
can be minimized bycleaning the optics compartment and if necessary
spraying it matt black. |
2) Filters themselves will vary slightly in their transmission character-~
istics and dominant wavelengths and that the gelatin filter will alter
as a function of time, which could be overcome by substituting &ye

in the main glass filter.
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4)

5)

6)

7

8)

10)

11)

12)

13)

14)

[
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It is important that the image of the lamp should hit the sample
aperture centrally.

The effect of zero offset is going to be most significant when one
is monitoring low levels of reflectances, and will increase to a
maximum relation effect at zero.

The linearity of the photocell is not usually a problem unless for
some reason the circuit develops a high resistance, This sometimes
happens if the contacts on the photocell becomes oxidized, and the
photocell will then give a logarithmic output.

To verify whether the instrument is performing linearly overall, the
most satisfactory way is to utilize grey callibration standards and
with a correct set up instrument one could achieve conformity to
within + 1%.

The adjustment of the light source is of primary importance since the
response of the instrument is completely altered by incorrect
adjustments, and it is advisable to check the adjustment occasionally.

Periodical testing. of the galvanometer zeroing at intervals is
necessary.

Bulb output of the spectrophotometer could vary from machine to machine,

The state of the surface on which the machine is installed does affect
the zeroing of the galvanometer.

Slight movement of the galvanometer when in an unclamped state,

The state of the standard, on which dust, grit and grease and other
extraneous material would differentiate the standardization.

On holding the applicator head at odd angles, especially on an
unsmooth surface (the forehead) external light is allowed to
penetrate,

The use of varying applicator heads when using one machine, might

allow fluctuations.



15)

16)

17)

o7
The time variation is of important consideration, e.g. the time
allowed between the standardization to 100% reflectance and
measuring the sample.
Standardizing on the M.g 002 or any other standard surface, must
be done for every measurement.
The high degree of sensitivity of these machines to light is

susceptible to slight fluctuations, with penetration of external

light,
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TABLE (3)

COEFFICIEMT OF RELATIVE VARIATIOMN FOR FEMALES AND MALES

Wavelengihs U.I.A FOREHEAD

MALE FEMALE VALE FEMALE
425 25.43 21,11 24,90 20.37
455 22,08 18.98 25,09 1734
185 20.87  17.55 2,32 18.90
515 13e47 17.35 21.60 18.56
545 16.58 16,32 17.36 15.70
575 15,01 14..54 17.47 15 .44
605 13,92  12.13 15.7k 14,60
035 11,50 B.52 15655 15,714

685 9.58 Tolds 11,08 11.30
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TABLE (7)

CORFMICLENT OF VARIATION

Wavelengths

in mu PRE-FUBERTAL PUBBRTAL POST-FUBERTAL
UI.A M F M F M F
425 19.C5 40.09 21,25 10.19 21.85 18,32
455 19,5  38.97 21,29 42,91 22,19 14,03
485 18,74 36.73 18.8 11,70 21.54 12.69
515 17.34 28,03 20.2%  9.55 19.09 13.11
545 14.66 30.33 4.8 5.99 16.43 12,75
575 13.71 25 14,05 8.9 15.32 10,90
£05 14,35 21.85 12,99 11,22 13.44 8.84
5635 10,22 11.42 11.97 10.72 13.24 6423
555 Ye.56 11,09 8.62  7.50 3ubk 5496
125 29.54 17.46 23.95 12.61 39.36 21,59
L55 27.54 3h.b 22.85 13.11 23.72 18.10
L35 26,6 23.37 24.01  14.10 21.20 19.4
515 23,08 19.10 21,54 14,71 19.36 20.03
545 19.4d  21.46 18,52 10.74 15.19 16,02
575 15,2 13.18 16,27 11.10 18.35 16.57
605 17.02 9.0 14.97 7.64 15.30 17
635 14,08 9.74 13.22 8.96 12.86  14.55
685 7.08  5.46 10.45 B8.36 10.85 11.9
M= MALR
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raBLE (9) .

MEAN REFLECTANCE VALUES OF THE WIDDLE HASTERN POPULATION IN DECREASING

ORDER AT TWO WAVELENGHTS:

MALES

_ POPULATION WAVELENGTH 425mu POPULATION HAVELENGTE 685mu

U.L.A

TURKEY 28.80 TURKEY 59,30
IRAQ/SYRIA 27.40 TRAQ/SYRIA 57440
CHECHEN 27.40 AFGHAN/TRAN 55.70
APGHAN/IRAN 24,20 CHECHEN 55.00
SIKHS 23,18 KURDS 54.89
KURDS 21.11 SIKHS 53.96
¥« PAKISTAN 20.50 W PAKISTAN 52,00
N«IRAN 18.17 N. IRAN R0.00
FOREFEAD

TURKEY 21,40 TURKEY 55.90
IRAQ/SYRIA 20,90 IRAQ/SYRIA 55.00
AFGHAN/IRAN 17.90 CHECHEN 52.50
CHECHEN 1750 AFGHAN/IRAN 51.20
¥ o PAXISTAN 15060 W . PAKISTAN 46,60
SIKHS U oli2 . IRAN L5.41
No IRAN 14,00 SIKHS 45404



http://JLj.-ii.ii

TABLE (9) CCOMTINUED
MEAN REFLECTANCE VALUES OF THE MIDDLE EASTHRN POPULATION IN DECREASING

ORDER AT TWO WAV:=LENGHTS:

FEMALES

POPULATION WAVELENGTH 425mu POPULATION WAVELENGTH 685 mu .
U.1.A

IRAQ/SYRIA 31420 TRAQ/SYRIA 60.20
TURKEY 30,00 KURDS 60.02
N.IRAN 28,04 ¥.IRAN 59.68
KURDS 24,19 TURKEY 59.00
SIKHS 23434 SIKHS 54494
W o PAKISTAN 21,90 CHECHEN 51.90
CHECHEN 21,20 W PAKISTAN 51.30
FOREHEAD

IRAQ/SYRIA 24,60 TURKEY 57«40
TURKEY 24,20 IRAG/SYRIA 57.00
W PAKISTAN 17.80 CHECHEN 50.90
N.IRAN 1777 N.IRAN 50,01
CHECEEN 17,40 SIKHS 43.11
SIXHS 16443 W.PAKISTAN L6,60
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E"IGURE(B) HISTOGRAMS DENONSTHATIHCG GRADATION IN REFLECTANCE VATUES
IN THE MIDDLE EASTLERN POPULATIONS
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FIGYRE (6) MEAN REFLECTANCE VALUES PLOTTED AGAINST TWD WAVELENGTHS

€85m MALES
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FICURE (6) MEAN REFLRCTANCYE VAINES PLOTTED AGAINST TWO " AVELSNGTHS FEMALES
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